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GROUP Ill. (b). Infants-Girls. 
Girls of 3-38. Weight 14·03 kilos. 
Girls of 4-122. 15·30 " 
Girls of 5-250. 16·48 " 

Height 95·41 Cll. 

" 97 ·33 " 
" 100·97 ;, 

Of these 410 girls 30 per cent. had perfect teeth, 59 per cent. had 
€nlarged cervical glands, 22 per cent. enlarged to?sils, 2 per cent. squint, 
~ per cent. " dots," and 59 per cent. had nits. 

All these children were examined after their parents had received 
BOrne days' notice. In one of the worst schools I examined 181 girls 
without notice. Four girls had clean heads, 177 had nits, 33 had head
lice, and 55 had body-lice. 

I hope in a future paper (with larger numbers) to deal fully with the 
_ various diseases discovered: 1·5 per cent. of all children had marked 
rickets, 4 per cent. adenoids, 4 per cent. high palates,while among th~ 
curiosities were two girls with bicoloured eyes (one blue, one brown), 
two cases of Friedreich's disease, one dextro-cardia, and three cases of 
intra-uterine amputation of the upper extre~ity. -

• 

1Report. 

THIRD REPORT OF THE COMMITTEE ON PHYSIOLOGICAL 
EFFECTS OF FOOD, TRAINING, AND CLOTHING ON THE 
SOLDIER. 

REPORT UPON -FOOD. 

A PROPER supply of food is absolutely necessarY' for the maintenance 
of health and vigour, and for the supply of energy during the performance 
of muscular work. This truth is generally recognised, but there has been 
some difference of opinion as to the nature and amount of food required 

. by men under different conditions. Instinct and the customs embodying 
the results of past experience will usually afford safe enough guidance, 
but in many cases, such as the Army, Navy, schools and institutions 
maintained by the State, a dietary must be arranged, and- there are on 
record numerous instances of the bad effects of an insufficient diet, or 
a too rigid one, which does not provide for the individual variations in 
the needs of different men.' All modern scientific work shows that the 
question of food is a most complex one; it is not sufficient to calculate 
only the energy which will be yielded by the food consumed, but it is 
also necessary to take into acc~unt the chemical structure of the food 
substances and the personal variations, the needs, and even the likes and 
dislikes of different men. Food which is not consumed with relish does 
not produce .the beneficial effect which can be obtained from food which 
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670 Pliysiological Effects of Food, 9-c., on the Soldier 

is enjoyed; the likes and dislikes of a healthy man are the expression 
of physiological needs. 

It appears desirable that this introduction should contain a short 
account of the various uses of the chief food substances, and some 
reference to keenly debated questions -in dietetics. There are three 
classes of food substances-proteins, fats, and carbohydrates. Meat is 
a typical protein; fats are well-known articles of animal or vegetable 
origin; and carbohydrates are represented by the starch and sugar which 
abound in most vegetable foods. Proteins are nitrogenous substances 
produced by vegetable or animal organisms; fats and carbohydrates 
contain no nitrogen. These food substances play different parts in the 
nutrition of man. A certain amount of protein is absolutely necessary 
for the support of life, and for the growth and repair of the tissues. 
There is always a loss of nitrogen in the excretions from the kidneys and 
bowels, and this can only be replaced by protein material in the food 
consumed. In addition to this nitrogenous waste, there is a far greater 
using up of food material in supplying the body with heat and other 
forms of energy, including the energy expended in muscular work. For 
the supply of this energy either protein, carbohydrate, or fat may be used 
up, according as one or the other is most abundantly supplied, and the 
body substitutes one of these substances for another in proportions which 
coincide exactly with the amount of energy which they are capable of 
liberating. This energy value is most conveniently expressed in calories, 
a calorie being the energy, in the form of heat, required to raise the 
temperature of 1 kilogramme (2·2 lb.) of water by ro C. (I·So F;). 
Roughly speaking, 1 gramme of protein or carbohydrate is capable of 
yielding by its decomposition in the body 4·1 calories, and 1 gramme of 
fat yields 9·3 calories. I 

The body normally contains a large reserve of energy-forming material 
-sufficient to last for several weeks during rest-in the form of fat. 
Only a small amount of surplus carbohydrate or protein is stored up, so 
that during starvation the reserve of ~at supplies nearly all the energy, 
and the waste of protein, which is reduced to a minimum, is at the 
expense of the muscles and other living tissues. When, on the other 
hand, a superabundance of food is taken, the protein is used up most 
readily. Further energy requirements are supplied preferably at the 
expense of carbohydrates, any excess of carbohydrates being converted 
mainly into fat and stored in this form; while fat itself is simply stored 
up if not required for energy production. A continued excess of carbo
hydrate or fat may thus lead to the body being burdened with fat, but 
this, practically speaking, never occurs in the case of healthy men doing 
a natural amount of muscular work, as there is a normal balance between 
appetite for food and the physiological need of it. With in~ufficient 
muscular work this balance may be disturbed, as is often seen under -the 
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Physiological E,ffects of Food, g-c., on the Soldier 671 

artificial conditions imposed by civilisation, or by want of healthy employ
ment, arising from whatever causes. 

The extended observations, made on men of varying social positions 
and races during the last few years by Atwater and others, show that 
men doing a moderate amount of muscular work liberate daily in their 
bodies an amount of energy equivalent on an average to about 3,500 
calories. Hence the food supply requires to be capable of supplying this 
amount of energy; and if its composition and amount are known we 
can roughly judge of its average sufiiciency in respect of energy value. 
During hard muscular work, however, the energy waste may be consider
ably greater, so that a corresponding increase in food supply is needed. 
to prevent waste of the tissues. On the other hand, if the employment 
is sedentary, as in the case of many professional men, the energy require
ments do not need 3,000 calories, and any further supply may lead to 
excessive deposition of fat or other disturbances, 

Although 3,500 calories may be taken as a fair average for the require
ments of a man doing a moderate amount of muscular work, yet there 
is every reason to believe that considerable individual differences exist. 
Thebodies of some men seem to be less economical of food-material than 
those of others; besides which there are differences in size, age, activity, 
&c., which must be allowed for. Appetite for food may also vary from 
day to day. Hence, when each man is placed on a diet rigidly fixed as 
regards its energy-value there is inevitable waste of food, side by side with I 

which there may be insufficiency for many of the men. 
It must therefore be clearly borne in mind that any standard energy

·value which may be fixed on in calculating a dietary is only an average 
value, and that a considerable margin must be left for each individual, so 
that both waste and insufficiency may be avoided as far as possible. 

It it also essentiaJ that a dietary should be as varied as possible. 
Experience shows that an unvaried diet may be not only extremely dis
tasteful, but may have serious consequences as regards general health and 
liability to disease. The causes of this are not yet quite clear, but there 
is no reason to doubt that the varying appetite for different kinds of food 
is an expression of physiological needs of which we cannot as yet give 
a strict scientific account. We do not know the exact conditions which, 
in extreme cases, render bodieR of men liable to such diseases as scurvy 
or beri-beri, but these conditions are certainly dependent on monotonous 
diet in some form. 

If the diet is insufficient in energy-value, the inevitable consequence 
is either that the body wastes and becomes liable to the infective and 
other diseases which are so characteristic of famines, sieges, &c., or that 
the amount of work falls to a minimum, with marked inefficiency in the 
performance of all duties. A considerable amount of food (about 2,500 
calories in energy-value) is required for simply maintaining the body at 
normal temperature in a state of rest. It is only the excess beyoU:d this 

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-12-06-15 on 1 June 1909. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


672 Physiological EtJectsof Food, 9-c., on the Suldier 

that is in the long run available for muscular work. The starving' body 
reduces waste by reducing muscular work to a minimum, and a starving 
man is consequentiy incapable of any hard muscular work, even though 
his body still retains a considerable reserve of energy-producing material 
in the form of fat. To cut down the food supply of an army is thus a 
fatal form of economy. It renders an army wholly inefficient as a, 

fighting machine besides hampering it by excessive losses by disease, and. 
the necessity of providing for enormous numbers of sick men. 

In recent times there has been considerable discussion as to the. 
minimum protein requirements of a healthy man. It has been experi
mentally ,shown that men can lead a healthy existence on much less 
protein than is ordinarily consumed, and. it has even been maintained 
that the amount of protein usually consumed is harmful as throwing 
excessive. work on the kidneys, &c., in the elimination of the waste 
products of protein decomposition. For the latter contention there is 
certainly no basis on known facts, and it would be just as reasonable to 
argue that a reduction of ·the supply of protein would lead to atrophy of 
the kidneys for want of work. On the well-known" Banting" system of 
diet, so often used with the best effects in the treatment of obesity, the· 
consumption of protein is greatly increased, with no indications of 
resulting harm. The question whether protein consumption could be' 
largely reduced without harm is a more difficult one, and from the phy~io
logical side there. seems to be no very definite reason for doubting that, 
provided sufficient protein is taken to permanently compensate for the 
waste of nitrogenous material, a large proportion of the protein ordinarily 
present in our diet may be replaced by carbohydrate or fat. On the other. 
hand there stands the tact that as a general rule the most vigorous races 
and the strongest and most healthy individuals undoubtedly consume the 
greatest amounts of protein. This may, of course, be a mere coincidence, 
but at present the balance of opinion amongst physiologists is against 
cutting down the allowance of protein to much below the average among 
healthy and vigorous men of about 125 grammes daily. The question, it 
may be added, is to a large extent an academic one, as most ordinary 
food materials afford a pretty abundant supply of protein when taken in 
the proportions necessary to afford also. the energy-value, and to be eaten 
with relish. 

So far as is known, carbohydrates 'and fats are interchangeable with 
one another as foods in terms of their energy values. Fat in moderate 
amount is, however, very easily digested and absorbed. It is also an 
extremely concentrated form of food, since its energy value is very high, 
so that it is a very valuable nutrient substance, and should, if possibl'e, 
be liberally represented in a di'etary. . 

The experiments and observations of the Committee may be arranged 
under the following headings :-

(1.) The quantity, nature, and variety of the food requii>ed by the 
soldier during peace. Peace ration. 
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Physiologic,al Effects -of Food, ,g-c., on the Soldier 673 

(H.) The quantity, nature, and variety of the food required by the 
soldier during war. War ration.' , 

(Ill.) The composition of tinned meats and the infllience of preserva~ 
tives. , 0 

(IV.) Messing arrangements. 
(V.) Co~clusions. 
(VI.) Appendices. 

(L)The Qua~tity, Nature, a7td Vari~ty of the Food required by the Soldier-
r d1lring Peace. Peace Dietary. " 

A considerable number of data exist to show the amount and nature 
of the food consumed by civilians un,der different conditions, and from 
these Atwater has constructed ,his well-known, standards of diet. In 
order to compare with these standards and with the peace rations of 
foreign armies the value of ,tlie food supplied to the soldier during peace, 
a calculation has been made of the general composition and, energy value 
of the messing and rations of companies of four British regiments. The 
quantities of food represent the minimum diet as given by the messing 
accounts and the ordinary Government ration; no allowance has' been 
made for the food bought at the coffee shop or elsewhere. Waste, on the 
other hand, has not been taken into account. The values of the different 
articles of food have been calculated in terms of protein,! fat, carbo
hydrate,2 and calories," and for this purpose the tables of Atwater and 
Bryant have been used_ The ration of ! lb. of meat has been calculated 
from the value of aside of beef as 'purchased in order that some allow
ance may be m'ade for bone. The composition of the food for each day 
during a month has been qalculated, and from the data so obtained the 
average, maximum, and minimum have been taken. 

Date, 1907 .. .. .. .. .. . . ., . . June ~~I~~'~~ 
-- Cavalry Infantry Infantry, Infantry, 

depot English Scotch 
-- ----- ---- -'--

Average number of men .. .. .. .. 143 79 103 48 
" 

Pr()tein in grammes per diem per r Maximum .. 164 160 170 138 
man 1 Average " 137 131 142 123 

:Minimum.~ 111 116 117 111 
( Maximum .. 170 138 169 142 

Fat in grammes per diem per man lA verage .. 131 105 113 112 
Minimum .. 93- 90 74 102 

Carbohydrate in grammes per diem { ~1:aximum .. 513 537 493 458 
per man ~e~age .. 421 461 414 412 

" MInImum .. 357 385 '333 383 
{ Maximum .. 4,224 3,851, 4,194 3,612 

Calories per diem per man .. Average " 3,478 3,409 3,340 3,248 
Minimum " 3,068 3,024 2,779 3,032 

I Protein-~itrogenous substances similar to white of egg or-meat absolutely 
necessary for hfe.' 

2 Carbohydrate-starches and sugar. ,_ 
• Calorie-heat required to raise 1 kilogramme of water (2'2 lb_) through l o,C. or 

through 1'8° F. ' " ' 
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574 Physiological E.ffects of Food, g-c., on the Soldier 

It is to be noted that in addition to the above diet the soldier con
stantly obtains, at his own expense, a supper which generally contains 
meat, but there are no data froin which the value of this meal can be 
calculated. The following articles of diet were included in the monthly 
returns ;-

Beef, liver, bacon, sausages, German sausage, boar's head, ham, eggs, 
cod, salmon, herrings, kippers, butter, dripping, milk (fresh), milk (tinned), 
cheese, flour, golden syrup, jam, marmalade, brown sugar, onions, 
potatoes, rice, blue peas, haricot beans (dry arid tinned), barley, oatmeal, 
lentils, tapioca, turnips, tinned tomatoes, currants, raisins, apples, rhu
bath, mixed vegetables, tea, coffee, condiments (salt, pickles, &c.). 

Atwater's standards and the dietaries of civilians, sailors, and soldiers 
in foreign armies are given on next page for the sake of comparison. ' 

It will be seen from the last table that the peace dietary provided free 
of expense to the British army appears to be less than what is allowed 
to the French, and more than that allowed to the German armies. Com
pared with Atwater's standards it is less than the dietary of a man doing 
moderate work; and it seems probable that by itself it would not be 
sufficient except at times when the work of the soldier is rather slack. 
'This dietary is, however, nearly always supplemented by food bought for 
supper at the canteen or elsewhere; and the pay of all soldiers is now 
sufficient to enable this to be done without hardship. The amount thus 
bought probably brings the average energy value of the food up to fully 
4,000 calories, and at the same time gives elasticity to the diet, as 
each man can select the quality and amount of food which suits him. 
Experience seems to show that the arrangement of letting the men buy 
their own supper works on the whole smoothly, and is usually preferred, 
although sometimes supper is provided by the mess with advantage. 

The Committee concluded from their enquiries that the recruit usually 
requires more food than the fully trained soldier; for many of the' newly 
enlisted are rapidly growing lads, and often after a period of unemploy
ment before enlistment require good feeding to enable them to perform 
their duties in an efficient manner. This conclusion is supported by the 
fact that they buy considerable quantities of cakes, &c. The Committee 
note with satisfaction that the Army Council has now granted the 
messing allowance of 3d. per day to recruits, so that they can sufficiently 
supplement their provided rations without trenching too much on their 
pay. 

Dietaries of civilians and others are quoted in the table for the sake 
of comparison, as some authorities have maintained that Atwater's stan
dards err' on the side of liberality. It should be noted that some of these 
dietaries represent the amount actually eaten, waste being deducted. 
The dietary for convicts in Scotland is, perhaps, of special interest, as it 
was fixed after careful observations by Dr. Dunlop of the effects of both 
a slightly higher and a slightly lower diet, and was the minimum found 

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-12-06-15 on 1 June 1909. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


= :E 
8 
~ 

Atwater's standards for men- grrns. 
No work " •. " 100 
Light work . 0 • • • • 110 
Moderate work . . • . 125 
Hard work . • . . . . 150 
Very hard work .. .. 175 

Average food supplied gratis to 133 
the four British regiments 
given above 

British 'soldiers in detention 127 
undergoing sentences exceed-
ing forty-two days without 
hard labour (a) 

British soldiers in detention 141 
undergoing sentences exceed. 
ing forty-two days with hard 
labour (b) 

Average of fifteen college board- 107 
ing clubs, United States (b) 

Members of two college football 225 
teams, United States (b) 

Members of five factory 122 
workers' (b) boarding houses, 

, Massachusetts (C) 
Ohinese agricultural labourers, 144 

Oalifornia (d) , 
Ordinary prisoners, Scotland, 135 

light work, mostly seden-
tary (e) 

Oonvicts, Scotlaud, "hard 173 
labour" (= moderate work) (e) 

Ordinary prisoners, England, 138 
" light labour" (e) 

Oonvicts, England, "hard 177 
labour" (e) 

Food supplied free, seamen, 91 
Royal Navy (f) 

Food supplied free, boys, Royal 107 
Navy (f) 

Actual consumption of seamen, 176 
Royal Navy, exclusive of al: 
co~ol (g) 

French Army, normal peace' 125 
ration (h) 

German Army, peace ration .. 144 
United States' Army, peace 157 

ration 
Russian army, peace ration .. 155 

+' 

'" '" 
grms. 

115 

65 

69 

148 

334 

182 

95 

35 

57 

48 

69 

60 

56 
140 

57 

6 2 
.<Of! 
'"'0 «.,.. 
0"" 

gnns. 

424 

00 

'" ... 
~ 
0 

2,700 
3,000 
3,500 
4,500 
5,500 

3,369 

Remarks 

The amounts of fat and carbo
hydrate are not specified, but 
must together suffice, along 
with the protein, to make 
up the specified calories. The 
standards are for food ac-
tually eaten, no allowance 
being made for waste. 

Waste included, but not food 
bought. 

~97 3,272 Ration allowed. 

568 3,614 Ration allowed. 

459 3,690 Food eaten. 

633 

532 

640 

536 

602 

6,812 F09d eaten. 

4,334 I Food supplied. 

4,100 Food eaten .. Waste = 205 cal
ories. 

3,115 Food supplied. 

3,707 Food supplied. 

3,381 Food supplied. 

4,161 Food supplied. 

406 2,585 Seamen and boys ,are also 
allowed 4d. a day to bny the 

406 2,845 extra food required. 

573 

4,080 Food supplied free and bought, 
without allowance for waste. 

3,426 See Appendix VI. 

500 3,161 
603 4,179 

648 4,080 i " 

(a) "Allowance RegUlations of the British Army," JOURNAL OF THE ROYAL ARMY 
MEDICAL OORPS, 1908. 

(b) Bulletin No. 75, Office of Experiments Station, United States Department of 
Agriculture, 1900. 

(c) Bulletin No. 21, Office of Experiments Station, United States Department of 
Agriculture, 1895. 

(d) Bulletin No. 107, Office of Experiments Station, United States Department of 
Agriculture, 1901. 

(e) Dunlop Report on Prison Dietaries (0. 9,514), 1889; also Scottish Medical and 
Surgical Journal, 1901, p. 405. 

(j) King's Regulations for the Navy and Admiralty Instructions. 
(g) Oalculated from data in Report of Navy Rations Oommittee (Ed. 782), 1901. 

. (h) Oalculated according to' Oontinental authorities. By Atwater's Tables the 
values would be somewhat higher. 
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676 Pl~ysiological Effects of Food, g-c., on the Soldier 

to be capable of preventing loss of weight and complaints of insufficiency 
in men of average size. The so-called" hard labour" done by the con
victs was much less than that done by' a free labourer, and could only be 
classed as moderate work; yet th~ en~~gy value of the food they required 
amounted to 3,700 calories. The food was good and wholesome, though 
of course of a much plainer kind than that provided for soldiers. Similar 
observations showed that for ordinary prisoners, with light work, mostly 
sedentary, a diet of 3,100 calories was about the minimum. required. 
This corresponds closely with Atwater's data for professional men with 
mostly sedentary occupation. 

It is a common mistake to suppose that, on an average, men eat more 
or less food according as they can afford it. The main determining factor 
is undoubtedly the amount of physical work they perform, and the soldier 
is no exception to this rule. If he is worked hard he must have more 
food, and in times of extra exertion certainly requires on an average more 
than 4,000 calories, to prevent gradual loss of strength and efficiency. 

As the result of their enquiries, the Committee believe that, taking 
into account th~ extra food which the British soldier is now well able to 
buy when he requires it, he receives, during peace, sufficient food.; and as 
far as could be judged from visits to Aldershot, Tidworth, Cardiff, Halifax, 
Newcastle-on-Tyne, Hounslow, and Reading, and the examination of the 
different articles given in the messing accounts,' the quality and variety of 
food are satisfactory. 

(H.) The Quantity and Nature of the Food 1'eqttired by the Soldier 
during War. War Ration. 

Although the Committee have not especially investigated this question, 
it may be useful to compare the war rations of the British and foreign 
armies. This is not an easy matter, owing to the special allowances 
which may be made, and the following table must not be considered as 
rigidly ~xact. 

The table shows that the war ration of. the British army during 
the South African War was considerably less in energy value than the 
Russian and Japanese, and incidentally it proves that the popular idea 
that the Japanese consumed very little .food is erroneous. 

For men constantly engaged in marching and' fighting a ration 
amounting to 3,900 calories would probably be insufficient unless supple
mented from other sources. About 4,500 calories would be needed, to 
judge from available data. The amount of physical work done during 
war varies considerably, however, and possibly the British war ration, 
which has apparently been fixed as the result of considerable practical 
experience, would prove sufficient. On this point further observations of 
a more definite character than those at present available are, we· think, 
needed. 
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Physiological Effects of Food, 9'c." on the Soldier 677 

WA~. RAT~9.NS OF BRITISH AND FO;aEIGN ARMIES. 

Carbo· I 
Protein Fat hydrate Calories 

-------------------- --------------------
Grammes Grammes GramrrIeS 

British army (South Afric). minimum) (a) 138 105 528 3,903 

French army (b) 143 { 72 517 3,383' .. .. .. .. Wit h soup bre ad 4,005 
German army (war ration, "normal ") (b) 118 68 411 2,$012 
Russian army (Manchuria) (b) • • ._ 187 27' 775 4,891 
Japanese army (Manchuria) (b) .• " 158 27 840 4,343 
United States of America (field ration) (b) 167 110 608 4,199 

, , 

I The "normal" war ration in the French army a'mounts to 3,061 calories, the 
augmented ration 3,383 calories: with pain de soupe 250 grammes added, the calories 
become 3,686 alid 4,005 respectively. The," normal ration" inboth' the French and 
German Armies is a ration which may be supplemented by whatever other articles of 
food the General Officer Commanding may authorise. 

2 The latest works on military hygiene in Germany draw attcntion to the 
insufficiency of the war ration, which it is said ought to contain 150 grammes protein, 
100 grammes fat, and 500 grammes carbohydrate, giving 3,575 calories. 

(a) An analysis of the Emergency Ration is given in Appendix V., but the 
Committee have made no experiments with it. 

(b) See Appendix VI. 

, (Ill.) .The Compositon of Tinned Meats and the Inflnence of Preservatives. 

During active service in the field the soldier may have to depend 
largely upon preserved food, especially tinned meat. It is' therefore 
important that the composition and quality of such food should be 
carefully examined., At the request of the Committee, Major W. W. O. 
Beveri<lge, D.S.O., R.A.M.C., has made numerous analyses of samples of 
tinn~d meat of different kinds. The detailedaccountsof this investigation 
are given in the Appendix to this report; here only the chief results arid 
conclusions will be mentioned. . 

The table on p. 678 relates to the average composition of tinned 
meats. 

The Committee have already drawn the attention of the Army Council 
to the inferior quality of the meat referred to in'the report of the analyses 
by Major Beveridge. They understand from a communication from the 
Director of Supplies that in future the manufacture of tinned meat in the 
United States of America will be under the supervision of the Supply 
Branch of the Army, and that in the British Colonies only the firms 
which prepare the best articles will receive contracts. . 

The Committee tested upon themselves the taste and quality of 
various brands of tinned meat, and found that there were considerable 
variations, some being good and others inferior. 'In regard to the amount 
of fat? they consider that meat with less than about 10, or more than 
about15 per cent. of fat, is unpalatable to most men. 
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TABLE TO SHOW THE AVERjl-GE COMPOSITION OF TINNED MEATS. 

(FTO'm analyses made by Major W. W. O. Beve1'idge, B.A.M.C.) 

- - No. No_ _Total I Pro-
Nature of sample ofhus or ana- - Water Ash Nitro- tein, N. - Fat: Calories ana-

lysed l}Re~ gen X 6'25, 

-------- -------------
~;133'5~ 

--1----
pal'lb, 

(' Maximum 58'64 5-00 60'2 /2,691' 
Corned Beef .• 19 70 (' Minimum 22'93 1'67 2'34 14'63 6'96 903 

Average .. 51'05 3'56 4'44 28-72 17'74 1,282 

r Maximum 71'05 5'02 5'43 33'94 36'67 1,526 
Roast Beef .. 12 14 Minimum -38'32 1'99 1'85 11'56 5'37 762' 1 Average .. 58-23 3'22 4'28 26'75 12'99 1,042 

{ Maximum 53'74 2'75 5'22 32'63 34'32 1,670 
Roast Mutton .. 7 9 Minimum 38-39 0'41 3-18 19'88 21-13 1,398 

Average, . 46'22 1'52 4'21 26-50 25'74 1,578 

( Maximum 59'22 3-76 5'35 33'44 42-19 2,064 
Corned Mutton 9 24 

1 
lVLinimum 29'15 1'26 2-32 14-50 I 12'66 1,354 
Average .. 43'05 2'39 4'21 26'34 I 28-12 1,601 

, Maximum and minimum refer to the entire number of tins in each ration. 
, In this case the fat = 60'29 per cent. 
I In this case the fat = 5-37 per cent. 

The question as to the reason why tins of meat, after passing the 
tests applied by the makers, become suddenly blown after keeping good 
for months, or may be years, has not until now been satisfactorily 
explained. If due to minute punctures from rusting or damage, allowing 
air to enter, one might suppose that the resulting gas of putrefaction 
would also_ escape, and blowing of the tin would not be apparent, but on 
the other hand the leak might be blocked as the gas accumulated. 

The blowing is probably caused by the development of spores of 
bacilli, such as Bacillus cadaveris, which were present in the meat at the 
time of packing and were not destroyed by sterilisation, the heat of sterili
sation having been insufficient to penetrate to the centre of the meat in 
the tin. 

From experiments made for the Committee by Major Beveridge and 
Captain Fawcus, the following facts were made clear :-

(1) The rate of penetration of heat into the substance of the meat in 
tins during sterilisation is extremely variable. To ensure complete sterili
sation the temperature of the medium surrounding the tins must always 
be above 112° C. (233·6° F.). The lowest temperature of the surrounding 
fluid which will completely sterilise the tins within a reasonable time is 
1200 C. (248° F.), and this temperature must act for not less than sixty 
minutes. -

(2) The bacillis (B. cadaveris) isolated from the decomposed food, 
though non-pathogenic to animals, decomposes tinned meats and renders 
them quite unfit for consumption. For this reason processes of sterilisa
tion of tins of meat must be used which will destroy the spores of this 
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organism. The optimum temperature for the growth of this bacillus is 
37° C. (98'6° F.). At this temperature inoculated tins of meat become 
rapidly decomposed, but the condition is not necessarily made apparent 
at once by the- presence of gas. Blowing of the tins often does not take 
place within a fortnight even at this temperature. Tins of meat con
taminated with the spores of this bacillus could be kept at or below 
a temperature of 22° C. (71'6° F.) for many months without showing signs 
of blowing. If, however, such contaminated tins, although apparently 
sound when examined in this country, were exposed to a temperature 
such as is likely to be met with in the Tropics, they would rapidly become 
decomposed. - ' 

The tables of analyses on p. 670 made by Major Beveridge show that 
the amounts of metal found in the tins were not enough to cause injurious 
effects. 

No boracic acjd or other preservative was found in the tinned meat. 
In some cases the amount of nitrate from the pickling fluid was excessive, 
and its ingestion would probably cause gastric disorder. 

The nature and significance of " can-burn" has been carefully investi
gated by Major Beveridge. The results show that sulphide of tin, sulphide 
of iron, and oleate of iron are present in the deposit. 

The weights of the tins of preserved meat have varied considerably in 
the different brands, and the Committee think that there should be, as at 
present, a definite relation between the weigh~ of the tin and the weight 
of its contents, irrespective of whether the weight of the latter is "nomi
nal" or "actual." For convenience of transport by the soldier, and for 
ensuring a supply of food to each man, the issue of 1 lb. tins would appear 
to be desirable. 

The present practice of dating the tins should be continued, and no 
paper labels should be allowed. 

(IV.) Messina Arrangements. 
The Committee have seen the arrangements for messing in different 

depots and regiments, and consider that the restaurant system of messing 
has had a considerable measure of success in depots, but are not convinced 
of its applicability to regiments and battalions under present conditions. 
The Committee think that the use of separate dining rooms is excellent, 
for the standard of comfort has been raised in all classes of the population. 
They would like to see provision made for the men to obtain beer, mineral 
waters, or water at their dinner. This practice has been tried successfully 
in some regiments, and has been much appreciated by the men. 

Master-cooks are not allowed on the establishment of depots, and it is 
a matter of chance whether there is a trained cook or not. This appears 
to be unsatisfactory, especially in the case of men undergoing training, to 
whom sound digestion of food is important. It is most desirable that 
this deficiency should in future be removed. 
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TABLE OF METALS FOUND. ESTIMATED ON TIlE vVHOLE CONTENTS_ 

" IRON TIN I ZINC P. 
1: Average Acidity g weight of as lactic 
'H Age of sample Condition of interior of the tins conteuts acid, Grammes Average Grammes Average Grammes Average 0 

of tillS in grammes per cent., amount per cent., amount per cent., amonnt .0 grammes per cent_ average per tin, average per tin; average per tin, Z 
3 tins gramll1e~ 3 tins grarrimes 3 tillS gramm€s -- ----+ ------------------------- --- ---- ---- ----------- ---------

1 1 year 3 months .. Bright. Slight rust'in places .. .. 385 0-45 0-120 0-460 -- .. .. .. 
2 10months .. .. Blackened .. .. . . .. . . 377 0'45 0-817 3-090 .. -- .. .. 
3 1 year 9 months .. Three blackened and three bright .. 780 .. 0046 0358 .. .. .. .-4 5 years 7 months Blackened in places .. .. .. 2,821 0-45 0'070 1'890 .. .. .. .. 
5A 2 years 4 months Fairly bright .. .. .. '- 911 0-63 0-040 0'364 Traces 0-0003 0'0085 0-004 
5B 2 years 4 months Tin blown, slight blackening .. .. 911 1'62 0'005 0-044 .. .. .. .. 
6 2 years 10 months Slightly blackened .. .. .. 737 0'44 0'009 0-066 -,' .. .. .. 
7 2 years .. .. Blackened .. . . .. .. 766 0-63 0'210 1'600 .. .- . - -. 8A 2 months .. .. Much blackened .. .. .. 822 0'45 Traces .. .. .. .. .. 
8B 2 months .. .. Blackened in places .. .. . . 822 0-63 Traces .. .. .. .. .. 
9 3 months .. .. Blackened .. .. .. . . .. 381 0-54 0'087 0-331 .. -' .. --9K 3 months ._ .. Much blackened. Much 'solder in seams 381 0'45 0'37 1-409 .. .. .. .-9B 3 mouths .. .. Sligh tl Y blackened .. .. .. . . 381 0-45 0'15 0'571 .. .. .. .. 

10 2 years 11 months Somewhat blackened . - .. . - 427 0'47 0-15 0-640 _ . -- .- --n 1 month .. Bright .. .. _ . .. .. 780 0'63 0-114 0-890 0'0043 0-033 Traces .. 12' 3 months __ .- Bright, some red discoloration .. 340 0'26 0'260 0884 0-0009 0-003 0'018 0-060 
13 3 years 3 months Bright, some black and red discoloration 440 0'42 0'090 0_396 Nil .. 0005 0'022 
14 4months .. .. Much blackened .. .. .. 740 0-56 0-40 2-96 0012 0-089 0-008 0'059 
15 3 years . - .. Much blackened, corroded in places .. 703 033 0'100 0-703 0-004 0'028 0'010 0-070 
16 1 year 9 months .. Fairly bright " .. .. .- 373 0-45 0-30 1'119 0'0002 0-0007 0-0063 0'023 
17 10months .. .. Bright .. .. .. .. '- 500 0-27 0'074 0'370 .. .. .. .. 
18 3 months .. .. Fairly bright .. .. .. .- 867 0-36 0'220 1'907 0'004 0-034 0'0135 0-117 
19 3 years 3 months Much blackened .. -- .. . . 370 0-63 0100 0-370 0'001 0-003 0-013 0-048 
20 5 months ._ .. Not much blackened .. .- .- 737 0-54 0'310 2'284 0'010 0'073 0'009 0-068 
21 1 year 3 months .. Much blackened .. .. .. ., 385 0-36 0'233 0'897 0'0026 0-010 0-04;2 0-161 
22 3 years 4 months .. Much blackened .. .. .. . . 895 0-36 0'310 2-774 .. .. .. .. 
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(V.) Conclusions and Recommendations. 

The Committee hiwe come to the ~ollowing conclusions :-
(1) That the soldier, both the recruit and the trained man, now 

receives sufficient food during peace, and the quality and the variety 
of the food are generally satisfactory. -

(2) That the ration allowed during the South African War represents 
a reasonable basis for formulating a ration for active service in the field, 
but that further investigations on this point are needed. 

(3) That the supply of tinned meat requires careful supervision, for 
some of the brands contained meat of inferior quality. 

(4) That the blowing of tins of tinned meat is due to the development 
of spores of bacteria, which were present in the meat at the time of pack
ing, and were not destroyed by sterilisation. The lowest temperature of 
the surrounding fluid which will completely sterilise the tins within 
a reasonable time is 120° C. (248° F.), and this temperature must act 
for not less than sixty minutes. 

(5) That the amount of fat in tinned meat should be 10 to 15 per cent. 
The Committee beg to make the following recommendations:-
(1) That the preparation of tinned meat should continue to receive, 

.as at present, careful supervision at the hands of the Supply Branch 
of the Army. 

(2) That there should be a definite relation between the weight of 
a tin and the weight of its contents, irrespective of whether the weight 
of the latter is " nominal" or " actual." 

(3) That the present practice of dating the tins should be continued; 
that the tins should be painted, not lacquered, and that no paper labels 
should be allowed. 

(4) That sample tins should be examined after they have been incu-
bated for a fortnight at 37° C. . 

(5) That provision be made for men to obtain beer, mineral waters, or 
water at their dinner. . 

(6) That experimental observations of a definite character should he 
made to determine what is a sufficient ration for active service. 

(7) That the question of the improvement of cooking at depots should 
be considered. 

(To be continued.) 
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