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in Europe, where the snow-line is much lower and mountaineering 
difficulties are encountered much earlier in the line of ascent than 
in the Tropics; also, that in my own case I was severely handi
capped by a long morning walk (to the Mer de Glace, vide sup.) on 
the forenoon of the day of ascent. 

A word as to expense: £15 to £16 should cover necessary 
expenses of the trip, say, from London, including cost of special 
outfit as detailed. 

• 

lReports. 

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

(Oontimted from p. 94.) 

BACTERIOLOGICAL REPORT, BY MAJOR C. E. P. FOWLER, R.A.M.C. 

Tin No. l. 

Beef, L, canned; Supply Reserve Depot, November, 1904. Examined 
.Tanuary 21st, 1907. 

Tin undamaged. OnA hole only Realed. Both ends much blown. On 
puncture there was an escape of most offensive gas, of putrid odour. 
Many cultures were made into broth tubes from material extracted by 
the insertion, through the puncture hole, of a sterile wire. The broth 
tubes were placed under aerobic and anaerobic conditions and incubated 
at 37° C.and 22° C. On opening out the tin, the contents appeared to 
be in a decomposed condition~ The meat fibre was softened, the fat semi
fluid, the gelatine liquefied, and' the putrid odour most penetra~ing. The 
contents were markedly acid. The material at the ends of the tin 
showed the greatest signs of decay, but the whole contents were more or 
less affected. The inside of the tin was not much blackened. 

February 5th, 1907.-The broth tubes under aerobic conditions show 
no sign of growth. The broth tubes under anaerobic conditions at 22° O. 
show no sign of growth. Of the broth tubes under anaerobic conditions 
at 37° C., one shows a marked growth, three of the others a poor growth. 
All these possess the same offensive and putrid odour as the original meat . 

. The contents of the broth tubes showing a growth were examined; each 
contained the same organism in pure culture possessing the following 
characters :-
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324 Physiological Effects of Food, 9-c., on the Soldie1' 

Morphology.-Bacillus 6 microns long by 0:6 micron broad, ends 
rounded. Motile. Large oval polar end-spores. 

Staining.-Stains by ordinary dyes and retains Gram's stain. 
Growth.-Only under anaerobic conditions, slowly at 37° C., and 

extremely slowly at 220 C. 
Broth.-Growth visible after about four days at 37° C., gradually 

becomes thicker, and a fine granular deposit takes place. Odour putrid. 
Gelatine.-Slow softe'ning in five or six days. Colonies filamentous. 
Agar.-After about five days a fine, greyish-white film is seen on the 

slope, on a plate the colonies are finely transparent. 
Litm1ts Milk.-There is slow separation of casein and whey. After 

about seven days' incubation at 37° C., the whey is either slightly pink or 
yellow and the casein separated; this gradually dissolves and sinks as a 
grumous mass to the bottom of the tube. Odour putrid. . 

Neutral Red Glucose Agar.-After about four days at 37° C. there is 
free gas formation and the red colour becomes reduced to a bright yellow. 

Effect on Animals.-Doses of 2 or 3 cc. of a thick putrid broth culture 
injected hypodermicallyand intraperitoneally into guinea-pigs were with
out any harmful action. 

Tin No. 2. 
From the same supply as tin No. 1. Tin undamaged. One hole only 

sealed. Much blown at both ends. On puncture there was an escape 
of foul gas. The cultures were'made as in No. I, and the same organism 
was isolated in pure culture. On opening out the tin the contents were 
in a similar condition to those 'of No. 1. 

Tin No. 3. 
From the same supply as tin No. 1. Tin undamaged. One hole only 

sealed. No sign of any ,blowing. Externally it appears a perfectly sound 
tin. 

February 11th, 1907.-0n puncture there was no escape of gas. 
Cultures were taken as in No. 1 tin. On opening out the tin there was 
a foul smell of' decomposition. The whole surface layer of the opened 
end was seen to be decayed, but this appearance only extended about 
i inch into the substance of the meat and down the interstices. Cultures 
were made from the decayed material. On scraping this layer away, the 
remaining contents of the tin appear perfectly sound and without smell. 
The other end and the sides of the meat showed no change. The inside 
of the tin was not much blackened. 

February 20th, 1907. There was no sign of growth in any culture 
tube. 

Tin No. 4.1 

Compresseil, cooked, corned beef. December, 1904, stamped on tin. 
Tin undamaged. Pyramidal tin distinctly bulged at top and slightly at 

I This tin was not included in the chemical analysis. 
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bottom, resilient to pressure. Labelled by Supply Reserve Depot. 
Bulged with too much meat. 

February 20th, 1907.-A small puncture was made on the top of the 
bulging part under a drop of water. There was no escape of gas. The 
water slowly entered the hole. Cultures were made into broth as in 
No. 1. On opening out the tin the meat appears perfectly sound. No 
smell. Taste sweet. The meat was consumed by several people without 
any deleterious effect. 

March 1st, 1907.-There was no sign of growth in any of the broth 
tubes. 

Tin No. 5.' 

The same brand as in No. 4. Tin undamaged. No bulging. On 
puncture no escape of gas. On opening out the tin the upper layer of 
meat and fat appears deteriorated or decayed. No smell. Cultures were 
made from all parts of this altered material. (February 27th, 1907.) 
The remainder of the contents were sound. 

March lOth.-There was no growth in any of the culture tubes. 
The organism isolated from tins Nos. 1 and 2 shows the characteristics 

of the Bacillus putrificus coli of Bienstock, which would appear to be 
identical with the B. cadaveris sporogenes of Klein. It must have been 
present in the meat before packing, resisted the process of sterUisation, 
and survived with very slow growth under the strictly anaerobic con
ditions present. 

The vitality of these spores is considerable, as they will resist boiling 
jor one or two minutes. 

This same organism had probably been present in No. 3 tin, survived 
for a certain time and then died out. 

APPENDIX n.' 

REPORT ON FUR,THEN ANALYSIS OF TINNED MEATS, BY MAJOR 

W. W. O. BEVERIDGE, D.S.O., R.A.M.C. 

, In my first report on the analysis of tinned meats, owing to a sufficient 
number of samples of roast beef, corned and roast mutton not being 
procurable from the Director of Supplies, a trustworthy average of their 
'nutrient values could not be given. Since then I have purchased locally 
a further supply of twenty samples of various brands. These have been 
analysed, and the results recorded in the following table, which includes 
the samples already given in the First Report. 

I This tin,was not included in the chemical analysis. 
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PERCENTAGE COMPOSITION OF MEATS EXAMINED. 

I 
Nature of No. of No.Ofl Total Prutein, 

Rample tins analy. - Water Ash nitrogen N. X6':l5 Fat Calories 
exd. .es 

---- ---------------------------
; Per cent. Per cent. Per cent. Percent. Per cent. Per lb. 

Roast } {!MaXimUm 71'05 5'02 5'43 33'94 36'67 1,526 
12 14 IMinimum 38'32 1'99 1'85 11'56 5'37 762 beef , Average .. 58'23 3'22 4'28 26'75 12'90 1,042 

Roast } {I Maximum 58'74 2'75 ' 5'22 32'63 34'32 1,670 

mutton 7 9 Minimum 38'39 0'41 3'18 19'88 21'13 1,398 
Average .• 46'22 1'52 4'24 . 26'50 25'74 1,578 

Corned }' 24 { 
Maximum 59'22 3'76 5'35 33'44 42'19 2,064 

9 Minimum 29'15 1'26 2'32 14'50 12'66 1,354 
mutton , Average .. 43'05 2'39 4'21 26'34 28'12 1,601 

APPENDIX IV. 

REPORT ON THE NATURE AND CAUSES OF THE BLACKENING OF THE 

INTERIOR OF TINS. By MAJOR W. W. O. BEVERIDGE, D.S.O., 
R.A.M.C. 

The following investigations were made with a view to arriving at 
some definite conclusions as to the nature and cause of the blackening 
of the interior of tins containing preserved foods. 

In America the manufacturers oi canned meats speak of the blackening 
of the interior of the tins as "can-burn," their explanation being that 
it is due to the application of too great a heat during the progress of 
sterilisation. 

Although excessive heat may aid, and undoubtedly is an important 
factor in the process,' it is evident that this alone, even at the highest. 
temperatures used for sterilising, cannot produce any discoloration of the 
interior of the tins. . 

The blackening is caused by some chemical change brought about by 
the action of certain substances in the food on the metal of the tin with 
which it is in contact during sterilisation. If we take a clean, bright, 
empty tin, tightly solder it up, and sterilise at 1500 C., or even higher, for 
some hours, no discoloration results. 

Except in the case of putrid foods, such as meat, the blackening of the 
interior takes place during sterilisation only, and there is no evidence to 
show that any increase takes place, however long the tin of food is kept, 
so long as the contents remain sterile. 

It is probable, therefore, that any danger from the absorption of metals, 
such as tin, increasing in amount on prolonged keeping, can be discounted. 

In the case, however, of meats which have become putrid in their tins 
from the result of bacterial action, owing to their having acquired a higher 
acidity, and to the formation of certain gases, the metals derived from 
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the tin may increase in amount. This is largely due to an actual erosion 
of the tin-plating itself. 

The chief cause of the presence of metals, such as tin and zinc, in 
sound tins of preserved meat· is attributable, in all probability, to the 
presence of the fluids used in soldering, or to solder accidentally gaining 
entrance during the final soldering of the tins. 

The mere discoloration of the interior of the tins has no injurious 
effects whatever in itself, either to the consumer or to the food. 

We have found that of the three metals, iron, zinc, and tin, iron is 
more rapidly acted upon than zinc, and zinc than tin, so that the purity 
and thickness of the tin plating influences somewhat the extent of the 
blackening of the interior. When the tin plating is thick, and consists 
of a good proportion of tin evenly distributed, very little blackening 
occurs during sterilisation properly conducted. 

It is in thin, inferior plating that much blackening is more apt to 
occur. 

The Oause of the Blackening. 

It has been assumed that the blackening of the interior of tins con
taining preserved foods is due to the formation of sulphides of the metals, 
brought about by the action of hydrogen sulphide, derived from the food. 

In the case of putrid tinned meats, bacterial action produces large 
quantities of hydrogen sulphide and mercaptan compounds, derived from 
the protein of the meat, but in fresh meat no hydrogen sulphide should 
be produced . 

. The reactiou of tinned meats, sound and putrid, and of fresh butchers' 
meat, is always acid, whereas the reaction of putrid butchers' meat is 
alkaline, due to the action of aerobic bacteria. It is a question how far 
the degree of acidity or alkalinity plays a part in the causation of blackening 
the tins. Excess of acidity, such as may occur in preparations of tinned 
fruits and vegetables, has been credited with the power of causing 
absorption of considerable quantities of metal from the tins, the amount 
absorbed being proportional to the amount of acid, present: but acidity 
in itself does not cause blackening. 

The increased acidity of tinned meats when decomposed is brought 
about by the action of anaerobic spore-bearing bacilli, and consists chiefly 
of lactic and butyric acids. 

It appears probable that alkalinity of the food has a far greater effect 
in the causation of blackening than can be ascribed to acidity. 

It seems reasonable to suppose that during sterilisation of meat in 
tins a certain amount of hydrolysis of the albumins occurs: and that the 
formation of the sulpho-hydryl group, SR, is proportional to the degree of 
alkalinity combined with the amount of heat acquired. 

If proteid matter is boiled with a solution of sodium hydroxide in the 
presence of a lead salt, a black precipitate or a brown discoloration takes 
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328 Physiological Effects of Food, 9-c., on the Soldier 

place, constituting the well-known lead sulphide reaction of Vogel. If 
a salt of tin be substituted for the lead, as for instance when some meat 
is boiled with sodium hydroxide solution and stannous proto-chloride, 
a brown discoloration results, due to the formation of the sulphide of 
tin_ This reaction depends on the splitting off of the sulpho-hydrol, 
group, SH~ 

It appears probable, therefore, that this might constitute one of the 
causes whereby the interior of a tin is discoloured, as it cau be shown 
that the blackening is partly composed of sulphide of tin and iron. 

The actual cause in this case would be the formation of a sulphide 
by means of hydrogen sulphide, ethyl or methyl-mercaptan, and possibly 
ethyl sulphide. Blackening from this cause would more likely occur in 
foods which have acquired an-alkaline reaction, either during the process 
of pickling or from commencing decomposition. 

To determine experimentally whether the sulphur compounds split off 
by hydrolysis of meat had any action upon the tin-plate, the following 
experiments were conducted :-

A series of small tins, made from the same tin-plate, were procured 
of a uniform size. 

Into each, equal portions of fresh beef were introduced and hydrolysed 
with dilute acids and alkalies for periods of four and twelve hours, the 
condition of the interior of the tins being noted at the termination of the 
experiment. 

The results are shown in the following table :-

~treng!h Condition of interior of tin after I Condition of interior of tin 
Reagent o! ~~~J!On four hours after twelve hours 

--------------------------,-----------
HC! 
HC! .. 
Hc! .. 
HC! .. 
NaOH 
NaOH 
NaOH 
NaOH 
Lactic acid 
Boiling water alone 

Per cent. 
1 
2 
3 
5 
1 
2 
3 
5 
2 

Bright 
Very sligh t. blackening 
Slight blackening .. 
Slight blackening .. 
Very slight blackening 
Slight blackening .• 
Moderate blackening 
Very much blackening 
Bright 
Bright 

Bright. 

Slight blackening. 
Slight blackening. 
Much blackening. 
Much blackening. 
Much blackening. 

Bright. 
Bright_ 

These results show that an alkaline reaction has a greater effect than 
an acid reaction, and that the amount of discoloration depends on the 
strength of the acid or alkali and the length of exposure. 

In degrees of alkalinity below 1 per cent., a high temperature exceeding 
1100 C. is 'essential to the process. 

As one knows, albumins can be dissociated by means of superheated 
steam and the sulphur compounds split off. For instance, Chittenden 
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and Mearsl found that sulphur was liberated on heating coagulated egg 
albumen in a sealed tube at 1500 C. 

E. Salkowski' heated weighed quantities of flesh, freed from fat and 
sinew, with water in a small pressure boiler, and found that in 600 
grammes of flesh heated with 2,400 cc. of water for eight hours at 120' C., 
the nitrogen amounted to 13'93 per cent., while the sulphur set free was 
0'53 per cent. When heated for eight hours at 1310 C. the nitrogen 
amounted to 14·61 and the sulphur to 0·51 per cent. The ratio of sulphur 
to nitrogen was in fresh flesh 1: 16'7, whilst in the experiments the ratio 
was 1: 31, showing that sulphur had been split off. 

The above experiments represent practically the conditions of the 
sterilisation of tinned meats'; the meat contains the necessary moisture 
and the sealed tin fulfils the conditions of the pressure boiler: a tempera
ture of 1200 C. being frequently used to sterilise the contents. In sterilising 
tinned meats the contents are subjected to steam under pressure, and the 
more moisture there is present, and the higher and longer sustained the 
temperature, the greater will be the dissociation of the protein matter. 

The reason given by the manufacturers that "can-burn" is due to 
excessive heating may, to a certain extent, be considered a plausible one 
in the light of the above explanation. 

It will be noted that dried preparations of food give no discoloration 
to the interior of the tins on sterilisation, so that the presence of moisture 
is essential to the process. 

To ascertain whether the tins are acted upon when perfectly fresh 
meat is compressed into tins and sterilised, the following experiments 
were carried out:-

(a) Three. and a half ounces of fresh lean beef, the acidity of which 
was 1'08 gramme per cent., reckoned as lactic acid, were partially cooked 
by boiling in water with a little salt. After boiling the acidity = 0'99 
per cent. 

The meat was then rammed into a small tin, the interior of which was 
quite bright, and the tin tightly soldered up. This was then sterilised 
in a solution of calcium chloride boiling at 1100 C. until blown, when the 
tin was punctured to let ·out steam and fat, quickly resoldered, and 
sterilised again at 1100 C. for one hour. 

In a control tin the temperature at the centre of the contents (taken 
by a special thermometer, the tin being hermetically sealed) registered 
1000 C. in nineteen minutes, 1050 C. in twenty. two minutes, and 1100 C. 
in thirty minutes; so that 1100 C. was maintained for thirty minutes in 
the experimental tin. 

The tin was then removed and cooled, and incubated at 370 C. for one 
week. On opening the tin at the end of this period the contents were 

• I Journal of Physiology, xv. 
2 Zeit. f Biol., "Flesh Foods," C. Ainsworth Mitchell, xix., 1900, p. 117. 
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proved to be sound and sterile, and the interior of the tin was perfectly 
bright. The reaction of the meat was still acid. 

(b) The same procedure was followed as in (a), with the exception 
that the fresh beef was partially cooked by steaming. The acidity after 
steaming was the same, namely, 0'99 per cent .. 

After incubation ,at 37° C. for one week the tin was opened, and the 
contents were found to be remarkably fresh, pa.latable, and quite sterile. 
There was only a slight patch of discoloration at the bottom of the tin, 
the remainder being perfectly bright. 

(0) Fresh lean beef was sterilised, as above, for two hours at 120° C. 
On opening the tin the interior was found to be quite bright. 

(d) Fresh lean beef, acidity 1'08 per cent., was sterilised as before, 
except that it was not partially cooked, by steaming, at a temperature 
of 150° C. for two hours. 

On opening the tin the interior was quite bright, but the meat was 
friable and charred. Sterilisation of meat at this temperature, without 
a large proportion of water, is impracticable. 

To ascertain what effect slight decomposition of the meat prior to 
sterilisation had upon the tins-

(e) Lean beef which was just commencing to decompose on the surface, 
having an alkaline reaction equivalent to 0'12 per cent. as NaOH, was 
packed into tins and sterilised as before at temperatures. of 110°, 120°,
and 130° C. for one and a half hours. 

After exposure to 110° C. there was no blackening, but after 120° and 
. 130° C. the interiors of the tins were greatly blackened. 

To ascertain the influence of an alkaline reaction- . 
(f) Fresh lean beef was made alkaline with a 1 per cent. NaOH 

solution, packed and sterilised as before, at 120° C. for one hour. The 
interior of the tin was slightly blackened. 

(g) Under the same conditions, except that a 2 per cent. solution 
of N aOH was used, and the tins sterilised at 150° C. for one and a half 
hours, the interior was greatly blackened. 

NOTE.-In the case of experiments (f) and (g), the blackening may 
have been increased by the alkaline solution alone, apart from hydrolysis 
of the albumen, as the strength of the solution used was somewhat high. 
Therefore, these experiments are not conclusive. 

From the above experiments, it would appear that tainted meat, 
having an alkaline reaction, is at least one of the causes of the discolora
tion of tins, but a high temperature during sterilisation is essential. As 
shown experimentally, perfectly fresh meat, having an acid reaction, can 
be sterilised at even 150° C. for two hours, with little or no discoloration 
of the tins resulting. 

Corned beef which had already been sterilised, when re-sterilised at 
110° and 120° C., had no action upon the tins. 
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A reddish-brown soapy coating of the interior of tins of preserved 
meat is sometimes observed, and may be caused as follows :-

It is probable that some of the fat, being under pressure and in the 
presence of steam during sterilisation of tinned meats, undergoes hydro
lysis, glycerol and fatty acids being formed. The free fatty acids may 
then react upon the metal, forming an oleate of iron. This is borne out 
by the fact that in many cases some of the greasy discoloration of the 
interior of tins is soluble in a hydrocarbon, such as paraffin, or in ether 
or glycerol. 

To ascertain whether this action of the fat upon the metal takes place
(a) Two weighed samples of fresh beef tallow were sealed up in two 

different tins. In one of these tins the plating of the interior was thick 
and exceptionally good, in the other it was thin and inferior. 

Both tins were subjected to a temperature of 1200 C. for one hour in 
a bath of calcium chloride. At the end of the hour both tins were opened, 
and it was found that the tin with the good plating was unaffected, whilst 
that with the inferior plating had patches of greasy discoloration in 
places soluble in paraffin. 

This points to the formation of oleate of iron, and shows that a thick 
plating gives more protection. 

(b) A weighed quantity, 2 ounces of fresh beef fat, was sealed up in 
a perfectly bright tin, and sterilised for two hours at 113° C. On opening 
the tin the interior was quite bright. 

(c) The same as above, but sterilised at 1200 C. On opening the tin 
the interior was found to be quite bright. 

(d) Beef tallow, which had been kept for some weeks, was sterilised 
as above·for two hours at 1200 C. 

The interior of the·tin showed small, brown, greasy patches, soluble 
in paraffin. 

(e) Fresh beef fat, sterilised as above for two hours at 130° C. The 
tin was discoloured on one side. 

(f) Fresh beef fat was sterilised at 150° C. for two hours. The tin 
showed a brown stain where the fat had rested during sterilisation. 

(g) Rancid fat was sterilised for two hours at 1500 C. Tin showed 
brown staining. 

Nature of the Discoloration. 

The discoloration of the interior of tins containing moist foods, which 
have been sterilised by heat, varies from a mere brown stain here and 
there to complete blackening, and, in certain cases, actual erosion of the 
metal. 

The discoloration is insoluble in water, alcohol and ether, and is not 
volatilised by heat. It is soluble in mineral acids, and to a large extent 
by alkalies, such as sodium hydroxide. In many cases, as already referred 
to, some of the greasy discoloration will be found to be soluble in ether, 
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paraffin, or glycerol. From ohemical analysis the blackening may be 
said to be due to: (1) Sulphide of tin; (2) sulphide of iron; (3) (oleate 
of iron.) 

Conclusions. 

(1) Except in cases where the contents of the tin are blackened by 
contact, or where there is actual erosion of the metal, the discoloration 
of the tin is probably not in any way deleterious to the consumer, nor has 
it any injurious effect upon the food itself. 

(2) Except in the case of bacterial fermentation, a high temperature, 
above 1100 C., appears to be essential. 

(3) In putrid samples of tinned meats, blackening and erosion of the 
metal can easily be accounted for by bacterial fermentation, caused by 
anaerobic spore-bearing bacilli, which form large quantities of H 2 S 
mercaptan bodies and acids: these reacting on the tin form sulphides 
of the metals. 

(4) Perfectly fresh meats having an acid reaction may be sterilised at 
even a high temperature (120° to 1300 C.) without causing blackening 
of the tin. 

(5) Where alkalinity of the food exists, from being tainted or from 
having become so during the pickling process, and where the heat of 
sterilisation is carried too far, much blackening of the interior is liable 
to result. 

(6) Acidity of the contents, except where it exists in a high degree, 
does not cause the same amount of discoloration as in the case of foods 
having an alkaline reaction. 

(7) Excess of fat, combined with a high degree of heat in the presence 
of superheated steam, is responsible for a certain amount of discoloration; 

(8) Much blackening of the interior of tins of ~eat might be regarded 
as indi::ating, in some instances, that the food was not in a perfectly fresh 
condition before sterilisation, and that the manufacturers in consequence 
employed higher temperatures during sterilisation than ordinarily used, 
with a view to ensuring efficient sterility. 
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