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PART I. 

On Etonditions affecting the Purity 

of the Milk -Supply in Large Towns, 

With special reference to Glasgow. 

There are few matters relating to Public Health which 

are arousing greater interest at the present time, than the 

question of the Milk -Supply to Large Towns. A wholesome and 

abundant supply of milk, at cheap rates, and purveyed with in- 

ducements for all to partake of it as a beverage and as a food 

may, indeed must, exercise a profound influence on the health 

of a community. It is through the existence of a good milk 

supply that epidemics of scarlet fever, enteric fever, diptheria, 

and epidemic diarrhoea, are largely kept in check; such a supply 

greatly influences the feeding, where artificial, of infants, 

and may contribute to a lessening of what at present is far too 

high - the infantile death -rate; milk is the great food of the 

sick and feeble, and consequently is enormously used in hospitals, 

infirmaries and convalescent homes; and by the larger use of 
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milk of a good quality we could greatly diminish the incidence 

of raehitic disease, - a morbid condition answerable for much 

feebleness and ill - health in childhood, and much deformity and 

incpacity in adult life. I repeat again, that milk is an 

article of food of so great importance, and of such extensive 

use, that consideratioW regarding it assume a national import: 

ance. Further, milk holds a peculiar position in this respect, 

that it is generally consumed raw. In this country at all 

events man consumes but little uncooked food. Some fruits, 

some vegetables, oysters and certain other shell fish, and the 

list is almost exhausted. I exclude butter purposely, as a 

milk- product. Not only so, but even among raw foods, milk is 

peculiar in being a delicate, unstable liquid, containing 

14 

albuminous, sacchari`e, fatty, and mineral constituents, and 

discharged from the source of production at blood -heat. It is 

therefore peculiarly favourable for the development and activity 

of bacterial life, and every hour it is exposed to the air after 

milking, greatly increases its microbic content. 

It is not my intention at this time to discuss in 

great detail the general bad features of the milk supply of 

large towns at the present day. They are unfortunately only 

too / 
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too numerous, and have been touched on by many writers, as by 

Dr. Leslie Mackenzie in his "Hygienics of Milk" (Edin. Med. 

Journal Vol V. N.S., 1899); by Dr. Aitcheson Robertson in his 

"Considerations relating to Milk- Supply" (Scott Med. 
44) 

Journal Vol. PVT: 1905); er in the series of articles published 

bn the British Medical Journal from March to May, 1903, and 

reprinted in separate form under the title of "The Milk Supply 

of Large Towns: its defects and their Remedy." These and 

many other articles have indicated the almost countless ways 

in which milk gets contaminated from the moment that the dirty 

unwashed, and ill -clad, milker moistens his filthy palms with 

a few squirts of bacteria -laden milk from the milk -J on 

starting, till the period, some eight hours later it may be ,3,when 

it stands in a large open vessel in a small dairy (retail) with 

wide open door giving entrance to the dust and organic pollution 

of a busy thoroughfare. The wonder is not that we suffer ill 

health often but rather that we escape it at all. The milker; 

hair, hands and clothes; the cow's flank, hindquarters, tail, 

and udder; the general dust and débris of the byre - air; the 

insufficiently scalded bails, the unlocked or unsealed cans 

churns, or butts (whatever name be given to them) in which the 

milk/ 
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milk travels from dairy -farm to wholesale town dealer; the mani: 

rations in the retail distribttion, and finally the little 

dairy shop, with its dipper, its open milk dishes, its open 

door, and its small messenger not above a drink of milk on the 

way; - these are some of the channels by which our useful beverage 

and food becomes daily contaminated. Mr. Patkes, formerly of 

Guy's Hospital and now analystto the Transvaal Government, in 

a paper read in January 1900, before the Society of Medical 

Officers of Health, said when treating of the application of 

Bacteriology to Public Health - "For the purposes of enumeration, 

milk must be treated as sewage. I have examined many samples 

tf*e 
of milk and have found the numbers to vary from 30,000 to 

30,000,000 per c. cm. I have examined a few samples taken very 

carefully from the cow, and found only scores. My experience 

of the average London milk has been very unfortunate, the average 

of many samples being between 3,000,000 and 4,000,000 per c.cm." 

(Public Health. Vol XII, p.385). We are not surprised therefore 

to learn from the last decennial Supplement to theReport of the 

Registrar -General for England and Wales, that the death -rate 

from Diarrhoea in infants undr one year (per million living) 

was 16,044. The death -rate from Diarrhoea heads the list 

always 
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always among the Diseases, its s 
3i among Disease,, and it, magnitude is 

greatest in the great towns, less in the large towns, and 

still less in the rest of the country. Infantile mortality 

generally, is graded in the same way. 

Look at these points in connection with the death - 

rates of 1881 - 1890, 

Death -Rates Large ® 

in England 

Towns. 

and Wales:- 

Rest of 
Country 

England 
and 

Wales. 

1-28 Great 
per 1000 Towns. 

50 pther' 
Towns. 

Infantile Mort. 

as 

162 153 128 142 

All Cases 21.5 19.7 17.6 19.1 
A 

Small-Pox. 0.09 0.03 0.02 0.05 

Measles. 0.63 0.50 0.33 0.44 

Scarlet Fever. 0.40 0.39 0.29 0.33 

Whooping Cough. 0.61 0.42 0.37 0.45 

Diphtheria. 0.19 0.10 0.16 0.16 

Diarrhoea. 0.89 0.73 0.52 0.56 

Again to look at it in another way: if we compare the 

death rate per million in England and Wales, from various causes, 

forew quinquennial periods, say from 1880 - 1900, do we find a 

distinct drop in the mortality from Diarrhoea? By no means. 

As/ 
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As a matter of fact it is higher in the last of these four periods 

than in any of the preceding three, although scarlet fever shows a 

marked declination as do also small pox, typhus, and whooping 

cough. Enteric fever, which I personally consider to be spread 

very largely by milk in towns, has shown little improvement in 

Death rate, during these 20 years, along with Diarrhoea, and thèsk 

I attribute largely to the increase in urban population with con- 

comitant risks of deterioration in, and infection ofithe milk 

supply : - thus - Rate per million. 

Causes. 5 Years et irg . 16385 1890 1895 1900 

All causes. 19,403 18,895 18,718 17,685 

Small -pox. 78 14 20 7 

Typhus. 23 7 4 1 

Whooping Cough. 459 444 398 359 

Enteric Fever. 216 179 174 175 

Diarrhoea. 672 681 651 817 

Lastly let me give the death rate per million for England and Wales 

for the decennial from 1881 - 1890, for the age -group 0 -5 years, 

with chief causes : - 
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Cause, 0 - 5 years. 

All Causes. 

Small -pox. BO " 

Measles. 3131 

Scarlet Fever. 1669 " 

Typhus. 4 

Enteric Fever. 129 11. 

Whooping Cough. 3370 

Diphtheria 690 

Diarrhoea. 4346 
gamma 

Pneumonia 3668 

Phthisis. 536 

Bronchitis. 7497 

Cancer. 20 

Diabetes. 4 

per Million. 

" 

Diseases of 

Nervous System. 

Circulatory Do. 

8337 

134 

Digestive Do. 2962 

Urinary Do. 193 

It 

t 

" 

11 

" 

We see from this table that between the ages of 0 - 5 years there 

are/ 
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are only two classes of illness more fatal than Diarrhoea, viz: - 

Bronchitis and diseases of the ervous System. 

It is generally admitted that Diarrhoea is an infective 

disorder, due very largely to food, which in the age -group referred 

to, consists in great part of milk. The cause is probably not 

always the same, being sometimes due to organisms of the colon 

group, sometimes to the bacillus -44 sporogcnes, and some- 

times to the ordinary pyogenic cocci. 

If we direct our attention to another part of the globe 

we shall find the same state of bacterial pollution in New York. 

Professor Park, of the Research Laboratory of the Health Department 

of New York City published the result of some observations he had 

made, in the Journal of Hygiene "(Vol. I. 391) to which I shall refer 

later on, but I may state here that in New York, milk purchased in 

ordinary shops averaged in the coldest weather over 300,000 organisms 

per cubic centimetre, in cool weather about 1,000,000 and in hot 

weather about 5,000,000. 

Lastly, to quote some figures from the Continent. Dr. 

Edward Von Freenreich says in his "Dairy Batteriology" (p.37), "In 

Berne I have found on an average 160,000 to 320,000 bacteria per cubic 

inch in fresh milk while t1 in Munich estimatesthe number at 

960,000/ 



9. 

960,000 to 1,600,000 per cubic inch, i.e. 33 to 56 millions per 

pint." 

This contamination of milk takes place at 4 stages viz: - 

in the byre during milking, in the course of transit,at the wholesale 

dealers and retail shops after arrival in the city, and finally in 

the houses of the consumers especially in the crowded dwellings of 

the poor. To enter into the methods of prevention of fouling at 

each of these stages would lead me beyond the scope of this paper, 

but I shall emphasize certain points. 

1. At the Dairy farm it should be seen that the hind- quarters of 

cows are clipped close, that the byres are cleared of manure one 

hour before milking, and that at the time of milking, the milker washes 

his hands and face thoroughly, brushes his hair, and (preferably) 

puts on a linen overall. The udder of the cow should be wiped with 

a damp cloth (regular washing is apt to make it too tender), and the 

first milk from each teat should be directed on to the byre -floor. 

Much fresh air should also be admitted by open windows. By these 

simple means alone, the bacterial content of milk could be enormously 

diminished, and they are quite inexpensive. The byre where milking 

takes place is really the main source of milk pollution. Mr. H. L. 

Russell of the University of WisconsOlis Experimental station states 

that/ 
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that a gelatine plate exposed in the stalls during feeding time, 

showed that over 100,000 organisms were deposited in a minute in an 

area covered by an ordinary milk pail (Vide- Sanitary Journal No. 

39 N.S.) 

In addition to the precautions enumerated, all utensils 

such as pails,strainers, cans, butts and churnsymust be scaldd 

daily in a thorough fashion. This implies a good water supply, which, 

unfortunately is often conspicuous by its absence. Scotland in 

this latter respect is much better off than England where in many 

rural districts the water is of extremely inferior quality?0ften 

being obtained from shallow wells near the steading. 

The last precautionary method to be adopted at the farm 

is the refrigeration of the milk, after straining. The effect of 

cooling milk rapidly to a temperature of 60° F. or below, is very 

striking and has been made the subject of observations by Dr. Park 

of New York in the paper already referred too. He noted the number 

of bacteria developed at the end of 24 hours in milk obtained under 

the best conditions, and under ordinary conditions, and kept at 

different temperatures, with the following results:- 

Temperature. 

Best 0ond' 

Usual Cond 

46 °F. 

2,600 

43,000 

50 °F. 

11,000 

89,000 

55 °F. 

18,800 

187,000 

60 °F. 

180,000 

900,000 

68 °F. 

450,000 

4,000,000 

86 °F. 

1,400,000 

141900 ;900,900 I 

i. 

r,"AcrA .;4W4c4,4 4.44 e4(4- 
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When received, the milk taken under the best conditions contained 

3000 bacteria per c. cm. and milk in the usual way 30,000. 

Table showing No. of Bacteria per 1 c. cm. in Milk under 

various conditions. (Park). 

Conditions of Milking and 

Treatment of Milk. 

At or After After 
shortly 24 hrs. 24 hrs. 
after 
Milking. 

A. Scrupulous Cleanliness. 

1. Kept at 45°F. 4333 2766 10,583 

2. Kept at 450 - 500F. 4550 4500 1111110 

B. Cleanliness. Winter 

Cooled to 450F. within 2 hrs. 15,500 21,666 76,000 

C. Cows dirty. Milk cooled to 

450F. within 2 hrs. 

1. Winter. 16,650 31,000 210,000 

2. Summer. 30,366 48,000 680,000 

On arrival at New York 

No. of Bacteria. 
per c. cm. 

Railway Terminus, 450F. (average) 5,669,850. 
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Continued: - 

As retailed: A. Midwinter. No. of Bacteria 
per c. cm. 

1! Tenement Houses. 1,977,692 

2. Well-to-do. 327,500 

B. September. 

1. Tenement. 15,163,600 

2. Well:-to-do. 1,061,400 

The influence of temperature on the bacterial pollution 

of milk has been properly insistedon by various competent authorities 

and there is no doubt that by rapid cooling, after milking, to a 

temperature not exceeding 600F. the milk can be delivered with a very 

reasonably small number of organisms per c. cm. Dr. Dwight/ 

Chapin of New York was a few years ago appointed Chairman of a Med- 

ical Commission of the County of New York for the purposes of 

improving the milk -supply, and he states that the standard fixed on 

was that no milk was to be "certified" by them,unless it conformed 

to the following: (1) It was'klot to contain more than 30,000 

bacteria per c. cm. (2) It was not to exceed 2% in acidity. (3) It 

was to have at least 3.5 per cent of butter -fat. At first the 

producers could not give such milk, but wiidn' they were shown how 

to/ 
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to clean the byres p roperl y, how to groom the cows,aad how to wash 

hands and utensils properly, they found they could furnish such milk 

in abundance and at a small advance in price over the otdinary 

bottled milk (which is sold retail in New York at 8 cents a quart). 

One thing was found necessary, and that was, that the milk be cooled 

soon after milking by running it over a cooler, and no milk was 

to be received from the farms at a temperature over 600F. 

In the case of Messrs. Walford and Sons Dairy Factory at 

Maida Vale, London, one of the stipulations is that milk must be 

cooled immediately after milking to a temperature not exceeding 60 °F. 

The Aylesbury Dairy Company insist, as one of their rules 

that all milk shall be thoroughly cooled immediately after milking 

over a refrigerator of a kind satisfactory to the Company and to 

which an abundant supply of fresh water is supplied. 

In theaKjobenshavns Moelkeforsyning, one of the large 

wholesale milk companies of the Danish Capital, the production of 

the milk is looked after very closely and refrigeration is absol- 

utely obligatory. The warm milk in the pails is trained through 

a clean woollen cloth into a refrigerator apparatus which lowers its 

temperature to 4 °R. (5 °C. or 410F). The apparatus used is 

Lawrence's and the farmer can either purchase it himself or hire it 

from the Company. This Company handles about 30,000 litres of 

Milk/ 
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milk daily. In the case of the the Danake Mo lke- Compagnie, which 

has a turn over of from 50,000 to 60,000 litres of milk daily, the 

milk collected at their small Dairies is poured into large vessels 

and brought to a very low temperature, so that it arrives in Copen- 

hagen in a congealed condition. 

I need not multiply examples, but I would simply re- iterate 

that cooling rapidly after milking is a most important factor in 

milk preservation. 

In Scotland I am afraid that is often omitted altogether. 

No doubt our low mean temperature rendersit a little less neessary 

than in say Copenhagen or New York in Summer, but even granting 

that the temperature of the air be 500F. the time required for the 

natura=l cooling of warm milk to this point permits of considerable 

bacterial increase. The writer spoke quite recently (October 1905) 

on this point to a Manager of a large Glasgow Dairy, - a more than 

usually capable man - and was told that they did not ask their 

farmers to refrigerate their milk. The(aswer to my inquiry as to 

why this was the case, was certainly peculiar, for it was to the 

effect that the milk was poorer in quality as the farmer said the 

refrigerator always began to leak in time, and they could not be 

sure whether this was the case or whether the milk was wilfully 

adulterated! So the use of the apparatus (Lawrence's) was dropped. 

It is quite obvious that the Company could have readily safe 

guarded/ 
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themsselves by frequent analysis of the Milk, and as for the 

Lawrence apparatus being unreliable, I have just stated that it is 

used, and is compulsory, on every dairy -farn sending milk to the 

Kjöbenhavns Moclke- F,r.Syning. To conclude, the secret of improvement 

in milk at the Dairy Farm is comprised in the one word "Cleanliness ", 

and matters are further improved by rapid cooling, but of all men 

in whom one strives to awaken a sanitary conscience, the small farmer 

is, I believe, the most difficult. 

II. Milk may be contaminated in the course of transit and 

often is. It is usually sent off to towns in large tins called 

'Churns' in England and 'tins or cans' in Scotland, or in small 

wooden tubs in many parts of Scotland, closed with a wooden bung,aed 

wrapped round with cheese- cloth. There are three points to which 

attention deserves to be raid in connection with milk transit. In 

the first place it should be as rapid as possible, accomplished best 

by attaching a milk van to ordinary passenger trains and this is 

largely done. In this part of Scotland there are special milk 

trains from Kilmarnock etc., bringing in the milk of these districts, 

and arriving at St. Enoch's Pollokshaws at 6.30, and later,, every 

morning Win. Sunday. Rapidity of transit is always desirable, 

because it is essentially delay in this process that leads to a 

length of time elapsing between milking and consumption. The 

best milk is really that driven into a large city by carts from 

farms/ 
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farms lying some six to seven miles outside the city. In this 

way milk drawn from the cow at 4 a.m. may be in the dairy shop at 

6 or 6.30 a.m; and if cleanliness has been observed during the 

milking, and if the milk has been cooled thereafter, the fluid is 

in excellent condition. During railway carriage, milk should be 

exposed as little as possible to heat. It is strongly to be recom- 

mended that in Summer the cans should always stand under covered 

sheds at wayside stations where they may have to wait for trains, 

or, if such sheds are not available the milk vessels should be 

covered by tarpaulins. All milk wagons should be well ventilated 

a LAYrd van does very well. Milk is so perishable that it 

should be safeguarded very carefully. 

Lastly in this connection is the question os sealed or 

non -sealed cans or vessels. There is but ono thing to be said on 

the matter and that is that milk should no more be sent in the 

present careless way than wine should. I have not yet met any 

large dairyman in Glasgow who receives milk from the country in 

sealed or locked cans. One firm stated that they used them for a 

while and then gave them up. Why? Because they were too much 

trouble, and the railway Companies did not care for them. Another 

Manager told me that the railway people would not have them as they 

wished to be able to measure the contents of the cans if they pleased. 

That/ 
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That excuse has been put forward repeatedly in England, in connection 

with the carriage of milk to London, and it led at lastto official 

enquiry being made of the great railway Companies carrying milk into 

London with the result, that in the case of the following Companies 

it was stated quite categorically that there eras no difference in 

the rates for milk, whether the cans were sealed or not: the 

Companies were:- 

1. The Great Eastern Railway Company. 

2. The London and North Western Company. 

3. The Great Central Railway Company. 

4. The London, Tilbury and Southend Company. 

5. The Great Western Railway Company. 

6. The London Brighton and South Coast Railway Company., and 

7. The London and South Western Railway Company. 

In general the only stipulation laid down was, that in 

the case of all sealed cans there must be attached to the lid some 

form of label giving the tare of the milk -can. The quantity of 

the milk is then directly ascertained by weighing. Indeed in the 

case of the Great Eastern Railway the Manager wrote to the effect 

that the Company prefers to receive the churns locked but can very 

rarely induce the farmers to do so. Yet under its present system, 

tampering with the cans is very common, and many instances of 

contamination/ 
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contamination have been attested to. In this direction then lies 

another of the means by which this perishable article can be pre- 

served. (ehe position taken up by the Railway Companies carrying 

milk into Glasgow with regard to sealed cans will be referred to 

later). 

III. The third place in the commercial existence of milk where 

contamination occurs is at the wholesale or retail dairyman's 

premises. Looking first at the former, my experience as far as it 

goes, has been that the business here is carried on in a very cleanly 

fashion. The rooms are generally flagged and well lighted; there 

is usually abundance of pure water, as well as a boiler supplying 

either plenty boiling water or steam. The small barrels with 

spigots for the retail carts, the cans and vessels of all sorts are 

usually kept scrunul7usly clean. One thing, in my opinion, should 

always be done at the wholesaler,- the cans, churns, or butts should 

be thoroughly washed out, preferably with sod a and water, rinsed 

clean, and then sterilized by steam, before being returned by rail 

to the farms. This is not always done. I know of an excellent 

wholesale dairy,- in many respects a model where the farmers cans 

are simply rinsed out well with cold water, and the farmer himself 

must scald thoroughly after he gets them home. They should in 

reality/ 
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reality be ster*3.ized as soon as emptied, and thoroughly washed out 

with boiling water again at the farm, turned upside down on a 

fluted board and kept so for the purposes of cooling and draining. 

When we turn to the retail small shop we find alas, only too many 

opportunities for bacterial infection. The chief of these is the 

open milk- vessel on the counter, and the open door, often leading 

into a -crowded thoroughfare. Human beings expectorate on the pave- 

d 
mente or children sneeze % cough in the shot; horses and vehicles 

stir up myriads of particles of dried or semi -dried manure; wood - 

or stone - paving, paper, straw, and soil; the atmosphere is laden 

with particles of epithelium, hair, horn, hoof, wool, cotton,linen, 

moulds, and bacteria. And all these drift in at the open door, 

and fall into the open milk vessel. If one ask, as I have done, 

why the latter is not kept covered, the answer is that in that case 

the milk does not keep so well. The dealer knows (and cares) 

nothing about bacteria in milk as long as the milk is not sour i.e. 

as long as it is saleable. One way in which much of this might be 

prevented would be to have a glass case on the counter for the milk 

vessels to stand ir_, which could be ventilated thoroughly top and 

bottom by oppositely placed holes covered with one or two layers 

of moistened gauze, to be renewed daily. Another source of pollution 

is/ 
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is found in the direr used for the removal of the milk, and in 

the dairy assistant's hands over which milk occasionally trickles 

from the dipper when' a somewhat narrow -mouthed is being filled. 

Here again the cry is for greater ordinary cleanliness. 
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Surgical Journal" Dr. Aitchison Robertson touches on this point 

towards the end of his interesting paper on "Some considerations 

relating to Milk Supply ", and points out that if the legislature 

would allow small but adequate amounts of certain antiseptics to 

be added to certain articles of food, no harm would result, but good 

rather would accrue. Under the present conditions of our milk 

supply in tows he considers it only proper that small Obut known) 

quantities of preservatives should be added to milk during the 0/ 
warmer months of the year, and believes that thereby the visit of 

diarrhoea) diseases might be prevented. It is of course retorted 

that since, for s supply of good fresh milk in town, great care and 

cleanliness are needed, the employment of anything that would tend 

to lessen such care and cleanliness would be most pernicious. It 

must however be borne in mind that it is recommended that all "preserved 

milk should be declared as such, and since many people would still 

request pure fresh uhtreated milk, as great care is ever would be 

requisite to meet this demand. Besides, after all, the legalising 

or not of milk preservatives does not really affect the question of 

a good milk supply as far as the heart of the matter is concerned, 

which is, that whether or not such preservatives are sanitary 

authorities/ 
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authorities should enforce existing laws and orders relating to cow- 

sheds, dairies and milk shops with the utmost stringency, and should 

do all in their rower to lessen the deplorable conditions which at 

present exist. When that is done, and a sanitary conscience has been 

awakened in our milk purveyors and milk- vendors, the use of preserv- 

atives will happily become unnecessary. 

If any preservative is to be used it must be one that will 

keep milk sweet when added in but very small quantities, which will 

not be recognised by taste, and which exercises no harmful effect 

either upon the digestive functions or upon the tissues of the ali- 

mentary canal, the kidneys, or other organs. 

The food preservatives most commonly employed (besides 

refrigeration and or sterilization by heat) are sodinm 

chloride, boric acid, and sodinm biborate, formic aldehyde, salicylic 

acid and sodinm salicylate, sulphurous acid and various sulphites, 

o 

alchol, sodinm fluoride, beuzoic acid and sodinm benzoate, and one 

or two others such as glycerine, boro- glycerine etc. In 1901 the 

Departmental Committee appointed by the Board of Agriculture 

recommended:- 

1. 

eviA 

That the use of formic aldehyde in food drink should be absolutely 

prohibited, and that salicylic acid be not used in greater proportion 

than one grain per pint or ppund respectively for liquid or solid food, 

its presence in all cases to be declared. 

2. That the use of any preservatives or colouring matter in milk be 
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be made an offence under the "Sale of Food and Drugs Acts ". 

3. That boric acid preservatives, only, be allowed in cream, the 

amount not to exceed 0.25 per cent. and to be notified on a label. 

4. That boric acid preservatives only be allowed in butter, the 

amount not to exceed 0.5 per cent. 

5. That chemical preservatives be prohibited in all dietetic pre- 

parations for the use of children and invalids. 

6. That the use of copper salts for "greening" be prohibited. 
4 "6,4 

7. That a Court of Reference be established to the use 

of preservatives and colouring matter in food. 

In this country the chief milk preservatives are the boric 

acid compounds, and to a less extent formaldehyde and salicylic acid. 

In the second part of this thesis the writer will give fully the 

results of his investigation into formaldehyde - an enquiry which has 

lead him to the conclusion that this substance has not been fairly 

judged by those who pronounced sentence upon it. 

As regards the prevalence of milk -preservation and adultera- 

tion in the milk of a large town I shall take the City of Glasgow, and 

give the official returns from the city analyst for the past three 

years as well as my own results obtained from an analysis of fully 

100 samples. I pass therefore from the consideration of the several 

features/ 
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features of the milk, supply to large towns, to a stddy of that 

industry as it effects the city of Glasgow. 

THE MILK SUPPLY OF GLASGOW. 

The Registrar General's estimate of the population of Glasgow 

for /904 was 798,357, or approximately 800,000. This does not include 

the burghs of Kinning Park, Govan or Partick although they are all 

practically in organic union with the municipality proper. Kinning 

Park will however be taken in, in November of the current year (1905). 

These three burghs add at least another 150,000 to the population 

of extended Glasgow, and with other areas such as Pollokshaws, we 

rise to something over 1,000,000 all gathered in one continuous 

C 
j 

sub- divided whole. A large percentage of this great population 

belongs to the working classes. It is difficult to say precisely 

how many thousands of gallons of milk are consumed in Glasgow daily. 

Taking the city proper with 800,000 people, if we allow half a pint 

per/ 
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1V. Lastly there is the consumer of the milk who receives it at the 

door from the milk cart or dairy messenger, or, as is usual in poorer 

districts, sends to or calls direct at, the diary for the milk. In 

most houses of the middle and upper middle class, milk is kept in the 

house under fair conditions, being usually stored in the larder with 

meat, butter and similar commodities. The chief cause of souring lies 

in the use of imperfectly cleansed dishes by the servants who are very 

apt, when let us say the afternoon milk arrives, to pour it from the 

can into the jug that held the morning milk and which has not been 

well cleansed. In the houses of the poor, the Chances or contamina- 

tion are enormous, as anyone resident in a great city knows. The 

milk is carried home from the dairy in anything handy, - a jug, a mug, 

an empty lemonade bottle, even in disused meat and fruit tins, after 

being imperfectly cleansed. It is sampled several times on the way 

by the youthful messenger who, with unwashed face has been sent out 

to fetch the morning milk. At the house, what is not immediately 

consumed is kept in the cupboard, or on the dresser (if there be 

one) in a small apartment in which a father, mother, and two children 

have passed the night, and of which the window has not been opened for 

16/ 
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16 hours. Yet surprise and indignation are expressed that the milk 

has turned by the afternoon, or the mother is puzzled becuase the 

hand -fed infant so constantly has diarrhoea. This is no exageration 

it is rather under than over the mark, and it is difficult to find 

a remedy. One that suggests itself as being capable of bearing 

sole fruit is that the necessity for great cleanliness at home with 

regard to all food stuff should be strongly inculcated on children 

at public elementary schools, as one of the most important points 

in the teaching of hygiene. But until the question of the adequate 

housing of the poor is solvid, the provision of a suitable place for 

keeping milk in, in poor homes, must under existing circumstances, be 

regarded as almost hopeless. 

THE USE OF MILK - PRESERVATIVES. 

The use of small quantities of suitable preservatives for 

milk, especially in large cities during summer weather, is by no 

means universally condemned by sanitarians. At the Sanitary Congress 

held in Bradford in July 1903, Dr. Moore of Huddersfield in a paper 

on the "Application of the Food and Drugs Act" said that great 
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advantage would result if a tribunal having an improved means of 

estimating the value of scientific evidence could be provided. Real 

advantage to the public would result if independent and specially 

qualified assessors were appointed to assist magistrates just as 

nautical assessors were appointed in maritime matters. There would 

be fewer instances then of magisterial "eccentricities ". Under certain 

circumstances food stuffs might with advantage be mixed with 

preservatives. By this means, articles of a perishable nature 

could be preserved and an abundant supply maintained, with the result 

of keeping the cost low. Under existing circumstances this was not 

what happened. On the contrary, the dealer used preservatives to 

conceal the staleness of his goods, and sold them as df, and at the 

price of, the best quality. (Report of Proceedings). In the end, 

after discussion, the Conference was unanimous in passing a resolution, 

to theeffect that whenever preservatives are added to food, their 

presence, nature, and maximum amount should be indicated on a label 

or otherwise declared. With this, every fair minded person will 

agree. 

In a recent number (February 1905) of the "Scottish Medical and 

Surgical/ 
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per head per diem, we have a total of 50,000 gallons, that is if 

anything probably somewhat over the mark. 

Source of Supply. The great bulk of the milk is drawn from Ayrshire, 

the southern parts of Lanarkshire, and from Dumfriesshire. In 

winter á good dear comes from Wigtownshire, but in summer the dairy 

farmers of that county consume their own milk largely in cheese - 

making. A not inconsiderable amount of milk comes from Renfrewshire, 

especially such milk as is driven into the city in the early morning 

in carts from Newton Mearns for example, and Eaglesham. Then we 

have the contributions of Dumbartonshire and Stirlingshire but theyaAA 

mot large. In brief the bulk of Glasgow's milk comes from Ayrshire, 

Dumfries -shire and Lanarkshire. 

The conveyance of the milk to the city. Coming as it does in great 

part from the South Yestern counties, the milk is conveyed mainly 

by the Glasgow and South - Western Railway, and arrives ih large part 

at St. Enoch's Station. A good deal comes in too by the Caledonian 

Railway from Lanarkshire and a much smaller quantity - some 3000 

gallons daily - at Queen Street Station by the North British Railway. 

The amount arriving daily at St. Enoch's is probably between 8000 and 
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10,000 gallons. Milk also comes in at Pollokshaws Station on the 

south side of the river. 

There are no special milk platforms at any of these stations 

though of course as a rule the milk arrives mainly at one particular 

platform all the year round, the one chosen being suitable for the 

rapid unloading of the milk and its transference to the waiting carts 

of the wholesale dealers. Three special milk trains (formed only of 

milk-vans) arrive at St. Enoch's passenger station every morning. 

One of these comes from Dumfries leaving at 6.10 a.m.' a second starts 

from Ayr at 5.15 a.m; while a third leaves Girvan shortly after 7 and 

picks up the milk that has arrived at stations too late for the early 

Ayr train. There is in addition as mentioned above, a milk train 

which arrives from Kilmarnock about 6.30 a.m. at Pollokshaws station 

on the south side of the river and this is really the earliest train. 

In addition to this, milk comes in all forenoon up to 12 o'clock by 

ordinary passenger trains. 

The milk for Sunday morning, as far as train service is concerned, 

comes in late on Saturday night, between 10 p.m. and 12 p.m. and 

even on till the early hours of the morning. The milk received at 
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the platforms often has to stand for some time before the carts arrive, 

or are ready to take t'm away, and as hardly any cans or butts are 

sealed or locked, the milk may readily be tampered with. The wooden 

butts come chiefly from the southern counties, especially Wigtownshire. 

They are closed simply by a cork. wedged infirmly by thin cheese cloth 

wrapped round it, and the cans are simply closed by a clip. 

The vans for conveyance by rail are all closed in, dark and 

well ventilated by t openings, no fault is to be found with them. 

The empty butts and cans are usually all returned by early 

afternoon trains, 2.30. 3 p.m. or there abouts, and from Ste Enoch's 

2 such trains leave every day, composed only of milk vans returning 

empties.- The destination of the can is easily ascertained, as each 

bears a permanent brass plate affixed, with the name of the farmer 

and his station. On each can is also marked its capacity in gallons. 

ï have just mentioned the great opportunities for contaminat: 

ion that arise when these unsecured vessels stand at the delivering 

platform waiting for the carts. Sometimes it is a porter or railway 

servant who helps himself; sometimes,0 it is workmen employed, as so 
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many have been lately, at the great station4of "St. Enoch's" and 

"Central" in extension, who are the culprits, dipping in their dirty 

breakfast tins or mugs; sometimes the offenders are boys or loafers. 

There is however one mode of contamination, which is preventable and 

should be stopped altogether, viz, the abominable practice of the 

messengers from the whole sale dairy, of ascertaining whether the milk 

be fresh whole milk of that morning, or separated milk of the night 

before, by dipping his hand in and trying the tempereture - the 

morning's milk always being still fairly warm. This is a common 

practice I am told, and one that should never be permitted. A large 

proportion of the milk coming in by these trains is the same morning's 

production, and, as refrigiaration is rarely carried out at the farms, 

its temperature is still somewhat high even when it reaches Glasgow. - 

at all events as compared with milk produced the evening before. This 

latter milk comes from the southern counties as Wigtownshire, and 

arrives as "separated" milk, and as cream 
/ 

both of course quite cold. 

Even of th- milk conveyed into town by carts in the early morning, 

some is the same morning's milk - still fresh and warm, some the 

separated milk or skim of the previous evening, the cream,in general 

having been removed by hand in the old fashioned method. 

The/ 
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The problem of contamination of milk en route can be solvid 

readily, and in only one way, and that is by sending the liquid in 

sealed or locked vessels. I have referred to this already in 

general terms; what about its particular application to Glasgow? 

Questions addressed personally to the Managers of some of the 

large wholesale dealers in the city, such as Mr. Hugh Hamilton, Mr. 

Brand's Firm, the Star Dairy Company to, extracted the information 

that sealed cans were not used, although in some cases it was stated 

that it would be a benefit (from the commercial point of view) since 

the milk could not be tampered with. On being pressed as to why this 

better system was not acted upon, the answer generally given was that 

the Railway Companies raised objections to it, precisely the same answer 

as was returned by E-nglish farmers a few years ago (see p.44. 

The objection of the Railway Companies rested, it was said, upon the 

difficulty of examining milk -cans to see if the contents were correct, 

if the cans were locked. 

I called therefore at the Central Station (Caledonian), 

Queen Street (North British) and at St. Enoch's (Glasgow and South 

Western) and personally interrogated the officials on this point, with 

the following results: - 
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(1). At the Caledonian Railway I was informed that no objection 

whatever was put in the way of farmers using sealed cans, that such 

farmers would lie under no disability as regards the carriage of the 

milk, nor would there be any increase in charge. The only difficulty 

lay in the determination of the amount of milk in a case, when it 

was suspected that the farmer was making a fraudulent statement as, 

for instance that the can contained 8 gallons When it really held 

10. In such a case the can might be o -erred at a station en route, 

the contents emptied into a large tub or measure having a gallon scale 

painted on the insides and the ,rccise amount so determined - a method 

distinctly objectionable from the hygienic point of view. The milk 

is always charged for carriage by the gallon, not directly by weight, 

nor by the space occupied by the cans. I shall presently indicate 

some suggestions as to an improved method for ascertaining if fraud 

is being practised, but even if the old plan were adhered to, sealed 

cans could still be used with great advantage, as the Railway Company 

could stipulate that they retained the right to open suspected cans - 

breaking the seal - and since this is really only very occasionally 

done, the very large bulk of the milk would pass from farm to dairy -shop 

unopened./ 
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unopened. I am certain that I am well within the mark when I state 

that even at present not one per cent of the cans is opened. 

(2) North British Railway. The manager of that pottion of 

passenger traffic which embraces milk carriage, received me very 

courteously, and stated in answer to my question, that the Company 

put no difficulty whatever in the way of farmers using locked cans, 

nor made any increase in the rates of carriage for milk so secured. 

"In fact ", he added, "we would be glad if they used sealed cans more, 

for then there would be fewer complaints by the whole sale dairy men 

about the milk being tampered with." He agreed that the present 

method of ascertaining the amount of milk in the cans was not an ideal 

one, and said that the old rule in his Company, by which they carried 

milk by size or bulk of can (whether it were 4 or not) was probably 

better than the present arrangement for which it had been discarded; 

On this old principle a farmer was charged so much for the carriage of 

an eight gallon can, and it made no difference whether it was filled 

or not. This told, on the whole rather in the Railway Company's 

favour, and now milk is charged per gallon -. The manager added that 

'raids' on milk cans were rare, and, that it often happened that for 

months a farmer's milk was never examined. It is quite obvious that 

rr4-4,) 

under such conditions sealed cans could be and with great advantage 
A 
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used to public health. 

(3) Glasgow and South - Western Railway. At St. Enoch's Station 

a very large amount of milk is handled daily and one can hardly find 

a single can that is locked except a few small cans of cream from 

Dunragit, for Messrs Cooper and Co. and which are always charged as 

if quite full. The Manager informed me that he believed the Company 

put no restrictions at all, and would put none, on the carraige of milk 

in sealed cans, but he added that they would reserve the right to 

break a seal when they pleased, for the purpose of detecting fraud. 

They certainly often opened cans, perhaps sometimes every day for a 

short period, but the total number investigated formed in reality 

but a small percentage of the total. Sometimes for as long as four 

months the milk from some farm would not be tested. He also expressed 

the view that in many ways the use of sealed or locked cans would be 

an advantage. 

We find accordingly that the statements of the Dairymen and farmers 

that the Railway Companies object to sealed cans, to be baseless, and 

that if the latter were employed no objection would be raised. The 

Companies however insist upon retaining the right to ascertain for 

themselves whether or not the consigned has truthfully filled in the 
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way -bill at the forwarding station. This is done at present by 

opening the can and pouring out the milk into a measuring vessel. Can 

no other and better way be suggested? 

1. It would be perfectly suitable to send milk, as one sends 

coal, by weight. Each can would have its tare distinctly marked on 

the outer surface of the lid. Any desired quantity of milk would be 

put in it and it would then be weighed.; at the farm, and the weight 

(gross) entered on the consignment fora of the station of departure. 

The railway company could then readily check by weighing at any point 

en route. Weighing can be done morepver more quickly than measuring. 

(2) If the Companies still insisted that the charge should be by 

the gallon, it would be a simple matter to draw up a printed table for 

reference at all stations, giving the relationship between weight of 

milk and gallons taking for the milk an average spedific gravity of, 

say 1032. For such a milk as this, one gallon would weigh 10.32 Hs.; 

two gallons 20.64, three gallons approximatily 31 Hs. and so on. As 

it would be impossible for the milk always to be of the same density a 

fixed scale, agreeing very closely with this figure but giving the 

weights in round numbers, (pounds and ounces) could be drawn up, and 

if the variation, (slight at most) from the correct relation of weight 

volume, was at one time in favour of the Company, at another time it 

would be on the side of the farmer.- Such a scale weight read : - 
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1 gallon 

2 gallons 

milk 10 Hs. 5 oz. 

20 Hs.lO oz. do. 

3 " " 31 Hs . 

4 " " 41 Hs 4 oz. 

5 51 Hs. 9 oz. 

6 " " 62 Hs. 

" " 72 Hs. 4 oz. 

8 " 
n 82 Hs. 8 pz. 

and so on. 

By a plan like this, the milk can could be weighed, tare sub- 

tracted, and nett amount of gallons stated in 3 or 4 minutes. 

(3) A third plan which the &Tuer suggests is a little more 

elaborate; it would give the nett amount in gallons at once if the 

railway Company insisted on it. This plan consists in letting a 

narrow longish window of glass into tire side of the can, with a gallon 

scale painted or engraved on the tin beside it. As in an 

eight gallon can for example, the quantity of milk sent 

would rarely fall below four or five it would be suf- 

ficient to have the scale reaching only between 4 

and 8 gallons. If the window were very narrow 

(at the outside having a breadth of a quarter 

of an inch exposed), if the glass were reasonably 

strong, and if the tin projected a little beyond it on 
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each side, the chances of its being broken would be infinitesimal. 

There is perhaps a slight risk of the glass being cracked, especially 

in frmsty weather, when the cans are scalded. Even this could be 

obviated by running a little fairly hot water over the window in the 

inside of the tin first, and so raising its temperature. It may be 

retorted that all these tins would require to be made, and would 

cost something. Undoubtedly they would, and there would be some extra 

cost and trouble, but does even the most optimistic of reformers 

owe- 
believe that he can get a greatly improved milk supply with doing 

something that involves expenditure of labour and money? By this 

plan, railway officials would see at a glance, at what level on the 

outside scale the milk stood, and so the quantity of gallons in the 

can. 

(4) Even the old plan once in vogue on the North British Line 

might be reverted to, where the charge was made according to the size 

of the can, whether full or not. Each can then simply required its 

capacity in gallons to be marked on the outside, and there was a 

certain rate of carriage for the 6 gallon Can, the 8 gallon and 

so on. I doubt whether this elan will be at any time revived. It 

favoured the railway company unduly, for the farmer who was charged 

so much for his eight gallon can could never possibly carry more than 

eight gallons in it, but might easily carry less. 
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(5) Even if the Companies L;4447 to retain the present system, 

locked or sealed cans could still be employed, for even if a can were 

suspected and the seal broken, the dairyman would know that it had 

been done by an authorized railway official for a definite purpose, 

and could, if he wished, apply to him for details regarding the matter. 

The presence of distinct seals on cans, if it did not absolutely 

da away with tampering, would very greatly reduce it, for there is 

no doubt that a workman or errand boy who would think little of 

simply lifting the lid off a can, or pulling the cork from a butt, 

would hesitate twice before deliberately breaking the seal of a. closed 

can. 

But all milk should be sent by weight. 

The Wholesale Dairy Business in Glasgow. 

The distribution of milk in Glasgow is carried on by 

wholesale dealers, by small retail shops, and by carts, which come 

in from beyond the municipal boundaries and sell/ 
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milk on the streets, being then regarded, for the various Acts as 

places of business with the city. The following table, extracted 

from the Reports of the Sanitary Inspector (Mr. Fyfe) for the year] 

1902, 1903, and 1904, will give some accurate idea of the extent of 

the milk industry : - 

Byres, Dairies and Milkshops. 1902. 1903. 1904. 

1.Total Dairy Byres. 84. 84. 83. 

2 Total Cows Licensed for 1100 1156 1099 

3 Total Cows kept. 967 939 865 

4 Total Re- inspections for year 1002 930 738 

5 New Applications for sale of milk 253 272 231 

6 Total number of premises in which 
Milk is now sold. 1242 1239 1229 

7 Total number of sellers coming 
from beyond city. 362 363 364 

8 Total Re- inspections for year 17182 15591 14279 

9 Prosecutions for breach of Rules 1 - 1 

10 Fines. £1 - £3:- 5/- 

One is glad to notice a steady decrease in the number of cows kept 

in city byres - in practice very greatly to be depreciated. There 

were 102 cows fewer in 1904 than 1902. This is a state of affairs 
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greatly superior to what persists in Edinburgh which, with less than 

half the population of Glasgow, had at the beginning of this year 115 

city cow sheds licensed to contain 3417 cows. On the 1st. December 11, 

1903 there were 3072 cows in the city of Edinburgh. 

Of the twelve hundred odd places in the city licensed to sell 

milk, very great majority are of the ordinary small retail variety' 
&informing in all respects to the law, but affording various opportunities 

for contamination of the milk, especially on the counter -, through the 

dipper, dust, and flies. It is more instructive to consider the whole 

sale dealers, for it is they who make the arrangements with the farmers 

for annual supplies on a large scale, and their precept and example 

are of great weight in retail trade. I have made some study of the 

arrangements of the large dealer, especially as regards the source of 

their milk, its carraige to the city, and the conditions laid down to 

farmers. I shall therefore discuss some of the special features of some 

of the larger dairymen. 

1. Brand's Dairy: Devon Street, South. The dairy is situated on 

the south side of the Clyde, in a short street opening off the great 

thoroughfare of Eglinton Street. This is the wholesale department and 

there are as well 10 retail shops. The premises and all that belonging 

to them are clean in every respect; there is plenty of hot water, and a 

small engine for driving the churn. The stables are on the opposite 

side/ 
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side of the street, well away from the milk. The late Mr. Brand was 

a pioneer in the way of dairy reform in Glasgow, and did a great deal 

to improve the conditions of the milk trade. 

The sources of sup-ly are (i) Eaglesham and Newton Mearns from 

which places the morning`s early milk is driven into the wholesale 

department and to the retail shops. Much of that milk is fresh whole 

milk; the has been seti to cream the previous evenings and then skim- 

med by hand in the old fashioned way that same morning. The milk that 

is sent in by rail comes from Ochiltree and Tarbolton in Ayrshire, 

Sanquhar in Dumfriesshire, and se.me (in winter) from Wigtownshire. 

All this is driven from the station in Brand's carts. The conditions 

under which milk will be taken from farmers are reasonably strict. They 

stipulate: - 

1. That the whole of the farmer's milk be sent. 

2. That no purchased milk be sent. 

3. All milk sent to be'guaranteed genuine, free from adulteration, 

and of best quality. 

4. Milk to be sent as New Milk, or skimmed and cream. 

5. The morning's milk to be sent off the same morning, and the 

evening milk same evening, as new milk, or else the latter as 

"skimmed" and "cream ". 

6. No mixed milks of separate meals to be sent. 

7. All warm milk to be cored immediately after milking, over a 

refrigerator/ 
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refrigerator when required by the said Robert Brand. 

8. All milk to bé properly strained. 

9. No milk to be sent from a newly-calved cow or a newly pur- 

chased one unless it has been at least one clear day in 

-possession of sender. 

lo. No milk to be sent from cow not in good health or under 
physic. 

11. Cows to have a supply of good water, and no substance to be 

used in feeding that will interfere with flavour of milk. 

12. If any contagious disease break out among the stock, notice 

to be given at once, and the contract meantime suspended. 

13. If any infectious disease break out among farm servants or 

in farmer's family, such person to have nothing further to 

do with milk -supply, and said Robert Brand to be notified. 

14. Attention to be paid to the cow's udders and hands of milkers 

as regards cleanliness. 

15. All cows, butts, pails, bungs etc., to be regularly scalded 

with boiling water, and exposed to air in a clean place. 

16. The said Robert Brand or his representatives to have right 

to visit the farm, byre or pastures at any time, or to 

take samples of the milk at the farm.. 

Penalties are provided for breaches of these rules; the other regul- 

ations are merely of commercial interest and have no hygienic 

bearing/ 
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bearing. These rules, taking them all in all, are good, and the 

Manager assured the writer that they had no difficulty in getting 

the farmers to agree to them, and that they get very excellent milk. 

The wholesale shop supplements the retail ones in the 

afternoon in the matter of distributing milk, and from every retail 

cart as it goes out a small sample can is taken which is retained 

for purposes of reference and analysis if any complaint arises. 

What milk is left over after the day, is kept for butter -making, 

done on the premises. The female workers are all hired by the 

half -year like farm servants, and live on the premises, having good 

quarters and a housekeeper to look after them. They were cleanly 

and tidy. 

The cream at the farms, as already stated is removed by 

hand, and even at the dairy only a small hand 

use. 

is in 

The butts, cans etc., that have come in by train are 

washed out with cold water and returned to the station to be sent 

back to the farms by the afternoon train of "empties ";no sealed 

cans are used. The Dairy deals with say 200,000 gallons of 

milk, yearly, and the results are good. As suggestions tot 

for improvement one might say: - 

(1) That it should be insisted on that the milk be always 

refrigerated/ 
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refrigerated at the farm just after milking. Aitho' a clause 

in the contract provides for this, it is not insisted on, and as 

a matter of fact is not done atan . 

(2) The use of some form of sealed can or butt could greatly 

lessen chance of infection in transit. 

(3) The empty cans and butts at the dairy after being washed 

out with cold water, should be treated with the steam jet or with 

boiling water, before being returned. 
ßv 

r 

, 
L' 

2. Mr. Hugh Hamilton's Dairy is a large wholesale business 

situated at 92 High John Street, a little East and North of 

Queen Street Station. They do not do retail work,but supply 

milk in bulk to retail shops and to large institutions. They 

handle daily from 1500 to 2000 gallons of milk, or on an average 

620,000 gallons per annum. When visited in October 1905, the 

daily turn -over was 1700 gallons. 

They get in Milk by early carts from farms near 

Glasgow, and by train from South Ayreshire, Dumfrieshire, and 

(in winter) Wigtonshire. Cans and butts are used, of the 

ordinary pattern. 

The conditions for the farmer are very simple the 

following being a copy of the memorandum: - 

"Memorandum of agreement between the undersigned for 
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the whole Milk Produce of Dairy situated at from 

190 till 190, The suprly of the above farm not to 

exceed gallons in Summer Season, and not to be less than 

gallons in Winter, said Milk to be warranted genuine 

and to bo delivered sweet, skim and cream, as desired at under -noted 

prices per gallon. 

Note. In the event of any infectious disease breaking out at the 

above named farm, the milk to be stopped at once under a penalty 

according to the Injury done to business." 

These conditions it will be observedlare very simple - 

very much too simple one may add in criticism. No sealed cans are 

employed. When asked if the milk was refrigerated at the farm, the 

answer was "No, the farmers don't do it, and if you insist, they 

-tell you to leave the milk, they are so independent ". It's quite 

clear that a little combination on the part of the large dealers would 

speedily bring the farmers to their senses. Ne stipulations are_ 

made here about water supply,cleanliness of byres, and similar mss. 

When attention is drawn to this, the answer is "9h, these are 

matters for the Local Authority of the County to deal with, through 

their inspectors; they attend to all that." Yet every one knows 

'*what a broken reed this on which to lean. I have seen the most 

filthy place in Lanarkshire, from which milk was sent daily to 
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Glasgow, and it is to be pvalaafieel that the wholesale receiver was 

quite satisfied that the premises of the sender were in every way 

desirable. As a matter of fact milk was taken from a dirty byre 

by the dirtest kind of people, and in the case of evening milking, 

kept in open pails in a filthy cottage, with a constantly open door, 

hens walking in and about, and with a brood of vermin -infested 

children who must have been more than human if they refrained from 

putting their mouths or their hands to the milk. 

It is cÿuite clear that in thisilarp the conditions of 

supply might be vastly improved with great hygienic advantage. 

3. The Glasgow Dairy Company. 

This Company took form in 1878 as a result of an effort an the 

part of some citizens to improve the milk supply after a severe 

outbreak of enteric in that year. The head quarters are in West 

Cumberland Street, and there are a number of branches, chiefly in 

the Western part of the city. They handle some 500 gallons of 

milk daily, or 182,500 gallons per annum. 

The early milk is driven in from Newton Mearns, and milk 

later in the day comes from New Cumnock and other parts of Ayrshire. 

I understand that real care is exercised in the selections of the 

farms. Through the kindness of Mr. Stirling the manager, I am 

able/ 
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able to append in brief, the rules regarding milk supply to this 

Company: the farmer contracts: - 

(1) To supply the Company with Pure Sweet milk and Cream of the best 

quality his cows can produce. The milk is flot to contain less 

than 3.5 per cent butter-fat. 

(2) To keep up the milk churns and cans. 

(3) To send no purchased milk or cream, unless by mutual agreement. 

(4) To ènsure thorough cleanliness of all the milk utensils; to see 

that the water for cleaning is boiled - summer and winter, and that 

no clothes are washed in the boilers or tubs an for cleaning 

milk vessels. 

(5) To send no milk from newly calved cows, nor from one newly pur- 

chased, till she has been seven days in possession, nor from a 

cow whose calf has been removed, till seven days have elapsed. 

(6) To send off morning's milk same morning, and evening milk same 

evening, or to set evening's milk for skimming, and to get one 

pint (Scotch) good rich cream from every eight pints (Scotch) 

milk set. 

(7) To submit all the cows to the Tuberculia test, to exclude every cow 

pronounced tuberculous, and to admit no new cow till tested. 

(8) To remove no cream from any milk, but to send all as genuine 

sweet milk, skimmed and cream; the sweet milk to include the 

strippings of each h4641 cow. 

(9) To use no separater, and to cool all milk at once after milking 

overl 
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over a Lawrence Refrigerator as may be arranged. 11../19-f.." 

(10) To send no milk from a cow not in good health or under physic. 

(11) To send no milk of separate milkings. 

(12) To add ùo water or other ingredient to milk or cream. 

(13) Lastly ?the sender is obliged to givelfuttite in writingtif any 

case of disease of contagious nature, such as gcarlet fever, 

gmall pox, l.iphtheria, or Typhoid, occuring on the farm; the 

sender is then guaranteed from sustaining any loss through giving 

such notice, but failure to do so renders him liable to a penalty 

of one hundred pounds sterling. 

We may, I think regard these conditions as very satisfactory. In 

addition to this, all the milk is pasteuÑtzed by being heated to 

4 
150 F. It is then allowed to cool slowly in bulk with the result 

o 
that at the end of 30 minutes it still has a temperature of 142 F. 

in the interior of the milk. The surface milk is of course much 

colder, being in more irñmediate contact with the cool water in 

which the cans are placed. No attempt is made at rapid cooling, 

and I am informed ( and the micro - photographs of the plates that 

9 
I have seen bear this out) that, in the process of slow cooling 

the bacteria become fewer than where rapid cooling is carried out. 

The heat continuing to act for some time produces better results, 

than in the old plan where rapid cowling was advocated under the 

idea/ 

<aL -am , '7,. 
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idea that the slow form kept the milk longer at or about the 

temperature at which the organisms undestroyed by the pasteurizing 

could flourish. 

All the plant, apparatus, utensils etc., in use by the 

Company are kept in a state of thorough cleanliness. The price 

charged for pasteurized milk is the same as that of any other 

retail shop, viz. twopence per imperial pint.jf their milk is sent 

to the purchaser in a sealed can from the Company's shops, a 

charge of twopence half -penny per Imperial pint is made. From a 

somewhat extended trial of this milk I am able to testify to its 

excellent qualities. The following pointof criticism however 

arise: - 

1. The conditions regarding refrigeration are not insisted on. When 

questioned on this point, the manager said that the Lawrence 

apparatus always leaked (or the farmer said it did) with the result 

that they got poorer milk, and as they could not check the process 

to see whether leakage really took place or whether water was 

actually added, they abandoned the condition relating to refrigerato 

ion. This was taking up a very weak position, in my opinion but 

to this point I have already referred (p. 17). 

2. Further sealed cans are never employed a- the excuse being the 

usual one about difficulty with the Railway Companies - an excuse 

which I have shown to be entirely without foundation. 

But the pasteurizing of this milk undoubtedly very 
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greatly diminishes the bacterial contant, and if it does not 

entirely abolish, at allevents largely reduces, the risk of 

infections of scarlet fever, diphtheria, and enteric, and to a 

large extent [ttiu also . 

This is perhaps one of the best conducted large milk 

industries in the city, and with one or two improvements in their 

conditions would be the very first rank of milk purveyors. They 

should insist upon Refrigeration, which still maintaining a fat 

value of three and a half per cent; they should have their cans 

sealed, and they should stipulate, that their own medical officer 

should have the right to visit or inspect the byres, pastures, and 

cows, at any reasonable hour. 

I. The last large Dairy I shall mention is the Star Dairy Company, whose 

headquarters are at 1091 Argyle Street. (till recently 189 Dumbarton 

Road). There are two branches. They deal with about 1000 gallons 

of milk a day, and get their early milk by cart from Eaglesham, and 

their later milk by train, mainly from Kilmarnock and Galston in 

Ayrshire. They make no stipulations regarding refrigeration, use 

or sealed cans, and make no conditions regarding the farm or the 

cows, leaving everything to the Sanitary Inspectors of the County 

or District. Apparently if no fault is found by the latter, every- 

thing is regarded as being all right - a very comfortable doctrine. 

The/ 1. SI á 
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The manager informed the writer that theyonly stipulate that the 

farmer shall make a yearly contract, shall send the whole of his 

milk (except what is needed for his own family use), shall certify 

that the milk is pure and fresh, and that there is no case of 

infectious disease in his house hold. These conditions are obvious 

1.7 very:simple, and could be strengthened with great advantage. 

In general it may be said that the conditions under which 

the wholesale dealers are supplied are fairly good on the whole, in 

some instances really excellent. I shall presently indicate what 

care is exercised by the Municipality to check adulteration of 

milk once it is within the city. 

Before leaving this matter, I would like to say a few 

words regarding the relation of the Corperation to Lose who 

consign milk to the city from farmsys outside the boundaries. 

There is a strong feeling, on the part of many that the Corperation 

should have very clearly defined powers in relation to the milk 

producers, and should where deemed necessary, take steps which it 

cannot do at present, and carry out measures which so far are 

'ultra vires'. Mr. A. M. Trotter, veterinary surgeon to the 

Corperation of Glasgow, has recently (October 1905) prepared a 

Report on the supervision of the milk supply of the city. He points 

out/ 
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out that considerable difficulties exist in the way of giving 

proper effect to the powers conferred by the Glasgow Police 

Amendment Act, as to inspection of country herds. (1) One of the 

difficulties is the absence of means by which the Authorities can 

ascertain exactly the farmers who are consigning milk to the city. 

(2) In the second place, there is lack of a clause in the Act which 

would cast on the Dairyman consigning milk to or selling in the 

city, the 47440 of notifying the Conocratio31 Veterinary Surgeon of all 

cases of disease. In the more recent private or public Acts, 

dealing with control of milk supply, the powers are restricted to 

cases of tuberculosis. This is a serious want, as As2/ cows 

are affected with many other diseases inimical to the public health, 

and Mr. Trotter thinks dairymen should be obliged to notify any 

kind of disease of the udder as well as eruptions on the teats, 

chronic wasting, and cases of cows under medical treatment. Xis 

experience of the city Abattoir has shown him how many cattle (dairy 

cows) come up from milk districts, to be slaughtered, which are not 

b 

fit to rüld milk suitable for human beings. The Glasgow Act, if 

amended, would render harmless many sources of danger. 

(3). In the next place, it would be a benefit if power could 

be got to slaughter certain cows, especially those with tuberculosis 

of the udder, and pay the dairyman the full market value of the 

animal/ 
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animal. At present the Corporation can only insist that the infected 

cow be removed from the herd; this may be done, and the animal 

immediately afterwards sold to another man. (4) And lastly 

alterations suggested dealing with the sanitary conditions under 

which milk is produced, for much still remains to be done with 

regard to the construction and repair of premises, and methods under 

which milk is handled. Mr. John Lindsay sends in at the same time 

a report, in his capacity as Town Clerk Depute, dealing with the 

extent to which the existing statutory provisions, would require to 

be amplified or modified. He does not believe that Parliament 

will hesitáte to give the powers required and desired. 

OBSERVATIONS ON THE BACTERIAL 

CONTENT OF MILK IN GLASGOW. 

Not many official records exist regarding the amount 

of Bacterial contamination of milk in Glasgow, but some interesting 

observations were made by Dr. R. M. Buchanann city Bacteriologist, 

during July 1903, and August 1903. (See Report of Medical Officer 

of Health for 1903, p. 94). The observations were specially 

directed to ascertain the increase in bacterial life, after arrival 

of milk at the railway statiolv, till it was distributed to the 

consumers. 

arrival/ 

The specimens were taken between 9 - 9.30 a.m. on 
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arrival at the station, (care being taken not to further infest 

the milk on sampling), and, again after an interval of three hours 

at the retail dairy; and lastly three hours after this at the 

comsumerb house. In July 1903, samples of milk from eight farms 

(named here -after A.B.C.D.E.F,G.H. ) were taken in the way described 

abovevizat station; at dairy when going out for distribution; 

and lastly after they had been a few hours in the consumer's house. 

The following results were got, the dates being from 

Sample. 

A. 

July 22 - July 29. 1903: - 

At Station. At Dairy. At Dwelling House. 

Hour, Bact: per Opt 

9.10am 3,904,000 

Hour 

P.M. 

Bact: per ce. 

- 

Hour 

P.M. 

Bact: per ce. 

- 

B. 9.20am. 420,000 P.M. - P.M. - 

C. 9.30am. 12,000 P.M. - P.M. - 

D. 9.20am. 292,000 12ß10 5,160,000 3.55 12,160,000. 

E. 9.10am. No Growth 12.10 No Growth. 3.45 No Growth 

F. 9.10am 3,504,000 12.30 11,200,000 3.20 13,600,000 

G. 8.45am. 232,000 12.15 4,260,000 3.35 4,560,000 

H. 9.45am 4,000 12.20 40,000 3.20 880,000 

When one compares the figures in the column "At Station" 

one gets some idea of the varying degrees of cleanliness under 

which/ 
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which milk is produced, the number of bacteria found varying from 

4000 (H) to nearly 4,000,000 (A) per 1 c. cm. In sample E. no 

growth was got, possibly because some preservative had been added. 

The great majority of the bacteria are Aa'Awil444 of 

the lactie acid group - and the numbers specially indicate the'age' 

of the min, but in addition to the more or luL nornal bacteria, 

large number4 are added by dirty hands or utensils, and a certain 

number may consist of pathogenic organism$. The enormous increase 

often seen in 6 hours (seen markedly in sample H. where from 4,000 

per C.cm. there was a rise to 880,000 in 6 hrs.) brings home to one 

very forcibly how excellent a breeding medium milk is, and how 

carefully it should be handled. A sedond report of Dr. Buchanan's 

gives the bacterial content of milk as it arrived at the railway 

station (Glasgow) from the farm: These observations were made during 

the month of August (20th - 28th) 1903:- 

Sample. 1903. 

August. 

Bacteria per Cubic Centimetre. 

kind of milk 

A. Sweet 

B. Sweet 

C. Sweet 

D. Sweet 

E. Cream 

E. Sweet 

Agar at 37oC. Gelatine Room Temp. 

4,000 

49,000 

15,000 

176,000 

76,000 

23,000 

9,000 

59,000 

119,000 

85,000 

Too numerous to count. 

5,000 
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During 1903, twelve samples of milk obtained from cows 

in city byres were examined bacteriologically for tubercle. In 3 

samples from separate animals the results were positive, and in 9 

samples from separate animals they were negative. 

During 1904, samples of milk obtained from 16 cows in 

city byres, were subjected to examination for the bacillus tub- 

erculosis; in 1 a positive result was obtained. The milk of 5 

cows from country byres were al so examined, with one positive result 

thus:- 

Positive. Negative. Total. 

Town Milk. 1. 15. 16. 

¡Country Milk. ' 1. 2. 3. 

Hospital supply - 2 2 

Total. 2. 19. 21 

The Chemical Examination of Milk in Glasgow. 

Mr. Harris, the city analyst, conducts' numerous analyses 

of food for the Corperation each year, and his reuslts as far as 

milk goes, for the past three years, are appended. There -after 

will be found the writer's personal observations based on analyses 

of 100 samples of milk for preservatives - borax and boric acid 

salicylic/ 
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salicylic acid, and formic aldehyde -. 

Mr. Harris tells me he rarely finds any preservative added 

except the Boric ,,and this is my own experience. Most of the 

prosecutions arefor addition of water, abstraction of cream, or 

otherwise "faking" or manipulating the milk. A preliminary 

examination is made by using the Leffmann - Beam method, taking the 

specific gravity, and employing the Richmond Slide - Rule. This 

gives a very clear indication as to whether further measures should 

be taken; if so, the Adam's process is employed. 

1902. 

537 articles of Food and Drugs were obtained under the Acts for 

analyses during 1902, of which 161 were milk or cream:- 

Article No. of Certified Found Prosecutions. 
Samples. Genuine ,Adulterated. 

Sweet Milk 141 86 55 42 

Skim Do 8 2 6 6 

Condensed Do 11 11 ONO. IMO 

Cream 1. 1t 



One is struck at once by the large number of adulterated 

samples fou *d out of those taken viz:- 31.9 per cent. in the 

case of sweet milk and 75 per cent. in the of skim. The 

explanation of this is that the Inspectors always, by previous 

private examination, have a very good idea of the fraudulent trades 

people, and make pretty sure of securing a conviction before 

taking a sample in conformity with the regulations of the Act. 

During this year, 

taken under the Acts; the 

concerned, were : - 

1903. 

and Drugs were 

as far as milk is 

601 samples of Food 

results of analysis, 

Samples. Samples 
taken. 

Found 
Genuine. 

Found. 
Adulterated. 

Sweet Mlk 

Skim Milk. 

Cream. 

151 

25. 

33. 

95. 

20. 

27. 

56. 

5. 

6. 

The percentage pf samples of sweet milk found adulterated 

was 37; of skim milk, 20. These high figures, as in the previous 
w¡:c 

table be.iils due to selected dairies being raided. In the case 

of the sweet milk adulterations (56), convictions were obtained in 

39 instances, while out of the 5 adulterated cases in skim milk, 

4 convictions were got. 

1904. 

In/ 



In this year, 659 articles were taken under the Acts 

relating to the Sale of Food and Drugs, and Margarine, and of 

these, sweet and skim milk and cream formed 184. 

Atticle Samples 
taken 

Certified 
Genuine 

Found 
Adulterated 

Prosecutions 

Sweet Milk 

Skim Milk 

Cream. 

158 

22 

4 

90 

18 

1 

68 

4 

3 

52 

1 

2 

Of the suspected samples of milk, no fewer than 43 per cent. 

failed to meet the required standard; in the case of cream the 

figure was higher; for skim milk. lower: - 

On the whole, it may be said that there is relatiV 

little adulteration of milk in Glasgow) or at all events, it is 

rare for milk to be sold which does not at least conform to the 

requirements of the Board of Agriculture. In-1904, for example, 

there wen-) 1229 premises in the city licensed for the sale of milk, 

and 364 sellers came in from beyond the city boundaries. Then 

1593 vendors carried through many thousands of retail sales, and 

yet there were but 55 prosecutions (even where the premises had 

been 'shadowed') during the twelve months. 

THE PRESENCE OF PRESERVATIVES IN GLASGOW MILK. 

I have no official figures from the Corporation analyst 

on this point, but he (Mr. Harris) informs me that he practically 

never finds anything except boric acid or its salts, - and that 

he/ 



he certainly never has found salicylie acid or sodium oxide in 

milk. Formic aldehyde he may have come across. The writer has 

made many analysis in connection with this point and the results 

of his observations, which extended over 2 or 3 years are given 

below. 

Results of a series of analyses for Boric acid and 

Borax, Salicylic acid, and Formic Aldehyde made by the writer during 

the past three years in Glasgow. OL,Jay 

/é' îe_Q,f`-'trvr? 

In all, over 100 samples of milk were analyzed, taken from 

56 different sources which comprised 52 retail dairies, and the 

Western Infirmary, the Maternity Hospital, the Royal Hospital for 

Sich Children, and the Samaritan Hospital. 

Most of the Dairies were small retail shops (though amongst 

them were the Glasgow Dairy Company. (pg. 4 ) and the Star Dairy 
67 

Co. (p. 4), and most were in the City boundaries, a few being in 

Partick. This latter point, makes no essential difference, the 

milk for Partick often coming from Glasgow Dealers. 

The dairies were situated, as most dairies are, either in 

Main Streets of the less aristocratic kind, or on small side streets 

off them; the houses ( for dwelling) nearest to them being mainly 

tenanted by artizans, or persons belonging to the shop- keeper class. 

Some of the dairies were in, or near, very poor districts, such as 

Anderstori; others were quite near good residential quarters, such as 

these in Byrds Road (near Dowanhill) and Woodlands Road, near the 

West End Park. 

In/ 



In the great majority of the cases, the milk was purchased 

about 10.30 a.m., so that it was the milk of that morning's milkink 

which had come in by train, or generally so. 

The following is a list of the sources from which the 

samples were taken, and what preservative was found if any; at the 

end the results are summarized.- 

1. 

2. 

3. 

SOURCE. RESULT. 

Star Dairy, 1091 Argyle Street. 

Star Dairy. 16 Sandyford Street. 

Star Dairy. 117 Dumbarton Road Partick 

Boric Acid twice. 

Negative. 
e 

Do. 

4. Auchinleck Dairy. Regent Moray Street. Do. 

5. Orr's Dairy. 251 Dumbarton Road. Do. 

6. Sandyford Dairy, 260 Dumbarton Road. Do. 

7. Dairy at 12a Church Street, Partick. Boric Acid twice 

8. Dairy in Paisley Road, West. Negative. 

9. Lanark Dairy, 128 Berkeley Street. Do. 

10. Gowanbank Dairy, 331 Dumbarton Road. Do. 

11. Brown's Dairy, 15 Old Dumbarton Road. Do. 

12. Dairy, 9 Dowanhill Street, Partick. Do. 

13. Dairy, Kelvinhaugh Street, West. Boric Acid once. 

14. Dairy/ 
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14. 

15. 

16. 

SOURCE. RESULT. 

Dairy, 172 North Street, Charing Cross. 

Verreville Dairy, 233 Berkeley Street. 

Dairy, 175 Kent Road. 

Negatives 

Do. 

Do. 

17. Dairy, 9 Bridge Street, Partick. Do. 

18. Dairy, 56 Eldersiie Street. Negative. 

19. Dairy, 118 Rottenrow. Do. 

20. Glasgow Dairy Company. Do. 

21. Dairy, 162 Woodlands Road. Do. 

22. Dairy, 121 Byars Road. Do. 

23. Lilybank Dairy, 30 Dowanhill Street. Do. 

24. Dunlop's Dairy, 142 Byars Road. Do. 

25. Dairy, Douglas Street, Partick. Do. 

26. Westburn Dairy, Clarendon Street. Do. 

27. Dairy, 24 McEwen Street, Partick. Do. 

28. Dairy, 18 Hill Street. Do. 

29. Dairy, 16 Findlay Street, Cowcaddens. Boric Acid once 

30. Dairy, 70 George Street. Negative. 

31. Dairy, Rayburn Street, Partick. Do. 

32. Dairy, 44 Bank Street. Boric Acid once. 

33. Ayrshire Dairy, 526 St. Vincent Street. Negative. 

34. Dairy, 35 Cranston Street. Do. 

35. Ross's Dairy, Dumbarton Road, Partick.. Do. 

36. Dairy/ 
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36. Dairy, 94 Shamrock Street. Negative. 

37. Dairy, 11 Scotia Street. Do. 

38. Eastfield Dairy, 172 West Nile Street. Do. 

39. Dairy, 25 Dover Street. Do. 

40. Dairy, 4 Maxwell Road. Do. 

41. Dairy, 13 Douglas Street. Do. 

42. Dairy, 59 Stobcross Street. Do. 

43. Dairy (Crawford's) 35 W. Cumberland Street. Do. 

44. West Park Dairy, 27 Gibson Street. Do. 

45. Dairy, 377 St. Vincent Street. Do. 

46. Bryce's Dairy, Cleveland Street. Do. 

47. Dairy, 965 Argyle Street. Boric Acid twice. 

48. Dairy, 7 Washington Street. Negative. 

49. Dairy, 2 Minerva Street. Do. 

50. Dairy, 196 Kelvinhaugh Road. Do. 

51. Dairy. 68 Dumbarton Road. (old) Do. 

52. Dairy, 51 Old Dumbarton Road. Do. 

53. Western Infirmary. Do. 

54. Samaritan Hospital. Boric acid once. 

55. Royal Hospital for Children. Negative. 

56. Maternity Hospital., Boric Acid once. 



Upon these hundred odd samples, there were performed 245 

analyses, as follows: - 

1. For Formic Aldehyde - 102; all negative. 

2. For Salicylic acid. - 60. " negative. 

3. For Boric acid^ Borax. - 83; II positive. 

The only preservative found therfore was boric acid or borax, 

on eleven occasions ih 83 samples tested for it. Three Dairies 

(Nos. 1,7,47, in list above) each yielded two samples containing it; 

these were all in very respectable districts, and in five other shops 

(only one of which Was in a really poor part of the town) it was 

found once. The percentage (13) of samples containing boric acid or 

borax in somewhat higher than in the experience of the Municipal 

analyst, where these preservatives do not occur in more than 10 per 

cent. 

The months in which these borated milks occurred were: Dean- 

uary (twice) February, April (twice), May (twice) July, August, and 

October (three times). The use in such cold months as January; 

February, an October can only be explained on the hypothesis that 

the dealers in these particular cases were in the habit of using the 

preservative in a sort of routine fashion, regardless of the time 

of year or temperature. Formic aldehyde in spite of its high preserv- 

ing/ 



preserving powers is apparently a very rare preservative in Glasgow, 

although employed to some extent in England and the United States. 

Salicylic acid is not used either, though some of the butter imported 

into the city contains it. 

In concluding this part of the subject, I would remark, 

that taken all in all, the milk supply of Glasgow compares favourably 

with that of most other large towns. The lines on which it could be 

improved are indicated, and greater cleanliness at the farms, inaccess- 

ibility in transit and more care in retailing,would greatly better it. 

Most samples contain nearly 3.5 per cent. of fa -t,, adulteration is 

really practised but little, and only the mildest of preservatives is 

used. The bacterial infection still remains high however, - and it 

is chiefly in the direction of lessening this that future improvem.ent - 

should be looked for and aimed at. 

Carstairs Douglas. 

Nov. 1905. 
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PART II. 

Special Observations on 

Formic Aldehyde as a 

Milk- Preservative. 

Special interest attaches itself to Formic aldehyde 

(H. C®H.) as a preservative, on account of its power, its peculiar 

reactions, and the undesirable reputation which it seems to have 

acquired. The latter I believe I shall be able to show is largely 

undeserved. 

The substance is one of extremely simple chemical con- 

stitution H - 04-H and forms the simplest known aldehyde, that 

of methyl -alcohol H.CH OH, from which it can be formed by oxidising 

the latter in the form of vapor, through the catalytic action of 

incandescent platinum. The action is much accelerated when the 

platinum is finely divided,as spongy platinum. Again when calcinno 

formate is heated formic aldehyde comes off as a vapor: - 

Ca (HCO )R R Ca CO3 H . COH . ( ii X21 

(Calciimt acetate under similar circumstances, yields us the 

ketone/ 
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ketone -acetone CH - CO - CH3) The acid derived from formic 

aldehyde by further oxidation is,of course,,Formic acid H - 

Formic aldehyde is a colourless gas with a strong pene- 

trating smell, and which condenses at - 21 °C ( - 5 °8 F) to a 

colourless liquid. It rapidly dissolves in water to form a 

clear colourless liquid with a pungent odour, and this solution 

saturated, so as to contain 40 per cent. of the gaslis 
put 

on the 

market new as " Formalin" in large quantities at almast fifteen 

shillings a gallon. It has proved itself to be of great value 

in hardening and preserving pathological specimens, and as an 

injecting fluid along with glycerine, for the anatomy rooms; as 

a germicide for hospital and house disinfection, and as an anti- 

septic, deodorizer and food -preservat Wt. It possesses indeed 

qua$eitìes shared by hardly any other chemical substance. 

Formic aldehyde has a tendency to polymerize. For 

example, when evaporated, or when ftgir heated, two or more 

7,u0 Zec unite to form the substance paraform (HCOH) ,- a 

colourless amorphous substance, melting at l7l °C (539 °F) subliming 

at a little higher temperature, and, when heated more powerfully 

breaking up into gaseous formaldehyde. As the gas cools, par - 

aform aldehyde is again formed. 

Again/ 
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Again when an Ap.,44r1,14 solution of formic aldehyde is 

treated with milk of lime in the cold, a mixture of sugars is 

obtained, termed Methylenitan (Butlerow) or Formose (Loew). This 

substance arises from polymerization thus H.COH X 6= Ç 0c and 

from this Fischer separated A- acrose, and from the latter prepared 

glueose and fructose. This aldehyde possesses therefore chemical 

properties of considerable interest, and when it was discovered that 

Aniekvi 
it possessed very remarkable preservativeNAit was naturally soon 

employed in the dairy -trade to inhibit the souring of milk. Under 
fi I' !{ 60 

the names of Preservalene, Freezene, and so on'it has been largely 

used for this purpose, especially in the United States, and to a 

less extent in this country. Allen in his "Commercial Organic 

Chemistry" Vol IV, states it as his opinion that it is ono of the 

least objectionable food preservatives that could be used. Yet 

its use has been severely animadverted upon, and in some places 

has ben entirely prohibited. In the Report of the Departmental 

Committee last appointed to consider the question of the addition 

of preservatives and colouring matters to foods, and issued in the 

end of 1901, the opinion was stated that formic aldehyde should 

be entirely forbidden, this opinion being based, in part at least 

on experiments that were practically worthless, since the weakest 

formalised/ 
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u4s) 
formalised solutions ate, contained as a rule at least ten times 

as much formic aldehyde as would be employed in commerce. Dr. 

W. D. Halliburton for example, published experiments of this kind 

(British Med. Journal p. 1 Vol II, 1900) in which he tested the 

effect of gastric and panereatic digestion on fibrin previously 

soaked in solution of formic aldehyde for from two to three days, 

Ivtic 
as well as the action of ren on formalised milk, before giving 
evidence before the Committee already referred to, and in other 

experiments,solution of formaldehyde of strength of 1, 2 and even 

4 per cent were employed. The weakest used was 0.05 per cent, or 

1 -2000. No wonder fibrin soaked in such solutions became hard. 

The action of't was tried upon formalised milk, where as much 

as two drops of the 40% solution (Formalit} were added to i oz,- a 

proportion of about 1 -1200 of formic aldehyde. Yet Dr. Halliburton 

gravely remarks that this is a strength employed in the milk- trade, 

betraying thereby a sad ignorance, for no milk would be sold with 

such an amount of the preservative in it7seeing that a twentieth 

part or 1 - 24,000 would suffice for preservation. Arguments 

of this kind tell very unfairly against a substance which has a 

good deal to recommend it, as do those also based on the effects 

of strong solutions painted on the skin externally. From the 

observations I have made during the past few years I, mm convinced 

that/ 
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that the harmful effects alleged to be produced by this substance 

in salivary, gastric, and panereatic digestion have been greatly 

exaggerated, where it is used in a high degree of dilution. 

THE CHEMICAL REACTIONS OF FORMIC ALDEHYDE 
and the best means for its detection 

in Milk. 

The form in which the aldehyde is usually added to milk 

is the saturated watery solution so well known under the name of 

Formatin or Formole It contains, when' of full strength, 40 per 

cent. of the gaseous aldehyde, is a clear colourless liquid of a 

hot and disagreeable taste, and gives off a vapour that is very 

irritating to the conjunctive7and nasal. mucosa.. When added to 

milk in any large amount, the taste is easily perceived. Formalia 

is acid owing to the presence of traces of formic acid; its 

specific density is 1070. A good sample should not contain more 

than 0.1 per cent. of formic acid, nor more than traces of chlorides, 

sulphates or heavy metals. It readily reduces Fehling's reagent, 

and deposits metallic silver from a solution of the ammonio - 

nitrate. 

Many reactions have been suggested for the detection of 

formic aldehyde in milk, the following are these which are employed 

most frequently and which I personally have made most use of :- 

1. Hehner's Sulphuric Acid Test. 
--------.. 

This/ 
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This depends on the fact that f ormic aldehyde, milk, 

and sulphuric acid (containing a trace of ferric chloride or some 

other oxidising agent) yield a violet cblouration. Ritchmond and 

Bokley recommend that the milk be diluted, first with an equal 

volume of water, and that 90 - 94 per cent. sulphuric acid be used. 

I have usually performed the test by placing in a test -tube 5 c. 

c.m. of 94 per cent. sulphuric acid, and allowing an equal volume 

of the diluted milk to fall upon it by a pipette from an inch 

abovd the acid so as to cause a little mixing. The fluids 

however form a fairly sharp interface, and if formic aldehyde is 

present a violet ring is observed where the liquids join. In 

normal milks the ring is greenish. The violet zone in a positive 

reaction, remains visible for several days. It should be noted 

that milk must be present for this test to succeed, the existence 

of casein being essential. It is not really an absolute necessity 

that caseinogen should be in the mixture, as one or two other 

nitrogenous organic bodies will also serve. I made some observat- 

ions on this point with the following results: - 

a. If a weak solution, say l -20,0Ó0 of formic aldehyde be taken, 

in water, and run on to the surface of 94% sulphuric acid, no 

coloured ring is seen at the interface, but if a few drops of milk 

are added and the tube shaken gently so as to mix' through the 

watery/ . ? 9)11, 
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watery formalised layer, the purple or violet zone soon makes its 

appearance. 

b. If such a watery solution of formic aldehyde be mixed not 

with milk but with albamoses and peptones, so as to form a clear 

mixture, and this be tested in the usual way, a delicate purple 

ring appears at the junction of the mixture and acid, and persists 

a considerable time. The colour is not so well marked as when 

milk is added. 

e. 
Gelatine employed in a similar way in a formalised solution 

gives a negative result. 

d. Dilute solution of human blood also gives a negative result. 

e. The albumins,clobulins and extraction of meat yielded a 

negative result. 

f. Egg -albumin added to l -10000 H.E0H7 in proportion of I in 

6, fails to give a positive result. 

g. Lecithen, the peculiar phosphorus -bearing constituent of 

nerve and brain ti4, and of certain glands 
/ 
also failed to 

develop the colour. 

This test of I4Lt is therefore very suitable for milk, 

and will not respond at all with plain watery solutions of formic 

atdehyde or when certain albuminous substances are present. 

When the test thereforeis applied to beer or vinegar, a few drops 

of/ 



of milk must be added. As noted above, the sulphuric acid aed 

should be "commercial" ie. should contain traces of ferrie salts. 

A modification of this test is used by the State Board of Health 

of Massachusetts, hydrochlorie acid and milk being mixed together 

ferrie chloride. added, and the whmle;boìled with stirring. 

As regards delicacy the test is most suitable for milks 

containing little of the preservative; indeed, it does not work 

well if more that 0.5 per cent. (1 -200) be present. 

Trying it with milks containing varying amounts of formic 

aldehyde, I obtained the following results:- 

DILUTION. 

1-2000 
1-10000 
1-20000 
1-40000 
1-100000 
1-200000 

REACTION. 

Very Distinct. 
Very Distinct. 

Distinct 
Distinct 
Visible. 
Negative. 

It will thus be seen that the test is one of considerable 

delicacy, and as already noted, the reaction persists for some days. 

2. Hehner's Sulphuric - Phenol Reaction. This test also is 

delicate, and can be obtained with any strength of the preservative. 

It can be carried out with milk direct, but it is best to use the 

distillatelo, say 5.c.cm of the latte r a drop of aueous solution 

of phenol (1 -20) is added, and the fluid after mixing, is poured 

on/ 
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on to the surface of strong sulphuric acid, when, if the reaction 

be positive, a red or crimson ring forms at the interface. If 

the amount of formic aldehyde be at all great, a milky turbidity 

appears above the red zone. I have found this test respond with 

I- 50,000 of formic aldehyde ;on distilling 100 c.cm of such milk and 

testing the first 5 c.cm that come over, a very clear reaction was 

obtained. Still more(dilution solutions than this will respond. 

3. dorissen's Phioroglucian Test. This I have frequently employed 

and find it an excellent test, very simple aid easily perfôrmed. 

The reagent employed is Phloroglucin (tre - hydroxy - benzol Gre-ft 
ci, 1-141.1)á 

1:3:5) which may be suitably used as a 1% solution in 

water. To 10 c.cm of this suspected sample, add 1 c.cm of the 

phloroglucin solution, and 2 c.cm of a 10 per cent. solution 

of potassium hydrate, when, in a positive test a pink red, light 

pink, or pale brown colour will developt, according to the amount 

of formic aldehyde present. The colour appears rapidly; for 

example in a solution of formic aldehyde in milk of the strength of 

1- 10,000, a pink tint will show itself in 30 seconds, attaining a 

maximum in 60 seconds. In all strengths the solutions tested assume 

a very pale lemon or sulphur colour on standing. ¡In non -formalised 

milk no colour at all appears; the milk simply becomes a little 

less/ 
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less opaque. I consider this test a very satisfactory one, but 

ethylic alcohol responds to it. 

4. Tatham Thomson's Silver Nitrate Test. 

Mention has already been made of the reducing power of 

formic aldehyde. This is taken advantage of in Thomson's test, 

where the distillate from suspected milk is treated with a few 

drops of 2 per cent. solution of ammoniacal silver nitrate, and 

kept in the dark. In actual practice, 100 c.cm of the milk may 

be distilled, and 20 c.cm of distillate collected: in this pracj 

locally all the aldehyde will be found. To this are added, 5 drops 

of the silver solution, prepared by dissolving 2 g4rms.of crystalline 

silver nitrate in 100 c.cm. of distilled water, and adding ammonia 

till the pecipitate formed is dissolved. The liquid1after the 

addition of the reagent, may be made up to 50. c.cm with distilled 

water, and set aside in the dark. In a positive reaction a dark 

discolouration of the fluid, due to the separation of metallic silver, 

will be apparent; a light brown may be disregarded. Other 

aldehyde may lead to some darkening of the test, but they certainly 

do not seem to respond so readily, nor when present in very small 

quantities. As far as my personal experience goes, I have been 

led to place this test in an inferior position to Hehner's and 

dorissen's/ 
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Jorissen's, and to Schiff's (to be described presently) although 

I am aware that other analysts (among whom I may mention my friend 

Professor Glaister) consider it highly satisfactory. This latter 

opinion however I cannot endorse. For example, taking a milk 

made up to contain, 1- 40,000 of formic aldehyde, and which responded 

readily to the tests of Hehner and Jorissen, I distilled 100 c.cm., 

and obtained 20 c.cm of distillate, of this 5 c.cm were used for 

the -sulphuric acid test (Hehner) and gave a good reaction. 

e.cw. 
The remainder (15 c.cm) was treated with 5M of the silver solution %, 

and kept in the dark. The maximum tint acquired was a gray -brown 

at the end of 24 hours; after 30 lrs, there was no further change. 

What remained in the distillation flask still smelt, while steaming, 

of formic aldehyde, and was able to respond to Hehner's sulphuric 

acid test. Other examinations, with varying strengths gave the 

same general resuits.As remarked above. I much prefer Hehner's or 

Jorissen's tests, in which the diagnestic reaction is usually 

unequivocal. F'erther, Thomson's test requires -from 12 to 24 hours 

for its completion, whereas the two first mentioned can be carried 

out in a couple of minutes. 

5. The Resorcinol Test. 

like/ 

e,144(71-01. 

Resorcinol or Di- hydroxy - benzol (1 :3) is a brown curry 
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like powder, smelling somewhat of iodoform. It is soluble in 

water, alcohol, or ether. It is employed, like phloroglucin, 

as a test for formic aldehyde as it, like the former, develops 

a red colour with the aldehyde in the presence of an alkali. To 

perform the test, one may take 10. c.cra of the suspected milk in 

a large test -tube, add an equal quantity of 10 per. cent. caustic 

potash, and 0.5 firms of resor$nol. On shaking, a light brown 

turbid fluid results, whether the milk be pure or not; but on 

boiling a normal milk becomes a deeper brown, while a formalised 

one becomes a distinct red. I have not found this test very 

delicate, and, in my opinion, it cannot compare with the phlorog- 

lucin one. 

6. The Magenta Test. 

Schiff has suggested the use of a reagent which consists 

of a solution of magenta (rosaniiink),decolorized by sulphurous 

acid; an excess of the latter must be avoided. The sample of 

milk may be curdled by dilute sulphuric acid, filtered, and the 

filtrate treated with a few drops of the reagent, when formic 

aldehyde produces a purple red colour. The reagent is readily 

QQ 

made by taking a dilute solution of fuchsin (the ordinary 'Lieñt - 

Neelsen stain diluted answers very well), and carefully adding 

solution of sulphurous acid gas in water till the red colour is 

entirely/ 
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entirely discharged. Hehner recommends that the technique be 

modified as follows:- 100 c.cm of the sample are distilled, and 

25 c.cm. distillate obtained. This latter is placed in a small 

stoppered cylinder with 5 drops of the reagent. The colour is 

)444 
observed next day, and anyeae to oxidation is removed by the addition 

of a little more sulphurous acid. What persists is due to formic 

aldehyde, and is usually of a light purple or violet tone. The 

oxidation colour is usually more red, like resanilin. 

The test, is fairly sensitive and is very pretty. I 

find that 5 c.cm. of afucous solution of formic aldehyde (1 -5000) 

yield a delicate violet colour in two minutes, becoming a distinct 

purple in four. With 5. c.cm. of an mucous solution of 1- 10000, 

it takes four to five minutes to develop a pale violet tint. The 

colours are permanent, and do not go1onthe further addition of 

sulphurous acid. Ordinary aldehyde (CH .COH) responds to this 

test, but acetone does not, nor does ethylic alcohol. 

7. The Ortho- methyl phenyl - amino - sulphate. Test. In the 

British Medical Journal of March 21. 1903, Saul described a reaction 

with the above named compound and peroxide of hydrogen, whereby 

it was possible to distinguish raw milk from boiled, the former 

yielding a fine deep pink tint with the reagents, while the r 

milk/ 
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milk shows no change of colour. This change he suggested 

might be due to a ferment in the milk destroyed be heating. In 

a paper which I published in the Lancet (Vol. /p. 24, 1903), I 

further described this phenomenon, to which .I gave the name of the 

"Ortol" reaction, both for convenience, and because the reagent 

can be most readily obtained from OrtoiD, a photographic reagent 

where it occurs along with quinol. A 1 per cent Alueous solution 

of this does for the test, along with one drop of weak peroxide of 

hydrogen. My observations confirmed Saults surmise that enzymes 

might play an important part in the production of the colour, and 

I was able to get the same reaction when ptyalin, pepsin and other 

organic bodies were substituted for milk. The ferment probably 

carries oxygen from the per&xide of hydrogen to the "Ort6I", just 

as haemoglobin does in the guaiae test for blood, and such ferment 

is destroyed by heat. 

Now when ortho - methyl- phenyl -amino- sulphate is added 

to formalised milk a pini colour is developed on standing without 

the addition of peroxide of hydrogen. This is not a specific 

reaction for formic aldehydsIbat is simply an accelerated pro- 

duction of the colour which normally appears, in any case, in a 

milk free from formic aldehyde if time anough be given. In other 

words/ 
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words, the peroxide of hydrogen makes the colour change visible 

at once; if formic aldehyde be added, but no peroxide of hydrogen, 

the change appears fairly soon, whereas a normal milk, fresh, un- 

boiled, and unadulterated, will yield the colour after lapse of 

time. When the reaction was tried with (a) hormai milk; (b) for- 

malised milk; (c) milk containing acetic aldehyde; and (d) milk 

containing acetone, it was found at the end of half an hour, that 

there was a distinct pink in the milk with acetone (most marked), 

in that with formic aldehyde, and in the normal milk, while that 

containing acetic aldehyde showed but a slight change. 

This colour reaction though interesting is therefore not 

peculiar to formic aldehyde; it is shared generally by aldehyde4 

and ketones. 

8. The Amidol Reaction. 

In donclusion I may mention this test, in which di - amido_ 

phenol hydrochbride, as suggested by Matcget and Marion (Comptes 

Rendues: 135584') is employed. The procedure is very simple. 
7. 

A little of the suspected milk is placed in a beaker or porcelain 

basin and on its surface is sprinkled a minuto quantity of amidol. 

If formic at dehyde be present, the milk turns a bright yellow, 

even although the preservative be present ohly in the proportion 

of 1- 50,000. Pure milk on the other hand, turns not yellow but 

salmon pink, changing to brown. This test is one of those recom- 

mended by Pion and of Philadelphia in his newly published "Medical 

Chemistryu 
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Chemistry ", p. 515. 

Of the tests detailed above, Hehner's with sulphuric 

acid, and Jorissen's phioroglucin reaction will be found very 

useful and quite sufficient in any milk analysis. Taking a milk 

and adding full strength formalin till the proportion of formic 

aldehyde was 1- 50,000, it was found : - 

1. That 5. c.cm reacted promptly to the phioroglucin test, 

showing a distinct pink tint in fifteen deconds. 

2. That with Hehner's sulphuric acid test, a distinct violet ring 

was obtained, the control yielding a green zone. 

3. That with Rehner's sulphuric - phenol test, a rose ring was 

obtained, the colour in the control being yellowish brown. 

4. That Thomson's silver - nitrate test gave a doubtful reaction. 

Such a milk reacted as follows with the strong mineral acids 

(commercial):'- 

a. With an equal volume of hydroejdoric acid it gave a fine 

pink coloration in the cold changing to a beautiful purple on 

heating, a control gave us pink tint, and on heating simply grew 

dark brown. 

b. Strong nitric acid (equal volume) produced alike in formalised 

milk and in the control, a bright yellow in the cold. 

c. Strong/ 
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c. Strong sulphuric acid (94 %) added in equal volume, quickly 

produced a deep purple in the cold, while the control yielded a 

greenish yellow tint, rapidly changing to a coffee- brown, and 

eventually to black. 

The first and third of these are practically Hehner's reaction. 

Even in a milk containing 1- 90,000 of formic aldehyde, a 

distinct violet ring id obtained by Hehner's sulphuric acid test; 

the phioroglucin reaction shows a very pale pink in five seconds 

attaining a maximum in thirty seconds; strong sulphuric acid on 

mixing gives a distinct general.purple in the cold; and strong 

hydro - chioric acid causes no change of tint in the cold, but 

on boiling a delicate lilac - pink hue becomes apparent. It is 

thus clear that in practice very small amounts of formic aldehyde 

can be detected even without preliminary distillation. 

The Acidity of Formic Aldehyde. 

There is little doubt that certain samples of formatin 

owe their irritating properties, in part, to formic acid (H. CVO 

As aL.ready mentioned a good sample should not contain more 

than 0.1 per. cent of the acid, and it is always desirable to 

reduce it to a minimum. Its amount is easily estimated by 
/ 
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caustic potash, using phenol - phtia1ein as 

precisely the same way as the acidity of lime- 

juice or vinegar is determined. In actual practice 10. c.cm of 

the forma1i4 are titrated with the alkali till neutralization is 

obtained and the number of cubic centimetres of caustic potash 

solution employed, multiplied by 0.0046 (derived from 46, the 

weight of formic acid) gives the quantity of acid present 

in the amount of sample taken. For example, in testing one of 

the samples of formalin (full strength) which I used in experi- 

menting, it was found that 10 c.cm. required 1.5 c.cm:T5 KOH for 

neutralization. Then 1.5,E 0.0046 0.0073 grins. formic acid in 

the 10 c.cm. taken, or 0.073 per cent., which is below the max- 

imum of 0.1 per cent. 

The Determination of the Amount of Formic Aldehyde in 

any given sample of Formalin. 

Specimens of Formalin on the market do not always 

contain the full amount (40 per cent.) of formic aldehyde, and it 

is therefore necessary before using any such specimen for pur- 

poses of experiment to determine exactly how much of the aldehyde 

is present. 

The/ 



19. 

The method usually employed is based on the rmutual inter- 

action of formic aldehyde, neutral ammonium chloride, and caustic- 

in which ammoniallibereted by the potash, acts on the aldehyde 

to prohwe hexamethylenittramin, 4 ( 4112) while the hydrochloric 

acid liberated unitts with the caustic potash, thus: 

611.00 H -r 4 NH401 4 4 KOH = (C4) it' 4K61 * 10 40. The more 
d "Oh!, fi At4 MC ee f /f Kohl = /14 (Ch) 4 f- y 1(ee r o /4 

formic aldehyde present, the more caustic potash is required to 

produce final neutratization. In actual practice the process I 

usually adopt is that recommended bu Schiff. (lefts. Pharmao1. 

1903, 109), in which 10. c.cm of the sample are taken, made up to 

200 c.cm, with water, and neutralized ow acid. The fluid is 

filtered and to 10. c.cm of the filtrate there are added 3 or 4F-c.cm 

of water in which 0.5 grmN.of neutral ammonium chloride has been dis- 

solved. Normal caustic potash is then run in from a burette with 

caution till the fluid is just alkaline, litmus being used as the 

indicator. Each cubic centimetre of caustic potash used multiplied 

by the factor 0.045 gives the amount of formic aldehyde in the 

quantity of sample taken. For example, a sample is taken and 5. c.cm 

are diluted up to 100 with distilled water, neutralized and filtered. 

10. c.cm. of this (corresponding to 0.5 c.cm. undiluted formatia) are 

taken, and to this portion are added 3.7 c.cm. of water containing 

0.5/ 
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0.5. grms, pure neutral ammonium chloride. A little litmus 

solution is added, and normal caustic potash run in from a burette 

till neutralized is accomplished. Suppose 3.6 c.cm of potash solu- 

tion be employed. Then 3.6 X 0.045 0.10, grms. formic aldehyde 

in 0.5. c.cm. 

Then 100 x 0.1nß 32.4 _ per -tentage. 
0.5 

Another method which is a little longer but, I believe, 

more accurate is that which had been described some years before by 

Carl. E. Smith in an extensue paper published in the American Journal 

ofPharmacy_in 1898 (86,447). Smith recommends that 2.25 grms of the 

sample, 2 grms of neutral ammonium chloride, and 25. c.cm of normal 

caustic potash be introduced into a flask, the latter stoppered 

at once, and left for half an hour. Several (EA. six), hour?* con - 
( 

tact id better. At the end of that time a little solution of 

roselic acid ( in alcohol) is added, and by titration with normal 

sulphuric axid one ascertains how much potash still remains in the 

flask, and thus how much has entered into combination in the chemical 

reaction already described. Working with 2.25 grms. of the sample, 

every 1.cc. of caustic potash used up corresponds to practically 2 
N 

per cent of formic aldehyde, for 1. c.cm. T = 0.045 grms H. COH. 

so 2.25 : 100 :: 0.045 : 1.9999 or 2 %. A full strength sample would 
N 

thus leave only 5. c.cm of the Z K unused, indicating that 20 
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c.cm. had entered into combination, equal to 40 per cent. 

Before leaving this pact of the subject I should like to 

mention that there is little fear of mistake arising through the 

presence of acetic aldehyde in milk. The latter certainly gives 

some of the reactions of formic aldehyde but only in comparatively 

strong solutions. In an amount such as 1 - 6000, ther2 was no 

response to the phloroglucin lest in 2 - 3 minutes, while formic 

aldehyde it an am unt of on y 1.40000 will answer in 10 - 15 seconds. 
t 404 c k J3, 

After 5 minutest a milk assumes a creamy tint, and after the lapse 

of 10 minutes a very light delicate brown is perceptible; this is 

the maximum. In such strength as 1 in 150 of milk, diluted with 

an equal volume of water, no response is given by acetic aldehyde to 

Hehner's sulphuric acid test. 

Milk containing it in the proportion of 1 - 6poa has a 

distinctive taste - peculiar and fruity - and possesses hardly any 

power of withstanding souring. 

THE PRESERVING POWER OF FORMIC ALDEHYDE. Many observations were 

made on this point which confirmed the opinion already held as to 

the remarkable preservative powers of this substance. It must 

however be clearly borne in mind that it does not possess the power 

of rendering milk sterile when added in only small quantities, or of 

pPC Venting/ 
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Ye'enting the development and action of micro - organisms. It is 

chiefly used tp prevent the souring of milk, and has a great power 

of inhibiting the activity of the various bacilli that produce 

lactic acid fermentation. But this souring is the earliest 

occurrence in warm weather which makes milk unsuitable for human food, 

and leads to its rejedtion, and it is a serious question as already 

stated, whether the use of small quantities of preservatives should 

not be allowed - their presence and amount always being declared - 

just to keep milk sweet in warm weather for say 20 - 24 hours after 

milking. It may be replied to this, that this addition will not 

affect very many of the organisms in milk but will merely mask their 

presence; but it must be remembered that if the milk kept sweet 

without any preservative for 20 hours, we would have just as many 

organisms present.- perhaps more, and this kind of milk is largely 

consumed by all classes of the community. The diminution of the 

total number of organisms in milk is not to be accomplished by the 

addition or withholding ¡If any preservatives, but by attration to 

those rules of dairy hygiene which have from time to time been 

emphasized by samtarians, and which will be found for example in such 

papers as "The Hygienics of milk" by Dr. Leslie Mackenzie (Edin. 

Med. Journ. Vol. V. NS. 1899, pp 372, 563) and "Considerations 

relating/ 
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relating to Milk Supply" by Dr. Aitchison Robertson, in the 

February number of the Scottish Medical Surgical Journal 0a5 
The proportions of formic aldehyde in the samples of milk 

used for testing the preserving powor were as follows : - 

1 - 5000 1 - 40,000 
1 - 10,000 1 - 50,000 
1 - 20,000 1 - 60,000 
1 - 25,000 1 - 70,000 

1 - 30, 000 1 - qQ,000 

and 1 - 100,000, by volume. 

(1) Strength 1 - 5000. The control milk set up at the same 

time as the formalised, and kept under precisely similar conditions 

was sour in 48 hours, while the preserved milk remained sweet till 

after' 72 hours; by 96 hours it had a peculiar disagreeable taste, 

and by the following day it was putrefying:- thus 

DATE CONTROL 

Nov. 29. 12.30 p.m. Sample set up. 

Nov. 30. 12.30 p.m. 
24 hrs. Sweet. 

Dec. 1. .12.30 p.m. 
48 hrs. Sour. 

Dec. 2 12.30 p.m. 
72 hrs. Sour. 

Dec 3. 12.30 p.m. 
96. hrs. Very Sour. 

Dec. 4. 12.30 p.m. 
120 hrs. 

Very Sour. 

FORMALISED . 

Sample set up. 

Sweet. 

Sweet. 

Sweet. 

Not sour, but with a 

peculiar disagreeable 
taste. 

Putrifying. 
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In this strength the preservative is at once perceptible 

to taste, producing a peculiar hot sensation in the pharynx; it 

would of course, never be used in so large a quantity as a milk 

preservative. In this proportion it is a powerful retarder of 

bacterial activity. I took,for example, some of the formalised 

milk of 48 hour's standing which was still sweet, and inoculated 

it with sour milk from the control. Although large numbers of 

active bacilli capable of causing lactic acid fer mtntation were 

introduced, the formalised milk never gave any evidence of their 

actions, but was quite sweet after the lapse of 24 hours, and after 

48 was not yet sour though it had a peculiar taste, Neat day it 

was decomposing. 

(2) Strength 1 - Ipppn. A number of samples were tested at this 

strength, and to save space, the results of the observations will 

alone be given. The taste of the aldehyde in this preportion is 

generally decernible. All milkscontaming it in this proportion do 

not keep sweet for the same length of time; this could hardly be 

expected, seeing that the number of organisms present in various 

samples differs enormously - but in general, milk with the aldehyde 

present in this strength kept sweet at least 48 hours, sometimes longer 

room temperature, while the control was practically always soured, 

under/ 
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under, 48 hours. On two occasions the milk remained sweet for 72 

hours and once as long as 79, but as a rule by the third day it 

altered, sometimes becoming soured, sometimes changed and peculiar 

in taste, in on to decomposition. This proportion is too great 

for use in commerce. 

(3) Strength, 1 - 20,000. A number of observations showed 

that at this strength the milk kept sweet for 48 hours, though on 

one occasion it was curdled by this time 
/ 

and sour. Forty -eight 

hours of freedom from souring may be taken as the average, but on 

one occasion, July 1904) at room -temperature, such milk kept sweet 

for 80 hours, the control souring 27 hours earlier. No doubt this 

milk to start with contained comparatively few organisms. In this 

dilution the aldehyde is barely perceptible by the palate. 

(4) Strength 1 - 25,000. Only one observation was made at 

this dilution. The milk chosen was probably 7 hours old from time 

of milking, and was put up, along with the control, at room temperature 

in the month of January. The control remained sweet for 24 hours 

longer, but ere another 48 had passed it had soured. The formalised 

milk remained sweet for 72 hours, as long as some of the longer 

occasions on which the 1 - 20,000 kept right. It must be remembered 

however that we were dealing with a cold month. 

(5) Strength 1 - 30,000. It was found, on occasion, that in 

this/ 
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this proportion, a milk could keep sweet over 48 hours, even indeed, 

as long as 72 ;on one trial the control kept sweet till 48 hours had 

passed, but 4 hours later it was just 'turning'. The formalised 

sample on the other hand remained sweet for 72 hours under the same 

conditions, and only 4 hours later gave evidence of lactic acid 

formation. The amount of formic aldehyde used in a dilution of 

1 - 3n,000 amounts to about 2. 40 grs. per gallon, stated in this 

way for a milk of specific gravity 1032. If we summarise our 

results so far, we see that with proportion of 1- 5000, 1 - 10,000, 

1 - 20,000, 1 - 250n , and 1 - 30000, milk, can be kept sweet always 

for 48 hours after the preservative is added, ( provided this be 

not later than 7 8 hours after milking), and that occasionally 

the time of immunity from souring stretches out to 72 hours or 

beyond it. These strengths however are rather greater than would 

be employed commercially, and we may now consider milks with greater 

dilutions. 

(61 Strength 1 - 40,000. When milk was examined with formic 

aldehyde present-in this amount it was found that souring was rarely 

delayed beyond 48 hours, sometimes barely so long. It might be 

found quite sweet and natural for 24 hours, but turned at 48, while 

the control would be soured slightly at 24 and markedly at 48. The 

preservative/ 
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preservative power was obvious though not very lasting, 30'- 40 

hours being perhaps the average. Such milk would contain about 1.8 

grs. of formic aldehyde. per gallon. 

(7). Strength 1 - 50,000. When this small proportion of the 

preservative was added, the taste was imperceptible. It 

happened that the formalised milk did continue sweet longer than the 

control. As a rule 24 hours of freedom from curdling were obtained, 

sometimes 30, and, on one occasion the milk remained sweet for 48 

hours, though the control was already 'turned'. We may therefore 

take it that formic aldehyde present in milk to the extent of 

1- 50,000 will keep it sweet for 24 or 30 hours. 

(8) Strength 1 - 60,000. It was found that a milk formalised 

to this degree might remain sweet for 24 hours, and even a little 

longer, but there is 

(greater 

likelihood of its altering just as 

rapidly as the controt. 

(9) Strengths 1 - 70,000, 1 - 90,000 and 1 - 100,000. 

Milks were tested containing formic aldehyde in these very small 

proportions, which, it was found, were insufficient to preserve. 

In the strength of 1 - 70,000 it was found that there was _a little 

less souting at a given time than was observed in the control, but 

the difference was slight, and in any case the sample could not be 

called "sweet ". In strengths of 1 - 90',000 and 1 - 100,000 no 

difference/ 
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difference whatever could be detected between formalised and normal 

milk. 

Two facts emerge from a consideration of these tests on 

preserving power. The first is that with a rather large amount of 

formic aldehyde present, no'souring' occurs, - the milk keeping sweet 

at first, and afterwards rather undergoing a process of putrifaction; 

in strengths of 1 - 5000, and 1 - 10,000 the activity of bacilli 

causing lactic acid formation is markedly inhibited, and as already 

noted, the addition of curdled milk to sweet milk containing 1 - 5000 

of the aldehydeileads to no extension of the souring. When we deal 

with milks of the strength of 1- 20,000 and diluted beyond this, we 

see that the milk, when it does begin to change, undergoes ordinary 

souring like the control, though later. The action of the bacilli 

of lactic acid fermentation is thus merely delayed, not prevented. 

This is an imported matter, because it has been said (and the state- 

ment would carry great weight if it were true) that the use of such 

a preservative would be really harmful, inasmuch as it would mask 

the changes taking place in milk through the activity of tha organiums 

of putrifaction, and that as the danger -signal of 'souring' would 

be wanting, such a Milk might be consumed and do much harm. As 

however with dilutions beyond 1 - 20,000 (and such dilutions would 

always/ 
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amways be employed in the dairy- industry), souring occurs as a 

practically invariable rule, this argument loses its weight, the 

milk simply remains sweet for a slightly longer period than it 

otherwise would, and becomes turned in due course like any ordinary 

specimen. It ceases to be consumed therefore long before any putri- 

faction- changes have set in. 

The other point on which comment falls to be made is, 

that in order to keep a milk sweet for, say 30 hrs, after milking, 

it is not necessary to employ formic aldehyde in a great proportion 

than 1 - 40,000 ( 0.0025 %) ;with a strength of 1 - 30,000 milk can 

often, perhaps generally, be kept sweet for 48 hours, and with one 

of i - 40,000 for from 24 to 36 hours. When we come to 1 - 50,000 

we find the effect of the preservative somewhat varikble and uncertain 

and with weaker dilutions no reliable results can be obtained. In 

the case of a strength of 1 - 40,000 there would be about one -quarter 

of a grain of formic aldehyde in an imperial pint, or one -eighth of 

a grain in a tumblerful of milk. A milk containing 1 - 30,000 is 

preserved still better, but certainly, if ever the use of this pres- 

ervative were alised, it would not be necessary to employ larger 

quantitied than this at the very outside. We may rightly conclude 

then that we are here dealing with one of the most powerful milk 

preservatives/ 
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preservatives known. 

1Y. THE EFFECT of FORMIC ALDEHYDE on 
the DIGESTIVE FERMENTS. 

Muc1 has been written and spoken on the harmful influence 

I/ 

exerted by this preservative on the Digestion of oo- stuffs to which 

it has been added. Some of the opinions held regarding this matter 

are, I believe, susceptible of revision, for there is little doubt 

that in many of the experiments on which these opinions are based, 

far too strong solutions of the aldehyde were employed. Tests 

have often been carried out with solutions containing 1 - 2000, ( O. 

05 %) whereas no solution containing more than 1 - 20,000 ( 0.005 per 

cent) should be considered. 

A. EFFECT of FORMIC ALDEHYDE on the 
ACTION of RENNIN. 

It was found, on taking 40 c.cm of a pure fresh milk in 

a beaker, at 37% C. that the addition of one drop of a good 

essence of rennet induced curdling in 20 seconds, the curdling 

being quite complete in 40 seconds. Only once was it noted that it 

took, as long as 25 seconds for the curd to begin to form, and complete, 

curdling was never delayed beyond 40 seconds, the curd being then 

lira and good. 

The same milk containing formic aldehyde to the extent 

of 1 - 10000 (0.01) per cent gave clear evidence of the onset of 

curdling/ 
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curdling after the lapse of 20 seconds, and the action was complete 

in 40 seconds, a firm and satisfactory curd being obtained. There 

was no difference in the effect of rennin on such milk as compared 

with pure milk;_ It was only when much stronger proportions of the 

aldehyde were used that any retarding influence became apparent; 

the curding then took place, more slowly and the curd was softer. 

This might occur in strengths of 1 - 2000 such as, for example, 

Dr. Hailiburton employed, but deduction, based on such strong mixtures, 

are of no value at all for practical purposes. As in the preservation 

of milk for ordinary summer use, an addition of the aldehyde to the 

extent of 1 30004 or 1 - 40,000 is sufficient, it is clear that 

its presence in this minute amount will exercise no retarding 

effect on rennin action, since even with a 1 - 10,000 milk no delays 

is perceptible. 

B. EFFECT on the SALIVARY DIGESTION of STARCH. To test this 

observations were made on a well- boiled 1 per cent solution of starch 

diluted to a definite amount with pure water, and with solution of 

1 - 25000 formic aldehyde for the test. Using 1 c.cm of starch 

solution, 1.c.cm of fresh swam and 5. c.cm . of pure water for the 

control; and of 1 - 25000 formic aldehyde (which by the addition of 

1.c.cm of starch solution became diluted to 1 - 30,000) for the 

test/ 
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test, it was noted that all the starch was inverted as rapidly in the 

one case as the other. To take two examples, the following results 

were obtained : - 

CONTROL. FORMALISED (1- 30,000) 

Time. 

2 Min 

Result. 

Starch present. 

Time. 

2 min 

Result. 

Starch preset 

22 " Do. 22 " Do. 

3. " Do. 3 " Do. 

32 " Do. 32 " Do. 

3 3 4 
11 

Do. 3! " Do. 

4 " Starch gone. 
barely 

4 " Starch gone. 

Again : - 

CONTROL. 

1 min Starch present. 

FORMALISED. 

1 min Starch present 

12 " Do. 12" Do. 

2 " Do. 2 " Do. 

22 " Do. 22 " Do. 

3. " Do. 3. " Do. 

34 " Starch gone. 3! " Starch gone. 

I never found any evidence that the activity of ptyalin 

was/ 
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was all- retarded by the presence of 0.0033 per cent. (1 - 30,000) 

of formic aldehyde, and no stronger mixture would ever require to 

be used as a preservative. 

C. EFFECT ON PEPTIC DIGESTION. 

Much has been written regarding the pernicious effect of 

formic aldehyde on gastric digestion, some ascribing it to the direct 

effect on the ferments, others to a hardening process of the protecds 

in the material ingestednand which are specially altered in stomach 

digestion. I cannot say that I have ever been able to satisfy 

self as to this retarding influence, or seen any indication of 

it, except, perhaps on one occasion, where it was extremely slight 

and possibly explicable on other grounds. 

To test the point, different procedures were tried:- 

a. An aqueous solution of formic aldehyde was prepared 

of the strength of 1 - 20,000, and 10. c.cm. placed in a test -tube; 

a similar tube held I0.c.cm. of pure water. each each were added 10 cc-, 

of 10 per cent. hydrochloric acid, and 1 c.cm. of Benger's i.tuor 

r 

pepticus, and lastly in each solution there was placed 0.5 grms of 

carmine - fibrim ksuch as is used for Grut er's digestion Zest,) pressi 

free of water between layers of filter paper. The carmine fibrim 

was prepared by getting fresh fibrim from ox blood at the abattoir 

washing/ 
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washing well in cold water, and then placing in a 0.25 per cent. 

solution of carmine in water, to which a trace of ammonia had been 

added. The fibrim was left in the ataining fluid for 24 hrs. and 

had by this timed taken on a deep red tint. It was now washed 

4144)5/1443 thoroughly in cold water and st d'in glycerine. The carmine is 

only given up by the fibrim under the action of proteolytic ferments. 

Reverting now to the observation on the formalised and 

control so'utions mentioned on the preceding page, the tubes were 

placed together in the water bath at 400., and examined every 5 

minutes, each tube being shaken twice in the ruteroat. The rate 

of digestion was guaged by the depth of colour imparted to the 

m 
solution by the carmine liberated through protelysis. 

A 

this appeared to be slightly more marked in the control than in the 

formalised solution, indicating a greater rate of digestion, but the 

difference was very slight, and there was some doubt as to whether 

the moisture had been equally well removed from the two portions of 

fibrim before weighing - a point which would effect the actual 

amount of carmine present. Repeating the procedure with greater 

care and employing a solution of formic aldehyde of i - 30,000, and 

using only 0.25 grins, fibrim it was observed that as far as the eye 

could judge, the tints were indicated, and no evidence of retarding 

effect/ 

On one occasion 
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effect could be detected. 

(B). Varying the method, 100 c.cm. of a 1- 50,000 solution itf 

formic aldehyde were taken to which were added 1. c.cm of liquor 

pepticus, 3 c.cm. of 10% hydrochloric acid, and 1 grm of carmine 

fibrin. A control test with 100 c.cm. of pure water was also 
o 

employed. Both were kept at 38 C. with frequent stirring and 

the activity of digestion was determined by the time required for 

complete solution of the fibrim. 

The following results were obtained: - 

I. In 5 minutes a -oink colour in each beaker indicated that digestion 

had commenced. 

2. In 8 minutes the fibrim was largely gone. 

3. In 10 minutes the liquids were equally red, and there was, if 

anything, rather more fibrim left undigested in the control. 

4. In 20 minutes the formalised solution was clear of fibrim while 

in the control a very few minutes flakes still floated. 

There was thus no evidence of any retarding influence whatever; 

indeed it might be said that digestion proceeded more rapidly where 

the formic aldehyde was present, but the small difference may be 

disregarded being due possibly, as in the first instance, to a 

slight difference in the amount of fibrin taken. 

(F). The effect of digestion was 

fibrim/ 

observed where the 
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fibrim, was first soaked in the formalised solution for some hours 

prior to the addition of the pepsin and acid. For example equal 

weights of carmine fibrim were taken, and one portion was left to 

soak in solution of formic aldehyde 1 - 50,000 for 8 hours, while 

the other lay in pure water for the same period. Pepsin and acid 
o 

were then added and the specimens kept at 38 C. The fibrim was 

completely digested in each case in 30 minutes, and no difference 

could be detected between the digestibility of the fibrim subjected 

to the action of formic aldehyde and that not so treated. Experi: 

meats were also conducted on similar lines where Mott's white of 

egg tubes were used to test the rate of digestion, but the results 

obtained were not nearly so clear or so good as when fibrim was used. 

D. THE EFFECT OF FORMIC ALDEHYDE ON THE PANCREATIC DIGESTION. 

Various experiments were carried out, to determine this 

point®f carmine fibrim 1 grm was taken and left to soak in 100 c.cm 

solution of formic aldehyde (1 - 50,000) for 8i hours, a similar 

amount being left in pure water (100 c.cm ) for the same time. There 

was then added to each in a beaker 1 grm. of anhydrous sodio carbonate 

and 1 c.cm. of strong glycerine extract of pancreas and the beakers 

o 

were kept at 38 C.. A pink colour soon appeared, indicating the 

commencement of digestion, and the beakers were examined at the end 

of/ 
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37. 

At the latter time, the depth of 

colour was the same and digestion/ 

[ 
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digestion appeared to have proceeded equally in both, though the 

process was much slower than with pepsin. After the lapse of 

20 minutes, 4 minutes, 50 minutes, and 65 minutes respectively, 
the test beaker and control gave similar results, a fair amount 

of fibrim in a swollen and somewhat gelatinous condition remaining 

in each. There was no evidence of any retardation in the digestion 

of the formalised fibrim. 

Repeating this I obtained the same results; the fibrim 

was left in 1 - 50000 formic aldehyde for 8i hours, and then 

treated with pancreatic extract as above described; a control was 

also set up. Observations made after the lapse of 10, 20, 30, 

40, and 100 minutes gave similar results; after the lapse of 

6hrs. and 40 minutes,a little was still found undigested in 

each beaker, and there was, if anything, rather more left in the 

formalised solution than in the control indicating a slight 

retarding influence. By next day digestion was complete, and 

both beakers were equal in tint. On another occasion the 

observations were made on carmine- fibrin treated for 44 hours 

in the formic aldehyde solution (1- 50,000) sodic carbonate and 

pancreatic extract being thereafter added, as before, and the 

whole along with the control kept at 3800. The solutions were 

observed every 10minutes for a period of 100 minutes. For 

the/ 
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the first half hour the rate of digestion appeared equal in 

the two solutions, but after this the fibrin in pure water 

appeared to digest rather more rapidly khan that which had been 

exposed to the aldehyde. The difference was not great, indeed 

it was very slight, but it was appreciable. I think this was 

the only occasion on which distinct retardation of digestion was 

observed in the formalised neaterial or solution, and, since it 

was not apparent in either of the two trials in which the fibrin 

was exposed to the aldehyde for Si hours, it is possibly sus- 

ceptible of some other explanation. We may I believe, conclude 

that there is practically no evidence of any weight to support the 

view that this preservative exerts any harmful effect on digestion 

when present in amounts of from 1 - 25,000 to 1 - 50,000. 

5 The EFFECT of FORMIC ALDEHYDE on MILK ANALYSIS . 

The question fight be raised as to whether the pres- 

ence of formic aldehyde could effect the result of analysis of 

such milk. It is known for example that it can, reduce Fehling's 

solution. Would it tend then to make a milk appear richer in 

lactose than it really was? Would it influence the extraction 

of fat by ether in the 8oxhiet or Werner -Schmidt process, or 

co 
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could it cause a retention of water so as to make the total 

solids appear greater than the reality? 

The points that really matter are the fatty solids, 

and the total solids from which we can get the solids -net -fat, 

and a priori one may very greatly doubt whether in 10 grms. of 

a milk,(the amount that might be used for such analysis) con- 

taining let us say 1 - 20,000 formic aldehyde, the amount actually 

present (0.0005 grins) could influence wither the results for 

solids or for fats. And actual experience bears this out. i 

8 
took milk of specific gravity 1032 (at 16 C) and prepared some 

with 1 - 20,000 of the aldehyde. ®f the pure milk 5.115 grms. were 

weighed out in a platinum basin and 5.000 grins of the formalised 

sample, and each was evaporated dry in the water -bath, and well- 
oC. 

dried in the hot air oven at 105 The dry residue for the pure 

milk weighed 0.5 70 grins giving a total solids of 11.4 per cent 

while the residue in the case of the formalised specimen weighed 

0.590 (for 5.115 grm) or a total solids of 11.4 per cent. 

The results were thus indentical. 

Determination of the fats by the Werner- Schmidt tube 

(in which small errors are very apt to occur, especially in the 

pipe ±ting off of the ether, the pure milk gave a percentage of 

2.83, while that in the formalised milk was 2. 75, a very slight 

difference/ 
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difference, equal to an error of about 3 per cent, and quite 

explicable by the manipulations of the process. In another 

milk, where a sample was also compounded with 1 - 20,000 formic 

aldehyde, a sugar estimation was made and the results w ̂ re, 

like the total solids, identical, viz 4.56 per cent. calculated 

as lactose for pure and preserved milk alike. Various other 

analyses were made - the proteids in some cans being intimated 

by RitthaUsen's process, and as a result of the observations I 

can say with confidence that such small amounts of the preservative 

exercise no influence on the analysis of the samples containing 

them. 

Mr Harris F.C.S., Chemist to the Corporation of 

Glasgow tells me that when he has used formalitc.in the pròportion 

of 2 drops to a 6oz. bottle of milk to preserve it, the result 

for the total solids will appear to be slightly higher than 

where no formalid,is used. In this amount the proportion of 

formic aldehyde is approximately 1 - 3000, and it is possible 

that it causes a certain retention of water by the caseinogen. 

The l@ffman -Beam Method is used as a preliminary in fat -analysis 

in the Corporation Laboratory, and Mr Harris thinks that the 

presence of formic aldehyde in the amount stated interferes 

o 
slightly with the liberation of fat from the caseigg_4n envelopes 

by/ 
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by the sulphuric acid.used in that method. I may however 

reiterate my personal experience that with strengths of 1- 25,000 

o 
(and iä fortiori, in greater dilutions) no effect is produced 

in milk analysis. 

6. The INFLUENCE of FORMIC ALDEHYDE on BODY - METABOLISM. 

I have not had time yet to investigate this matter 

with any fulness, but observations have already been carried4on 

by other workers. In 1901. (July) Zunnicliffe and Rosenheim 

published abservations they had made (Journal of Hygiene) using 

children as the subjects and administering formic aldehyde in 

food in the strength of 1 9000 which is undoubtedly very 

strong. They made observations on proteid and fat metabolism, 

on water- retention on body weight and growth etc., The experi- 

ments lasted 28 days in each case, the first and last 7 days 

respectively being fore-and after- periods to allow of metabölic 

4,4444. 

equilibro4 being regained while the preservative was given in 

the fortnight between. They selected three children, two being 

healthy boys and one a delicate girl. They concluded that in 

healthy children, formic aldehyde in the strength mentioned 

causes a retention od water in the body but exercises no appreciabE 

effect/ 
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effect on the metabölism of phosphorus or of l trogen, or on 

fat assimilation; in somewhat large doses it tended to diminish 

fat - and phosphoras assimilation, possibly due to some effect 

on the pancreatic farmantso 

In a delicate subject they found that no retention 

of water in the body resulted, the nitrogen- assimilation was 

little effected, there was an increased excretion of phosphorus, 

and fat assimilation was somewhat lessened. In all the cases 

the excretion of lecithin was diminished,no intestinal antiseptic 

effect could be discerned, and the general health remained con- 

stant. In short the observations present no evidence of the 

slightest effect of real importance exerted by formic aldehyde 

present to t he extent of 1 - 9000, or at least three times as 

much as would he employed in any commercial undertaking for 

preservation. As far as my own observations go they do not 

point to any ill effects produced by milk, containing 1 - 25,000 

or 1 - 30,000 of the aldehyde. It is on the face of it, 

extremely improbable that. when present in this extremely small 
1 

amount (a tumblerful of milk would contain less than grain) 

it would exert any irritating or harmful effect upon the intestinal 

or gastric mucosa; for its chemical affinity is chiefly, if not 

entirely/ 
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entirely, for albunnous material, and would be fully satisfied 

by a small propertion of the caseinogen of milk, leaving none 

free to effect any mucous surface, over which the food might 

pass. Oservations made to determine whether any formic aldehyde 

ingested with milk was excgg,ed by the kidneys gave either entirely 

negative or (once) a a marked positive reaction. 

Forexample, the bladder being empty and the subject 

fasting 
/ 

there were administered at 11. 15 a.1rt4. about 150 c.cm 

of milk containing 1 - 30,000 formic aldehyde. At 1. 15 p.m. 

urine passed was tested as such for the preservative with negative 

results. At 3. p.m. the bladder was again emptied, and the sample 

once more yielded a negative result. The 2 samples, amounting 

to 200 c.cm of urine were then mixed, and distilled, and 10. c.cm 

of clear distillate obtained, which gave a very faint reaction 

withtlarissen's test.. On another occasion where 150 c.cm of 

milk containing 1 - 25,000 of the aldehyde were ingested, no trace 

of the latter could be found in the distillate obtained from 

150 c.cm of urine passed 3 hours after the milk was swollowed. 

A normal urine yields a distillate which gives no reaction with 

t3risstn's test, but a weak ammonia solutiob aid phloro- 

glucin together yield a faint pink tint in the absence of formic 

dehyde/ 
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dehyde (perhaps due to the formation of phloramine - C H,(OH),NH ) 

6 2 2 2 " 

it is possible that in the case mentioned where a feeble result 

was once got with Jorissen;s test, a little ammonia may have 

come over in the distilling Efine and produced the feeble pink 

tint. Had the colour been due to exypted formic aldehyde, one 

would have expected a positive result an the occasion of taking 

the stronger mixture (150 c.c. of I - 25,000, (1l s4ra) yet 

here the result was quite negative. 

The conviction that has been forged ein -my mind by 

the foregoing abservations, and those of similar nature, is that 

AA 
this preservative has been judged over -severely. I am4from 

making the suggestion that preserved milk is as good as fresh, 

but as stated in the beginning of this paper, under existing 

circumstances, milk comes into town teeming with myriads of 

organism, and in warm weather a great deal is lost. To obviate 

this, preservatives are constantly used in varying and often 

excessive amounts; would it hot be better if certain preser- 

vatives were allowed to be used provided' always that their nature 

and amount were clearly declared? If this ever comes within 

the sphere of practical politics, I would urge a plea for the 

reconsideration / 
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reconsideration of the claims of formic aldehyde, used in such 

proportions as 1 - 30,000 or 1 - 40,000, believing that it 

might be possible to remove the ban under which it lies at 

present. 

Carstairs Douglas, 

Nov. 1905. 



ThE ORTOL REACTION AS A MEANS OF DISTINGUISHING RAW MILK FROM BOILED. 

by Carstairs C. Dou alas M.D., B.Sc., F.R.S.. Edinburgh. F.F.P.S. Glasgow. 

Professor of Medical Jurisprudence and Hygiene, Anderson's College Medical School 

and Director of the West of Scotland Clinical Research Laboratory Glasgow. 

A COLOUR reaction which is of some interest and which is suggested as a means of 

distinguishing raw milk from boiled was described by Dr. J. E. Saul in a recent 

number of the British Medical Journal March, 21st. 100 3 having looked into 

the matter a little and having performed the test in a large number of varying cir- 

cumstances4 t has occurred to me that a brief note on the matter may not be amiss. 

The test is simplicity itself. To perform it9a few drops of a 1 per cent 

solution of the organic compound orthomethyl- amino- phenyl - sulphate are added to 

raw milk or to milk which has not been raised above a certain temperature; this is 

followed by the addition of a drop of weak peroxide of hydrogen (five -volume 

strength) when, within a very short time - usually less than half a minute - a very 

deep reddish -pink dolour develops throughout the fluid. The reaction is singularly 

striking. When the same procedure is carried out worth milk that has been boiled 

though but for one minute, no change in colour is seen,or at most7the production 

of a faint brown tint. Dr. Saul in his paper describes this as a means of diff'erei- 

iating "raw" from "sterilised" milk, but this is somewhat misleading. What most 

medical men,and practically all the laity understand by "sterilised" milk means 

milk raised to a temperature of 70° C. (158° F. and kept at this for a period of 

30 minutes, more or less - a process often designated by the special term of "paste- 

urisation." Such milk, however, reacts readily to the reagents, which therefore 

do not serve to distinguish raw milk from this pasteurised, or so- called "sterilised 

milk, but only from milk raised to a higher temperature than that at which pasteur- 

isation is usually carried on. This temperature I find to be 75° C. as a minimum 

The following short table will show how the reaction is lost as the temperature rises 

Milk kept for 20 minutes at 70.00 C. reacted strongly. 

15 " " 74.0° C. " feebly. 

" " " 5 " " 75.0° C. " negatively. 

" " 1 minute " 80.00 C. " 
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Milk kept for Q minute at 90.000. reacted negatively. 

n n n i n n 
Ar 

99.500. n n 4 

Or boiling point of milk. 

It would appear, therefore. that it is at about 7500. that the reaction ceases to 

be given. The addition of acids. even the strong mineral acids. does not discharge or 

alter the colour to any extent. but alkalies convert it into a pale cafe au lait tint. 

Sour Milk reacts as well as fresh. 

As the compound ortho -methyl- amino -phenyl- sulphate is difficult to procure. Dr. 

Saul advises the use of "ortol" instead - a substance used by photographers and consist- 

ing of the above body mixed with quinol. I have always employed it and I have for the 

sake of brevity ventured to call the test the "ortol reaction." Ortol is a finely 

granular powder of a pale flesh tint and the test can readily be performed by adding to 

five cubic centimetres of milk in a test tube a few granules of the powder and then a 

drop or two of solution of peroxide of hydrogen (from five to ten volumes) or what I 

find answers equally well, a similar amount of ozonic ether as employed in the guaiac 

test for blood. Dr. Saul suggests that the reaction is lost. not by any change in the 

ordinary chemical constituents of milk (proteid. sugar. fat, and salts). but by the des- 

truction of some ferment or enzyme which possesses Oxidising powers and which is rendered 

functionless at a high temperature just as many of the digestive ferments are. In sup- 

port of this view I may cite the fact that I find fresh saliva acts in a similar way to 

raw milk, whereas, if boiled first. the reaction is lost. Fresh blbbd has only the 

faintest effect in developing a colour, whereas liquor pep cus. liquor pancreaticus. and 
A 

malt diastase all share the property of raw milk and fresh saliva, though in a less active 

degree. In the case of human milk a colour change is also produced though not so rapid- 

ly sometimes as in cow's milk. 

The reaction is not the only one recommended as a means of distinguishing between 
lv, 

raw and boiled milk. In the April number of. the Annales d'hygiene Publique et de 
A 

Medecine Legale. 1{ede describes another method based on the loss of oxygen while milk 

is boiled. In this test a little peroxide of hydrogen is added to the milk in 

question and if the latter has been boiled the oxygen is taken up at once 



3. 

from the peroxide, whereas if it has not been boiled f and thus still contains 

its normal oxygen) it will now have a superfluity of the gas and the presence of 

this excess is demonstrated by the effect produced on a starch potassium - iodide 

mixture. Another test is that proposed by Schardinger and based on the fact that 

fresh milk warmed to from 40° to 45° U. with a methylene -formalin -blue solution 

discharges the colour, while with a boiled milk the blue tint is retained. 
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SOME QUESTIONS BEARING ON INFANT -FEEDING 
DEALT WITH IN THE LIGHT OF RECENT 
OBSERVATIONS.' 

BY CARSTAIRS DOUGLAS, M.D., B.Sc., F.R.S.E., 

Professor of Medical Jurisprudence and Hygiene, Anderson's College Medical. 
School; and Pathologist to the Maternity Hospital, Glasgow. 

Two winters ago I submitted to the Society a paper dealing 
with the sterilisation of milk in infant -feeding -a subject in 
which I was much interested at the time. As I remarked 
on that occasion, the subject of infant- feeding falls very 
naturally within the scope of the work of an obstetrical 
society, many of the members of which are constantly called 
upon to advise parents regarding the nourishment best 
adapted to the infant they have delivered ; and my excuse 
(if any justification be needed) for touching on this subject so 
soon again, lies in the fact that within the last two years 
certain new theories and suggestions have come to light which 
require us once more to consider our position. I shall therefore 
crave your indulgence while I touch on some of the more 
important of recent opinions. 

If a mother can nurse, is in good general health, and has a 
sufficient secretion of milk, we are freed from an immense 
amount of worry, and lightened of a great load of responsibility.. 
At the same time, it does not always follow that because a 
mother can nurse and has plenty milk, that a child will thrive, 
for the milk may be wanting in one or other of its three great 
solid constituents -proteid, fat, or sugar. Where this occurs, 
it has been found that great help may be obtained from an 
analysis of the milk, the mother's diet, exercise, and habits 
being subsequently altered in order to bring about the requisite 
modification. 

Since my last paper on this subject I have analysed the 
1 Read at a meeting of the Glasgow Obstetrical and Gynmcological 

Society held on 28th January, 1903. 
A 
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milk from nursing mothers on several occasions, and have 
been able to throw some light on the cause of the malnutrition 
of the infant. In one case, for example, there was a reduction 
of the fat to 55 per cent of the normal, the milk -sugar also 
being somewhat reduced, while the proteids remained normal. 
In another, the fats were again reduced to some extent, while 
the proteids, on the other hand, were distinctly too high. In 
.general, however, it may be said that when a child is getting 
its natural food, we shall not have much occasion to be anxious 
about its nutrition. 

In those many instances where an artificial food is required, 
we naturally turn first to cow's milk. Of quite recent years 
there has been a tendency to give this undiluted, that is, to 
give whole milk, even to an infant of a week old, and men 
will tell you that it does quite well. But I have reason to 
know that it does not always do well by any means, and I 
cannot indorse the plan. Cow's and human milk differ in a 
very distinct way as all of us know. This is apparent at a 
.glance if we look at the accompanying tables of analyses 
taken from Pearmain and Moore :- 

HUMAN. Cow. 
Water, . 87.3 per cent. 87.6 per cent. 
Total solids, ].2.7 12.4 
Proteids, 1.7 1/ 3.3 
Sugar, 6.4 4.8 
Fat, 3.4 3.6 
Ash, 0.2 0.7 

The most striking difference is the proteid percentage. 
Now, it is this which produces the curd, and as it is curd that 
so often causes intestinal irritation in infants, it seems to me 
not altogether a matter of indifference to employ undiluted 
.cow's milk. Further, I am convinced, from observations 
recently made by myself in the Maternity Hospital here on 
human milk removed by the exhauster, that the curd is in all 
instances much softer and more pultaceous in woman's than 
in cow's milk, and more easily broken down subsequently by 
peptonising ferments. This is largely due to the larger 
proportion of albumins not coagulated by rennin in the proteid 
of human milk as contrasted with bovine. 

I am willing, however, to admit that possibly we sometimes 
dilute cow's milk too much. At the same time, I still think it 
wise, in the first few weeks of life, to add to one part of milk 

1 Pearmain and Moore, Aids to the Analysis of Food and Drugs, 
1899, p. 8. 
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two parts of some suitable diluent, making up further defects 
by the addition of cream and sugar, preferably lactose, if the 
parents can afford it. 

While I am still dealing with this matter, let me emphasise 
another point of importance in connection with the place of 
fats in the infant -dietary, and this is their action in aiding the 
absorption from the bowel of the salts of calcium and 
magnesium. 

These salts are not very readily taken up by the intestine, 
but when a sufficiency of fatty acids is present, they come to 
exist as soaps of calcium and magnesium, and as stich are 
more readily absorbed. When we remember the importance 
of these elements to the rapidly growing skeleton of the young 
child, we can at once understand the importance of fat in its 
diet, and the loss to the bones which the absence of it might 
occasion. It is quite possible that this is a cause of rickets 
(Herter 1). Another advantage of fat is its power of correcting 
constipation, so often present in hand -fed children. 

Leaving now the question of the chemical composition of 
our diluted cow's milk, let us consider once more the matter of 
sterilisation. 

This subject, as you all are doubtless aware, came recently 
into great prominence on account of Koch's remarkable state- 
ments regarding bovine and human tuberculosis enunciated by 
him at the International Tuberculosis Congress held in London 
in July, 1901. A good account of the subject is to be found 
in a paper on the " Etiology of Tuberculosis," by Dr. Arthur 
Latham,' recently published, and I have relied on it for a short 
general statement of the argument for and against. Koch 
subjected healthy cattle to inoculation, inhalation, and feeding 
with tubercle bacilli from man, and was unable to convey the 
disease to the animals, although they were very susceptible to 
infection from tubercle of bovine origin. Further, although 
pigs fed with the bacilli from tuberculosis in cattle showed 
marked evidence of infection, pigs fed on human infected 
sputum showed no sign of tubercular disease, except a few 
little nodules in the lymphatic glands of the neck, and, in one 
case, in the lungs. Koch therefore assumed that human and 
bovine tuberculosis were different, and that if man could not 
infect cattle, cattle conversely could not infect man. If, he 
said, milk is a common source of tubercular infection in 
children, primary tubercular lesions of the bowels should at 

1 Herter, Lectures on Chemical Pathology, 1902, p. 55. 
2 Latham, " Some Points in the Etiology of Tuberculosis," Edinburgh 

Medical Journal, 1902, No. xii, p. 415. 
A2 
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least be fairly common. But this is not the case, for Biedert, 
in over 3,000 post -mortems of tuberculous children, found 
primary intestinal tuberculosis in only 16 instances, while 
Baginsky, in 933 autopsies on tuberculous children, never 
found the disease in the intestine without also finding it in the 
lungs and bronchial glands. 

The practical outcome of this is that in . Koch's opinion 
infection by the milk, butter, or flesh of tuberculous cattle is 
of the rarest occurrence, and there is just about the same 
chance of a child getting tubercular disease in this way as 
there is of his being infected as the result of hereditary 
transmission alone. To us the deduction of practical importance 
is this, that if the foregoing be true, we need no longer trouble 
about the pasteurisation or sterilisation of milk intended for 
infant- feeding. 

At the International Conference on Tuberculosis held in 
Berlin in October last year, Koch stated he did not admit that 
any evidence had been brought in refutation of his position. 
In no case of alleged infection by cow's milk, where very 
careful scrutiny was made could it be maintained that it 
afforded clear evidence of the transmission of bovine tuber- 
culosis to man. Boiling did not sterilise milk, but it rendered 
it unwholesome, and the obligatory sterilisation of milk as 
part of the crusade against consumption was, to his mind, a 
great waste of money. 

Now, it is not my intention, in a paper of . this scope, to 
enter into a detailed account of the arguments that have been 
brought forward against this latest view of Koch, but I should 
like to state, as briefly as possible, two or three pieces of 
evidence which are of considerable importance. In the first 
place, Orth (who has succeeded Virchow at Berlin) has published 
in a recent number of the Berliner klinische Wochenschrift 1 

a full account of some experiments he has carried out with 
Esser. The inoculating material was from a freshly opened 
human phthisical cavity, and was first cultivated in the body 
of a rabbit. The animals selected were three calves, three pigs, 
and three goats. For details the reader may refer to the 
original paper, but I may summarise the results for convenience. 
Of the three calves, one was infected and showed distinct 
tuberculous peritonitis. Of the three pigs, one was infected 
and showed tuberculous infiltration of the thymus and right 
lung. Of the three goats, the first showed typical lesions in 
the thymus and right lung ; the second was infected in the 
skin, the omentum, and lymphatic glands ; and the third 

Orth, " Was ist Perlsucht 2" Berl. klin. Woclaens., 1902, No. 34. 
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showed extensive tuberculous infiltration of the abdominal 
wall, the omentum, and peritoneum, especially about the 
intestines. Thus, out of nine animals inoculated with human 
tubercle, five showed distinct and typical lesions. Orth thus 
considers it definitely proven that Koch's statement regarding 
the non -transmissibility of human tubercle bacilli to cattle 
is disproved, and that as one positive experiment is worth 
ten negative ones, we have here warrant for not abating in 
the slightest degree those precautions already in operation 
against infection from tubercular milk and meat. Ravenal 
has been able to infect three calves out of four by ultra - 
peritoneal injections of sputum from man, and he. finds that 
human and bovine bacilli are about equally virulent in the 
case of pigs. 

In the second place, von Korosy reported last year that 
when the histories of 4,000 tuberculous children were investi- 
gated, it was found that those who had been nourished with 
cow's milk were three times greater than those who had been 
fed at the breast ; and, in 1898, Thorne stated that while .there 
had been a reduction of 66.per cent of cases of phthisis at all 
ages during the past forty -five years, there had been actually 
an increase of 27 per cent of cases of tabes mesenterica during 
the first year of life (quoted from Latham 1). 

If a third argument is needed, it is to be found in those 
cases which have been reported, and about which there is little 
room for doubt, in which direct inoculation of bovine tuber- 
cular material has taken place into, for example, a scratch on 
the hand, with subsequent local and eventual general develop- 
ment of tubercular lesions. I think you will, therefore, agree 
with me that we have as yet no evidence, of sufficient weight 
to permit us to be neglectful of precautionary methods against 
tubercular infection by milk. 

I do not propose to enter now into the question of the best 
method of sterilising milk. I have already done so in my 
previous communication. As a general rule, exposure of the 
tubercle bacilli in the moist condition to a temperature of 70° C. 
(158° F.) for from forty to sixty minutes will kill it. But of 
late it has been asserted on various sides that this temperature 
is not high enough. Unfortunately, if much higher tempera- 
tures are used the milk suffers, not only as regards its actual 
nutritive properties, but also in that peculiar quality it possesses 
-of preventing infantile scurvy. In the meantime, I think 
it is a good working rule that all milk used for infants under 
1 year of age should be pasteurised for fully forty minutes at 

1 Latham, op. cit., p. 427, 
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'70° C. (158° F.), which will not affect the milk in any harmful 
manner, and which will, it must be remembered, destroy the 
organisms of typhoid and of diphtheria, apart altogether from 
the question of tubercular infection. 

Turning for a few moments to the question of the purity of 
milk for infants as regards the presence of preservatives, I 
would like to say emphatically that no milk containing any 
preserving agent should be employed for a young child, and if 
a child suffers from gastric derangement without adequate 
cause it might be as well to see that these bodies are absent. 
In this respect the milk of our city is very satisfactory. Of 
120 analyses of milk for formalin, boric acid or borax, and 
salicylic acid performed by me during the last two years or 
so, in only 4 samples was any preservative found, and that 
was boric acid (or borax). I think we may, therefore, con- 
gratulate ourselves on the purity of Glasgow milk in this 
respect at least. 

When one finds that an infant cannot take cow's milk 
diluted, or mixed in any way whatever, without pain, flatulence, 
or the passage of undigested curd, it becomes necessary to find 
some suitable substitute. But whatever food is chosen, it 
must be adapted to the physiological capabilities of the infant. 
Ptyalin is found in the secretion of the parotid gland at birth, 
and appears in the submaxillary some two months later ; the 
secretion at this time is scanty. Pepsin occurs in the stomach 
at birth ; trypsin is secreted by the pancreas during the last 
third of foetal life, while amylopsin does not appear till one 
month after birth. About steapsin little is known.1 It is 
thus clear that the ferments which act on starch are the last 
to be freely secreted. 

I have found it useful, when the child vomits early after a 
feeding, and brings up curds, and suffers pain early after a 
meal -in short, where the symptoms point to gastric disturb- 
ance, as against intestinal -to administer 5 minims of the 
liquor pepsina just before each, or, at anyrate, alternate 
bottles. It is borne well. Where pain comes on an hour 
after food, with sharp crying, abdominal distension, and, 
later on, the passage of undigested curd, indicating intestinal 
derangement, the use of an anti -fermentative, such as sodium 
salicylate, in doses of - to 1 gr. thrice daily, will sometimes 
prove very helpful. Calomel is also of use. Mellin's food 
suits many children, making them fat and big, though perhaps 
a trifle pale and flabby. It is a farinaceous milk food that 
has been malted, so that the starch exists in dextrin and 

1 Schäfer, A Text -book of Ph jsiologj, 1898, vol. i, pp. 330 et seq. 
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maltose. It is cooked with milk ; but even it may not agree. 
Savory & Moore's, Nestle's, and Allen & Hanbury's infants' 
food are all on much the same principle. I have a high 
opinion of Horlick's malted milk, and frequently use it. In 
severe indigestion it can be used alone, simply dissolved in 
very hot water ; this is seldom vomited, and no curd is passed. 
Gradually a little milk may be added, then more and more with 
reduction of the Horlick, until in a month or two the child can 
take a cream and milk mixture without any malted milk at all. 
A slight drawback is that it may occasion diarrhoea,but this may 
be counteracted by the use of lime water. For a temporary 
food, condensed milk may be utilised, and another newer 
preparation which I have tried is peptogenic milk powder. 
Condensed milk is sometimes regarded with suspicion, or 
dismissed with a contemptuous reference to it as " milk jam," 
but I think it has undoubted uses, especially for temporary 
employment, and if the unsweetened variety be used. It has 
the merit of cheapness and of being easily prepared. Any 
want of proteids and of anti -scorbutic properties may be 
supplied by the simultaneous administration of raw beef 
juice. Peptogenic milk powder, a preparation of Messrs. 
Fairchilds', has been used a good deal, for example in the 
Sick Children's Hospital here, and has given very encourag- 
ing results. It is a white powder, alkaline in reaction, faintly 
sweet to taste, contains sugar, but no proteids, fat, or peptones. 
From .my examination of it, I conclude it must be composed 
chiefly of lactose, with some pancreatine added, and a little 
alkali. It can peptonise fibrin, though it does so slowly. In 
preparing the milk, I- pint of fresh milk, the same of water, 
2 oz. of cream, and a measured quantity of the powder, are 
mixed in a clean saucepan, brought slowly to the boil with 
constant stirring, and the thing is completed. I find, on 
analysis, that the milk then contains a distinct amount of 
albumoses. It has a pleasant taste, and should prove of dis- 
tinct value in dyspepsia with hard curd. The forms of 
humanised milk prepared by the Aylesbury Company are, 
doubtless, known to you all, and some reference was made to 
them on the last occasion on which this subject was under 
consideration here. Another preparation I have tried lately 
is Paget's milk food, which is a modified and concentrated 
form of cows' milk, so prepared that, on dilution with a fixed 
amount of water, it yields a mixture, the proteids, fats, sugar, 
and salts of which very closely approximate to those in 
human milk. It has a pleasant taste, and, according to 
Hutchison, hardly curds at all with rennet, 
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The last subject on which I should like to touch is a new 
suggestion for the treatment of that rare form of wasting in 
young children called by Parrot " athrepsia." In a recent 
number of the Archives de Médecine des _ nfants,' I read a full 
account of the clinical phenomena,and of certain new suggestions 
for treatment, by Professor Combe, of Lausanne, and Dr. Narbel, 
his house -physician in the children's clinique. The wasting 
that may follow on dietetic derangement in very young 
children may develop into a serious condition which the 
investigations of Parrot and Baginsky have elevated to the 
rank of a true morbid entity. It is to this, as I have mentioned, 
that the name of " athrepsia " is applied. 

The chief clinical signs are extreme wasting and debility, 
vomiting and sickness,intestinal inflammation causing diarrhoea 
of a dysenteric character, with colic and tenesmus ; intense 
thirst, and inspissation of the blood. The urine contains an 
increased quantity of indol, skatol, phenol, ammonia, and 
phosphoric acid,indicating active tissue change and metabolism. 
In treatment the best results were got from the use of malted 
preparations of maize, oats, wheat, and rice, prepared with 
water. Later on, milk was added in small amounts. Calomel 
proved to be a useful drug. 

But the novelty in their line of treatment lay in the sub- 
stance employed as a tonic for the nervous system. They 
were anxious to give some form of phosphorus compound, 
but were dissatisfied with the various preparations of inorganic 
phosphorus. Phosphates, lactophosphates, and hypophosphites, 
they concluded, were with difficulty utilised by nerve tissue, 
if at all. Glycerophosphates, which many of us prescribe, 
and which were introduced into practice because this is the 
form in which phosphoric acid can be obtained from brain 
tissue, were also used. They conclude, however, that they 
are only absorbed to a slight extent from the bowel, and they 
argue that the nerve -cell cannot make use of this acid for 
purposes of restitution, as it is itself simply a product of cell - 
metabolism. Whether this view is correct or not, I cannot 
say. The point of interest, however, lies in the fact that 
what they did ultimately select and use with great benefit 
was lecithin. Lecithin is a complex phosphorised fat, which 
occurs in many parts of the organism, particularly in brain 
tissue (where it varies from 9 to 17 per cent), in yolk of egg, 
milk, &c. On decomposition it yields -stearic acid, cholin, and 
glycerophosphoric acid, this being the way in which it 

1 Combe and Narbel, "Traitement de l'athrepsie de l'enfant," Archives 
de Médecine des Enfants, 1902, No. 7, p. 285, 



DR. DOUGLAS-Infant-feeding. 9 

disposes of its phosphorus (Halliburton 1). Dr. Narbel got 
the lecithin supplied him from Paris in sealed tubes, and 
administered it by subcutaneous injection, 1 grm. at a time. 
The results obtained were very gratifying, and now, after a 
trial of several years, Professor Combe and he are satisfied of 
the great impetus this substance gives to nutrition. I may 
say that for some time past this fact had been known, and 
demonstrated experimentally, by Danilewsky in the case of 
tadpoles, and Selensky in that of puppies. 

Lecithin is prepared commercially from egg -yolk, and can be 
procured from the Chemical Specialities Company in London. 

The fact that it is present in yolk of egg had already led 
Muggia to employ this substance for subcutaneous injection ; 

it must be used fresh and raw, as the lecithin is largely lost 
by cooking. Combe and Narbel, however, think it much 
better to use the lecithin itself. 

In connection with the use of egg -yolk, it is interesting to 
recall the fact stated by Bunge, that there are few natural 
foods so rich as it is in lime -salts. It is thus a valuable 
adjunct to the dietary of the rickety child, and a useful, 
agreeable food, which goes under the name of " lait de poule," 
can be made by beating up the yolk of an egg or two with a 
little hot water, sugar, some simple flavouring water, and, in 
cases of great weakness, 30 drops of cognac or rum. 

I must not, however, trespass further on your time or 
patience. It is, of course, impossible to cover anything like 
the whole question of infant -feeding in a short paper like 
this, nor had I any intention of attempting to do so. What 
I have tried to do is to bring before the Fellows some fresh 
aspects of this subject, and to show that, even in a topic so 
old and well -worn as the nourishment of the young, there 
is no such thing as finality. 

1 Halliburton, The Chemical Side of Nervous Activity, 190], p. 12. 
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THE OCCURRENCE OF MILK -SUGAR IN THE 
URINE OF NURSING WOMEN, WITH A 
NOTE ON THE BEST MEANS FOR ITS 
DIFFERENTIATION FROM GRAPE-SUGAR' 

By CARSTAIRS DOUGLAS, 
F.F.P. & S. 

Professor of Medical Jurisprudence 
Medical School, and Director 
Research Laboratory, Glasgow 

M.D., B.Sc., F.R.S. (Edin.), 
(Glasg.), 
and Hygiene, Anderson's College 
of the West of Scotland Clinical 

DURING the past few years it has happened that on several 
occasions I have been asked to examine the urines of nursing 
women and to determine whether the reduction of Fehling's 
solution which these occasioned was due to grape- or to milk - 
sugar. For it is obviously a very different matter alike as 
regards diagnosis, prognosis and treatment, if the sugar that is 
present is the harmless lactose and not the more ominous 
glucose. A surgeon or gyna cologist about to operate who 
finds that his patient's urine contains sugar, will naturally feel 
much relieved if his mind can be set at rest upon this point ; 

and the physician, under similar circumstances, will take a 
totally different line in his dietetic and medicinal treatment 
according to the class to which the foreign element belongs. 

I have accordingly given this matter some attention during 
this year, and have made a series of observations on patients 
in the Glasgow Maternity Hospital, partly to determine whether 
lactosuria were really' common among nursing women, and 
partly to ascertain whether there were any reliable tests which 
would enable one to determine positively between grape- and 
milk -sugar in urine. 

This is not a new matter, for the occurrence of milk -sugar 
in the urine of mothers has been noted for a good many years 
past. One of the earliest papers on this subject is that of De 

1 Read at a meeting of the Glasgow Obstetrical and Gynecological Society held 
on Nov. 27, 1901. 
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Sinéty in Maly's Jahrbericht für Thierchemie for 1874, and 
since then, communications have appeared from time to time 
by Hempel,1 Hofineister,2 Johannovsky,3 Kaltenbach,* Ney,5 and 
others. But when a matter of this kind crops up, and one is 
asked to give an opinion upon it, it is always a great advantage 
if that opinion can be based on personal observation ; and 
'accordingly, what I now wish to communicate to you briefly, 
is what I myself found to be the case. 

1. The number of cases examined was 56, and . on these I 
made 91 observations. Most of the cases were primiparw. 
Of the 56, 48 (or 85 per cent.) showed the presence of milk - 
sugar in the urine in greater or less degree, while it was not 
found in 8 cases (or 15 per cent.). But when these '8 cases 
are looked into a little more closely, it is found that 2 of them 
were pregnant women (sixth and eighth months respectively), 
while 3 of them were mothers who never nursed at all. Of 
the remaining 3, one (a ii -para) was examined only once and 
on the first day of the puerperium, so that there remain only 
2 cases (or 3.5 per cent.) of the total where lactosuria did not 
occur after full lactation had been established. We may there- 
fore conclude that nursing mothers usually secrete a urine at 
least in the later days of the puerperium in which milk -sugar 
occurs in greater or less amount. 

Of the cases examined in hospital, most of the observations 
were made between the third and the seventh day after delivery. 
Of 4 undelivered cases, 2 revealed no sugar (sixth and eighth 
months respectively), while 2 at full time showed traces. 

In at least I case, a v -para, sugar was found on four 
different occasions though the woman was not nursing ; and it 
was also found where a woman had been nursing and lactosuria 
was present, that when suckling was stopped (e.g. on account 
of the child's death) the urine might show evidence of milk - 
sugar for four or five days more, the quantity, however, always 
growing steadily less. This is,' I think, a point of some im- 
portance, for women not unfrequently come into a general 
hospital for, let us say, some surgical purpose, leaving their 
babies at home, and . their urine, for several days after admission, 
:is found to contain sugar. This might be puzzling, and the 
prognosis accorded the _.patient more serious, did we not bear 
in mind the fact that after such a person has ceased to nurse, 
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milk -sugar will present itself in the urine ' for some time. We 
-may therefore say that at least in the early days of nursing 
and after full lactation has been established, the majority of 
mothers exhibit lactosuria and secrete a urine that readily 

' reduces Fehling's solution. There is still another circumstance 
in which this should be kept in mind, and that is when, on 
examining a female applicant for life -insurance, we -find sugar 
in the urine. It is obvious that a great injustice would be 
done to the proposer if she were rejected or the premium 
loaded simply because the examiner had not taken the pains 
to find out whether or not she was nursing at .the time. 

2. The tests for lactose in urine.- Lactose or milk -sugar 
has the formula C12H22011 and is one of the group termed 
" Disaccharides " by physiological chemists, because it is formed 
as it were by the combination of two molecules of glucose less 
one molecule of water, thus- 

2C6 H120- - C12H22011 + H2O. 

If one take, say, a i per cent. solution of milk -sugar in 
water, it will be found that it reacts' quite well to Fehling's 
and Trommer's tests, though it may need a little more prolonged 
boiling than in the case of grape- sugar, as the reducing power 
of the former to the latter is only as 7 in i o. Milk -sugar also 
reacts well with nitro -propol (ortho- nitro- phenyl -propolic acid), 
a recently proposed test for sugar in urine which I,have looked 
into pretty fully and on which I recently communicated a 
papers to the Glasgow Medico -Chirurgical Society based on 
over 200 observations. By these methods, we can easily show 
that, sugar is present. When the examinations are made 
during the puerperium and catheter specimens are not available, 
the, presence of blood, epithelium, or other elements of the 
lochial discharge may give rise to fallacy, especially with the 
copper tests. I then usually adopt the procedure advocated by 
Allen,7 which takes up little time and which I have found very 
satisfactory. His plan is to .treat the urine in neutral or 
faintly acid solution with cupric acetate, whereby a precipitate 
of xanthin bodies, uric acid, colouring matters, and albumen is 

Produced a ; partial precipitate of phosphates and creatinin 
also occurs. The filtered fluid does quite well for Fehling's test. 
To put this procedure into effect take .7 -c,cm. of urine, boil in 
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a test -tube, and add at once ̀ 5 ' c.cm. of the cupric sulphate 
solution used in preparing . Fehling's reagent. A precipitate 
occurs when the tube has cooled, add 2 c.cm. of a saturated 
solution of sodium acetate, containing a trace of free acetic 
acid. A further precipitate now occurs, and, on filtering, a 
greenish -blue solution is obtained ; to this are added 5 c.cm. of 
the other part of Fehling's test (the alkaline tartrate solution) 
and the whole is boiled for r5 seconds. Cuprous oxide at once 
separates as an orange -yellow precipitate in the presence of 
one part of sugar in five hundred, or less. This method of 
Allan's I can cordially recommend.. 

These tests are all good, and by their aid we can show, as I 
have stated, that sugar is present, but when it comes to the 
question as to whether glucose or lactose is the reducing agent 
we are confronted by a less easily solved problem. 

Now there is a very delicate and certain reaction for the 
sugars called the phenyl- hydrazine test, which I daresay all of 
you know .8 It consists in heating a little of the suspected 
fluid' with the hydro- chloride of phenyl - hydrazine and some 
sodium acetate. The heating must be prolonged (3o to 45 
minutes), and should be done by placing the prepared test -tube 
in a water bath of boiling water. The test- depends on the 
formation of a crystalline body called an osazone, which appears 
as a deep- yellow sediment when the tube is allowed to cool. 
Under the microscope the deposit has the form of delicate lemon- 
tinted needles arranged in bundles or radiating groups. Grape- 
sugar, milk- sugar, and maltose each . forms an osazone of its 
own, distinguishable from one another by their crystalline form 
and their melting- point. 

This test, when positive, is an absolute test of a sugar; 
because no substances 'except certain sugars can produce an 
osazone, and it can -be readily applied clinically. Cane- sugar, 
I may mention, does not respond to it. 

Now grape -sugar in urine answers very well to this test, and 
we can therefore say with great definiteness ' whether or not a 
urine contains that kind of sugar ; but unfortunately -milk -sugar 
in urine does not respond to it at all readily, although a watery 
solution of lactose does. Indeed I may say that though I 
have tried this test many times with urines containing milk- 
sugar, I have never yet succeeded in obtaining the 'crystalline 
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lactosazone. So that this reaction, excellent as it is for grape- 
sugar, does not enable us to say positively that milk -sugar 
is present. 

What about the yeast test ? We all know that this is very 
admirable for determining whether or not grape -sugar occurs in 
urine (provided the amount be not too small), but milk -sugar 
itself does not ferment as such ; under the prolonged action of 
yeast, however, it is inverted into glucose and galactose, and 
after that alcohol and carbonic acid gas are . formed. I may 
state that I have only once in cases of lactosuria been able to 
obtain a positive result with the fermentation test, however 
prolonged the action of the yeast may have been. It is well 
known that a similar inversion may be determined in lactose by 
boiling it with a dilute mineral acid ;; it then undergoes hydro- 
lysis and we obtain glucose and galactose. thus- - 

C12H22O11 + H2O = C6H1206 -I- C6H1206. 

Lactose Glucose Galactose. 

Ruizard- accordingly has suggested the adoption of this 
procedure for the detection of milk -sugar- (Berl. chem. Berichte, 
xxix. 147, 1896). He says that one might boil the suspected 
fluid with dilute hydrochloric acid, and then._ apply the phenyl- 
hydrazine test. I have tried this, and must confess that, in my 
hands at least, it has not answered well. - . - 

Another plan suggested is to hydrolyse the milk - sugar. and 
then test with Barfoed's reagent. I stated already that the 
cupric tartrate of Fehling's solution was pretty readily attacked 
by milk -sugar, hut a solution of cupric acetate, slightly acidu- 
lated with acetic acid, is reduced by grape- sugarr and not by 
milk- sugar. Such a solution is termed Barfoed's reagent, and 
Ruizard says that if you get a urine which will not reduce_ the 
:reagent at first, but will after boiling with dilute hydrochloric 
acid, you may conclude that it at first contained .milk- sugar. 
I cannot say that I have found this test answer at all well. . 

The only other test .I know of to distinguish milk from 
,grape =sugár..is Rúbner's.a_ It depends upon the colour- change 
,produ'ced when a solution of the sugar is boiled with solid-lead 
acetate, and ammonia is added. Salkowski 10 recommends: that 
to 5 'c.cm. of the. solution , 4 grms. of solid neutral lead- acetate 
:should . be : added, .: and the; whole boiled for two .miniltes ; 
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ammonia is then to be added freely, and the mixture heated once 
more, when a deep red colour appears in the case of milk- sugar, 
and at length a red precipitate falls. Grape -sugar under similar 
circumstances yields a chamois- yellow fluid. My experience 
has been that while quite distinctive colours can be obtained in 
the case of pure aqueous solutions, the results are not good 
when we deal with milk -sugar in urine, especially as the amount 
present is often very small. So you see that there appears to 
be no very good positive test for milk -sugar in urine. To give 
a concrete example : On 1 4th September 1901, I examined 
the urine of Mrs O'B., a multipara, in, the fourth day of the 
puerperium,, and nursing regularly, the case being one of fairly 
well- marked lactosuria. The following are the results of my 
.trials to ascertain positively whether milk- or grape -sugar were 
present :- 

r. Trommer's test gave a positive reaction, although not 
very well marked. 

2. Fehling's test gave similar results. 
3. Phenyl- hydrazine, after forty minutes' heating, was 

negative, no crystals being obtained. 
4. Barfoed's reagent (acetate of copper) was negative. 
5. Rubner's test gave á café -au -lait coloration, and exactly 

the same with grape- sugar. 
6. Ruizard's test. -(a) After boiling 6o c.cm. urine with 

6 c.cm. of r o per cent. H.Cl. no reaction was yielded with 
copper acetate (therefore unsatisfactory) ; (b) the hydrolised 
urine treated for forty minutes with phenyl- hydrazine and 
filtered hot, gave a yellow and amorphous deposit on the 
filter- paper, and a yellow filtrate which on cooling deposited 
small, roundish, spinous crystals, probably galactosazone. This 
test was therefore positive. 

7. The Yeast test yielded a small bubble or two in six 
.hours ; 2 to 3 c.cm. of gas in eighteen hours ; and 3 to 4 
c.cm. in twenty -four hours. 

8. Nitro -propol gave a positive reaction. 
In this case which, as you see, was examined very fully, the 

only really positive test was the second part of Ruizard's, 
:where crystals of galactosazone were obtained. As I have 
:already stated, this test is not always so satisfactory in its 
;working. : Had it been negative in the above instance, I could 
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not have said positively that milk -sugar was present, but 
there would have been a very strong 'probability that this was 
the case, for two reasons : (I) the urine did not ferment with 
yeast till eighteen hours had passed ; and (2) the untreated 
urine did not react to phenyl- hydrazine. Now there must have 
been a sugar there since the urine did ferment, and it could 
not have been grape- sugar, else it would have been shown by 
the phenyl- hydrazine test, which. I have satisfied myself is 
at least twice as delicate as the fermentation one. The result 
is arrived at, as you see, rather by a process of exclusion than 
by any positive test, and I have generally been in the habit of 
saying that if you have a urine which responds fairly well to 
Fehling's test (having excluded fallacies here), but does not 
yield any crystals with phenyl- hydrazine, and does not ferment 
(except very slowly) with yeast, you may be practically certain 
that it is milk -sugar which it contains. This opinion I formed 
for myself, and I found out later that it was the same as that 
expressed by v. Jaksch.11 In the late autumn I began working 
at this matter with a view to establishing some really positive 
and practicable test for this condition, -but as yet my efforts, I 
regret to say, have not met with success. 
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A NOTE ON THE CHEMICAL AND PHYSIO- 
LOGICAL PROPERTIES OF PLASMON 

By CARSTAIRS DOUGLAS, M.D., B.Sc., F.R.S Ed., 
Professor of Medical Jurisprudence and Hygiene, Anderson's College 

Medical School, and Director of the West of Scotland Clinical Re- 
search Laboratory, Glasgow 

PLASMON is one of the proprietary goods, formed on a milk 
basis, which has attracted a considerable amount of notice 
during the past two years, and which has been prescribed some- 
what extensively as an adjunct to diet in varying forms of 
disease, especially those associated with mal- nutrition and 
wasting. Having used it myself a good deal in practice, it 
occurred to me that it might be worth while locking into its 
nature, reactions and effects with some degree of care; and the 
result of these investigations, which certainly do not pretend to 
be profound, I desire to submit to you to- night in a short note, 
knowing that others have also used Plasmon, and that therefore 
my statement may interest them. 

Nature and Composition. 
Plasmon is a very finely -granular ;yellowish -white powder, 

practically inodorous, and somewhat gritty to taste, with a 
flavour faintly suggestive of glue. A packet selected at 
random and subjected to general analysis by the author gave 
the following results, which may be compared with those given 
by the Lancet analyst, and which they closely approximate:- 

General Analysis. 
Author. Lancet. 

Moisture . 105o per cent. 10.76 per cent. 
Fats . 0.5o 0.70 ;, 

Proteids . 79'84 ,, 81'30 
Carbohydrates 1.86 - 
Ash . 7.30 ,, 7'24 ,+ 

I00'00 I00 00 

It will be observed that in Plasmon, as compared with milk, 
the fat and carbohydrates are very low in comparison with the 
proteids. 

A qualitative analysis of the ash showed the presence of 
carbonic acid, chlorine, phosphoric acid, and traces of sulphuric. 
Nitrates were absent. The bases were lime, magnesia, iron, 
soda and potash. 

1 Read at a meeting of the Glasgow Medico-Chirurgical Society on Nov. 21, 1902. 
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One of the most striking features about the composition of 
Plasmon is the high value in proteids and the small amount of 
fat, the latter indeed being less than 140th of the weight of the 
entire substance. Now as most precipitants of the caseinogen 
of milk carry down the fats with the proteids, it became clear 
that the milk used must first have had the cream very thoroughly 
removed. I wrote to the manufacturers on this point, and they 
very kindly described the process of manufacture, a process 
whose detail I shall give you in a condensed form. 

Absolutely fresh milk is taken, and from this the fat is 
separated so thoroughly that no perceptible quantity of cream 
is left. A definite quantity of pure glacial acetic acid is then 
added, which precipitates the caseinogen. The whey is drawn 
off, and immediately after, the precipitate is transferred to large 
kneading machines, where it is worked for a time sufficient to 
break it into small particles. This kneading takes place in an 
atmosphere of carbon dioxide gas, and at a temperature not 
exceeding 80° F. At the end of a sufficient time the substance 
is in an almost dry state, and is then transferred to a drying 
chamber through which a stream of carbonic dioxide also passes, 
till the last trace of moisture is gone. The product is quite 
neutral, being neither acid, alkaline, nor amphoteric, as may be 
the case with fresh milk. 

Physical and Chemical Characters. 
When Plasmon is added to cold water, it floats at first, 

being very light, but can be stirred in, when it swells up and 
forms a pale opalescent mixture, apparently dissolving entirely. 

When heated gradually, the mixture becomes more opaque 
and at length forms a smooth uniform white fluid, not so purely 
white, however, as milk is ; sodium chloride on being added 
increases the opacity. 

It is very smooth and mucilaginous to taste when thus 
dissolved, has a faint flavour of glue, and feels sticky like weak 
gum. 

Chemical Reactions. 
(a) Dry-i. Nitric acid develops a yellow -brown colour. 
2. Caustic potash (Io per cent.) or strong ammonia produces 

no change in colour but forms a gelatinous sticky mass. 
(b) Cold watery solution. -1. Strong nitric acid causes a 

copious white precipitate, becoming yellow on boiling and 
orange on the further addition of ammonia (xantho -proteic 
reaction for proteids). 

2. Caustic potash (Io per cent.) clarifies the watery 
opalescent solution to some extent. 
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3. Hydrochloric acid (10 per cent.) makes it more turbid, 
causing a flocculent precipitate to fall quickly. 

4. Acetic acid (33 per cent.) produces a moderately abundant 
white deposit. 

5. Copper sulphate and caustic potash cause the ordinary 
violet -purple tint from proteids to appear. 

6. Trichloracetic acid yields a copious precipitate (white), as 
with all proteids. 

7. Ammonium sulphate (saturated solution), added in equal 
volume, causes a white precipitate to fall, and the filtrate 
contains no proteid. 

8. Fehling's solution is reduced on being boiled with a 
watery solution, from which the proteids have been separated. 

9. Phenyl -hydrazine yields no osazone with an aqueous 
mixture. 

Effect of Digestive Ferments. 
(a) A thin gelatinous solution of cooked Plasmon, warmed 

to 40° C. in the water -bath, gave a white precipitate with 
rennin (possibly due to the sodium chloride with which the 
latter is usually preserved), and after the lapse of a few 
minutes, set in a fairly firm curd. 

(b) A similar solution treated with pepsin and hydro- 
chloric acid gave a white precipitate (due to the acid). Placed 
in the thermostat for twenty -four hours at 38° C., it cleared 
partially, but by no means altogether ; it was now found to 
contain albumoses, and gave a distinct biuret reaction. 

(c) A similar soluion treated with liquor pancreaticus and 
sodic carbonate cleared more completely, and yielded a fluid 
rich in albumoses. 

Effect of Plasmon on the Urine. 
Placingmyself on a fairly steady diet, I collected the total 

urine of twenty -four hours for three days, examined it qualita- 
tively and made a quantitative estimation of the urea, uric 
acid and phosphoric acid. The results were as shown :- 

Date. Amount. Specific 
Gravit . 

Reac- 
tion. Albumin: Sugar. Urea. Uric Acid. Phosphoric 

Acid. 

April 6 1600 c.cm. 1017 acid nil nil 28.8 grms. 0.827 grms. 3.20 grms. 

,, 7 1400c.cm. 1024 acid nil nil 35.5grms. 0.840grms. 3.4rgrms. 

8 125o c. cm. 1027 acid nil nii 31.2 grms. 0.812 grms. 3.05 grms. 



218 Carstairs Douglas 

During the next twenty -four hours I took in addition 37'5 
grms. (about I A oz.) of Plasmon cooked with water. Little 
alteration was noticed in the urine during this period, the result 
of examination being :- 

Date. Amount. Specific 
Gravity. 

1017 

Reac- 
tion. 

acid 

Albumin. 

nil 

Sugar. 

nil 

Urea. Uric Acid. Phosphoric 
Acid. 

April 9 16509 c.cm. 29.70 grms. o68ogrms. 3.49grms. 

For two days more, from 37 to 42 grms. of Plasmon were taken 
daily, and the urine collected and examined for three days, 
when the effects of the added food -stuff began to be seen. 
The urine grew somewhat turbid from phosphates, but no 
discomfort was experienced :- 

date. I Amount. Specific 
Gravity. 

Reac- 
Lion. Albumin. Sugar. Urea. Uric Acid. Phosphoric 

Acid. 

ril io 165oc.cm. 1022 acid nil nil 42.9ogrms. 1.019 grms. 4'95 grms. 

, 11 1450 c.cm. 1021 acid nil nil 36.25 grms. 0.783 grms. 3'95 grms. 

, 12 1250 c.cm. 1025 acid nil nil 37.50 grms. o'843 grms. 3.625 grms. 

Ap 

Now it will be at once apparent that although the amount 
and density of the urine are little changed there is a distinct 
increase in all three of the solid constituents whose amount was 
determined, viz., urea, uric acid and phosphoric acid. It is the 
first and the last of these that are chiefly affected, and this is 
what we should expect, for milk, containing as it does no 
nuclein, does not tend to send up the uric acid excretion. 

If we express in a table the average of the first three days 
(when no Plasmon was taken) and of the last three days (when 
it was), these facts will be shown more strikingly 

Amount. Specfic 
Gravity. Reaction. Albumin. Sugar. Urea. Uric Acid. PhospAhoric 

cid. 

1420 c.cm. 

1450 c. cm. 

1022 

1023 

acid 

acid 

nil 

nil 

nil 

nil 

31.82 grms. 

38'88 grms. 

0'826 grms. 

0.881 grms. 

3'22 grms. 

4.16 grms. 
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Eject of Plasmon on the Blood. 

The ingestion of 15 grms. ( oz.) of Plasmon in the fasting 
state occasions a distinct though moderate digestion- leuco - 
cytosis, just as any proteid food will do. The amount of iron 
in Plasmon is small, and therefore one would not expect it to 
act as a haematinic even in prolonged use. 

Modes of Preparing Plasmon for the Patient. 

(a) The simplest way, of course, is to boil it with water. To- 
do this, take a teacupful of tepid water and stir into it one 
teaspoonful of dry Plasmon. Heat till boiling and boil two 
minutes with constant stirring. On cooling it forms a gelatinous 
whitey -brown mass, rather " fushionless," to use a good Scotch 
word, but improved by the addition of either salt or sugar. It 
can be readily whipped up to a white frothy consistency and 
then tastes like whipped white of egg, though, it still retains the 
slight peculiar flavour of Plasmon. It is much improved by the 
addition of sugar and of a little essence such as vanilla or 
lemon. 

(b) Plasmon can be cooked with milk in a similar manner, 
one teaspoonful to a teacupful of tepid milk, with subsequent 
boiling. When ready, it is a white, smooth, creamy fluid, more 
agreeable than the watery preparation, possibly I think on 
account of the natural sweetness of the milk. On cooling it 
sets to a consistency rather firmer than ordinary curd. It does 
not whip up well. 

(c) Plasmon cocoa is a very fine brown powder like ordinary 
table cocoa. It is cooked by taking one teaspoonful, bruising 
it with a tablespoonful of cold water to form a paste; and then 
adding a teacupful of boiling water while stirring. I consider 
it a fairly palatable, beverage. 

(d) Beef Plasmon is put up -in small tins and in appearance 
is a solid, gelatinous, brown -red substance with little taste or 
odour. To prepare it a teaspoonful is stirred into a teacupful 
of boiling water, and the whole boiled for two minutes. It 
forms then an opaque, light -brown fluid. It requires salt and is 
further improved by the addition of a little piquant sauce or 
essence. It is quite palatable, and of all the liquid preparations 
has the least peculiarity of taste. 

(e) In addition to these,Plasmon is incorporated with chocolate 
in the form of sticks, and is also baked into very pleasant little' 
biscuits. The dry powdered stuff can be cooked along with a 
large variety of dishes. 



220 Carstairs Douglas 

Indications for Plasmon. 

It will be noted that Plasmon is a substance very poor in 
carbon compounds, there being in every zoo parts less than 
two of fats and carbohydrates combined. It is therefore not 
a food calculated to yield heat or mechanical energy. On 
the other hand it is, from its high proteid- content, eminently 
calculated to repair and prevent tissue waste, and to promote 
internal processes of oxidation, while contributing at the same 
time to a slight extent to the production of muscular and 
nervous energy. Thus it is that Plasmon is a useful food to 
employ in convalescence from typhoid, acute rheumatism, 
tubercular disease, in various gastric conditions where ordinary 
nitrogenous foods are not well borne, and so on. It is a valu- 
able substitute for milk (though at the same time deficient in 
carbon), where it is desired to avoid much fluid ; and it is said, 
though I cannot vouch for the accuracy of the statement, that 
it can neutralise, weight for weight, three times as much hydro- 
chloric acid as beef, and that therefore it should prove of use 
in hyperchlorhydria. 

It may be said, in general, that Plasmon possesses those 
features which make a milk diet valuable, and of which the 
chief are :- 

(i) The fact that of all proteids, that of milk requires the 
least amount of gastric juice in proportion to its nitrogen - 
content for digestion. 

(2) That the nitrogen of milk is readily retained in the body 
-more so, for example, than the nitrogen of bread -thus making 
it an excellent muscle -building food. 

(3) That in its use putrefactive processes are diminished in 
the intestine, as evidenced by the ethereal sulphates and in- 
digogens in the urine. 

(q.) That as casein does not yield nuclein, probably the main 
source of uric acid, the uric acid excretion is lessened during its 
use as a food 

Certain objections may be raised against the too exclusive 
use of a milk diet :- 

(I) That it may increase peristalsis and cause diarrhoea; 
this is due chiefly to the large bulk of fluid ingested ; the use of 
Plasmon would tend to obviate this. On the other hand, the 
constipation which not infrequently accompanies the use of 
milk, may equally well occur when Plasmon takes its place. 

(2) That in some patients, especially the young, the fat in 
milk leads to gastric disturbance and vomiting. This cannot 
occur with Plasmon (at least from the same cause), as the latter 
contains very little fat. 
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(3) That a firm curd may be produced and the stomach 
irritated thereby. My experience is that with Plasmon a soft 
curd is formed. In both milk and Plasmon the sodium chloride 
is deficient in amount -a salt which is quite essential for the 
carrying on of the osmotic processes of the body. 

I have heard it said that Plasmon may cause renal irritation. 
I think that is possible, not because too much excretory work 
is thrown on the kidneys, but because the urine tends to become 
very acid whenever milk forms a preponderating part of the 
diet, owing to the increased excretion of phosphoric acid. I 
have already referred to the rise in the excretion of this con- 
stituent of urine when Plasmon is being used. 

To sum up, if we elect to make use of such a substance as 
Plasmon, we may, I think, feel assured that it is a simple and 
pure preparation, consisting mainly of the caseinogen of milk 
precipitated along with some of the salts. It is of no use as a 
source of heat, and of little value as a generator of mechanical 
energy. It seems, however, to be capable.of ready absorption 
and metabolism, and as such ought to be a valuable addition to 
the diet in convalescence, and in actual illness where nitro- 
genous waste has been marked. It would be a great matter if 
it could be rendered quite tasteless. 
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IN view of the very general interest that has been awakened 
of recent times with reference to the check of tuberculosis, it 
seems not inappropriate that attention should be-directed, in 
a society like this, to one of the most efficient safeguards 
against the development of this condition among the infant 
population -I refer to the sterilisation of milk. 

The subject appears to me to be a fitting one for considera- 
tion, for the following reasons : -(1) On account of the very 
widespread interest it has aroused among the laity, intelligent 
members of whom are not slow to recognise its importance; 
(2) because it lies very specially in the work of the members 
of an obstetrical society, to guide the mother and the nurse 
in the choice and preparation of the food of the young child; 
(3) because there is still a considerable lack of precise infor- 
mation on many points connected with this matter, even 
in those medical books which are supposed to deal with this 
very topic; (4) and lastly, if I may add a personal reason, 
because it is a subject in which I take a good deal of interest 
myself, and in connection with which I made a number 
of observations last summer and autumn. 

It would be tiresome to reiterate the statement that the 
child who is fed on raw milk runs a constant risk. In this 
country at present there seems to be little possibility of any 
one being sure that his milk- supply is above suspicion. As to 
how many tubercular cows there are, it is impossible to make 

Read before a meeting of the Glasgow Obstetrical and Gynecological 
Society held on 14th March, 1900. 
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an exact statement, but every veterinarian, every medical 
officer of health, every agriculturalist, knows how great the 
total must be, though he cannot perhaps name it precisely. 
Sims Woodhead,? in a recent paper, gave about 49 per cent 
of dairy stock as tubercular. Even that milk- supply which 
one would fancy to be, like C esar's wife, above all suspicion, 
fell under condemnation not so very long ago, for many of you 
no doubt remember that a large number of the Royal dairy 
herd had to be slaughtered last spring on account of tubercular 
disease. 

Composition of milk. -Not to weary you with minute 
analyses, I may state that good cows' milk contains about 
85 percent of water, and 15 per cent of solids; of these, the 
most abundant, as a rule, is the lactose or sugar of milk ; next 
come the fats, a mixture chiefly of olein, stearin, and, palmitin; 
while close upon their heels follow the proteids. The latter 
are very important from the point of nutrition, since they 
alone supply nitrogen to the child. They are three in 
number -(1) caseinogen, constituting 96 to 98 per cent of the 
Whole proteids; (2) lactalbumin; (3) lactoglobulin. Casein - 
ogeñ_ is not coagulated by heat, while lactalbumin, the other 
chief proteid, is. 

. The other constituents of cows' milk are -(1) extractives, 
such as urea and creatinin ; (2) inorganic elements, mainly 
lime, magnesia, potash, soda, iron, phosphoric acid, and chlorine; 
(3) gases, such as oxygen, nitrogen, and carbonic dioxide. 

The reaction of cow's milk is faintly alkaline, or it may be 
amphoteric, i.e., reacting to both red and blue litmus paper. 
In addition, it possesses, when fresh, distinct anti- scorbutic 
properties, to which I shall refer more fully later on, and, 
in virtue of which, it prevents those blood changes which lead 
to the development of scurvy. Finally, as usually delivered 
at our door by the milkman, it teems with micro- organisms. 
I may also mention there is always, according to Eastes,2 
a slight leucocytosis in normal milk, which is increased 
during lactation. 

Digestion of millc. -Let me, in the next place, draw your 
attention briefly to the digestion of milk -a point of some 

Sims Woodhead, "Tuberculosis and its Prevention," Edinburgh 
Medical Journal, 1899, vol. v, new series, p. 460. 

2 `Eastes, "The Pathology of Milk," British Medical Journal, 1899, 
vol. ii, p. 1141. 
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importance -since the effect of sterilisation on the digestibility 
may influence us in our choice of a method. When milk 
enters the stomach, a true curd is produced by the rennin, 
or milk -curdling ferment, which is always present in health, 
and is particularly active in sucklings. The effect produced 
is due to a splitting up of the caseinogen into insoluble casein, 
which, entangling the fat globules, forms the curd. For this, 
the presence of lime salts is absolutely essential, as can be 
proved by adding to milk 2 per cent of its weight of potassium 
oxalate to precipitate the lime salts, when, on the addition of 
rennin, no curd will be formed. Besides the 'formation in the 
stomach of curd by the rennin, a partial precipitation of 
caseinogen takes place by the HCI of the gastric juice. The 
casein is finally converted into acid albumen,,añd then into 
albumoses and peptones. The lactose is converted into dex- 
trose in the small intestine, while the fats are acted on by the 
steapsin or fat -splitting ferment of the pancreatic juice, aided 
by the bile, and are thus brought into a state of minute 
subdivision, favouring absorption. 

The four cardinal points in which cows' milk differs from 
that of the nursing mother are :- 

1. Chemical composition. -Cows' milk contains an excess 
of proteids, and deficiency of sugar and of fat, as compared 
with the woman's. 

2. Digestibility. -The curd formed is larger and tougher 
than in human milk, in which it tends to be somewhat 
granular, and"more easily digested. 

3. Reaction. -Human milk is always alkaline; cows' may 
be alkaline or amphoteric. 

4. Presence of micro-organisms.--Milk fresh from the 
healthy mother's breast is. sterile ; that supplied at our doors 
for infant consumption invariably teems with microbic life. 

The first two of these points can be rectified by the 
addition of water, of sugar, and of cream ; the third, by 
alkalinising the milk with sodium bicarbonate ; and the fourth, 
the point to which I desire to call special attention, by the 
application of heat in the process of sterilisation. 

Now the question may be asked (and it would be a very 
natural one) -Why not boil all milk intended for infant 
consumption, and so render it sterile ? To this procedure, 
however, there are certain objections, some of them of con- 
siderable weight. In the first place, if milk be raised to 
its boiling- point, which I find to be 99.5° C. (211° F.), the 
lactalbumin is coagulated, and rises to the top, taking some 
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of the cream with into form a scum, so that a certain amount 
of the nutritive material is lost, since this scum must be 
removed before feeding. This difficulty might be best obviated 
by boiling the milk in a glass flask with constant shaking. 
In the next place, the palatability is distinctly lessened if 
milk be raised to its boiling -point and kept there for a few 
minutes. This is apt to be most marked if the milk is boiled, 
as it often is, in an ordinary enamelled pan set on an open 
fire. One probable explanation of this is, that in such a pan, 
as the milk froths up, a film of the liquid covers the inside 
of the vessel above the level of the milk. After the latter 
subsides to its ordinary level again, this film is very apt to be 
over- heated and charred, and part of this burnt milk is washed 
off and carried back into the milk again at the next ebullition. 
Due proof of this is, that if milk be boiled in a flask over wire 
gauze and be constantly agitated, the alteration in taste is 
very much less. In ordinary domestic surroundings, it might 
be suggested that the milk should be placed in a jar, and that 
in a vessel of boiling water. It is impossible, however, under 
these circumstances, to make the milk itself boil. The highest 
temperature to which it can be raised under these conditions 
is 96° C. (204° F.) 

The third, and to my mind, most serious objection to the 
use of boiled milk in infant feeding is, that such milk has 
undergone marked depreciation, with reference to its anti - 
scorbutic properties. That such properties exist in fresh milk 
there appears to be no reason to doubt. The investigations of 
Barlow 1 into the disease named "infantile scurvy" (formerly 
called " acute rickets "), in which there are sub- periosteal blood 
extravasations on the shafts of the long bones, with great 
tenderness, asthenia, and'anmmia, have definitely proved that 
this disease depends exclusively on food errors, and that it 
occurs where infants are fed altogether on boiled milk, con- 
densed milk, and various proprietary foods. A striking fact 
in this connection is, that over 80 per cent of the cases of this 
disease occur in the houses of the middle and upper classes, 
because it is just in such homes that instructions regarding 
the sterilising of milk by boiling would be likely to be carried 
out with the greatest care. Among the poor, on the other 
hand, the laxness with which such orders are often attended 
to proves the salvation of the infant. As to the exact nature 
of the element in fresh milk to which it owes its power of 
preventing scurvy, we are as yet in the dark. Inasmuch, 

Barlow, On Cases Described as Acute Rickets, 1883. 
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however, as it is destroyed by high temperatures as well as 
by those processes in the preparation of proprietary foods 
which involve the peptonisation or pancreatisation of milk, 
it seems practically certain that it is something endowed with 
vitality. It may be, as Cheadle 1 suggests, that this property 
resides in certain living cells thrown off from the mammary 
gland in the process of secretion, or it may be due to something 
of the nature of a ferment within the breast or udder. 
Whatever it be, it is sufficient for our present purpose to 
remember that it does exist; that it can, under certain 
circumstances, be destroyed; and that we must therefore 
elect a method of sterilisation that will in no way lead to 
its loss or destruction. 

On the whole,therefore,there are sufficientlycogent reasons to 
render the boiling of milk an undesirable form of sterilisation. 

Sterilisation at a lower temperature or pasteurisation. - 
Fortunately it is not necessary to subject milk to a tempera- 
ture of boiling point in order to destroy pathogenic germs, 
for recent investigations point quite conclusively to the fact 
that the bacillus of tubercle, as well as that of typhoid, is 
killed at a temperature of from 70° to 72° C. (158° to 167° F.) 
if subjected to its influence for twenty minutes. It is where 
many spores are present in milk that long- continued exposure 
to a higher temperature becomes necessary, but the microbes 
just named appear to form no lasting spores (if, indeed, they 
form any at all), and themselves succumb at the lower tem- 
perature already mentioned. In this way we can render 
milk safe in a short space of time, and without altering its 
palatability, digestibility, or anti -scorbutic properties. I have 
repeatedly demonstrated that the taste remains unchanged ; 

I find the curd formed is soft and pultaceous, sò that it can 
be readily peptonised ; while clinical experience has shown me 
that children can be fed exclusively on milk pasteurised at 
this temperature, for such periods as nine, ten, or even twelve 
months, with the result that they thrive splendidly, and 
remain free from the very faintest scorbutic taint. 

Of the various forms of apparatus advocated for the 
pasteurisation of milk, none, to my mind, are superior to 
the very efficient, simple, and ingenious steriliser devised by 
Professor Soxhlet. In it there is a set of bottles, each of 

1 Cheadle, " Infantile Scurvy," Allbutt's System of Medicine, 1898, 
vol. v, p. 614. 
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which is meant to hold sufficient for one drink only, and from 
which the child is fed direct, a large teat being supplied which 
fits on to the bottle. Each bottle, in addition, seals itself 
automatically after pasteurisation has been accomplished, and 
is thus protected from the entrance of extraneous matter, 
whether organic or inorganic, till required for use. This 
sealing is accomplished by means of a flat rubber disc laid 
on the mouth of the bottle and kept in position by a loose - 
fitting metal capsule. In this way during sterilisation, steam 
can readily escape from the bottle, but on cooling, the con - 
densation . of the steam forms a partial vacuum, and the 
pressure of the external air drives the rubber disc firmly 
against the mouth of the bottle. The bottles themselves are 
set in a tin holder somewhat resembling a cruet- stand, which 
is in its turn placed inside the steriliser -an ordinary large 
tin can. In the directions that usually accompany the appara- 
tus, it is recommended that the bottles be placed in the 
steriliser in cold water, and that the latter be then brought 
to the boil and kept there for from 40 to 45 minutes. The 
temperature attained by the milk is then, I find, 96.5° C. 
(205° F.) The curd produced in such milk by the addition of 
rennet when it has cooled, is very soft, and the taste is not at 
all markedly deteriorated. In view of the statement made 
above, however, that exposure of milk for twenty minutes to 
a temperature of 75° C. (167° F.) suffices for the destruction 
of the bacillus tuberculosus and bacillus typhosus, it appears 
unnecessary to adopt the longer process, involving as it does 
a greater expenditure of time and of fuel, with the attendant 
risk that the anti -scorbutic properties of the milk may be 
affected. If the milk be pasteurised at the lower temperature 
it is equally safe, has the taste unaltered, allows the cream to 
rise well, while the curd formed is soft and pultaceous and 
likely to be easily digested, and the milk keeps sweet for three 
or four days even in summer if preserved in a cool larder and 
excluded from the light. 

In either case the milk should be cooled down quickly on 
its removal from the steriliser, so 'that it may be brought 
rapidly below the temperature at which the bacillus lactis is 
most capable of flourishing (which is from 35° to 42° C. 
according to Hueppe), since that organism is not destroyed 
by pasteurisation. 

It must always be kept in mind that neither of these 
methods, not even boiling itself, will destroy the spores of 
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many organisms which affect the keeping properties of milk.. 
Perfect sterilisation or complete freedom from germ -life can 
be attained in one or other of two ways 1 

1. By keeping the milk at a continuous temperature of 
120° C. (248° F.) for two hours, or at one of 130° C. (266° F.) 
for half an hour ; or 

2. By the process of intermittent sterilisation. In this the 
milk is first kept at 75° C. for two hours, and then at 40° C, 
for several days to allow of any spores left developing into, 
bacteria; again, the milk is raised to 75° C and maintained 
at this point for two hours, and once more it is kept at 
40° C. for two or three days. After five such alterations of 
temperature the milk is finally raised to 100° C. It is then 
quite sterile. 

As regards other forms of apparatus, the sterilisers of 
Cathcart and of Aymard are well known, and find favour 
with many. In both, a large quantity of milk is pasteurised 
at a time, but, in the latter apparatus, there is no means to 
prevent the entrance of dust and germs after the milk has 
cooled, whereas in Cathcart's this is accomplished by a simple 
and effective device. An advantage which Soxhlet's apparatus 
possesses is, that the child is fed direct from the bottle in which 
pasteurisation was accomplished, whereas in Cathcart's the milk 
must be run off each time into an ordinary feeding -bottle. 

The mixture which I have found most suitable in general 
for infant feeding consists, for each drink, of 6 drachms of 
whole milk, 12 drachms of thin -strained barley- water, 2 
drachms of cream, half a teaspoonful of sugar of milk, a pinch 
of common salt, and one of sodium bicarbonate. If the child 
be constipated, part of the barley -water may be replaced by 
fluid magnesia; while, in the event of diarrhoea, lime -water 
may be used in the same way. As the child grows older, the 
mixture may be increased in strength and quantity. 

For children of more advanced years, who drink milk no 
longer from the bottle, but from a cup, the milk may be 
steamed in a narrow- mouthed jar placed in a pot of boiling 
water, or may be pasteurised in a bain- marie, the plan adopted 
by Budin, of Paris. 

As for the larger questions dealing with the means of 
improving our milk -supply as it comes from the dairy farms, 
these must be treated of in other places. I may say, however, 
that many strongly advocate the use, by preference, of milk 

1 Fleischmann, Book of the Dairy, 1896, p. 96. 
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that has been "separated" or centrifugalised. This point is 
strongly insisted on by Leslie Mackenzie 1 in a recent paper, 
who points out that, in the separation of the cream, there is 
also a separation of a vast amount of dirt, so that in this way 
a large number of bacteria may be cleared out, and the keeping 
properties of the milk much improved. The separated milk 
may afterwards be mixed with the separated cream, so that 
the nutritive qualities of the milk are not lessened. That it 
is desirable to use such milk becomes the more apparent when 
we are told that Knopf,2 of Munich, estimates the number 
of bacteria per cubic inch of fresh milk at .950,000 at the 
lowest calculation. Of course, even separated milk should be 
pasteurised before being used for infant consumption, the 
process of centrifugalising only removing a certain number 
of the bacteria mechanically. 

Leslie Mackenzie, " The Hygienics of Milk," Edinburgh Medical 
Journal, 1899, vol. v, new series, p. 375. 

2 Frendenreich, Dairy Bacteriology, p. 37. 
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