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FOREWORD .

The transition of an army from a war time to a
peace time footing i1s always a difficult periode During
the war years the Armed Forces received generous ration
scales, which compared favourably with those eaten by
civilianse When "Peace" arrived in 1945, however, the
Army ration scales were ruthlessly cut by the Treasury
and the Ministry of Food. By 1947 it had become apparent
to Brigadier Richmond CeB«.E. K.HeS., Director of Hyglense,
the Army, that the ration scales 1ssued were quite
insufficlent to satisfy the needs of the soldiler.

The Ministry of Food, however, would not accept this
opinion of the medical branch and claimed that they had
equated the ration of the soldier with that of the k
average civiliane To prove the injustice of this state
of affairs, which placed a large, and inequitable, strain
on the slender resources of the soldler, an investigation
was instigatede.

For this purpose the lMedical Research Staff Team
(Nutrition) was formed in Spetember 1947. The personel
on this team were one Major R.A.M.C. (specialist in
physiology in command); one Sgt., ReA.F, and four NeCeOeSe
from the ReA.MeCe In addition other officers, NeC.Oes

and/



and men were temporarily attached to the team in each
Command as required.

Whilst the primary task of the team was to find
the answer to a practical problem, every effort was
made to obtain the maximum amount of scientific data at the
same time. Mention must be made of the assistance given
the team in analysing foods of unknown constitution, by
the Royal Army Medical College, Millbank.

Not all of the work was considered sultable
for publication, but the bulk of the facts discovered
are presented hereine

This work could not have been completed through

the normal official channelse. A 'carte blanche'!, was
given to the team by Brigadier Richmond and the GeOeS+Ce
of the various Commandse. To them therefore is due

much of the credit for this worke
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PART I

CALORIE REQUIREMENTS AND AVAILABILITY

Before embarking on a detailed study of the diet of individuwals or

groups in the army, it is well to review briefly the situation in Britain
as a whole,

In assessing the state of food supplies in any country two postulates
are fundamental; namely, the total requirement of the population, and
the total food available to that population.

These two factors will first be considered in relation to the ocivil
and military populations of Britain, end then, in relation to one another.

A, RELATIVE CALORIE REQUIREMENT OF CIVIL AND MILITARY POPULATION.

It has long been felt, by Army Medical Departments, that the attempt
to equate the daily ration of the soldier with that of the "average"
oivilian (i.e, of all ages and both sexes) is invidious and invalid.,

In view of this & conversion factor has been sought which, when applied
to the overall civilian average daily Calorie requirement level, will
express the overall military requirement per head calculated on a similar
basis,

Cathoart and Murray (1931), The National Research Council (1943),
and other workers, have, from time to time, produced a table of "man-
values", expressing the average Calorie requirement of women, and
children of various ages, in terms of an arbitrary standeard requirement
for the adult male,

Thus if the daily Calorie requirement of the average adult male is
expressed as unity, then the requirement of women, children and old
persons can be expressed as a fraction of this figure e.g.:

Daily Calorie Requirement of Adult Woman = 0,83 x Adult Male Requirement
" " " " 6 yr old boy = 0.5 x " " "
n n n " 16 non o= 1,27 x " n n

(National Research Counoil 1943).
Thus where the average adult male intake is "M" Cals,, the average

adult female should, if distribution is equitable, and on a physiological
basis, receive (M x 0.83) Cals, daily,
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This principle has been adapted here, but the basic unit has been
teken as the average dsily Calorie requirement per head of population,
and the needs of each sex, at all ages, expressed in terms of this
figure.

Statistiocal Basis.

The Calorie intake for the total oivilian population is usually
expressed (M.O,F. 1945, eto.) as & single figure, representing the
overall mean daily intake, This mean figure embraces, at lower end of
the requirement soale, the very young and very old, and at the upper,
the young workers and adolescents, representing a widely divergent range
(roughly 1,000 = 4,500 Cals.)

Females, in all age groups, require much less than comparable males;
this difference becoming very merked when once the age of fourteen is
passed. (Widdowson 1947).

Since Calorie requirements vary so greatly from age group to age
group, and between the male and female sex, a valid comparison of
requirements of any two populations must take into asccount the age and
sex struoture of each of the two populations under review,

To obtain the mean requirement of any given population two series
of faots must be taken:=

(a) A standard table of Calorie requirements, by
ages and sex,

(b) The age and sex composition of the population,

A weighted average may then be ocomputed as follows =

If the Calorie requirements of male ocivilians at the ages 1, 2,
3’ b ceveee n, are Cl, 02, 03, CA_ eevscon Cn,' and if the numeriocal
strengths of the oorresponding age groups are Sy, 82, S3, S4 eeeee Sp;
then the overall male requirement will be ;

(€1 x81) + (G2 xS3) + (C35 x 83) + (Cj x84) ...0v + (Cp x Sp) = O,

Similarily the total female daily requirement would be C,F; the overall
total daily requirement (CM + CF); and the overall average daily
requirement fcu + CF); where SM and SF are the total male and female

SM + SF)
populations respectively.
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Let CM + CF = A. (Average Cal, requirement per head
SM + SF of population,)

In a similar fashion, the weighted average requirement (Al), of any
other population can be computed by applying the same Calorie
requirement tables, to the differing age and sex composition of the
second population,

Thus the mean requirement of the second population may be expressed,
in terms of the first population, as A}

A.

This ratio, known as the Physiological Correction Factor (or P,C.F.)
is now in use in Army Dietetios, for all comparisons of populations.
Thus when the per head allocation of Calories to a standard population
is decided, the equivalent figure for a population of differing age and
sex distribution, based on physiologicel considerations, can readily
be obtained by multiplying the standard figure by the appropriate P,C.F,

Practical Application.

The mean overall civilian requirement standard (i.e. A) has been
oaloulated from the following data (see table I):

Population, age and sex distribution:

Return of Registrar General 1947 (June).

Calorie Requirement of Various Age and Sex Groups.

The table of Holt and Fales (1921) for ages 1 - 65, modified
by the faotor of Cathcart and Murray (1933) for those over 65
years of age (i.e, 0.75 x Adult Value),
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TABLE 1

DAILY CALORIE REQUIREMENT OF CIVILIAN POPULATION

Males Females
a b c d e f [4
! i ) 7 :
Age Strength Calorie bxe Strength Calorie exf
(in 1,000s) | Requirement (in 1,000s) Requirement

1 345 950 327,750 328 94o 308,320
3 346 . 1,275 Lh1,150 330 1,230 L05,900
L 328 1,380 452,640 313 1,300 406,900
5 296 1,420 Lh1,0l0 28l 1,410 400,440
6 274 1,600 | 438,400 26l 1,520 401,280
7 289 1,745 50,305 278 1,660 461,480
8 295 1,920 566,400 285 1,815 517,275
9 296 2,110 620,560 286 1,990 569,140
10 288 2,330 671,040 279 2,195 612,405
11 283 2,510 710,330 275 2,520 693,000
12 280 2,735 765,800 271 2,860 775,060
13 275 3,040 836,000 266 3,210 853,860
14 278 3,400 945,200 273 354330 909,090
15 288 3,855 1,110,240 282 3,235 912,270
16 291 4,090 1,190,190 291 3,160 919,560
17 276 3,945 1,028,820 291 3,060 890,460
18 160 3,730 596,800 286 2,950 843,700
19 - 65 12,338 3,265 40,283,570 14,233 2,640 37,575,120
65 + 1'758 2;&&9 ll»0356 o362 2”—!-32 2’0211- 11'9221368
Totals 19,310 565643 ,307 21,873 53,779,458

Mean Male Daily Requirement = 2,933 Cals.
Mean Female Daily Requirement = 2,457 Cals.
Overall Mean Daily Requirement= 2,680 Cals.

Baving obtained this mean requirement as a guide, it is interesting
to review graphically the relation of each age and sex group to this
figure., (see Figs. 1A ani 1B)
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Relation of Female Requirements to Mean Calorie Fig. Ik,
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Thesefigures olearly illustrate the three classes to whom supplementary
food is essential, i.e, adolescent males and females,and adult males.

It is, of oourse, patent that these are average figures, which must
be reviewed if applied to any specific ocoupation, Thus while the
average adult male may require 3,250 Cals,, miners may require 4,500 Clas,
and clerks only 2,500 Cals,

It is important to note that the entire population of the Army falls
into groups o and 4 (Fig. 1B), which require more than the average intske,

Let us now consider the requirement of the army population, caloulated
from the same tables (Holt and Fales 1921) and based on the army population
age grouping at December, 1947. (Table II).

TABLE II
DAILY CALORIE REQUIREMENT OF ARMY POPULATION
! Calorie

Strength .

Age Require- bxo
000s ments

17 19 | 3,95 74,955

18 97 3,730 361,810

19+ 650 3,265 2,122,250

Totals 766 2,559,015

Mean Daily Calorie Requirement of Seoldier = 3,341 net Cals (4).

Thus while the average daily civilian requirement, per head of
€0p1)11ation (&) is 2,680 cals, that of the average soldier is 3,34l Cals,
41). Therefore the P.C.F. (Physiological Correotion Factor) = 1_1

51255 = 125

This figure has now been adopted by the Army for all oomparisons
and has reoently been recognised by the Scientific Adviser to the Ministry
of Foods It should be noted that this factor is independent of absolute
values, and whilst the Calorie requirements as laid down may be regarded
as too high or too low, they apply to both numerator and denominator.
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In aotuel fact, whether the table of Holt and Fales (1921) or that
of the National Research Council (1943),or that of the Rowett Research
Institute be taken, this ratio

= Average daily requirement of Soldier
Average daily requirement of Civilian (21—0—9&5)

remains oonstant at 1,25 : 1.

Faotors Modifying Comparison of Military and Civilian
Calorie Requirements.

1. Ocec %tion.

Since all the requirements quoted above are average values for
varied oocupations, it is necessary, if a comparison is to be valid, for
the two populations to employ their men on work involving compareble
exertion, In fact, this essumption flatters the oivilian, for the army
works longer hours, has a large proportion of its men on intensive training,
and, even where men are on sedentary tasks, they still perform fatigues,
guerds, picquets and drill, In addition the soldier is driven to exert
himself, be he willing or not,

2, Construotion of Age and Sex Groups in Calculation (see Table I),

It will be noted that ages 19 - 65 yrs, above are given a flat
rate of Calorie requirement, In actual fact this is not correct, as
requirement falls fairly repidly from 19 = 24 years and then, more slowly
thereafter, Since 75% of the Army is between the age of 19 and 24, and
the corresponding groups in civilian life are greatly reduced in
oonsequence, this faot biases the result in favour of the civilian,

3. Pregnclz.

It is apparent that the possible influence of Pregnancy in raising
the requirement of the total population must be considered, Widdowson,
MoCance and Verdon-Roe (1936) however, showed that the diet of 120
pregnant women, as calculated by the individual method, was, on the
average, less than 2,500 net, Cals, daily, Garry & Stfiven (1936) suggest
that, while there is undoubtedly a rise in basal metabélism in the latter
half of pregmancy (Sandiford et alia, 1924-25), this is apparently
oompensated by diminished muscular aotivity in the pregnant woman,

Even if an sllowance of 300 Cels, extra per day, during the last
20 weeks of pregnancy, is made the product of this, and the daily birth
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rate (2,563 for 1947) is merely 107,646,000 Cals. per day. This figure
is too small to effeot the P.C,F, which remains at 1.25.

4, Disease.

The effects of diseases on Calorie requirement are so variable that
it appears beyond computation. Both army and civil patients are placed
on special ration soceles of great complexity, Army patients, as a rule,
however, are suffering from traume or acute febrile conditions, whilst
a large percentage of oivilians have chronic neoplastic and degenerative
ailments which tend to depress metabolic rates.

B, AVERAGE DAILY FOOD INTAKE OF CIVILIAN POPULATION,

From time to time statememts of the average daily Calorie intake
per head of populetion are issued by the Ministry of Food, This level
at present is said to be 2,800 Cals, Before accepting this figure however,
it behoves us to oarefully examine the premises and significance of this
figure, It is at onoe apparent (se
that what this published Calorie level actuelly is, is the result of the
following Calculation.

Daily Average Calorie Intake of Civilian =

ETotal Food Consumption known t0 M.0O.F.)
Total Population of Britain )

When we look at the data quoted a little more closely it becomes
apparent that many of the estimations involved are little more than -
guesswork, For instance, how is the produce of gardens and ‘allotments
to be measured? How can a check be kept on domestic egg production
or small farms outside the pool system? What oheck is there on food
parcels from abroad, or on game shot in this country?

Whilst the Ministry of Food can undoubtedly assess with considerable
agouracy the food moving into this country from abroad, this is net
possible for home produce, No one who has had recent contaot with farms
and farmers ocan doubt that vast quantities of food, of potatoes, of oorn,
of milk, of eggs, of bacon and of butter are in circulation of which the
Ministry has certainly no knowledge, To label this supply as "Black
Market" and thereafter ignore its existence shows little appreciation of a
very oonsiderable and understandable reaction of Humen Nature to short
supply of commodities.

How much credence can we place on these figures? There is no doubt,
that as a ocomparative index, with figures obtained in a similar fashion,
this figure is a valuable indication of the trend available food supplies.
It would be urwise however, to accept it as an absolute or acourate figure



or to éttempt comparison with ocarefully carried out dietary surveys.

It is probebly fair to say that this figure (2,800 Cals,) oan be
accepted as the minimur level of available food in the country,

CORRELATION OF AVERAGE CIVILIAN REQUIREMENT AND INTAKE,

Before the figures for intake and requirement can be related, it
is essential that they be expressed in comperable units. The figures
issued by the M.0.F. (V.S.) are based on supplies at a wholesale level,
Allowance is mede for refuse, but no allowance is made for waste (as
defined by Atwater & Bryant 1896). ~ ‘

For a considerable period the convention persisted that 10%
should be deduoted for edible waste (in cooking and plate waste). Doubt
was thrown on this by Atwater & Bryant (1896) who considered 5% to be
nearer the mark, Cathoart & Murray, 1939 proved this point and showed
(for diets of the type then prevalent) that 2 - 3% wes nearer the figure
of waste in the homes of unemployed persons., They oconcluded 5% to be
an ample allowance, for edible waste,

If we accept this figure for the civilian populetion then aotual
daily intake is (2,800 x 95/100) Cals. = 2,660 Cals,

It will be recalled (V,S.) that the overall civilian requirement
was caloulated to be 2,680 Cals, (Table I), It would, therefore, appear
if the M.0.F. is accurate in its statements, that intake and requirement
for the population are almost in equilibrum, In actuel fact, since
2,800 is the minimum value, it appears probasble that a considerable
(and essential) safety margin exists. This margin is, of course
essential to ensure equitable distribution.

DISTRIBUTION OF AVAILABLE FOD.

The problem of feeding the population of Britein can best be
illustrated by comparison with feeding a family, In a femily, whilst
the "per head" daily average intake is 2,660 Cals, in actual fact the
father and adolescents eat more and the grandparents, children and
mother less, Thus, if the family intake is equ2l to the family
requirement, then all may receive a fair share, provided the distribution
is equitable, Should the intake fall below requirement, for the family,
then one, or more member must be underfed,

Similarily, on a nation-wide scale, it is clear that the same
factors apply. Some groups (e.g. miners, agrioultural workers,
adolescents, lactating women etc.) require more than average whilst others
(senesoents, bedridden patients and children) require less.
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Thus in theory, if intake equals requirement on a nation wide basis,
then all could receive enough, but only providing distribution is perfect.
In actual fact, since this can never be so, it is essential that a very
considerable safety margin should exist, Obviously, if intake is less
than requirement then some or all classes must suffer,

CLOSED COMMUNITIES,

A very pressing problem is that of the homogenous group of the
population whose requirements all exceed the average, Such groups are
oollege students, (at residential universities) and, above all, the armed
forces., Obviously, where the need of each individual is in excess of
the average requirement no give and take is possible,

It is for this reason that the Army is so insistent that the healthy
young males, of whom it is composed, should be fed according to their
needs, and not equated to a vague, overall civilian figure. In sotual .
fact the Army says that if the civilian average intake is 2,660 net Cals,
the:rll the average soldier should receive (2,660 x 1,25) = 3,325 net Cals,
daily,

This is not a new problem; Cathoart & Orr said in 1919;-

".... In spite of the drastic reductions effected (in the rations)
it wes still claimed that the Army was overfed in comparison with the
civilian population., No notice was taken of the facot that the two
cases were not comparable, HMany oivilians were in receipt of large
wages and oould supplement their rations by the purchase of non-
rationed foodstuffs, and the non-working part of the population, could,
to some extent, by reducing their activities, adjust their requirements
to the food available, Neither way of escape from the consequences of
insufficient rations was open to the soldier.,"

These words are as true to-day as when they were written and it is
& great pity that more sttention was not paid te them by the responsible
authorities after this war,

C. THE CALORIE REQUIREMENT OF THE SOLDIER,

Since the responsibility for the adequate feeding of the men rests
squarely on the shoulders of the army Authorities it is essential that
sore oriteria of Calorie requirement on an absolute basis must be laid
down, In actual fact, a great deal of time and thought has been given
to the problem and many varied suggestions put forward, The widely
held impression of one flat scale existing for all soldiers is of course
entirely erroneous, Alterations to the ration scale are actually in
existence for physiological, climatological and politiocal reasons, as
well as for reasons of supply and of morale, A few examples of each type
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of modifiocation are quoted below to give some idea of the complexity of
army dietetics,

(2)

(b)

(9)

(e)

PHYSIOLOGICAL: Special supplements are given to men on hard
outdoor work and to reoruits on intensive traiming, A smaller
supplementary ration is given to sea=-going troops.

CLIMATOLOGICAL:
Tropical = Foods less liable to deteriorate in heat and which
will remain palatable are issued.

Arotic - High Calorie, low weight retions are issued, with
care to avoid excessive ketogenesis,

Native Troops - Foodstuffs, which are not only adequate,
but will be eaten by n2tive troops must be issued (e.ge.
vegetable oils),

SWPPLY: Specially packed compact rations must be supplied for
Paratroops, Commandos and Special Air Service troops, to minimise
volume and weight of food carried. A great deal of work has been
done in this field and lightweight packs are now available whioch
will sustain men almost indefinitely, and which will be eaten by the
men (a very practical point!)

MORALE: Occupation troops in Germany, Palestine and Greece, filling
a waiting role, without spur of imminent battle and in the latter two
countries subjested to constant sniping, mining and subversive
propaganda are very subject to deterioration of morale, With a view
to combating this, augmented and more attractive rations are issued,

POLITICAL: The recent outs in meat, bacon eto, which have
"equated" the military ration of those commodities to the socale
of the civilian is an example of this influence. Despite the
faot that the soldier's ration is his total intake, whilst that
of the oivilian can be augmented in industrial canteens,
supplementary rations and offal, the "levelling off" process
was enforced on the army, Again, the limited spending power
of the low-paid soldier, precludes their purchaesing food, to
any large extent, in civilian restaurants.
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It is patent, that with so many modifications in foroe a sound besis
from which to caloulate is esgential, A vast amount of work has been done
on the subjeot, and some of the relevant methods and data under consideration
are shown below.

A, CALORIE REQUIREMENT OF AVERAGE MAN AS STATED BY VARIOUS AUTHORS.

1. Light to moderate work,
Source. Net, Cals,
League of Netions (1935) 2,800 - 3,200
National Research Council (1943) 3,000 - 3,900
Stiebeling 51941) 3,000
Atwater 1895) 2,700 - 3,400
Bull U.S. Med.Var Dept, (194k) 2,500 - 3,300
Arithumetic Mean 2,800 - 3,350
2, Hard Work
Source Net, Cals,
M.0.H, & B.M,A. (1934 3,400 = 4,000

League of Nations (1935)
National Research Council (1943)
Stiebeling (1941)

Atwater (1895)

Bull U,S.War Med. Dept. (194)

3,200 = 4,000
3,500 = 4,500
3,400 - 4,500
3,400 = 4,100
3,300 - 10-3600

Arithmetic Mean 3,370 = 4,280 Net. Cal,

It would appear, from an averaging of these tables that the standards
should be, for the average man :

Net, Cals, Daily

Light to moderate work
Hard work

2,800 - 3,350
5,370 = 4,280

B,  DIETARY SURVEYS.

Two notable surveys have been carried out on groups of military
personnel, These are :-
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(2) United States Army Survey (Howeé Berryman 1945)

TABLE TIIT

Results
Type of No. of Cals, per head

Occupation Messes per day
Induction Centre 5 3,132
Aray Artillery 68 3,295
Miscellaneous 3 3,298
Mediocal 24 3,623
Transport 37 3,655
Coast Artillery 45 3,711
Military Police 11 3,719
Signals 18 3,779
Air Corps 27 3,801
Headquarters 16 . 3,836
Ordmance 5 3,836
Engineers 18 3,845
Cavalry : 7 5,878
AP, Us, 30 3,880
Quartermaster 61 3,908
D.E.M,L. 3 %,135

Weighted mean intake of all Classes = 3689 Cals,

(v) Inteke of R.A,F, personnel in England (Maorae 42).

This desoribed a survey of four R.A.F. Camps and places the
average daily intake at approx, 3,200 Calories per head.

Civilian Surveys.
(a) Individual Technique (Widdowson E.M. 1936)
TABLE IV,

Occupation No. of Men |Calorie Intake
Doctors L 2,460
Teachers 3 2,486
Stokers 2 3,012
Students 15 12
Porters g,12
Clerks 3 3,146
Research Workers 6 3,172
Meohanios 2 3,222
Lab, Technicians 6 3,808




ll=

It must be noted that the numbersin each group are extremly small;
the oocupations are mainly sedentary and the .man are much older than
their army counterparts.

(b) Industrial Workers (Pyke 1945)

IABLE V

1 . Net Calorie
Occupation Inteke
Mule Spinners 4,030
Goods Yardsmen 3,550
Goods Yardsmen (b) 3,480
Shipyard Workers 3,340
Steel Rollers 4,150

The ocoupation of these men approximates more closely to the eoctivities
of the soldier,

Energy Expenditure (Caloulated).

The work of Cathoart and Orr (1919) and Richardson (1928) (see Part III)
gave the British Army a flying start in this field of investigation.
Unfortunately this lead has not been maintained in recent years and it is on
the work of the pioneers we must rely. The average results ontained, for
energy expenditure of troops in training by these workers is shown below,

1, Energy Expenditure of Infantry Reoruit (Cathcert and Orr 1919).

Mature Reoruit = 3,574 Cals. Daily
Young Recruit = 3,376 Cals, Dsily

2, _Energy Expenditure of British Troops in India (Riochardson 1928).

Infantry Soldier = 3,660 Cals, Dzily.

(o) Investigations of Energy Expenditure in Relation to Calorie Intake,

The work carried out by Lt.Col, Melville, R.A.M.C. (1910) produced some
very interesting results. 1In the first experiment 26 men, on a daily
calorie intake of 3,489 gross Cals., and external energy expenditure oaloulated
to be 1034 Cals, lost on the average 0.69 Kilos, in weight, over & period of
fouteen days, This loss was accompanied by noticeable distress and humger
in the men concerned.



When under similar oircumstances the experiment wes repeated with a gross
deily Calorie Intake of 4,51l Cals., and a deily external energy experditure
of 1,419 Cals. the men gained 0,16 kilos., on the average, in the same
period. The men were well and felt fit,

During the recent war (1941-45) the U.,S. Army conducted e series of
large-soale experiments, on similar lines, to test the adequacy of existing
ration scales as supplied to their men, An example of this work is the
report on Projeot 30, by the Armoured Mediocal Research Laboratory (1944).

In this a battalion of men were placed on definite ration scales; one third
of the battalion on each of the three scales in turn, 4 large team of
soientists caloulated energy expenditure on the spot (by Dougles-Haldane bag)
whilst others kept a striot oheck on the physical and functional state of
the men and computed their Calorie, vitamin and mineral intake and output on
each type of socale, '

The average deily expenditure of the men was 3,800 Cals, daily, and it
was found that only on a ration scale of 4,400 gross (4,000 net) Cals, was
positive health maintained,

Conclusions,

Whilst no one of the foregoing results is in itself conclusive, the
similarity of results arrived at by widely differing methods builds up a
very strong case on which to base arbitrary absolute Calorie requirements.
With all these results quoted above in mind the following figures were
agcepted by the army (A.M,D.5 1946) for future guidance.

Average Daily Requirement of Soldier on light work = 2,950 net, Cals,
. " " " " * heavy " = 3,700 net. Cals,

How far these figures agreed with actual consumption will be seen in
Part VI,

D. EFFECT OF ENVIRONMENT ON CALORIE INTAKE,

Johnson and Kark (1947) have drawn attention to the great variation of
averege Calorie intake of Soldiers, in varying olimatologiceal conditions,
Their study shows, that, as the mean envirommental temperature falls from
92°F to -30°F the Calorie Intake rises sharply from an average of 3,100 to
one of 4,300 Cals, daily, Obviously this cannot be explained
on the basis of altered basal metabolism, which could only account for a
20% (or 400 Cal) rise, The explanation appears to lie in the maintenance
of body temperature at a normal level and in the inoreased effort required
to perform work in Arctic clothing.




-16

Figure II illustrates the scatter of intake against environmental
conditions as found by these workers.

= Figure II.

Relation of net calorie intake to climatologioal
conditions. (From Johnson and Kark 1947).

b +60
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C/\I_O R-IE- INTAKE PER PAY

Unfortunately, no figures are quoted by which the occupations of the men
in the various theatres oan be compared, and one cannot help but feel the
lethargy common to men in tropical conditions may have influenced the
results.

FART II.
FOOD INTAKES: MEIHODS OF SURVEY AND OF MEASUREMVENL
Dietary surveys may be carried out on subjects of widely varying
constitution by any one of the variety of methods now in use. Some of the

more common types of survey and methods ofmensuration of Food intake are
discussed below.

A.  PQPULATION TO BE SURVEYED.

The subjects may be investigated as a group or as individuals# If the
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former method is used it may be subdivided into two classes e.g.
() Homogenous Groups
(b) Heterogenous Groups

In type (a) all subjects are of a similar age, sex and ocoupation;
the arithmetic mean of the group results will express the average intake
of each member with some acouracy.

In type (b) different ages, sexes and ocoupations will be included
and some form of weighted mean must be obtained before valid comparison
ocan be made with other groups.

A typicael example of a group (&) survey would be that ocarried out by
Magrae (1942) on members of the Royal Air Force; of a group (b) survey
that of Cathcart and Murray (1931) or of Orr end Clark (1930) both carried
out on families, Surveys on Individuals is typified by the survey of
MoCance, Widdowson and Roe (1938) onpregnant women,

B. MENSURATION OF FOOD INTAKE:

When the populetion to be surveyed has been determined and a decision
as to whether group or individual investigation is to be pursued, has been
made, we must then consider the method to be employed, Four principle
groups of methods can be cited, &s below :-

(1) By direot analysis of semples of diet, e.g. (Macrae 42)
(2) By weighing all food and computation from Food Tables

(e.gs (Widdowsoen 36). |
(3) By gross oversll average methods, e,g. (Howe & Berryman 45).
(4) By questionnaire or dietary history, e.g. (Pyke 1943).

The pros and cons of each of these methods will now be briefly
considered, in turn.

(1) Direot Analysis of Samples of Diet.

This method undoubtedly gives the most &courate results and is of
great use when employed to find the average food, vitamin and mineral
ontent of a complete diete This wes the use Macrae (42) put it to, and
his freeze-dry technique eppears very sound indeed.

In individual surveys, however, the analysis of each separate diet
would be a truly Herculeen task, and in view of the acourate tables now
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available, giving the Calorie, fat, protein, carbohydrate,mineral and
vitamin content of every conseivable foodstuff; quite unjustifiable,
(Widdowson 43). Examples of these tables are ;-

(1) Chemical Composition of Foods., (MoCance & Widdowson 46)
(2) Nutritive Value of Foodstuffs. (A.M,D.5 War Office i)
(3) Nutritive Velue of Wartime Foods (Medical Researoh Counoil 45).

(2) Weighing of Food and Computation from Food Tables,

Into this group fall many varying techniques, only a few of whioh
will be considered here.

(A) FAMILY METHQD,

Generally, in this method, a diary is kept by the mother,
showing the weight and type of all food consumed by the family over a
given period, This must include both food from store oupboards and
any food bought or grown., From this data the nutritive value of the
food oonsumed is caloulated, The fé"g'.ly intake is then reviewed
with reference to the aotual make up of the family in terma of man=
value. For this purpose a large number of scales have been drawn
up, expressing the man=value (for Calorie requirements) of women and
children of various ages in terms of the male adult taken as unity,
The best known of these are as follows -

(a} Royal Society . 1917
(b) Cathoart and Murray 1931 (a)
cg Stiebeling amd Ward 1933
d) League of Nations 1936

e) Canadian Dietary Standard 1941
f) National Research Council 1943

Unfortunately these tables vary considerably, and this fact, ooupled
with the faot that some investigations express results in net Cals,
and some in gross Cals, has led to considerable confusion,

Even wnen the total family inteke, as & unit, or in terms of
"man-value® is found, no individual data can be extracted, It is
obvious that in so small a sample as a family is, even if one
member grossly over-eats and another atarves the overall result will
be a normal average intake, whether expressed in man values or not,

An interesting variant is the work of Clements (1940) where
femilies of a similar age and sex structure are compared; with none
of the usual assumptions as to man-values. There is no doubt that
the family method is important as a rough and rapidly calculated



guide to average intake but several inaocuracies are liable to ocour e.g.:=
(a) The reocord of weights of foods moving in and out of stores
is liable to considerable inaccuracy, especially with
housewives of low intelligence,

(b) One or more of the family may eat & meal at a canteen
or restaurant.

(o) Waste and Refuse may not be accurately noted.
(d) Animals or Visitors may oconsume part of the food,

Subjeot to these limitetions the method is practical and yields
result 8 on a grand socale,

(B) WEIGHING OF EACH INDIVIDUALS DIET.

This method is not new, an excellent review being given of
the literature by Widdowson in her Study of English Diets, Part I (1936).
It has been very much inevidence however in the past 15 years
(Widdowson 1936, Widdowson & MoCance 1936, MoCance, Widdowson &
Verdon-Roe 1938, Widdowson & McCance 1942 eto.). In all the above
oited surveys the same general method was used; to each of the subjeots a
sheet of instructions, record she&ts and a spring scale, weighing by joz.
to 1 1b, was given. The subjeots kept a note of all food eaten for a
week and from these figures their food intake was caloulated,

Whilst this method gives more accurate results with reference to
individual variation, several inaocuracies are atill present e.g.

(a) The oompleteness, acouracy and value of results
depends entirely on the integrity, intelligence
and education of the subjeot

(b) The subject were not used to reading or handling
delicate scales or recording results

(o) The scales could not be zeroed or their acouraoy
cheoked, at short intervals

(d) 4 great deal of variation of opinion amongst subjeots
as to what was waste, must heve existed

(e) Recipes must all be "assumed".



(C) THE PRESENT INVESTIGATION

In the present survey all food and all wastefor each individual

was weighed by a highly trained member of the research team, using

- frequently zeroed and standardised scales reading to & of an oumnce,
This "central weighing" technique is only possible if oarried out at
high speed and with the aid of a hot-plate for large numbers, 1In
addition all foods were prepared according to known reocipes. In this
way it was hoped to overcome the disadventages and inaccuracies of
both methods A and B,

Whatever method is used to obtain the amount of food consumed
diffioulty arises with the calculation of compound dishes., This problem
is disoussed in detail in part V,

(3) OVERALL GROSS AVERAGE METHOD

This method has been employed by the American Army in World War 2
(1941 - 45). The methods were described by Berryman & Chatfield (1943)
and by Howe, Pritchett and Berryman (1944). Broadly speaking all
foodstuffs are clasgsified into one of nineteen groups such as citrus fruits;
fats; meat; chioken and fish; etc. The qualitative and quantitative
structure of the diet is taken, 10% allowed for waste and another allowance
mede for refuse, depending on the constitution of the actual diet.

This method oan be only of very limited accuraoy and is of use on
a comparative basis and not for absolute data, Such results were published
for vast numbers of U.S, Soldiers (Howe & Berryman 1945) who provided the
homogenous group essential to such a study.

(4) DIETARY HISTORY OR QUESTIONNAIRE METHQD,

In this method, an estimation is made by the subjeot of the amount
of each type of food which he has eaten in a specified period beforehand.
Although at one time used extensively by the Ministry of Food, who
augmented the subjects' memories by plastic models of the various foods,
it has now been discarded by them (Personal Communicetion, Dr. Pyke.)

Another survey in which this method was used was that of Wiehl (1942),
who produced the astounding result that 40% of the eircraft workers
subsisted on a net Calorie intake equivalent (of l.4 x Basal Metabolism).
This result confirms the frequently expressed opinion that such methods
are quite inaccurate.

Prom the above discussion it becomes fairly clear that to obtain
acourate results the following criteria must be observed.
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(a) An acourate system of weighing,
(b) A skilled person weighing.
(o) A lucid reoord of all food and drink taken.
(d) Recipe and method of cooking all foods to be regorded.
(eg An acourate set of Food Tables,

Some method of analysing any "unknown" foods whioh
nay be met with.

With these coriteria in view the method desoribed in part V was
evolved.

PART III

IHE ASSESSMENT OF ENERGY EXPENDITURE.

The experimental marches, carried out in 1909 =~ 1310 by
Lt.Colonel Melville (1910), brought into sharp foous the inadequeoy
of Army retions at that time, At the conolusion of the World War
(1914 - 18) Brig. Gen, Horrocks, in a similar fashion, again drew
attention to the insuffioiency of rations,

It was at this point that Cathcart & Orr commenced their investigation
into the energy expenditure of reoruits by indireot Calorimetry.
They used the Douglas-Haldane bag, and the method of calculation of
Zuntz and Schunberg (1901), fully desoribed in the R,A.M.C. Jourmal (1918)
by Cathoart. So comprehensive was this work thet now, 30 years later,
it is still the most useful publication, of its kind on military energy
expenditure, :

It was pointed out by these workers that such experiments must
perforce be adapted to fit military exigencies, They felt, and rightly
so, that it was better to retain contact with reality, rather then become too
academio., Below is shown the caloculation by which they assessed the weekly
timetable of the recruits, a method of calculation which has been adopted
in the present survey.

/Cathoart



(Cathcart and Orr 1919, P.63 Table LXXII)

Appendix I:= Mature Reoruits

Weekly Energy Expenditure.

Sleep .......... 56 hours at 69 Calg/Hr = 3,864 Cals,
Meals ...e0c0000 21 O * 108 * w 2 2,268 "
Cleaning .ecoeoeee 7 " * 130 *» * = 910 »
Fatigues .e00eeee 2 " n207 v w = Lly W
Free Time (2) ... 18 " " 75 » w = 1,350 "
Free Time (b) ... 18 " 300 " % = 5,4,00 *
Drill .......... 46 ®* ® 235 w w 310810 "

Total Weekly Expenditure= 25,016 Cals.

Daily Expenditure = 3,574 Cals,

It should be noted that, since this work was done when the men were
not in a post-absorptive state, no allowance need be made for speoific
dynamic action (see Orr and Leitch 1938). Cathcart and Orr found that
the average Basal Metabolism of reocuirts was 37.8 Cals per square metre of
surface area, per hour, Unfortunately the age groups of their subjects was
high, and it is probable, that for the average reoruit aged 19 years the
figure of 39 Cals., per square metre per hour, as quoted by Du Bois (1936) is
the more typioal,

Richardson and Campbell (1927) carried out by similar methods a more
detailed study of the energy expemditure of men of the Infantry and Royal
Artillery in India., It is interesting, in view of the American work on
the fluctuation of Calorie intake with environmental temperature, to find
that differing temperature conditions affected the energy expenditure quite
markedly,

e.g. Average Daily Energy Expenditure. ,
, (Richardson & Campbell 1928).

3,615 Cals,

Infantry Cold Season
3,525 Cals,

Hot Season

Royal Artillery

Cold Season = 4,527 Cals,
Hot Season 4,253 Cals.,
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Cathoart, Lothian and Greenwood (1920) applied similer methods to
a study of the energy expenditure of marching; they concluded that
65 - 80 yards per minute was the optimal speed for efficient marching,

An excellent review of the literature was mede by Orr and Leitch
(1938): they assessed the energy expenditure involved in a diversity of
/ oivilian occupations, by applyinff a uniform method of calculation to the
;/ results obtained by other workers, An example of their method of
ocaloulation is shown below, as a contrast to that of Cathoart and Orr.

Energy Expenditure of Unemployed Men.

Surface area = 1,69 squere metres. (Orr & Leitoh).

Source of Expenditure Calg/day.
B.M.Re + 10% (for S.D.A.) @ 70 Calg/Hr 1680
1 hour dressing and undressing 32
5 hours sitting 72
2 hours walking slowly 220
3 hours gardening 306
3 hours standing 57
2367 Cals.

It will be noted that this method consists of adding values to a
uniform basal metebolism, 4 ten per cent allowance for specifio
dynamic action is the first addition, following by allowances for external
energy expernditure, This method is open to oriticism, The average
surface ares taken (1,69) is much smaller than the present army average,
and no allowances are made for such necessary aotions as eating and washing,

With the mechanisation involved in the second World War (1939 - 45)
investigation into the energy expenditure of vehicle drivers, A.F.V.
orews and many other new occupations was necessary., The Armoured Medical
Research Laboratory at Fort inox, Kentucky studied this problem and their
report on Projeot No.,5 is the most comprehensive on this subject. Their
method was a replica of that used by Cathcart and Orr.



PART TIV.
PHE PRESENT INVESTIGATION. v

Ao OBJECTS OF INVESTIGATION.

(1) To investigate the calorie intake of the
Britlsh soldler, serving at home, with regard to:=-
(a) Adequecy of existing ration scales, and
degree of supplementation of same.
(b) Type of army occupation of men.
(c) Ages; weight and other anthropometry of
| mene |
(2) To examine the extent of variation in the
calorie intake of individuvuals amongst soldiers
engaged on similar work, under similar environmental
conditionse.
(3) To report on the actual calorie value of:=
(2) The Home Service Ration Scales
(b) Supplementary food bought by soldierse
(4) To define the contribution of plate waste to the
total loss in calorie value of the ration from "wholesale®
‘to "“consumer" level.
(5) To investigate the purchasing power of the pemny

in Canteense
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METHODS OF INVESTIGATION.

I. GENERAL APPROACH.

(a) Selection of Units for investigatione

In undertaking the survey care had to be
taken to make it as representative as was practicable.
For this reason it was essential; (a) that the units
investigated should be as widely distributed throughe=
out England & Scotland as possible; (b) that units
engaged 1n work varying from sedentary to very actlve
be studiede Map Ae shows the distribution of camps

visited in the course of the yeare

Map Ae (Beographical Location of Camps.)
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Since a complete record of food intake was requirqd

it was essential that the men were 1in isolated campse
Only there could all avenues of calorlie consumption
(Rations, canteens & parcels from home) be efficlently
controllede The environment of each camp had therefore
to be considered carefully, before the commencement of a

sSurveye

be Preliminary “Instruction" of Unltse.

Before any such investigations could be made it
was a "Sine qua non® that the co-operation of many
"people be obtaineds The Commanding Officer of the
Unit, the Messing Officer, the cooks, the Canteen
Managers, and the actual subjects, had all to be
interviewed, Iinterested, and finally enthused, before
work could even be commenced. The role of each is
outlined belowe

(1) O0eCe Unit:-

To provide NeCeOes to assist research team,
to confine men entirely to camp for 1 week, to ensure
that the junior officers and Ne.C.Oes strictly

- supervised the activitles of the men during the week

in question and kept us informed of sames.

(2)/



(2) Messing Officere

To ensure that the diet served was typlcal
of the Home Service Ration Scale (henceforth HeSeReSe)
and consisted of the exact amounts of food laid down by
regulations This was invariably checked for a period

of several weeks to prevent any attempts to mislead use

(3) Cooks:-

To ensure the accurate weighing of all foods
prepared, weighing of porridge, vegatables, etc.,
before and after cookinge

(4) Canteen Managerse

Although the support of NeAeAeFeIle ; HeQe
was freely given, it was essentlal that each manager
asslisted us by ensuring that no food was purchased

except under our supervision and after weighing by

USe

(5) Men:-

Despite the very complete supervision of all
activities of the men 1t was very lmportant to obtaln
their co-operation, otherwise deliberate attempts
to mislead our results might have been mades

Anyone familiar with conditions of army life will

readily aporeciate the important contribution of each

of/
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of each of these individuals to the scheme as a whole,

and also the tact and persuasive powers required to
obtain the goodwill of eache This would be quite
impossible for any person not famillar with all aspects of
army life and “pschology".

(C) The time~table of the mene

The training officer placed 1/c of the men for the
week was responsible for a detailed, timed, programme of
the men's activities during that periode In addition
their off-duty was closely studied by selected NeCeOes8
(since the men were confined to camp this was greatly

facilitated).

(d) Temperature, Relative Hhmidity and Barometric Pressure.

By special arrangement with the Air linistry
Meteorological service the mean temperature, Relative
Humidity and Barometric pressure at each camp for the
period of survey was recordeds This was consldered
important in view of the American contention (ves.) that

climatic Vvariations alter calorie intake,

II. INDIVIDUAL SURVEYS.

———

In this type of survey the actual welight of all

food eaten and wasted by each man over a period of one/
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one week was founde This weighing of rations, of
NehAeAoeFoTe purchasés, and of parcels from home was made
on every constituent of the dlet. To ensure complete
supervision of food entering camp by parcel post, all
parcels were opened in front of a member of the research
teame This full and tedious exactitude in asseassing
the total intake was only made possible by the "central
weighing" technique, described below.

(a) SUBJECTS.

le Selection:~

Subjects were selected by numerical random
sampling of a nominal roll of all men in the

occupation to be surveyed.

2e Occupation:-

This varied from sedentary to extremely
activees Account was taken of recreational and
outside activitiese

3e Age, Previous Occupation etce 0f Subjectse

The age distribution of individuals was
purely fortuitous, but was found to correspond to
fhat of the Army in Britain as a whole. Note was
made of the physical condition and intelligence of
each subjecte A history of civilian occupation and

athletlc activity, if any, was also obtailned.

44/
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4, Physical Examinatlion of Subjects:=-

A routine clinical examination was made to
ensure physical fitness; the man's height (to 0e5 cme)
and his weight were checked. Weighing was done with
subjects'naked, after urinating and before breakfast,
at the beginning and end of the survey. Weighing
was done to 50 G ( ® 2 0Ze ), Any man taken 111
during the week of survey was excluded from resultse.

The following additional data was noted:=

a Sitting Heighte

b Cristal Height:- (From Ante Supe Spine of
. I1lium to ground, vertically).

¢ Ieg Iength:- (From Great Trochanter to

ground, vertically.)

d Chest Circumference:- (Maximal on
inspiration and expirationes)

© Abdominal Girth:- (Maximal)s

Technique of Weighing Food.

All food consumed by any of the subjects
during the week in question was weighed, by one of
the research team, immediately prior to being\eaten.
The food left was then weighed and the difference
between food served and plate waste gave the weight
of food eaten by the subject. Each man's plate was

numbered/
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numbered and care was taken to see no man ate from or
deposited waste on another's plate. This is felt to be
rmuch more accurate than the method used by Widdowson
(1936) etce., when plate waste was merely estimateds

The weights actually recorded for each man were:

() Weight of each foodstuff as served on platee

(b) Weight of each foodstuff left as plate wastees

(a=b) is food actually eaten; (g x 100 the % plate
waste by weighte

_ Before any surveys were attempted care was
taken to.ehsure that the men of the research team
kwere completely accurate in their weighing technique.
Standard weights (of unknown size) were weighed
repeatedly by each man, on each balance, untll
complete uniformity of results was obtained. During
the pericd of the survey this practice was
continued, not only as a check on the men, but also
on the machinese

Type of Balance Usede

These were of the Salter Diabetic Type,
weighing from 0-16 o0z. but readable to an accuracy
of 1/16 oze ( 2G)s The scales were frequently

zeroed/
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zeroed and tested by standard weights. The saucer
was of light plastic and a considerable number (36)
were carried for rapid weighing. Accuracy at all
times was the watchword. This type of scale, shown
in photograph (A) is strongly recommended for

anyone carrying out a similar survey.

PHOTOGRAPH (A) Salter Diabetic Sprint Balance.
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(¢) Method of Recording Results:=-

This became a serious problem, with wvast numbers
of weighings accruinge The most efficient system was
found to be to keep a concurrent record in book form,
translating these figures each night to a record card
(A) for each mane On the left hand side was entered the
weight of food eaten and, on the right, the calorile

value of the said food.

RECORD CARD (A)e

© FG WEIGHT IN Ysoz. CALORIES

AY |oaY|oaY |oaY fray [oay| DAY oY |prY |0GY | DAY |oar \pAY loeY WEZKLY

FOODSTUFE| 1215|456 |7 (12134 |5]6[7|TOTAL

| BREAD  [13] 11} | 117 1qq
IMARGARINE | 4|15 03] 1

_JAM 3|51 | 30| 50
SUGAR 1
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Such a card was complete for Army rations, for cénteen
purchases and for parcels from home, daily, and the
totals crosschecked for days and weekse

These data were then tr;anslated on to a final

record card (B) shown below (reduced size)e.

Record Card (B)

Record of Subject and calorie
intakee

‘ D;AY. C;\LA(;AT;ON.S)”C;QL-/ NAAF( cy\L/HOME ToTAL cAL.
- 2239 2263 - LpO2.
2 | 2913 109 L - 4007
3 3076 359 -— 326
4 L 2q17 315 - 3152
5 | 2ge7 — — 2867 ) ]
6 352 832 - 4Ol
7 2647 2)68 - LBIS
ToTaL |19,791 7572 - 27,563
Mean | 2827 1,082 - 3909

Record Card B.

Obverse sldee

@ F. G NOTES. Ht. 1o Ce.
Wt - 6lLT Ke
[ 3q0q |Total Cal Surdace 16T SM.
2341  |Cal/SqM. S B
636 |calf Ka. | roes kg
935 |Cal /Cm Age 18 ¥z




Further facts which were obtalned from the date collected
wore s -

(1) The daily cash expenditure of the troops
on 2ll forms of food supplemente

(2) The purchasing power (in cals) of the pemny
In NeAsAFele " canteens,

(3) The opinion of experienced Medical Officers,

Commanding Officers and men on the adequacy
of present ration scalese

IITe "“Overall" Surveys.

This type of survey aimed at providing a picture of
the calorie intake of the average person in each campe
Where individual surveys were carried out an overali
survey was undertaken concurrently, in order to ensure
that the mean intake of the sample of the population
apprroximated to the mean for the total populatione .

The procedure followed was:e=

ARMY RATIONS. )

Five random smaples of average helpings were selected
by each of three observers, employing differing selection
technique at each meals  Each component of every plate
was weighed to 2 G Thé average calorie content of these
portions were then calculated by the method described

belowe.

In/



In addition, & note of the total calorie value of

the rations consumed by the camp was made, by weighing

all food removed from store for cooking, during the weeke

This provided a further checke The plate waste involved

was allowed for in each campe

CANTEENS o

The calorie value of each food and the total weight

of each food sold in the canteen during the week in

question was ascertainede From these data the average

calorie intake of each man from this source was calculatede

S O S P OO S 5006006500900 000800000000

The sum of the average intake from Army Ratlons

and from canteens, gave an indication of the average

total daily net calorie intake of the mene. One correction

had, however, to be made. Inevitably some persons from

camp at one or more meals outside camp in the course of

[the overalle.

) factore.

Where 1/14 of the total number of meals eaten

inside the camp were consumed outside, the result as

arrived at above, was multiplied by 14/13 as a corrective



" COMPOSITION OF FOODS EATEN.

(1) Supervision of Recipese

In each case a NeCeOe of the Army Catering Corps.
was made solely responsible for the accurate weigh@ng and
recording of all recipes, under the writer's personal
supervisione This involved not merely the welghing of
each constituent, and of the compound before and after
cooking, but keeping a lucid record of the samee

(2) Serving of food.

A separate hot plate and dining hall was very
desireable, enabling the food for the subjects to be kept
hot, and the subjects to eat under normal conditions, apart
from our pbesence, without being subjected to the stares
and ribald "wit" of their comrades.

(3) Calculation of Calorie Content of Foodstuffse

To arrive at results in,an individual type of
investigation i1t was essential that one or another of
the various tables of food values must be usede In this
case the tables were “The Chemical CompqQsition of Foodstuffs“,
(McCance and Widdowson 1946). Whilst aware that the methods
of calculating these tables have been called to question
(Maynard 1944, Keys 1945) it appeared that, apart from

Atwater's (1899) table, no other sufficiently comprehensive.
datum is to hand.

Three/
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Three types of food were met with in the survey;
(a) Standard Foodse
(b) Foods made from standard constituentse

(¢c) Foods of unknown compositione

(a) Standard Foods:

Such foods as bread, margarine, jam, toast, cheess,
apple, chocolate, etce. oatce Values for these are
obtained direct from food tables without difficulty

(b) Prepared Foods made from Standard Constituentse

The vast ma jority of dishes fall into this category.
The weight and composition of each constituent 1s known,
the weight of the compound before and after cooking
ascertained, and the composition of an ounce of the
finished pro&uct calculated from these data as shown

belowe

Example (a) Porridge: Weight of oatmeal used = 0 0Z.
" sugar " = S oz.
Wte of cooked porridge = P o02e

e'e P 0z, of porridge contains O oz of oatmeal
and S 0z of sugare

0
o'« 1 oz of porridge contains P oz. of oatmeal
and S/P oz of sugare

Let a and b be the calorie value, per 0ze of oatmeal and
sugar respectively.

Then the calorie value of P oz. of porridge = (Oxa)+(5*b)ca[
e'e Calorie value of 1 0z. of Porridge =[(Oﬂ%5é§ﬁ2:]64/

D — )
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This method assumes & homogenous distribution
of constituents in the cooked compound.

@S & & 600000 0P 0000t OB sl

The method becomes complicated where one or more
of the constituents 1s a fluid and final measurements
arse avoirdupois. This arises in such foods &s gravy,
where weight 1s avolrdupois and fluld stock a component
(see example Be.) It does not occur in soup, tea, beer

etce where measurments were in fluid oz.

Example B: The first step is to ascertain the calorie
content per fluid ounce and then the specific gravity
of the stock used, from this, the calorle content per

ounce avoilrdupois can be calculated as beforce oege

Iet Calorie content of stock (1 bz. avoirdupols = S Cale.

" 4] 1] l Flour 1Y " = F cal.
n " o % Caprot 1 n = C cal.
" n t " turnip' 1t 1 =7, Cal.

ILet the weight of stock, flour, carrot and turnip used be

Wy X, ¥ & 2 02Ze avoirdupols respvectively.
+(Tx=z
Then total calories involved -(wa)*(F‘x)+(C’7) ( )

e's Calorie content per oze. (av.) of finished product
Swt Fx 1CytT col.

where G oz. is the weight of finished producte

In/
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In actual fact, the fat, carbohydrate and protein
content of each food was calculated at the same timee.

These calculations were made for every one
of 473 cooked dishes involved, which gives an idea of
the amount of data involved, and the need for clear
rocordse.

(¢) PFoods of unknown constitutione

These were analysed by the Royal Army Medical
College, Millbanke The methods used for analysis and
calculation were similar to those used in complling the food
tables as described by Widdowson & McCance (1946).
Ve THE ASSESSHIENT OF ENERGY EXPENDITURE.

In order that as complete a record of actlivity
as possible of the subjects would be obtained, a NeCeOs
was appointed to time and record all activities of the
men during their training period. This included detalls
of occupation, dress, and time engaged in occupation, ©.ge
(1) Marching (on level) at rate 120, pace 30 inches;

Drill Order, rifles ; 40 minutese.

(2) Sitting, writing and listening; Fatigue Dress:

1 hour 5 minutes.

In/
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In addition all activities of the men in thelr
spare time was carefully noted. From these data, and
using the method of Cathcart & Orr, (see part III) it
was hoped that a reasonably accurate assessment of'

energy expenditure could be mades

VI. STATISTICAL METHODS .

(a) Selection of Subjects for Individual Method.

Where the number in camp was N and the number
of subjects required n, a nominal roll of all persons
in alphabetical order was numerically sampled by the

N
factor ( n ).

(h) Selection of average helpings (overall method).

Three persons, each employing a different me thod
of randomlsatlon, selected five helpings of each food
as served to individualse. Two observers sampled
numerically and one on a time basis; results in all
cases showed no significant deviation from observer to

observere.

(¢c) Calculation of Average Valuese

Unless otherwise stated results are guoted as the
means for the varticular range of results: the mean

deviation from the mean, standard deviation and coefficlent

of variation are also quoted. (6 = ’f 2(1;\31)1 )
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Significance of Deviation of Means:=

This was calculated by the following method.
Iet A & B be the means of two series to be compared
and §&a « 6o the standard deviations of A & B

respectively

2
Then Standard Error of Difference = f?3—+-f%?—
(=]

Where. + (A-B)> (Zx /éf-+—§‘§- )  the the

difference is statistically significante

S 0 6060080060000 00600s0080s0008000
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RART V.
RESULTS.

In view of the importance of the results to
the future discussion of the subject, and their very
considerable extent, it has been decided to include
them here, rather than in an appendixe.

The interpretation of the wvarious values, and
headings in the following tables (VII = XXIV) will be
assisted by the following notes on the significance of

these.

Terms used, Tables VII - XXV,

Age: to nearest monthe
Height: to nearest 0.5 cme
Weight: to nearest 50G.

Surface '
Area: From height and weight by formula of Du Boise.

Weight .
Change: = Alteration in weight of subject during

webak of survey.

Calories: all values are net calories, i.e. as
actually eaten.

Total Calorie Intake = intake from Army Rations,
Canteens and Food Parcels.

Supplement = intake from Canteens and Food
Parcels.

Energz/
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Energy Expenditure:

Programme: Calculated to nearest 30 min.
for weekly programme and then
resolved to average dally
expenditure.

Calories:- +to nearest cal/sqeMe/Hour.
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Ae FORT _GEORGE.

>

Unit:- Noe. 72 Primary Training Centre.

Noe Of men in Camp - 308

Location:~ Moray Firth, Inverness=shire.
Altitude:= 30 fte above sea level.
Date of Survey:= Dece 1lst - 21st 1947,

Meteorological Conditions.

Mean Barometric pressure 1015 millibars,
37 «5°F

88%

Mean Temperature

Mean Relative Humidity

Individual Survevye

Fifty-five recruits were selected, undergoing thelr
third and fifth weeks of training (squads A & B respectively)
These men were the entire number of recruits in camp on
our arrivale During the course of thevweek 13 men had to
be eliminated, on account of illness, accident and
postinge Results for 42 recrults were thus completede.

It is worth recording that to weigh actual intake and
waste, of these men, for one main meal required 1,000

weighings.
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Average of Both Squads.

Table VIIe (c)

Mean |ilean Dev. | Standard COEFFT
I'rom IMean [Deviation (of Vare
Age (years)
1845 | * 0429 031 1.68%
Weight Kge 6Le80 | £ 4.7 6ol 10.3%
Height cm. 171.30 | £647 8el 4.7%
Surface Area 1.67 | £ .10 .125 7 «5%
SqeMe Sqgeils Sqede.
Alteration
in Wgte
e ~
(Kg) + 0.08 P / /
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Average Daily Net Calorie Intake (Squads A & B)
- 4014 Calse

Mean Deviation = + 268 Cals.
Standard Deviation = 328 Cals.
Coefficient of

variation. -

8.17%

@ 6 06 0600060000000 0085002000090 0080088000

| It is of great interest to note the variation
of daily calorie intake on the day on which pay is
receiveds The great rise of calorie intake on
this day is succeeded by a steady fall, (in canteen
foods) as the week progresses. This trend was
traced for 15 weeks, by NeA.AFele gstatistics, and
figure (3), for the week of the individual survey, was
quite typical, and clearly shbws the‘relation of

total and supplementary intake to pay-daye.
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FIGURS, ] n

Daily Fluctuation of Calorie Intake*

PAY

3,000

2,000

MON- TUBS  WFO. THUR_ FRi. SAT. SuM. MON

CALORIES FROM CALORIE.» FROM
SUPPLEMENT ARMY RATION
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Relation of Calorie Intake to Height, Welght

and Surface Area, Of Subjectse

TABIE IX (a) Squad Ae

Noes in Cals. | Cals.|Cals.
Surveys.| Calse| Sqems Kge |cChle

1 3909 2341 64 24
3487 1971 56 20
4066 2284 66 23
3456 2133 58 21
4547 2756 75 =217
3770 2130 87 22
4324 2574 72 26
3616 2127 60 | 21
4103 2345 64 24
10 3936 2642 78 25
11 4303 2546 68 26
12 3792 2180 59 22
13 4044~ 2436 67 | 24
14 4417 | 2242 59 24
17 4382 2548 72 25
19 4086 2197 58 23
20 4239 2569 65 | 25
21 3427 2155 62 21
22 3945 2180 59 22
23 4318 2699 77 26
24 3418 2260 66 22
25 4156 2598 73 76
26 4702 2528 63 27

OQO-JO RV




TABLE IX. (b) SQUAD. Be.
No. in Cals/ Cals/ Cals/f
Surveye.| Calse. SqelMe Kiloe Ce
27 3967 2168 62 22
31 3480 2071 64 19
32 4115 2121 56 23
33 4391 2797 80 27
34 4064 2674 79 25
56 4662 2241 57 24
37 3980 2369 66 23
39 3743 2282 67 22
41 3481 2203 61 22
42 4550 2514 6" 26
43 4315 2438 67 25
44 4107 2388 68 24
45 3783 2539 76 24
46 4006 2108 56 22
47 3717 2186 61 22
50 3825 2406 73 23
52 3699 2151 58 22
54 4082 2373 70 23
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Mean Values for Both Squads. (the differences between

squads A & B are not statistically significante )

Mean Mean Standard Coeofftse!
Deviation | Deviation |Variatior
Calories. 4014.0 | ¥ 268 328 8417%
L : |
Cals/Sqelie Surface { )
Area.. o 2357.0 | * 182 236 1o.025%
Cals/ Kge 6660 | t 548 6495  10e5%
Cals/ cme 2440 | T 1,7 2418 941%

4

The spread of calorie intake distribution is

probably more easily grasped by-histogram, accordingly
Figure 4a and b displays the calorie intake per person

and per squdre metre of surface area of individuals,

per daye.




Figure 1V a.

Frequency distribution of Daily Net
Calorie Intake, per head*
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Figure IV b>

Frequency distribution of daily net
Calorie intake per sq* 'Metre
of Surface Area#
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Ovérall Average Technique.
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The overall average intake per man in camp

was checked for a period of two weeks by the me thod

described in part IVe.

The following results were obtained:-

No. of Aver., Cale| Avers. Cale.| Total
men invest- | Week Ending. [Value of Value of Calorie
igated. Rations. Supple= Intake.
ment.
282 7.12.47 3008 932 3940
3356 14.12.47 3014 941 3955
617 Mean 3011 937 3948

The degree of supplementation is lower than

by the individual method, but the correcting factor for

the average of 2 meals, eaten outside the camp, hasyet

to be applied to the supplements

Corrected Average Results,

Average Daily Cale Intake (Army Rations)

Average Daily Cale Intake (elsewehre)

Total Intake Daily

This-figure almost coincides with that obtained by

individual method. (4014 Cals/day).

].'OOB Calse
4019 Cals.

the

{
1
i

i
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Energy Expenditure of Recrultse.

As described in part IV an accurate timetable of the
average time spent by each recruit on all forms of
activity was recorded. Detalls of this are laid out

below (Table X) with calculated energy expenditure.

TABLE X. Energy Expenditure of Recruitse 72+PeTeCe

Occupatione Hours per Cale. per SqeMs Cal. per 177 Sq.M.

Weeke per houre per Weeke
Sleeping 56 39 3864
Eating 21 61 2268
Washing 7 73 910
Free Time (A) 22 40 1650
* n o (B) 16 132 4800
Drill with .
(arms) 5 140 1239
Physical Train-
ing. 6 141 , 4344
Fatigues 10 136 2311
Doubling 2 372 1317
Sitting 8 49 ‘ - 690
Mushetry 6 100 1062
Route March 4 2568 1830
Bayonet Drill 4 121 , 860
Kit Inspection e 74 260
168 27,405
Galories per week = 27,405,
Calories per day. = 3917.
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By these computations the Net Dally Calorile
Intake is 4014 Cals and expenditure 3917 Cals; this

leaves a positive balance of only 97 Caloriese

It is worthy of comment that there exlsted a

considerable difference in the weight-change pattern
of squads A & Be Whereas squad A, in its fifth week
of training, showed 60% gaining weight and 40% losing
weight, with an overall average gain of 0.15 Kllos,
Squad B, in its third week of training, had 50% losing
weight and 50% gaining, with an average loss of 009
Kilose

This was{gég due to a2 more strenuous programme,
nor to a greater Calorie intake, absolutely, or relative
to height or weighte

This point was further investigated at 9 PeT«Ce
(Arneil & Waller 1947) and the fact established that
under present conditions of tralning and food consumption
the recruit loses weight for two weeks, and then
commences to gain, finishing training with an appreciable
overall gain in weighte It appears possible that an
initial mechanical inefficiency is gradually résolved,
with consequently more efficient utilisation of Caloriese.
Alternatively, the initial fall may be due to utilisation

of/
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of Interstitial fat, later to be compensated by

muscular entrophye




Army School of Education.

Unit:- Royal Army Education Corpse

Number of Men: = 624

Location: Buchanan Castle, Stocklemulr.
Altitude: 350 Fte above sea level.

Date of Survey: 15~ 31lst January, 1948,

Moteorological Conditions obtalninge.

Mean Barometric Pressure 992 millibars
35 .70 F L]

8lel %

Mean Temperature

Mean Relative Humidity

INDIVIDUAL SURVEY.,

The men, when surveyed, were engaged on
sedentary work, with an admixbture of physical
exercises Numerical random sampling of a nominal
roll was used to select subjectse Twelve were

selected, but one fell 111 and had to be excludede




PHYSTICAL CHARACTERISTICS OF SUBJECTS.

TABLE X1.

[Noo In~ AGE HEIGHT JEIGHT. [SURFACE | ALTERATION |
Survey Yrse. | Mnthsd cmse. Kg. Sqﬁ?fA IN WEIGHT.
1l 19 5 171 707 1.89 + 0.8
2 19 9 172 67 1.77 + 0e57
) 20 S 168 58463 1,65 + 0458
5 20 7 170 56 ¢6 1.65 + 0468
6 20 0 18345 | 6247 l.81 t 0e49
7 19 9 171.5 | 6348 1,73 + 055
8 19 | 11 168 5845 1.65 =0475
9 21 5 175 6645 1.79 =0.68
10 19 9 190 86e4 2,51 + 0e51
11 20 1 177 66 1.80 +0e13
12 19 9 17065 | 7048 1.80 10468
Average Age = 20 years 1 monthe

Average Helight = 174.2 cms.

Average Weight = 66 Kge

Average Surface Area =  1.77 Square Metre.
Average Weight Change =~ + 0.41 Kge
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Calorie Intake in relation to TABLE X111
Height, Weight and Surface Areae
Calse | Cals/SqeMe| Cals./Kilo. | Cals./Cp.
1 4316 2284 61 25
2 3520 1989 53 21
3 3882 2311 67 23
5 3701 2243 65 22
6 3874 2140 62 21
7 3854 2228 60 22
8 3760 2279 64 22
9 3991 2229 60 23
10 4580 2135 53 24
11 3966 2204 60 22
12 4532 2518 64 26
ean 3998 2233 61 23
an Dev,
rom Mean | 243 291.6 £33 1,3
tandard
viation. 298 135 463 l.54
oefft., ‘ |
ariation.d 7e5%] 6.0% 71% 6+8%
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Qverall Average Method.

The total Calorie consumption per person in

camp was calculated as before (vei.)e

TABLE X1V. Calorie Intake, (Overall Method) ReA+E«Ce

Noe. of Woek Ave. Cals Av. ColSe Total |

Mene Ending from Supplementa Calse
Army Ration. ‘

625 2301448 2680 o6%7 3647

623 3001048 2667 . s 3615

1248 2673 968 3631

Again we must correct the supplement to
allow for 2 meals per week eaten out of camp (average)e
The supplement then becomes 1032 Cals. and the total
inteke = 3705 Calse

This figure is markedly below the result
obtained by the individual methode This fact is

discussed belowe



TABLE XV.

EWERGY EXPENDITURE OF TRAINEES.

Hours per Calse por Sge | Cals per 177

Occupatione. Weeke Metre per Hre | SqeMe Per Weeke
Sleeping 56 39 : 3864
Eating 21 61 2268 |
Washing 7 73 910 f
Free Time(4) 15 40 1125 |
Free Time (B) 20 132 6000
Drill 5 180 1593
Fatigues 7 136 1le87
Sitting 28 49 2638
PeTe 3 142 -929 /
Guards 6 102 1087 ;
Total 168 22101 |
Energy Expenditure per week = 22,101 Calse
Energy Expenditure per day - 3157 Calse

The discrepancy between average intake and |
output is therefore no less than 841 Cals per daye. This
is reflected in a very comsiderable average weight gain,

10.6e 0441 Kilos per person in a seven day periode

At/



This excesslive intake was at first consldered to
be due to over eating. On further enquiry however we
found that the men investigated by the individual method
had, up till 7 days before the commencement of the
investigation, been involved in severe muscular exercise.
Whe ther these men ate more because of an elevated BeM.R.,
or to replace depot fat previously utilised or merely
because of habit is not knowne It is worthy of note that
the men only gained l.5 Kge in the previous 3 monthse

This unintentional selection of subjects apparently
accounted for the discrepancy in the mean results, as

arrived at by the two methodse



Co FIGHTING VEHICLE PROVING ESTABLISHMENT.

Unit: Royal Armoured Corpse

Number of men

in Camp: = 834

Location: Netherlaw House, Kirkcudbright.
Altitude: 70 fte above sea levele.

Date of Survey: 19th Febe = 5Th Mar., 1948,

Me teorological Conditions obtaining.

Mean Barometric Pressure 1029 Millibars.

Mean Temperature 36e3°F.

Mean Relative Humidity 7046%

This unit consists of 83 men, some enéaged on
sedentary and some on active worki It is typlcal of
the small units scattered throughout the countrye.

By random sampling of a nominal roll, four sedentary
and seven active workers were selected, this being the

proportion of men engaged on each type of worke
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TABLE XV1B

Average Results.
Light Heavy All
Workers. Workers. Workers.
Average 23 Yre. 3 Mnthe{ 20 ¥re. 9Mnth.| 21¥r. 8 Mnth.|.

Age.

Average He 1gh’q
(Cm)

Average Wel ghﬁ
(Xg)

Average Surface
Area SqoMo )

Average WT.,
Change (Kg)

16943

6845

1.77

+0,04

174.8 17246
67.1 6746
1.80 1.79

+ 0428 + 0.19
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TABLE XV1l Be Average Resultse

Tight THeavy AIT
Work. Work. Typese

Cals/Day 3299 3896 3679

Mean

Deviation |% 206 | t137 toen

Standard

Deviation o227 152 337

Coeffts Var. 6.9% 440% 942%
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TABLE _XV11l,

Variation of Calorie Intake in Relationship

to Helght, Welght and Surface Area.

gg;vé?. Calse Cals/Sq.M. Cals/Kge. Cals/Cm.
1 2042 1707 45 17
2 3718 2089 56 21
3 4075 2369 65 24
4 3688 2119 58 21
5 3246 1876 49 19
6 3522 1834 50 20
8 3894 2116 56 22
9 3488 1987 50 22
10 3982 2063 55 22
11 4160 2286 59 24
12 3756 2146 63 22
Mean 3679 2054 55 213
Mean .
Deviation %267 £ 124 s L1.54
Standard
Deviation 337 168 59 1.98
Coeffts of
Variation. 9.15% 8.12% 11.4% 9e3%
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Overall Average Method.

The average for the entire camp was as below:e
Average Daily Army Ration = 2680 Calse
Average Daily Supplement = 949 Calse

Total Calorie Intake = 3629 Calse

Once again 2 meals per week per head were
eaten out of camp, giving a corrected supplementary figure
of 1,031 Calse. Daily. Thus the average total dailly
intake by this method is 3,711 Cals, agreeing closely
with that of the individual method (3,679) Calse



Energy Expenditure of Men at FeV.PeE.

=76

\

LIGHT WORKERS. TABLE X1Xa
Occupation Hours Cals. per Cals/Week
per Week. | Sq.M/Hour For 1.77
SgeMe
Sleeping 56 39 3864
Eating 21 61 2268
Washing 7 73 910
Fréﬁ)Time 21 40 1500
FréB)Time 18 132 4200
Drill 2 130 460
Fatigues 5 136 1205
Sitting 32 49 2764
PeTe 2 142 501
Marching 4 180 1274
Total 168 20,221
Cals Per Week = 20,221
o n Day = 2,889
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HEAVY WORKERS. TABLE X1X b
Occupation Hours per | Cals. per Cals/Week
Weeke SqeMe per Hre.| For 1l.77
SqeM.

Sleeping 56 39 3864
Eating 21 61 2268
Washing 7 73 910
Free Time (A) 20 40 1500
Free Time (B) 14 132 4200
Drill 2 130 460
Fatigues 20 136 4820
Guards 8 102 1448
PeTe 2 142 501
Marching 4 180 1274
Field Work 14 187 4621
Total 168 25,866

Cale per week = 25,866

Cale. per day - 3,695




R X

Average Daily Calorie Expenditure:-

Light Worker 2,889 Calse

3,695 Calse

Heavy Worker

Average Overall 3,328 Calse

9000000 0NOOONOIOSIDBDOEOSSLIPEGEOSEOSNOSEONOSNDOSLOEDSDY

The.difference between intake and
output ig apparently 410 Cals. for light
workers, 201 Cals. for those on heavy
work and 277 Calse. fdr the average porsone
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SURVEY TRAINING CENTRE.

Unit: Royal Engineers.
Number of Men: 406 '

Iocation: Iongleat Egstate, Warminster.
Altitude: 300 fte above Sea Levele.
Date of Survey: lst - 16th April, 1948,

Meteorological Conditions Obtaining.

1018 millibars

Mean Barometric Pressure

47° P,
60%

Mean Temperature

Mean Relative Humidity

@O 00 ¢ 00 ¢ 00000009t es s e OsOTE

The work at this camp is almost entirely
sedentarye Men study the theory of using such
instruments as the Theodolitee. Fourteen men
were selected by random seampling, one developed

a root abcess and was excluded from resultse

@ G 00 000 0008090080000 0000000
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TABLE X1X

- 82.

RELATION OF CALORIE INTAKE TO HEIGHT WEIGHT
AND FACE AREA OF MEN,

Noe Calse Cals/SqeM. Cals/Eg. Cals/Cme
1 3694 1838 48 20
2 3946 2055 52 22
3 3249 1765 47 18
4 3418 1792 47 19
5 3209 1760 45 18
6 2748 1686 48 16
7 3132 1864 52 19
8 2883 1737 45 18
10 3159 1869 49 19
11 3319 1804 51 18
12 3153 1923 55 19
13 3180 1922 54 19
4 3585 1927 53 20

Meane 3283 1842 4907 1848
Mean
Deviat=-
Tona F 230 t7s L340 *0.95 |
Standard
Deviat=-

L ione 314 95 503 le4l
Coeffte
Variat=- '
ion. 9.6% 5.2% 606% 7.5%

Overall Average Method.

The corrected figures for this

were:

Average Dally Value Rations
Average Daily Value of
Supplement

Total Dally Value

camp (406 persons)

2,404 Calse
813 Calse
3,217 Cals.

The individual method, it will be remembered, gave the

closely corresponding result of 3283 Calse



TABLE XX.
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ENERGY EXPENDITURE AT SeT«Ce

Hours per Calse per Cales Per week
Occupatione week. SqeMe per per 1,77

Houre Sq.M.
Sleeping 56 39 3864
Eating 22 61 2376
Washing 7 73 910
Free Time (A) 21 40 1575
Free Time (B) 18 132 5400
Drill 1l 180 219
Fatigues 5 136 1205
Sitting 30 49 2591
Guards 3 102 543
PeT. 3 142 751
Marching 2 180 637
Total 168 20,171

Energy Expenditure for week =

n

]

per day

1%

20,171 Cals.
2,882 Cals.

Daily Calorie intake was assessed at 5283 Calse

giving a positive balance of 401 Calse per head

per daye
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NO. 598 COMPANY, MOTOR TRANSPORT (COMMAND).

Unitﬁ— Royal Army Service Corpse

Number of men in Camp - 250.

Locations~ Denbury, Devon.

Altitude s~ 300 fte above sea levele.

Date of Survey:- 1st April -~ 24th May 1948,

Me teorological Conditions Obtaininge

Mean Barometric Pressure = 1013 millibars.
Mean Temperature " 45° P,

Mean Relative Humidity = 58%

This camp contained 250 men employed largely
on driving and maintenance tasks, with however, a

certain amount of Drill and Military Training.
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Relation of Calorie Intake to Height, Weight
and Surface Area of Subjectse

TABLE XX111l.

Noe Calse Cals/Sq.Ms Cals/Kg. Cals/Cm.
1 4127 2310 59 24
2 3672 2180 64 21
3 4254 2090 53 23
4 3654 2390 68 21
5 3851 2310 66 23
6 4112 2315 62 24
7 3708 2150 57 22
8 3632 2105 59 21
9 3140 - 1970 56 18
10 3782 2225 60 23
11 3552 2080 58 21
12 3526 2120 60 21
13 3812 2280 64 23
14 4047 2260 60 23
15 3785 2240 65 , 23
lg 3953 2143 56 23
1 3726 2220 60 22
18 4268 2450 74 25
19 3783 2035 52 21
20 4149 2350 61 24
21 3694 1840 46 19
_3 4225 2520 71 26
24 3901 234D 60 24
25 4161 2060 52 23

~Mean 3855 2210 601 22,2
Me an
Deviat-
ion from :

{ Mean.,  t3m31 +124 %445 £1,5
Standarq
Deviate
lon, 251 152 6.18 1,75

oe e O . :
_Variation 645% 6+9% 1093% 749%
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Overall Average Methods

Noe of Persons in Camp 250,

Average Value Army Ration 3,007 Calories.

Average Value of Supplement = 743 Calories.

Total Value of intake 3,750 Calories.

Once'again the men spent two evenings per week

out of camp, providing a corrected figure of :=

Value of Army Rations 3,007 Calse

Supplement (X 7/6)

868 Calse
3,875 Calse

Total Value

This is very close to the mean figure of 3,855 Cals.
established by the individual methode
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Energy Expenditure of men at 598 Coye ReAdSoCe

TABLE XX1V
~ Occupation. Hrs., Per Cals. Per Cals. Per
Week Sqe Metre 1.77 SqeMe
Per Hr. Por Week.
Sleeping 56 '59 3864
Eating 21 61 2268
Washing 7 73 910
Free Time
(&) 1745 40 1313
Free Time
(B) 18 132 5400
Drill 1745 180 5575
Fatigues 19 136 4579
Sitting 4 102 724
- Guards 2 49 174
Driving 6 75 796
Total 168 25603

Energy Expenditure for Week =
Average Daily Energy Expenditure =

25,603 Cals.

3,658 Cals.

Since the average man consumed 3,855 Cals per day

8 positive balance of 197 (Cals is present between

intake and expenditure.
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PART Vil

A DISCUSSION OF THE RESULTS OF THE SURVEYS.

Ae The Total Caloris Intake of the Soldlers.

le The Sample Selected for Investigation.

Before embarking on a discussion of the
results obtained from the individual surveys it is wise
to study the validity of the sample investigated. 101 men
were chosen, by random sampling, from a population of
2,578 men in five different campse Of these men 17
were engaged on sedentary work, 42 on moderately hard
work and 42 on very hard worke Whether this 1s the
typical distribution of occupations in the Army in
Britaln it is not possible to saye A large proportion of
the troops at home, however, are the National Service
Conscripts, undergoing intensive training, and the
proportions appear reasonable to the Statistics Branch of

the War Officee
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The age distribution of the subjects wés

purely fortultons and resulted in the following figures:

Number of men aged 18=19 years ecssesse 63
,“ w n " 19-20 years es 00000 22
oo R " 20.21 years esesees 10

" " u t 21 yoars eesesss 6

Again, since men are aged 18 when conscripted, and
serve for 18 months these results are not unreasoable.
This is especially so as all boys aged 18 are kept in

Britain, at the present time.

The following table (overleaf)shows the mean
values for the age, height, weight and surface area of

the 101 men;

It is interesting to note that these figures
closely corzespond'to the height, weight and surface area

of the average recruit, as found by Major Stalbow in 1947.
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2e The Actual Calorie Intake of Individual Men

and at Various Campse

The variation in total calorie intake amongst
individvals was considerablse, ranging'over approximately
1,000 Cale at each campe. The mean, individual, calorile
intake, at each camp showed a coefficlent of variation
of from 6e5% to 9¢5% « The mean value for all 101
subjects had a coefficlent of variation of 9.85% « This
is very much smaller than the figure of 2044% found by
Widdowson (1947) in boys aged 18 This smaller deviation
1s almost sertainly due to the more accurate weighing,
recording, and supervision of men which was possible in

these army surveysa

The actual mean value for total net calorie
intake at each camp is shown in table XXV.

A histogram of individual daily calorie intake
1sshown overleaf (Fige V), which demonstrates not only
normal frequency distribution, and the mean lying within the
mode but also the position of the intake of sedentary men in

relation to the intake of the other men surveyede
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FICTRE Vv«

The Distribution of Daily Calorie Intake

of 101 Individualse

NUf*IB£R
OF MEN

TOTAL CALORIE INTAKE PER. DAV



The mean daily calorie intake is 3838 Cal.,
with a2 mean deviation of 302 Cale. a standard
deviation of 378 Cale. and a coefficient of variation of

0485% o

® 0 060 00 008020 000000 H 00O OEOPEeOS

Whilst the influence of the body
8ize of the individual on his calorie intake 1is
described in greater detail below, it 1s, perhaps,

2( permisshble to refer to it here. Accordingly the
intake of individuals, per square metre of surface

area, 1s demonstrated in Figure V1.

The range of calorie intake per square
metre of surface area is therefore approximately 1200 Cal.,
agreeing closely with the spread of 2,100 Cal. found for
the average man of 1473 Sge Me surface area.
In this case the mean intake of 2218 Cal. has a mean
deviation of 101 Cal., 2 standard deviation of

179 Cal., and a coefficlent of variation of 8.07% .
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FIG-URE. VI*

Daily Net Calorie Intake of 101 Individuals/Sq*M*

of Surface Area*
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3e Factors Influencing the Calorie Intake of Individualse.

Three principle factors were considered
as possibly modifying the intake of an individual soldisre.

These were:=-

ae The age of the subjecte
be The occupation of the subjecte.

ce The Height, Weight and Surface Area of the
subjecte

Each of these factors will be considered separstely and

then in relation to the other twoe

(A) The age of the Individualse

The Calorie intake of subjects in relation to
their age is shown in table XXVl,

Although the average intake falls slightly
with increasing age the difference was not sufficient,
(largely owing to the small sample) to be statistically

significante Consequently no conclusions may be drawn

from these figurese

(B) The Occupation of the Subjects:-

At three of the camps, where all the men
investigated were on similar work, in which they had been
previously employed for some weeks, and were not changing
in weight inordinately, it was considered that a state of

calorie equilibrium had been reached with intake equalling
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requirementse The relevant figures for these camps are
given in Table XXV1l, where mean calorie intake and
mean estimated énergy expenditure are showne

The difference between the mean dally calorie
Intakes at Fort George and Denbury is statistically

significant (M|~M1215q3 S b* L sE = 72>
n, N,

The difference between Denbury & Warminster

There is but one chance in a thousand

of this difference having arisen by chanceée
The difference between the mean intakes at

Fort George and Warminster is of course very significant

indeed, (M,—M3=73\;/\/ ér-_“_+&‘__ = loo.5‘>

‘ n
only by one chance in ten thousana could it have arisen

foﬁrtuitously.

The interesting fact thus evolves that an apparent
difference of 269 Cale (3917=3648) in dally energy
expenditure was sufficient to produce a difference of

159 Cal.Ain net calorie intake; a statisically significant
flgure, A further difference of calculated energy

expenditure/
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expenditure of 779 Cale (3648-2869) produced a very
significant difference in net calorie intake 6f 572 Cal.
It is reasonable to assume, therefore, that the influence
of occupation is of considerable importance on calorie
intake 1in soldierse

The daily net calorie intake at camps varied
from 3283 to 4014 Cal., as the work changed from sedentary
to very harde
The Relation of Calorie Intake to total Calorie Utilisatlone

It will be noted, in table XXV1l, that column A
represents tﬁe estimated energy expenditure of the men
at each campe This is actually a measure of their calorie
expenditure on basal metgbolism, Specific Dynamlc Action
(of foods, especially protein) and on external works. A
further source of calorie utilisation ig for the growth of
the individuals, and this fact must be considered in
drawing up a final balance sheet.

Rubner (1908) stated that to lay down 1,000Gof
tigsue in the human (= 30 G of Nitrogen or 1722 Cal)e.
10,332 Cal. were requirede Using these figures as a basic
for calculating calorie expenditure on anabolism (or eutroply)

the following results are obtainede
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Even when allowance for this weight gain 1s mads,
however, the average net dally intake exceeds the average
total energy utilisation of the subjects.

Mean Values for 101 mene.

Mean daily Energy Expenditure 3,579 Cale.

Mean daily Weight gain = 04015 Kge 153 Cal.
ole Total Daily utilisation - 3712 Cale

3838 Cale

Mean Total Calorie Intake

o1l Excess of Intake over ouéput 126 Cale
Any one or more of the following three reasons may explain
this difference:-

1« As Maynard (1944) & Keys (1945) suggested, the tables
of McCance & Widdowson may be giving fallaciously high
readings. This would be in consequence of the peculiar
8ystem of calculating carbohydrate content of the foods

used in these tablese

¢ It may be ﬁhat we have failed to achieve a comprehensive
time table of activitys

3¢ It may be, as Melville (1910) and the Armoured Research
Laboratory (1943) suggested, that a positive calorie balance
1s essential if positive health, or eutrophy, is to be
assurede.

This problem is one which will require a great deal

of further studye
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Since we have dealt with the relatlonship of the
average weight gained by individuals to their calorie
Intake, 1t would perhaps be not inappropriate to consider
here the problem of hg%"’:%i\éight the soldler does and
should gain.

Very little information is to hand on how
muich weight is actually gained by recruitse Cathecart
& Orr (1919) suggested 2.4Kg as the average weight gain
in the first year of training. This is equal to 0.05 K
per week, rather less than the value found in the present
Surveye. This however was for men aged 20, whereas our
Subjects were mainly 18 The same writers however found
an average weight gain of 0e111 Kge. per week (=.978 lbs
per month) for the 1,595 recrulits aged 18.3/12 whom
they studieds The present finding was 0104 Kg. per week,
& not unreasonable figure. Schmidt as quoted by
Schwiening (1910) found that the average guardsman gained
O0els Kge per weeke Recently work has been commenced
(at the wrpiter's instigation) to investigate fully the
average weight gain of recruits at the present time.
Full results will not be available for over a year yet,

but preliminary findings confirm the results which were

obtained in this survey.
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THE INFLUENCE OF THE HEIGHT, WEIGHT AND SURFACE AREA OF
THE INDIVIDUAL ON HIS DAILY CALORIE CONSUMPTION,

I. HEIGHT.

The heights of the gubjects were distributed over a range
from 158 cme to 194 cme These subjects were classified
to groups covering a range of 3 cme eache The mean
intake of individuals falling into each group is shown
on Table XX1X.

It is at once obvious that no significant rise
in Total Calorie intake is present until the upper limit
of height is approached. (See figure V1l.).

Figure V111l shows that the calorie intake per
kilogram of weight falls as height increases; whilst the
calorie intake per cme does note The explanation of this

is discussed further one



Height
Cm*

155*1
158*1
161*1
164%*1
167*1
170*1
173*1
176.* 1
179*1
182*1
185*1
188*1

191*1

158

161

164

167

170

173

176

179

182

185

188

191

194

Relation of Height

!
|Ho. In

1 i
1

3
6
10
19
26

10

Total

Calorie
| Group. 1(Mean.)

13,936

3,987
3,811
3,779
3,556
4,085
3,948
3,764
3,672
3,809
4,031
4,176

4,662

TABLE XXXX.

Calorie
Cm*
(Mean.)

Per

25*%0
24%*9
23%*5
23*0
21*2
23*4
23.0
22%4
20.3
20-8
21*5
22.3

24%4

of Subjects

Total Calorie

Calorie Intake
Per Kilo.
(Mean.)

78%*1
75%7
66*3
62*%6
59*0
63*1
62%2

54%4

57*%6

54*9
53%*3
51%*5

57.0

Intake*

Calorie Intake
Per Sq* M.
(Mean).

2,642
2,594
2,388
2,264
2,132
2,297
2,266
2,051
2,048
2,014
2,048
2,021

2,241

Lorm
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FIGURE X 11.

Total Calorie Intake in relation to Height of

Subjects »

5000

4-000

3000
m
3

Z 2000
w
b
1

___1.000.
<
D

Oonn

HEEIGHT (c-m)



-109-

FIGURE V 111.

Cal» Intake per Kg« and per cm. In relation to

Height of Sub.jects>
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IT, WEIGHT.

The range of weights of the subjects was from 50=87 Kge
The subjects were divided into groups of 3 kge eache

The graphical correlation of weight and total calorie
intake of individuals is shown in Figure IX.

Again no significant rise is present untll the upper
range of weights (78 Kg.) is reached.

A very interesting and instructive relationship is that
bétween the aversage calorle intake per Kg. and the
total body weighte

It will be noticed that & clean cub fall is found in the
intake per Kge. as the total weight of the rises (see
figure X)e This fall is reflected in the intake

" per SqeMe but not in the intake per cme




-111l-

geTé3 0°¢g T°%3 085°% T L8 = T+¥8
3‘s | 043 93 299°% T | %8 - 118
L66°T 0°09 8e13 920 % e T8 = T84
gv0‘g ____0-gg 0°33 F10°% g 84 = 1,94
390z 9.29 0+23 806°¢ g QL = T1°3L
91T 2 jgXele; Y33 868°¢ 1T 3L = 1°69
gaz‘z L+BG 8°3% 886 ‘¢ TT 69 = T*99
8TT1‘3 g LS V12 189¢¢ 8T 99 - T°¢9
363°3 ALE) 6+32 168°¢ 8T €9 = 1°09
€233 Te%9 Ce33 egLée o1 09 = Te4S
2Te‘e 8+99 613 yoLe 6 LS = Te%9
L¢3 9+ 3L 123 oeLe 5 g - 1°19
1992 3 L P H3 098°‘g 2 T8 = 1°8%

* (usep) (* usen) (*usel) (*usel) sdnoan *by
ceasy oTaoren | exsaur srsorey | exsaur orsoren | r T Troreo | suomgeq|  ToM

‘ Jo_*oN

*uell JO JUISTOM O3 UOT3BTOY

XXX TIEVL

UL 683Ul ©TJI0T8)




CALORIE INTAKE

DAILY
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FIG-URE IX,

Total daily Calorie

Intake

of Subjects

in relation to their Weight»
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FIG-UKE X.

Dally Calorie Intake per Kg» and per cm*

in Relation to Weight of Subjects e
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11ll. SURFACE AREA.

The range of surface area was from le.47 sq.M. to 2.14
SqgeMe with a mean value of 1,73 SqeMse The relation

of the surface area of individuals to their total calorie
Intake 1s shown in table XXXl.

A glance at this table shows that a slight increase in
total calories occurs as the Surface Area of the person
becomes greater, becoming more merked as the upper range
is reached. (See figure X1).

On this occasion the intake required to satisfy basal

me tabolism is also plottede |

( x Basal metabolism taken as 378 Cal/Sq.ly/ (Cathcart and
Orr 1919) 10% for Specific Dynamic Action (Orr and Ieitch
1931) This figure 1s used hereafter).

It will be apparent that the rise in calorie intake
with increase in surface area appears to be no more

than could be accounted for by Basgsal Metabolisme

This fact is of great importance and is fully discussed
belowe

A significant relationship is the marked drop in calorie
intake per Kg. of body weight, as the Surface Area of the
subject increases (Seé figure X11l)s This drop does nét

occur in calories per cme 28 seen also in the figure Xll.




Surface
Area

in Sq. M.
1*45 - 1*49
1*¥50 - 1*54
1*¥55 - 1*59
1¥60 - 1*64
1*¥*65 - 1*69
1*70 - 1*74
1*75 - 1*79
1*80 - 1*84
1*85 - 1*89
1*90 - 1*94
1*¥95 @ 1*99
2*¥00 - 2.04
2*¥05 - 2*09
2¥10 - 2*14

Relation of Surface Area of Subjects

No*
Group *

10
20
16
15

11

_1_

Total Calorie i
Intake
(Mean*)
3,860

3,733

3,848
3,657

3,758

3,742

3,928
3,946
3,886

3,893

4,417
3,850
4,458

4,580

TABUS XXXI,

Calorie Intake
Per Cm*
(M ean).
24 .4
22%6
23%*5
22.0
22%3
21*8
22.8
22%3
22*1
21%*5
23.8
20.6
23.7

24.1

Calorie intake
Per Kilo.
(Mean.)
77%2

71*1

69*5

63.5

62-2

60.0

60.5

58%*5

54.7

53.1

58.7

48.1

55.0

53.0

to Total Calorie Intake*

Calorie Intake
Per Sq* M.
(Mean.)
2,591
2,441
2,433
2,236
2,251
2,176
2,219
2,171
2,052
2,028
2,242
1.913
2,156

2,135

SIT



CALORIE INTAKE
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FIGURE XII.

Total Calorie Intake of Individuals

Relation to their Surface Area.
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in
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This drop in calories per kilo is reflected in calories

per Sq.M. and is discussed fully later.

FIGURE X II.

CAL/Cm. AND CAL/Kp;. IN RELATION TO SURFACE AREA OF SUBJECTS.
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DISCUSSION.

Figures V111, X and X11 show that whilst the calorie

intake per cme is not altered by increase in height, weight

| or surface area, thé calorie intake per kilo and per SqeMe

of Surface Area steadily falls as height, surface area |

and especially weight increasese. This fact can be

explained along the following linese

Each 1ndividual consumes calories for two main purposes,
l. %o enable basal metabolism x +to be malntained
2. to perform external worke

Supposing intake for both these purposes is related to

sufface area, then the total intake will be proportional

to surface area and the relationship of Cal/Sq.M. to

the total surface area will be constante

But we have already noted this ié not so (see above) There-

fore one at least of these ilntakes is not directly related

to the surface area of the subjecte

We already know (Du Bols etcs.) that basal metabolism is

directly related to surface area therefore the intake

for external energy can not be. |

Two possibilities remain; either the Qalorié intake

for Energy Expenditure does not alter with increasing

surface/
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area or it may actually decrease with incfeasing sizee
The statistical interpretation and resolution
of this problem is shown in table XXX11 Basal Metabollsm
is, as before, taken as 37.8 Calories per Sqge.lMs per hour
with a 10% allowance for Specific Dynamic Actione
This means that if the intake for external energy expenditure
is independent of surface area then the mean daily intake
for such a purpose is 2,038 Cal., the standard deviation
114 Cal., and the coefficinet of variation only 5¢59%.
This low coefficient implies a very high probablllity that
the intake for energy expenditure is independant of the surface
area of the individual.
We thus arrive at the conclusion that the calorie intake
of individuals rises with increasing surface area only
to that extent which would be required to satisfy the increase
in basal metabolic rates The intake of the individual
for use asg external energy 1s not related t.o the rise
of the individual.
The explanation of the fall in Cal./Kg. as total
body weight increases is now obviouse.
Suppose the daily energy expenditure on external work
is E. Cale (constant) and on basal metabolism BeCale per
Sqe.Me per day




A man of "X" Sq.M. surface area requires (E+Bx) Cale daily,
&
and his intake per SqeMe = {E + B} Cal. Dailye

A man of le5x Sge. Mo surface area requires

(E+1e5 Bx) Cale. Daily and hils intake per Sq.Me. will be
B
T.5xt B) cal. aailye

Thus as x becomes larger the daily calorie intske per
square metre of surface area becomes smaller, for while

B remains constant =  is diminishinge

nx

This result is so striking that it was decided to analyse
the results for each of the three large camps separately;
to ascertain 1f the same resuli would be obtained from

each of these smaller samplese. By a calculation similar

to thet in Table XXX1lle

The results for Fort George and Denbury Camps will

‘be seen to correspond closely to the mean results, but
‘piquancy is added by the result for the Warminster campe.
At this campe which is on entirely sedentary work the
calorie intake for external energy‘expenditure does rise
with increasing surface area, the increase being in the
region of 82.0 Cals. per day per increase of 1/10 Sq.M.

in the Surface Area of the subjectse




) - TABIE XXXII.
Relation to External Energy Expendlture to Surface Area of Subjects,

Surface n a b X d
Area No., 1In | Total Calorie Bagal <
Sq. M, Group. ; Tntake Daily. Cal.,Dailyd (a=b)l n(a-b) (x=X) | nD np<
1044 = 1049 2 | 3,860 1,522 (2,338 | 4,67 300 | 600 180, 000
1450 = 1:54 3 | 3,733 1,573 12,160 ! 6,480 | 122 | 366 44,652
11455 = 150 5 | 3,848 1,625  |2,225 | 11,115 | 185 | 925 | 171,125
160 = 164 | 10 | 3,657 1,676  |1,980 | 19,800 58 | 580 33,640
1°65 = 169 20 | 3,758 1,728 2,030 | 4600 8 160 1,280
170 = 1-74 | 16 | 3,742 T 1, 1,989 | 31,824 | 49 | 784 38,416
{17 = 1.79 15 | 3,928 1,831 2,097 (31,455 | 59 885 52,215
1:80 - 1-84 11 | 3,946 1,882 2,064 | 22,044 | 26 286 7,436
1'85~ 1.89 v | 3,88 1,03¢  |1,952 | 13,664 86 | 602 |. 51,77
1490 = 1.94 5 | 3,893 1,085  |1,908 | 9,540 | 130 | 650 84,500
|1°95 = 1099 1| 4,47 2,037  |2,380 | 2,380 | 342 542 287,964
2¢00 = 204 3 |3,850 2,088  |1,762 | 5,286 | 276 828 228,528
2005 = 209 2 | 4,458 | 2,140  [2,318 | 4,636 | 280 | 560 | 156,800
2410 - 2.14 1 | 4,580 2,101 2,399 | 2,399 | 361 | 361 129,960
- Total £O5,899 7,029 | 1,297,328
Mean | 2,038 78+5 12,.845_1

2,038 Cal = %
% 78,5 Cal.

.114 Cale

5.59 %’

Mean daily excess of Calorie intake over Basal Metabolism
Mean Devliation

Standard Deviation
Coefficisnt of Variation



TABLE XXXIII.

Calorie Intake for‘External Expenditure at three Camps.

Fort George Denbury Wernminater ALL Campa.
No. in X Noe in X 0. In X flo. in | Calorle Intake Tor

Surface Area. | Group. | (a=b) |Group. | (a=b) |Group. |(a=b) froup, | @x, Energy.

1045 = 1-49 2 | 2,337 0 - 0 - 2 | 2,338

150 = 1-54 2 2,200 1 |2,081 0 1= 3 2,160

1565 = 159 5 2,222 0 - 0 - 5 2,223

-

1460 = 1le64 3 2,301 4 2,074 2 1,274 10 1,980

1°65 = 1469 9 2,335 5 1,999 4 11,361 20 2,030

1°70 = 174 7 2,135 4 1,890 0 - 16 1,989

1°75 = 179 5 2,118 5 2,216 0 - 15 2,097

1°80 = 184 4 2,254 1 2,071 2 1,407 11 2,064

- [}

185 = 1-89 0 - 1 1,849 2 1,454 7 1,952 §

1490 = 1-94 2 |2,075 0 - 2 1,677 5 {1,908 !
11+95 = 199 1 |2,380 0 - 0 - 1 {2,380

2+00 = 2+04 0 - 2 1,840 1 1,606 3 1,762

2.05 = 209 1 2,522 1 2,063 0 - 2 2,318

2,10 - 2.14 0 - 0 - 0 - 1 2,399

Mean Value 2,236 Cal. 2,18 Cal, 1,436 Call 2038 Cal.
TMemrrDPoeve

From Mean. + 86-8 Cal. + 83 Cal, + 107 Cal + 78,5 Cal.

[~ Standard

Deviation, 96 Cal, 99 Cal, 131 Cal, 114 Cale

[Coefft. of

Variation. 4,29 % 4,89 % 9.12 % 5.59 %.




This was a most unexpected series of results.
It appears that, in camps engaged on hard work, calorie

intake, (apart from basal metabolism), was not related to

“body sizee In the camp engaged on sedentery work it appears

that calorie intake was related to the size of the men.
This iépossibly because sedentary work more closely
resembies basal metabolic conditionse.

The active men have many factors affecting them,
such as, the mechanical efficlency of the man in the
particular movements involved; the amount gf training,
and athletic activity the man has had, etc.

With all these factors operating the connection
between calorie intake and body size may be lost in the
many other variations arising. This explanation is, of‘

course, very tentative, and much further work is required.




Be Thé Actuval Calorie Value, to the Soldisr, of

the Present Ration Scalese

ae« The Extent and Caugsation of Calorie ILosse.

Catheart & Orr (1919) pointed out the
folly of assuming that the Calorile value of a ration
scale, as presented on paper, in fact represented the
actual calorie value as eaten by the mene. They
considered that there had to be allowed a depreciation
of 1/6 in the calorie value of the scale, if all
sources of waste, refuse and distributory losses,
were to be allowed for. This fact was neglected
untlil Macrae (1942) demonstrated the truth of this
statement for food served in alrmen's messes. Therefore,
in the course of our survey a great deal of attention
was given to this problem.

The theoretical walue in calories of ths
rations issued as compared to their actual net calorie
value to the soldier are shown 1n Tables XXXIV A & Be

Each camp was surveyed for a period of seven
days, the average daily figure per head being calculated
from this datae.

We have thus found the average "Ioss" in

Calorie value of the ration, from the calculated to the/
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The actual net value, for 11 camps, containing 4,488
men, each surveyed for 1 weeke This figure is therefore
representative of 31,416 rations for one daye
Average Cals. Loss = 11%‘of Nominal Value
Mean Deviation = *2,54%
Standard Deviation = 2.95%
This result is in close accord with that of
Macrae (1942) who established the % loss in Calorie
Value, of food served in R.A.F. Messes, as 10 - 15% .
Cathcart and Orr (1919) mooted 16.7% as the
safety margin to be allowed for this losse

CONCLUSION.

Under present cicumstances the system

of calculating Calorie value of ration scales is giving
misleading resultse The true value of the ration, as
eaten, is 11% (<2.54%) below the calculated level.
NOTES «
(A) The sources of this Calorie loss arej;)

ls TUnderdrawal of rations;

2e¢ Losses in Distributiong

3e Losses in Preparation and cooklng;

4e Messing Officers not using ration cash

allowance to best advantage;
S5e Plate Wastee




This investigation was not concerned with the first
four factors mentioned, but a few comments on each

can be mades

(1) Underdrawal of Rations:- This was negliéible,

with the exception of cocoa.

(2) ZILosses in Distribution:- These are variable, belng

considerable for bread and vegetables and less
for meat and dairy productse Improved contalners
to move goods from s tores and depots to camps

are long overdueo

(3) Losses in Preparation & Cooking:- These are

variable, depending on the efficiency of the
NeCaOe Much of the kitchen equipment is old,
inefficient and obsolete. Many kitchens are
dingy ill-plamned, ill-ventilated and with poor
facilities for food storage. The present policy
appears to be to train men of low intelligence .
(and apparently cleanliness) as cookse. All these

points help to produce a considerable wastagee

(4) Misuse of Ration Cash Allowance.

This is not frequent, but one example
may be cited where this was spent on very strong

pickles, which only 7% of the men would eate




be The Contribution of Plate Waste to the Depreciation

of the Calorie Value of the Ration Scalese

Since the work of Cathcart and Murray (1939)
and Andross (1946) there has been a dearth of information
on the loss of calories due to plate waste of theedible
portion of foodstuffse. The following data was
abstracted from this survey, using the methods of Atwater
and Bryant (1896) as quoted by Cathcart and Murray (1939)
vize

For each foodstuffs:-

ae Percentage Plate Loss of Edible Material

= Total Weight of Plate Waste x 100
Total Weight of Food Issued

be Percentage Calorie Waste

= Total Calorie Value of Plate Waste
Total Calorie Value of Ffood lssued X 100

The values found at the fivé units are given in

Table XXXVe It is interesting to compare these results
with those obtained by Cathcart and Murray (1939) Those
workers found plate wastage varying from 0.60% to

2489% of the calorie value of foods eaten. It is only
to be anticipated, however, that in such homes a

combination/
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combination of economic circumstanc#es; cooking, serving
and choosing food suitable for small groups of persons
will result in a lower plate waste rate than in the Army
Dining Halls or any large catering establishment.
Additionally, large scale catering makes for cold plates,
and this together with the very old kitchens and dining
halls, and obsolescent ovens, in use at some army units,
makes for higher waste. This loss was marked at
Netherlaw, and to a less extent at Warminstere

Another point to be considered is the differing
proportions of various types of food in the diet of men
now, as compared to 1939 Cathcart and Murray obgerved a
high amount of waste in bread and vegetables, and it is
these constituents of the diet which have been increased
(relatively at least) by the present food policy in
Britaine

Table XXXV1 shows the percentage plate waste
of various foods and demonstrates the wide fluctuations
of waste at various camps, depending on the standard of.
servive of food. (And also on the guality of the food

and of the cookinge Some of the meat issued was of a

degree of inferiority unrecognised before the days of the
Ministry of Food)e In agreement with Cathcart & Murray's
findings/




79°T - G6°T 6L°T T3°T 29°T *£reap
: - NOBUBTT 008 T

9g°¢ - a2°g 8T°0 - 12°¢g * pxelen)
92T FT°0 IT°T az°T 86°T oS * 2t Teqang ®* oUTIBSIEN *§3%a

LS°T 81°0 - %°3 GO°T 292 *gwveg

02°0T - - 09°21 - T0°8 sdtuamy
0L TT - 0T°IT 00°%3 g89°¢ 68°L qoaae)| °*BOTqBIET6A

9.L°8 78°% 06°32 66°2 G6°% eT°’s8 *038qQBY

67°2 VT 0g°g q6°% 90°T 1g°%| * (perTOod) S8038303

62°T|. - 29°T 06°T ¥6°0 OT°T * eBvEnsg

[<3-1F) - %3 gp°g 08°0 LT *1880Y Joeog
‘ - *g18 el

6°ST 0% L G%63 00°2¢ - 88°9 *1880Y quey

8T*8 Le%6 63°L - - 89°4 *pesTnag ‘aeATI

2907 L2 - PT°T - 00°% * 68 pTaIOg
) *8TBOI6)

96°% 76*2 g8e°g G°0T go*% e T * pvoag

*uB ey *Aamaque( * Je3BUTWABY | *MBTIOUION | *©T388) | *e8g06d *pood

*yong Q10,1
*(9ysTem Aq) SPOOT SNOTIBA JO onmwa 698TJ 6383Ued16d

*IAXXYX @I9VE




-133-

TABLE XXXVII.

Comparison of percentage plate waste of American Students
and British Soldlers.

Food. . Gray and DuboisS. |. Present Investigation.
Broad. 20 4496
Potatoes, (Boiled) | 20 3449
Carrots. 10 4 11.7
Cabbage . 10 4 8.76
Meat . 20 + 1439 = 18,9
Peas. 10 + 157

( + sign indicates preceding figure is lowest value. )
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findings a great deal of the loss is seen to be dues to
bread and vegetablese

Gray and Dubios (1947) studled the percentage
plate waste of American students; a comparison of their
results with those of the present investigation are given
in Table XXXV1le It appears that the bread and potatoe
waste, at least, of the British Sdldier, is well below

that of the American Studentse

Application of Results to Service Dietetics.

- It appears that of the 11% total depreciation
in the calorie value of the ration 2.76% is due to plate
waste and 8e24% to other causese

Certain steps, such as new dining halls, stoves
and equipment and better trained cooks, would doubtless
lower plate waste, but in present circumstances such
gteps are impossible. We must therefore, for the
moment, accept the existence of this gap, and whilst
trying to decrease 1it, allow & reasonable safety margin to

cover its existence (say 4%)
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The Amount of Supplementary Food purchased by the

soldiepr to augment the present Ration Scalee

(2) Data obtainede.

We have previously dealt only with the total
Calorie intake of the men; let us now turn our attention
to the actual source of the food consumed. The Basic
Home Service Scale, at the commencement of this
investigation theoretically represented a gross daily
calorie value of 2907 Cals. For Camps engaged on very
severe work an additional 400 gross Cal. is given dailly
to augment intake. These, it is repeated, are gross
valuese

It was estimated, by the Director of Hyglene,
that if a 10% deduction was made from these figures to
obtain the net Calorie value of the ration scale, this
would give 'a reasonably correct resultes This calculation
gave the net value of 2,605 Cale t0 the BeHeSeReSe and
2966 net Cale to those on the hard work supplemente
This was considered much too low and quite inadequate

by the medical authorities. This attitude has been

completely vindicated by the present survey. The difference

between the theoretical and actual value of the ration was
found to be 11% (see above) and the troops as shown
below, are being forced to augment their inadequate
rations by very large canteen purchasess This is demon-

strated in Tables XXXV11ll A & B.




TABLE XXXVIII

A.

Supplementation of Army Rationse.

(Camps surveyed by two methods.)

Individual Method.

Gross Method.

No. | Army Supple-{ Total No, | Army Supple~ | Total | % of
of Rations | ment (Cals) | of Rationg | ment (Cals) | Total by
Men.{ (Cals) (Cals) Men. { (Cals) (cala) Supple -
, ment .

No. 72 PJT.C. | 42 | 2032 1082 4041 617 | 3011 1008 4019 | 24.9

Army School

of Baucation, | 11 | 2748 1250 | 3998 | 1228 | 2673 1032|3705 | 27.8

F V.P

(R.;.é?; - 11 | 2798 881 3679 83 2780 931 3711 |25

S .

Comirs, rEeT | 15 | 2279 1004 | 3283 | 400 |2410 807 3217 | 25.1

598 Coy.

R.AS.0. = | 24 | 3016 839 3855 | 250 | 3009 866 3775 | 22.7

®# indlcates units overdrawlng rations.

=9¢T~



Supplementation of Army Ratlons.

TABLE XXXVIII B,

(Campa surveyed by one method only. )
Dailly
Army Dailly Daily % of Total
: Ratlons Supplement Total cal, from
Unit. Strength.| (Cal.,) (Cal,) (cal.) Supplement.
9 P,T.Ce 412 2907 1150 4057 28.5%
6 A.F.V oDo of
(R.A.0.C.) 101 2650 787 3437 22.9¢
No, 2 Military 346 2844 906 3750 24.1%
Port. .
Para. .
Training 611 2901 1146 4047 28, 3%
cen‘tx.e. -
1026 P
cgy. R‘jg‘f 206 2700 960 3660 26427
598 Coy. 260 2666 1098 3764 29, 3%

R.A.S.C.

~LET"~
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The fact that two units overdrew rations, probably means
that the figures for supplementation tend, if anything,
to be on the low side. Figures as obtalned by both

methods, correspond closelye

The explanation of the large extent of this

supplementary feeding is simplee.

| The average intake (which) presumably approximate
to the Calorie requirement) of the individual on light
duties has been found to be 3,283 net calse The Army
ration only provides 2,606 net cale leaving a gap of
677 cale. between food provided and food requilred.

Similarly the man on wvery hard work was found to
have an intake of 4,014 net cale. daily but received only
2066 net cale The calorie deficiency in his case 1s therefore
1,048 cal.

Thus, from theory alone, we should expect a range of
supplementation of from 677-1,048 cale. daily. In actual
fact the range found in this investigation was 787-1,150
not disimilar figure;.

In other words not only is the net Calorie value of

the basic ration scale below the requirement of sedentary
youths but the hard work supplement (360 net cal.) is less
than half the amount required to bridge the gap between

sedentary and very active workerse




This state of affairs is reflected in the higher
intake and greater expenditure on food by hard worked
mene It is only necessary for an observer to go to a
basic training unit on the night before pay day to see
real hunger in the pemnniless recruitse At 72 PeTeCe some
of the ravenous recruits ate as much as zggg Cals on pay
day; surely proof of an energy debt and hunger state.
It is of course obvious that, however satisfactory the diet
is, a2 certain amount of food will always for social reasons,
be eaten in Canteens. No one familiar with army life will
deny this, but when the average daily calorie intake rises
above 1,000 Cale and when, from a daily pay rate of 2/6 net,

1/2 is spent on supplementary food, by men who are constantly

complaining of hunger, (72 P.T.C.) 1t is time action was

taken. There i& no doubt that the present ration scale 1is
80 low that men are compelled to eat in the canteen whether
they want to or not to maintain a balanced metabolic statee.

In fact, the army at present 1s dependent on the canteens to

feed its men adequately, an invidious situationl!

The justification for paying soldiers so poorly is
the statement that his pay is pocket money, board and lodging
béing suppliede This is not now true; either his pay must
be raised to allow him to purchase in civilian market, or an
immediate increase in army rations should be made. It is

not/
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not sensible to reduce rations, for the result 1s not
that the men eat less but that they forage more.

Most important of all at the present time is the
bad effect of lowering the value of the man's pay since one
shilling per day must be spent on food. The childlike
simplicity of the Ministry of Food, in assuming that if
they cut Army rations, the troops will obedlently lower
their total daily Calorie consumption is laughable. Any
practica®*e man could have told them long ago that the
troops will not go hungry but will "scrounge" food:=

and the only place them can "scrounge™ from is the Civilian
Market (or Black Market) 1}

(b) The Source of the Supplemente

The Navy, Army, and Air Force Institutes (NeAeA.FeIl.)
has always been assumed to play by far the biggest part in
providing food supplements for the men but this part has
probably been exaggeratede In the present Investigation
68% of supplementary foods came from NeAsA.FeI. This is
not typical, however, as the camps selected were all very
isolated and the men had little chance of eating at Civilian
restaurants. Even then other canteens (e.ge Y.M.C.A.

Church Army etce) were often in campe
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It was the opinion of the Research Team that not
more than 55% of the average supplement purchased by troops
in Britain is derived from Ne.A.A.Fele

Assuming this figure to be correct, we should
expect the daily calories purchased from N.A.A.FeIle by
the average man to be (I%% X 973) = 536 Cale.
The cost of this to the individual would be
g%g 2 647 por day (1d = 80 Cale in NeAeoAeFeIs)e

In actual fact the value given by NeA.A.Fele 18 7.1d4
per day again a not dlssimlilar figurees At this point
it 1s perhaps not out of place to commend the efficient
running and excellent service of the N.A.A.FeIs organisatione
Photograph II gives an impression of the very attractive
appearance of a Ne.A.AFe.le canteen and this 1s matched
by the service and good cooking which appears ubliquitous
in these canteens. This organisation has been much maligned
but presents an excellent example of how efficicnetly large
scale catering may be run. The armed forces have much

to learn from these methrodse
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PHQTQG-RAPH B.

Interior of N# A. A* F. 1. Canteen.

It is interesting to compare the findings of
this series of surveys with those arrived at by American
workers in the last two wars. Table XL clearly shows

this point.
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Again the extra burden in providing food supﬁ;ments
borne by the British soldier at present (973 Cal daily as
opposed to 350=400 Cale. daily) is clearly shown.

The average total calorie intake of the British
soldier is slightly higher (3838 Cale. compared to 3600=3785

Cal.) but three reasons could easily explain this:-

1. The younger age group of the Britons (Average age
18=21 yrse Cefe 19=30 yr.)

2e The more active British training programme.

Se The more complete supervision and more
comprehensive investigation during the

present investigatione
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" . Suggested Modifications of the Present Army Ration Scales.

(In calculating these scales, 1t is assumed that
the army 1s to provide all the man's intake (i.0e 88 in warfare).
If it is decided that men should supply a certain amount of
their own food then allowance at 80 Cale / penny should be mades)

In view of the findings of the present survey the following

three calorie values are suggested, for the army rations of

the futureo

Daily Net Calorie Ration:-

Men on light work eeeecesesesss 3,200 Cal.
Men on Heavy WOork ecceeecececcsess 3,600 Cal,

Men on Very Heavy Work seeseses 4,000 Cals

Since these are all net values they must be translated to
theoretical values, as calculated on the ration scales |
(100 x'lgg ) This calculation gives the following value,
for the scales, on paperes.
Men on Light work cececcecscscses 3,618 gross Cal,
Mén on Heavy Work esecessccesscesss 4,067 Gross Cale

Men on Very Heavy WOrk eesseesess 4,516 Gross Cale




~146-

These figures may appear high to the observer, but
one must remember that it is a highly active, adolescent
population, undergoing training, which we are dealing withe
The insidious and unrelenting story of low Calorie intake,
supported by very scanty proof, which we have listened to
for 10 years from the Ministry of Food, should not be allowed to
influence our judgement. Calorie levels should be sclentific
measures and not political barometerse The National Research

Council (1945) considered 3,800 Cal. as a suitable average

level.

To demonstrate how far present ration scales
are below the levels, suggested above as necessary to
satisfy the appetites of the men, a comparison is made in .

Table XXX1Xe

The approximate difference (a«b) between the
scales is 711-1,209 Cal., a figure which closely corresponds
with the figures obtained in this investigation, for
supplementation of rations by the troops. >(787~1150 Cal,.)

It 1s suggested that the ration scale for very
hard/
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hard workers should be given to all recruits in their

first 3 months of intensive training (ie.e. At AcB TeUe);

t0 OeCeTeUs's, to the Army Physical Training Centre; to the
Paratroops training Centre, and to others at the discretion
Of DeDe's.MeSs (Deputy Directors of Medical Services).

The reason for including 2ll recruits in this
scale 1s their mechanical inefficiency in performing the
unwonted tasks which they are compelled to undertake.

If the authorities decide that the men must pay
for part of thelr own feeding then the rations may be scaled
down accordingly. 80 Cale ( 5) was found to be the purchasing

power of a penny 1n Ne.A.AeFele canteens.

Finally let us glance at a quite different method of
arriving at a comprehensive scale of rationse The weekly
basic programme of all army units is identical, for all
practical purposes, and in fact, has changed little since the
days of Cathcart & Orr (1919).

This basic programme is:~ (Calculated as in Part III)

Weekly Programme. Hourse. Cale Expenditure
: : 1,77 Sqelle min.
Sleeping 56 3864
Eating 21 2268
Washing 7 910
Ieisure (A) 18 1350
Leisure (B) ‘ 18 5400

12,792
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The dally average expenditure 1is therefore 1,827' Cale
on these basic activities. Now let us take the extremes of
a very active and a sedentary mane

(a) Very Active Mane 48 hour week.

Marching, Full kit ..es.... 48 hrse. 19,776 Cal,

(b) Sedentary Man 48 hour weeke.

Fatigues 4 hOUYS esessnssscsssssssss 1920 Cal,
Sittin.g 44 hOU.I‘S E I N BN B BN NN B B I N N S Y Y I 3802 Cal.

5622 Cale

Thus the extreme ranges of expenditure are (12,792 19,776)
Cale to (12,792 5,622) Cale per week. That 1s 2,630=4,652
cal, daily.

To these figures two allowances must be added; in arriving
at a theoretical calorie value for a ration scale, these are:-
1, Allowance for growth 4
2¢ Allowance for 11% loss in Calorie value from theory

4 to practice (V.S.).
If we allow a weight gain 0104 Cal Kge per week, as found in
this survey, then the extremes of range become 5,314 = 3,070 Cal,
dailys In actual fact these extremes are not met in practice,
but our range of 3,618=4,516 gross Cal. as calovulated above,

lies well within their rangee
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SUMIMARY OF RESULTS.

Individual Survey.

The mean calorie intake of 101 men
ihvestigated was 3838 net Cale with a standard deviation
of 37@:' Cal dailye The average surface area of these |
men was le73 Sq.M. 17 were engaged on sedentary work,

42 on moderately hard work and 42 on very hard worke
The average weight gain was 0104 Kge per weeke

The variation of net dally calorie intake due
to differing occupation was 731 Cal. dailye The variation
due to differing size of subjects was 187 net Cale. daily.
This rise could be accounted for by increased basal
" metabolic requirement alone.

The average age of the men was 19«1 yrse no
significant difference in calorie intéke was present
between the ages of 18 and 21,

The calculated energy expenditure of the men
at each camp was very slightly below their actual intake.
This difference was largely explained by the energy
required for anabolism.

Qverall Average Surveye

The average daily net calorie intake of
4,488 men calculated by this method was 3807 Cal,.
The/
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The army ratlion scale was found to be .
grossly deficient in calorie valuee The average man of
4,488 was purchasihg 07% Cale daily to supplement hils
rations at a daily cost of 12.9 pences. Thls average
supplement was equal to 34.4% of the average daily
dalorie value of food supplied by the armye
68% of supplementary food was purchased in NeA.A.Fels
canteens, this is considsred to he more than the usual
(55%) proportion because the camps were isolatede.

The actual calorie value of the ration was
11% below the calculated calorie value 2478% of this is

due to plate waste of edible food.

~ CONCLUSICN.

The net daily calorie intakes which are
considered necessary to satisfy the needs of soldiers
on light, moderately hard and very hard work is 3,200 Cal,
35600 Cale & 4,000 Cale respectivelye
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