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A STUDY OF TEE CHLORINATION OF MIIX 

Historical 

From time irmnemorial milk and other dairy products 

have made up an important part of the diet of man. Of the lim-

ited knowledge that we have of prehistoric man, acquired, as it is, 

largely by n:eans of the implements and tools tbat he bas left' us, 

nothing is more sure than that dairy products constituted a con-

siderable portion of his food. Pre-eminent among the implements 

tha. t he used is the churn. This useful tool was used by early 

tribes in Africa, America, Australia, the South Sea Islands, Asia 

and Europa. 

Heinemann (l}, who draws freely from the book of 

Benno Martiny, "Kirne and Girbe", gives a brief yet comprehensive 

summary of the history and development· of the dairy industry. He 

points out that it bas been a rather slow development and that 

until a relatively recent date, no sanitary precautions in the pro-

duction of milk have been very seriously attempted if we overloolt 

a few sporadic oases in earlier times. 

It bas been supposed by earlier bacteriologists that 

milk, freshly drawn from the udder, is sterile; and would keep in-

definitely were it not polluted s~b~equent to withdrawal. Lister (2), 

who in 1878 attempted to obtain milk without contamination,.is per-

haps largely responsible for this supposition •. He sucoee·ded in 
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obtaining two sterile tubes out of tvrelve which contained oare-

fully dra:wn milk. The org"anisms in the ten tubes that were not 

sterile, he concluded to be air contaminants, which gained en-

trance for want of sufficient care on his part and that the milk 

in tbe udder is sterile. 

Prior.to this, in 1874, Roberts (3) also succeeded in 

obtaining three sterile tubes out of ten. 

In m691, Schulz (4) re1)()rted that the first drawn milk 

contained numerous bacteria and that as the milking proceeded 

the numbers decreased. But it remained an open question·until 

Moore (5) and later Moore and ward (6) published their work which 

established the fact that normal udders and lactiferous ducts har• 

bour bacteria which contaminates the milk as soon as it is secreted~ 

The ty_pes of bacteria vhich can grow within the udder 

are, however, limited. Rogers (7) states: "There .. are only three 

general groups of organisms tba t commonly grow in ·heal thy udders ... 

-staphylococci, streptococci, and a group of minute rod forms of 

which the organism of contagious. abortion is the type sp;lcies." 

After the milk is dravm there is further chance of com.-

tamination. Pathogenic baqteria gain access to milk in a var-

iety of ways. The milker or handler of milk may be suffering i'from · 
I 

a mila infection, or may himself be well, but' a carrier. Partic-

ularly may this be true in the case of Typhoid fever or Diphtheria. 

Utensils may infect milk if they are washed or rinsed in polluted water, 
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or handled, by an infected person or a carrier. Flies and rodents 

may be agents in carrying infectious material into milk, if they 

gain access to the milk or the utensils which handle it. Once in 

this medi'Wll par excellence they may reproduce and multiply, or, 

if kept at low temperatures, will remain viable for a long time. 

Thus many milk borne epidemics have been_ ~!lused • 

. From 1881 to 1907, according to Trask (8), the 

following number of milk borne epidemics oocurre4: 

179 epidemics of Typhoid, 107 of which were in the u.s. 
51 tt lt Scarlet Fever, 25 " n tt tt 

23 tt " Diphtheria, 1.5 of which " " tt 'tt 

7 n Sore Throat. 

Since 1907 other epidemics of sore throat have been·r~ported by 

Bray (9), Capps and l\filler (10), Hamburger (ll), and others (lla). 

Only recently a large milk borne epidemic of Typhoid fever has 

occurred in Montreal. 

It seems axiomatic to say tbat if sufficient pre-

cautions were taken to make. sure that milk comes from healtey 

cows, and is handled in a sanitary manner by persons free from 

infectious disease, that no such epidemics would occur. Rogers (7) 

states that only two epidemics spread by certified miak: have been 

reported in this country since 1892. Most of the milk consumed 
however, is not certified and much of that which is consumed in 



large cities does not reach the consume~ until it is nearly, if 

not quite, a day old. For this reason milk is treated in various 

ways to insure longer keeping qualiti~s and to render it more 

free fr6m dangerous bacterial pollution. 

Preliminary to a consideration of the ohlorination · 

of milk, it seems desirable to state briefly some of the present 

methods of treating milk• 

Boiling: 

Boiling, according to Minett (12), Mansell (13), 

and others, is the usual method of rendering milk safe for dom-

estic consumption in the tropics. Boiling milk for infant feed-

ing has .its advocates both in this country and abroad and it is. 

claimed that it forms a softer, more easily digested curd in the 

stomach than does the raw milk• 

Pasteurization: 

The word "pasteurization" originated from the olass-

ical experiments of Louis Pasteur, 1860-1864, on the so-oalled 

"diseases" of wine •. He found. t.hat by heating to temperatures 

from 122° to 140° F. he was able to prevent abnormal fermentation 

of wine. later, by the same process, beer was ~reserved from 

souring. The application of the process has given rise to the 
term "pasteurization." 
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As applied to milk there are three methods of Pasteur-

ization. The first, in which milk is heated t.o a temperature of 

165° F. for 1/2 to l minute, is the flash or continuous process• 

The second, in vhich milk is maintained at a tent.Perature of 145° F. 

for 30 minutes, is kno\vn as the holding prooess. The third is a 

method in which milk is pasteurized in the final container. As a 

complete pasteuriz"ing process, the flash method is obsolete. It 

is used frequently to pre-heat milk for the holding process. The 

tendency at present seems to be toward a wider use ~f the holding 

process, but, from a bacteriological standpoint, pasteurization in 

the final container seems to be the most desirable; since, by this 

method, the possibility of contamination of milk, after treatment 

is reduced to a minimum• 

Treatment by Electricity: 

Zeit (14), in 1901, demonstrated the fact that con-

tinuous electric currents produced a bactericidal effect partly by 

heat, but principally by the chemical action of the products of 

electrolysis. Alternating currents of low frequency favored 

growth and pigment production,· but high frequenoy, high :poten-

tial currents sterilized the medium though with an odor of ozone. 

Anderson and F~nke~stein (15), Chilson (16), and 
others have come to the conclusion that bacteria are really killed 
by the heat and that the apparatus .merely furnished a means of 
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creating a sudden high temperature for a brief period. 

Beattie and Lewis (17), working in England under 

the direction of the Medical Researoh Council and with the 

collaboration of the eminent Sir Oliver Lodge, oonoluded that 

both the current and heat. had to do with the sterilizing effec:fJ. 

Prescott and Holmes (18) inspected and gave favorable 

_reports of a plant in Boston that handles 3000 quarts of milk 

daily from November 1925 to Januar~ 1926. 

Theoretically, the treatment of milk by eleotrioity 

seems promising. It is yet in the experimental stage, however, and 

ii has comparatively few advocates in this country, 

Treatment by Ultraviolet Light: 

The destructive action of light on micro-organisms 

was first described by Down.es and Blunt (19) in 1877. These writ-

ers_ believed.that oxs-gen was essential for the germicidal action 

of light. Arloing · (20}, ])uclau:x: (21), and Roux {22} all had the 

same idea. ward (23)' however' writing in 1892 and 1893, present-

ed the view that is pretty mU.ch general today, namely, that the 

bactericiaal action of ultra-violet light is direct and not due 

to a secondary action involving oxygen. Norton (24), in a recent 

writing, comments as follows: · 0 The evidence tbat bacterial proto-
~lasm and many proteins will absorb ultra-violet rays is indis-
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disputable, and the facts concerning lipoids are well :known. I 

think vre can safely assume a direct photochemical action on the 

bacterial ce11.u 

Ultra-violet light finds practical application in 

treatment of water in a number of municipal supplies in Europe 

but so far it has found little favor in this country. To be 

effeotiye, the water must be clear. The treatment obviously 

would lend itself more efficiently to clear water than to milk, 

in which the proteins seem to shield the· bacteria. Ayers and 

Johnson (25) have shown tbat not all the bacteria were killed 

when milk was treated in very thin layers for several minutes, 

and what was more serious, it imparted an unpleasant taste to 

the milk. 

Tr ea tmen t by Carbon Dioxide: . 

Carbon dioxide treatment has been advocated from 

tirre to time, but according to Rogers (7), this seems to be un-

successful theoretically because of the buffers contained in the 

milk. 

Freezing: 

Milk has been frozen for exportation, as a low 

temperature prevents bacterial multiplica~ion. The milk when 

frozen does not decompose to any appreciable extent, but undergoes 

serious pbysioa.l cha.nges. The thawed product is ne:ver the same 



as the original milk. This process of preservation has been ex-

tensively used in De:nmark. 

Difficulties in Pasteurization 

Of the above methods of treatment, that of pasteur-

ization is by all odds the most widely employed 1n this country. 

It is not, however, without its drawbacks. The desirabllity on 

the :part of dairymen to naintain the oream line sometimes causes 

them to em:ploy too low temperatures and to pasteurize for too 

short a time. Ayers and Johnson (26) by means of a circular letter 

sent to pasteurizing plants, in nearly all cities over 25,000 pop-

ulation in this country in 1923, learned that the average temper-

ature. used was 62.8° C (145° F.) with the "holder" process and 

71.l 0 c •. {160° F.) with the "flashn process. They report their 

results as follows: "The reports from 219 milk plants which pas-

. teurized showed that 75 used the "holder" process and 144 the 

11fl~sh" process.tt They concluded that ttas pasteurization is prac-

ticed tbe milk might have been heated from l minute at 60° c. 
( 140° F.) to 30 minutes at 76. 7° c. (l 70 F.) and it would all be 

known as pasteurized." 

Leslie c. Frank (27), in a ]?aP3r read before the 

Sanitary Engineering section of the American Public Health Assoc-

iation, st. Louis, October 1925, said, "Milk control in the 

United States is now in a chaotic non-uniform state." Referring 
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to pasteurization, he continued, "Some ordinances require a pasteur-
o ization temperature of 140, some 142, .. some 143, and some 145 F. 

Some ordinances require a holding time of 20 minutes and some of 

30 minutes." It seems obvious, then, that there is no uniform 

method of pasteurization. 

Engineering difficulties of son:e; :pasteurizing plants 

make for imp;ro:per pasteurizing temperatures. Defects found in oom- · 

mercial equipment which will prevent proper pasteurization of all 

the milk have "been grouped by Putman (28) as follows: (li dead ends, 

(2) lealmge through valves, (3) foam and splash, (4) defective oon-

tinuous-flow uni ts, and (5) unsatisfactory thermometer a • 

. In dead ends, i.e., sections of pipes or other pock-

eta in which the milk is not agitated and heated with the .bulk 

of the milk, pasteurizing temperatures are not reached. 

Lealcy' inlet valves permit the :passage of raw milk 

in~o the· holdef and leaky outlet valves allow the milk to es-

cape before it is completely pasteurized. Praotical'.cy' all milk 

valves, according to Putman (28)·, leek to some degree. 

In 1899 Theobald Smith (29) WJ rking on the thermal 

death point of the tubercle bacillus indicated that the foam above 

the milk in the test tubes contain floating bacilli that are not . 
subjected to the same condition as the milk beneath unless com-

pletely submerged. Tbat the air and foam.above the milk does 

not reach pasteurizing temperatures has been pointed out by Schorer 
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and Rosenau (30) in 1912 and by \Vhittaker,o:Ar.chibald, Le.eta and 

Miller (31) in 1927. The Jast named authors point out from their 

studies that pasteurization is not effective in raising the foam 

to a E?atisfaotory pasteurizing temperature or., in always aooomplish-

. ing as great a destruction of bacteria in foam as in milk. Ob-

viously, then, this non-pasteurized fca;:m may furnish an inooulum 

for the milk. 

Continuous flow holders sometimes fail to hold all 

of the milk at the :pasteurizing 'temperature for thirty minutes. 

Instances where part o:f the milk in such a process ~.s held for 

only three, ten and twelve minutes have been reported by Huelinga, 

Grim, and Horn (32) and by Chilson and Wisler (33). 

Putman (28) :points out that· the recording thermometer 

in general use in pasteurizing plants is not to be relied upon 

because, he asserts, they are not accurate. He states that, "it 

is not uncommon to find one registering from one degree to four 

degrees off.• He suggests an aocurate'mercury-indioating ther-

mometer as a reme~. 

Cevtain milk borne epidemics have been traced to im-

proper pasteurization. Such epidem~as have been reported by 

Winslow (34), Capps and Miililer (10), and others. 

Again, it has been pointed out by Eddy (35), Hess 

and· Fish (36), a ild::;others, that pasteurization, while removing 
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dangerous germs, eliminates the anti-scorbutic vitamin c. Such 

anti-scorbutios as orange juice, tomato juice, etc., are pre-

scribed for infants when feeding them pasteurized milk; so this 

objection to pasteurized milk is not considered of so mu.oh ilIIJ?Ort-

ance. The other dravibaclts to :pasteurization enumerated above, I 

think are not without foundation and from a public health stand-

point are without doubt objectionable features. 

Grant, however, that pasteurization is properly done; 

even then there is danger of contamination by subsequent handling. 

It is suggested by Ayers (37,l that to :prevent this 11bacteriologi-

cally clean coolers, bottle fillers, bottles, and sterilized caps 

are necessary; and what is of greatest importance is to see that . 

the :pa'steurized milk does not come in oontact with human hands, or 

with apparatus including bottles and caps, touched'by the hands 

after being sterilized.•• Pasteurization in the final container 

would, of course, eliminate much of the contamination incident to 

handling. 

Chlorination. Is it Possible? 

In. view of the objectionable features of pasteur-

ization and other methods of treating milk enumerated above, it 

was thought that many if not all of these undesirable features might 

be overcome if a harmless chemical means of sterilizing milk could 

be evolved. Chlorination, which process is now so well established 

with respect to the treatment Of water, suggests itself as a poss-
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ible means of sterilizing milk. 

History .Qi. Chlorination .2! Water 

Race (38), from 'Whose book "The Chlorination of 

Watertt I am drawing freely, has sum.llled up the history of ohlorin-

ation with respect to water• Thouglf.:chlorine was discovered by 

the Swedish chemist Scheele in 1774, it was not until 1810 tl:Ja.t 

Sir Humphrey Davy established in the minds of scientists the elem-

ental character of this subst~nce. Its first use seems to have 

been that of a bleaching powder. 

Chlorine was first used as a disinfectant in 1800 

by de Morveau in France, and in England, by Gruikshank. It was 

prepared by heating a mixture of hydrochloric acid and potass-

ium bichromate. In 1854, chlorine lime was used to deodorize the 

sewage of London. The American Public Health Association report-

ed in 1885 that lime chloride was the best disinfectant available 
... 

when cost and effic ienoy were considered. In Vielllla chlorine was 

employed in 1895 in stamping out puerperal fever. Electrolysed 

sea water and salt solutions known as ttHermite Fluid",''Electrozone", 

etc., have been tried for sewage treatment both in this country 

and in Europe. Phelps (391 in 1906-07, called attention to the 
i 

unnecessary stringent standards of European practice and indicat-. 

ed the dosages necessary for crude sewage and filter effluents. 

Race (38) states that this "marks the commencement of a new era 

in sanitary science.n 



-13-

0redi t for the first systematic use of chlorine in 

water as a disinfectant, according to Race (38), is due to Houston 

and MoGo·•nan (40), who carried out _some rather extensive work at 

Lincoln in 1904 and 1905. The dosage they used was l part per 

million of available chlorine in the form of sodium hypoohlorite. 

The first cornmsrcial successful attempt at chlorin-

ation was made by G. A. Johnson (41) who, in 1908, eliminated the 

copper sulphate treatn:ant of the effluent of the Union stock Yards 

of Chicago at the Bubbly Creek filter plant, and substituted in 

its stead chlorine treatment in the form of bleaching powder with 

a dosage of 1.5 p.p.m. About the same tine Johnson and Leal (41) 

began treatment of a Jersey City, N.J. water supply, using .2 

:p.p.m. of available chlorine. This became the cause of a law-

suit in which the Court decided in favor of Chlorination. 

Since 1911, municipal water chlorination has become 

almost universal in this country. Water is being ~reated at pres-

ent both alone and in conjunction with filter plants. 

History of Milk Chlorination 

The history of milk chlorination is short and very 

limited. No commercial attempts in this direction have been re-

:por ted, and laboratory experiments date from 1922 when Mansell (13) 

undertook to chlorinate milk for the pur:po se of discovering whether 

or not milk could be lt:e:pt from souring in the tropics by some 

easier method and more reliable than boiling. Bleaching :powder 
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solut ion having a titer of 1.87% available chlorine was used. 

Amounts ranging from .s cc to 5.5 co of this solution 

were added to 100 co amounts of milk. He detected the presence 

or absence of chlorine by means of a color reaction using 'starch 

solution and zinc iodide as indicator. The chlorine was allowed· 

.to aot one half hour before plating on agar plates for colo~ 

count. The effect of varying amounts of bleaching powder solution 

was tried on B. ty-~hosus, B Flexner, B. Gartner, and B cholerae 

in milk. 

t!ansel's results are interesting. With regard to 

smell and taste, when 2.5 co of bleaching powder solution was in-

troduced in 100 cc of miihk, chlorine could be detected at the end 

of two hours but not at the end of three. With the addition of 

3 'CC of solution, chlorine vvas noticeable at the end of tbree hours, 

but not long after that, though available chlorine could be demon-

strated chemically to be present. \Wien 100 co amounts of milk were 

treated with 2 cc of the bleaching powder solution, it kept sweet 

for from thirty to thirty-six hours at 85° F. His oonclusions 

were as follows: 

l. Miibk may be kept fresh by simple and inex.pensiva 

process without any special precautions, the only precaution neow 

essary is that Of cthoroughly stirring the milk when the bleaching 

powder solution is added. 

2. Milk treated by this .method is not appreciably 

altered as to taste or fat content• After allowing time for the 
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action of the chlorine. 

3. Infected milk may be rendered safe for eonsi;mip-

tion. The most commonly surviving organisms are B. acidi lactioi 

and B. lactis aerogenes. 

In 1923, Ha.le and Bleeblter (42) did some work on 

the chlorination of milk using various chlorinating agents. They 

tried out sodium bypochlorite in both neutral and alkaline solutions., 

calcium lzy:pochlori te, and chlorine water. Their results ·seem to 

be in good agreement with the results of Mansell. They sum up their 

experiments as follows: 

l. 0 Active chlorine does act as a germicide in milk 

and in ice cream with a reduction in the number of bacteria in gen-

eral :proportional to the amount of active chlorine present. 

2. "Chlorine water gives as satisfactory results 

in 45 minutes· as sodium hypochlorite does in 90 minutes, or as 
calcium l:cy]?ochlorite does in 19 hours. The chlorine -water could 

be used in higher concentration than the other two without an effect 

upon the fJa,vor." The authors express themselves that it is not 

their wish for their :paper to be considered as a recommendation 

for the chlorine trea~ment of nBrket milk. 

The same year (1923) Zoller and Eaton (43), and 

Zoller (44) published a series of articles on the action of sodium 

bypochlorite in cow's milk. They are quite definite in stating 

that "there are mcy- natural reasons outside of the Food and Drugs 

Acta which :preclude the :possibility of its use to sterilize milk." 
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One study seemed to prove that sodium eypochlorite loses chlorine 

to sone of the constituents of the milk, and that there is a 

limit to the quantity of the substance which can disappear in the 

milk in a given time. To test the bactericidal action of sodium 

lzypochlori te in milk, varying concentrations, ranging from .1% to 

.0001% available chlorine were added to 100 oo quantities of milk 

at 40° c. and allowed t~.i\ ac,t fr an 5 to 15 minutes. 

Their conclusions on one part of this work is stat-

ed thus: "In regard to cow's milk, we can ss.y tha't sodium hypoohlor-

i te has a relatively low bactericidal effect, in view of its vig-

orous bactericidal action on the bacterial cells themselves. Only 

when ·an excess of sodium hypoohlori te was :present (as indicated 

by starch sodium iodide test} did we consistently obtain more than 

50% reduction in the plate oount; and then the highest obtained 

was-80.8%. The milk is always a pinkish-yellow color in the presence 

of 0.1% of added available chlorine"• 

These authors further conclude that the :presence or 
the orga.nio ms tter in the millt seems to protect the vitality of the 

.organisms, as regards their power to reproduce on a milk agar plate, 

even after exposure to an excess of sodium bypochlorite in the 

milk. 

In full a~eement with this are the conclusions of 

Minett (12) who, in 1925, conducted some experiments in Hong Kong• 

He used chlorine in the form of 4% solution of chlorinated lime. 
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The chlorinated lime gave an analysis of 29.9% available chlorine. 

Of this he used from .5 to 2.5 cc per 100 cc of milk. From his 

experiments he came to the conclusion that chlorine as a milk 

purifier was of no value, even if allowed under tl:e Food· and Drugs 

Act •. He gr~nts that it keeps milk from going sour and from clott-

ing for a cons.ideraqle; time,. but that i:t does not kill off the or-

ganisms as it does in water. He attributes this to the inability 

of the chlorine to penetrate the fat globules, and possibly other 

constituents of· the milk. He assumes that chlorine, to be eff io• 

ient, nm st get at the organisms quickly and in a free state. n Any 

fatty or albuminous substance present," he asserts, n seems to eat 

up the free chlorine and so prevent its action on the organisms 

themselves." 

After a perusal of the literature it seems evident 

that no one has yet devised a harmless ohemical means of steril-

izing market milk. Those who have worked on the chlorination of 

milk have come to vafious oonclusions. Mansell (13), who seems 

to be the first to have recorded any attempts at milk chlorination 

reports rather favorablp-. Hale and Bleecker (42) gave a favorable 

report of its possibility, but they did not wish to be understood 

as, reoonmending chlorine treatment of market milk. Zoller and 

Eaton (43) do not consider it practical, and Minette (12) is of the 

same o:pinion. 
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The Ortho-Tolodine Test 

Before attempting the following experiments on 

the chlorina. tion Of milk, means for determining the amount of 

chlorine introduced into the milk were considered. The ortho• 

tolodine test, devised byEllms and Hauser (46) was deoided 

upon. The authors of this test claim that it is specific for 

chlorine in the absence of other oxidizing agents and that 

it has a sensitivity of 0.005 parts per million of free ohloriis. 

The reagent as perfected by Ellms and Hauser consisted of 0.1% 

o-tolodine in 10% solution of Hydrochloric acid. This reagent 

is stable and produces with small quantities of chlorine a 

yellow color, though its preparation is somewhat tedious. 

Ortho•tolodine is a colorless reag;ent, which, in 

the presence of large an.ounts of chlorine turns red in color 

and precipitates. In the presence of small amounts of chlor-

ine, a yellow color is produced, the intensity of which ia 

directly proportional to the amount of chlorine present. 

Suggestions for the causes of these color changes 

are made by Ellms am. Hauser (46) in the following formulae: 
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0-Tolodine 
p-2-diamide-m•2 
dimethylphenyl 
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CH COCH 
3 

Nitroso compound 
blue 

·CH 
3 

Acid salt 
Yellow 

mixture. of these two probably green 

"The red color and red preci:pi tate produced by large 

amounts of chlorine may be a sub,stitution product of the nitroso 

compounds resulting from the complete oxidation of all the o-

tolodine present ,tt 

Permanent color standards were made up according to 

the specifications of the originators of the test, using copper 

sulphate and potassium bichromate in sulphuric acid solution. 

These standards were made to cover a range from 0.01 p.p.m. to 

10. :p.p.m. of available chlorine as follows: 

Potassium bichromate solution: 0,025 gr. plus 0.1 cc concentrat-

ed sulphuric acid, diluted to 100 cc with distilled water. 

Copper Sulfate solution: 1.5 gr. Cu•so4.5E20 plus l co concen-
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tra.ted su:t,phuric acid, diluted to 100 co with distilled water·. 

Parts per Million 

0.01 

0.02 

0.03 

o.os 
o.o7 
o.os 
0.09 

0.10 

Copper Sulphate 
cc 

0.4 

o.s 

1.5 

1.7 

l.8 

Potassium bichromate 
00 

o.s 

5.5 

6.6 

7 .. 5 

8.7 

9.0 

lo.o 

Standards higher.than O.l parts per million require 

a stron~r potassium bichromate solution; i.e. 0.25 gr. plus 

l c~ ~on.:\c..~-=~&r~~ted ~lphuri~ acid, diluted to 100 oo with dis-
1 ) 

tilled wa. ter. 

Parts per Million cuso4 solution Potassium bichromate 
co solution cc 

0.10 l.8 i.o 
0.20 l.9 2.0 

0.30 1.9 3.0 

0.40 2.0 3.8 
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continued---

Parts per million euso solution Potassium biohromate 4 cc solution cc 

()650 2.0 4.5 

0.60 2.0 5.1 

0.70 2.0 5.8 

o.ao 2.0 6.3 

0.90 2.0 6.7 

1.00 2.0 7.2 

2~00 2.0 12.0 

3.00 2.0 21.0 

4.00 2.0 30.0 

5.00 2.0 39.0 

6.00 2.0 46.0 

1.00 2.0 56.0 

a.oo 2.0 63.0 

9.00 2.0 70.0 

10.00 2.0 75.0 

Detection of Chlorine in Mille 

There is no test ye,y reported. for the deteo.tion of chlor-

ine in milk that is sensitive enough for the purpose desired in 

this work. The test devised by Phillip Rupp (46} which seems to 

be the most sensitive oolorimeteric test reported in the literature 
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for the determination of chlorine in milk, is claimed to be sensi-

tive to l part dn 50,000 of millc. This, of course, is much out 

of the range for a satisfactory reagent. Keister (47) has point-

ed out that the Rupp test is eight times as sensitive to copper 

as it is to chlorine and that in running the test the presence Of 

copper should be ruled out. Perhaps a more serious objection to 

the test for the purpose of these experiments lies in the fact 

that this test :purports to test the chlorine both free a.nI .. com-

bined with the constituents of the milk, by first releasing the 

chlorine from combination with the milk proteins. What is wanted 

here is a test to detect tiny amounts of free chlorine and not so 

much that which is combined. Since in water such small amounts 

as 0.01,p.p~m. of available chlorine is injurious to bacterial 

growth., obviously, a test that detects chlorine no closer that l 

part in 50,000 would be of little value. 

Unsuccessful attempts were made to detect minute quan-

tities of available chlorine in chlorinated milk by separating the 

whey and solid portion and testing for chlorine in the whey by the 

ortho-tolodine test. A JJellow-green water soluble :pigment (lacto-

ohrome) interferes with the test. This :pigm9nt bas the following 

,properties according to Rogers {7) • ttit is composed of C,H,O and 

N. Its composition is still unknown. It contains free amino 

giroups. It is not, salted out of its aqueous solutions. It gives 

no oolor reactions except those of phenylalanine. It reduces am-
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monioal silver solutions in the cold, It is precipitated by 

silver nitrate, mercuric acetate {both acid and allmline solutions), 
c 

merourio nitrate, basic lead acetate, copper salts, and phospho-

tungst~c and phosphomolybdic acids, the la.st two precipitates 

being soluble in dilute acids. On heating with acids, amorphous 

brovm or black precipitates of melanin are formed. Lactochrome 

is soluble only in water, dilute ethyl alcohol, rretbyl alcohol, 

and in mixtures of chloroform and ethyl alcohol. Its solutions 

readily bleach in the light.n 

In·view of the fact that this pigment, because of its 

color, masks the o-tolodine test in the whey, attempts were made 

to remove it by precipitation and still leave the chlorine in 

solution. Phosphotungstio and phosphomolybdic acids both loolted 

promising for this purpose because eac~ precipitated the laoto-

chrome and no precipitate was formed when dropping chlorine water 

into either of these acids. After removing the precipitate by 

filtration, however, and the o-tolodine reagent was added, an-

other precipitate formed, which masked the color. This is by no 

means conclusive and :further work may reveal that the o-tolodine 

test for available chlorine in milk can be run on the whey; al-

though Hale and Bleecker think that the o-tolodine test is valu-

less when applied to milk. 

OBJECTS OF m.m STUDY 

The stuccy- herein reported was undertalmn with the idea 
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of repeating s one of the work that has been dOne, and extending 

the study wberever it seemed desirable to do so. 

First of all, it was decided to study the effect of 

varying concentrations of sodium hypochlorite, calcium bypo-

chlorite, chlorine vvater, t•Diversol", and free chlorine on the 

number of bacteria il1 milk as determined by the colony count, 

and further to study the e~fect of varying concentrations of 

chlorine on appearance, smell, taste, and reaction of milk. 

The second object of this·work was to study the effect 

of chlorination on the per cent of butter fat. 

A third object \vas to study the effect of chlorination 

on various pathogens, and upon Streptococcus lactis. 

Methods:· 

TEE. EFFECT OF CHLORIUATION ON ~ l!!Q.-

TERIAL comf.r' APPEARANCE' SMELL' 

TASTE, AND REACT ION OF MILK. 

The following methods were empl9yed: 

One hundred cc amounts of raw milk were measured and 

put into 110 cc oil bottles that had previously been sterilized in 

an autoclave at 15 pounds pressure for 20 minutes. The chlorine 

solution which had been previously titrated for available chlorine 

was then added to the milk in varying amounts. The milk was tmn 

agitated thoroughly and allowed to stand for 30 minutes at room 
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temperature with freg_uent agitation before plating. One untreat.ed 

bottle was used as a control in every oa.se. 

After thorough agitation the milk was then plated out 

as follows: l cc of the sample was removed with a sterile loo 

pipette and put into a 99 co water blank which bad previously been 

sterilized in an autoclave at 15 pounds pressure for 15 minutes• 

This made· a 1 to 100 dilution of the milk. This dilution was 

thoroughly shaken and then with another sterile lee pipette, l,cc 

of this dilution was removed and put into another 99 cc sterile 

water blanlr. This made a l to 10,000 dilution which vra.s also shak-

en. After thorough mixing l cc amounts were transferred with ster-

ile pipettes from each of the dilutions to two sterile petri dishes. 

for each dilution. Duplicate plates were always made. Plate and 

water controls were run with each sample. Meltt?d nutrient agar 

was poured into the plates at 42° o. and the contents well mixed. 

The plates were then incubated at 37.5° o. for 48 

hours after which a. plate colony count was ne.de. The l to 100 

and l to 10,000 dilutions proved to be sufficient so that the plate 

com;it could be conveniently m.l'.lde from one or the other of these di-

lutions. Only in few oases was it necessary to oount part of the 

plate and multiply the average number by the area of the plate. 

Jeffer' s plate counter was used in counting the plates as was also 

a hand lens of the type specified in "Standard Methods of !!ilk 

Analysis.tt 



-26-

Action of Calcium H.ypoohlorite 

A solution of calcium bY,pochlori te. (bleaching pow-

der) was first used as a means of chlorination:. The solution as used 

titrated 2.5% available chlorine by the o-tolodine method. Three 

different san!J?les were. chlorinated, the results of which are tabu-

lated in Table I. 

Table I. Action of Calcium !f.YJ200hlorite {Bleach} 
Amount of Bleach Sol. 
2.5%.Av. Chlorine Time Of Gas in 
added to 100 cc milk acting Bacteria Lactose Broth 

Sample 1. Untreated 30 minutes 60,000 None 

l co H 90,000 " 
2 co " 50,000 It . 

3 cc n 57,000 tt 

4 oc tt 40,000 11 

5 00 ti 26,000 n 

6 oc It 11,000 .. 
7 00 It 20,000 It 

8 00 tt 18,000 ti 

9 oc tt 3,700 n 

10 co ti 6,500 n 

11 cc n 6,000 " 
Sam,Ple 2. Untreated rt 110,000 It 

l co tt 100,000 It 

2 co tt 90,000 . tt 
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Table I. continued...-
A.mount of Bleach Sol. 
2•5% av. Chlorine Time of Gas in 
added to 100 oo :Milk aoting Bacteria Lactose Broth 

Sample 2. 3 00 30 minutes 25,000 None 

4 cc n 37,000 ti 

5 00 n 40,000 tt 

6 oc ti 20,000 " 
7 00 tt 41,000 It 

8 co " 7,000 " 
9 cc tt 11,000 n 

10 co tt 10,000 " 
11 co tt ·s,aoo tt 

sanrJ?le 3. Untreated tt 90,000 .. 
l cc. It 28,000 " 
2 co It 30,000 It 

3 ca " 40,000 tt 

. 4 cc ti 19,000 n 

6 cc ti 2r;ooo It 

6 cc " 26,000 " 
7 cc. " 20,000 ti 

8 cc tt 18,000 " 
9 cc It 8,700 .. 

10 cc n 600 ti 

11 cc " 100 n 
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That the quality of the milk used in these tests 

so far as the bacteria are concerned, is fairly good may be assum-

ed by t:q.e moderately low bacterial count. and the a.bsence of gas 

in lactCSie broth. It will be noticed too, that while there is 

in general a germicidal effect proportional to the amount of the 

chlorine added, yet there is considerable inconsistency. Hale 

and Bleeolmr (42l had somew}Jat similar results using sodium hypo-

chlorite and they suggested that "this variation is probably due 

to differences in composition and in the quality in the milk used•" 

This :perhaps was true under the conditions of their experiment, 

but it is difficult, under the conditions of the work recorded 

above, to see how that a SU-Bposedly homogeneous solution such as 

milk would vary so gl'eatly in composition within the sane sample. 

I do not attempt to explain the variation but it may be within 

the range Of teohnioal error. 

Action of Bleaching Powder 

Blreaching· powde]." was next a]?plied in the form of 

straight bleach v1hi'ch \Vas well mixed when :put into the milk. The 

following results, given in Table II vrere gbtained. 

Table II• Action of Bleaching Powder. 

Amount of Bleach 
added to 100 oo of milk 

sample l. untreated 

l gram 

Time for act-
ing at 25° c. 
30 minutes· 

tt 

Gas in 
Bacteria Lactose Broth 

l,540,000 None 

30,000 " 
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Table II oontinued.--

Amount of Bleach Time for act~ Gas in 
added to 100 oc Milk ing at 25° o. Bacteria Lactose Broth 

2 grams 30 minutes ·2,aoo none 

3 tt ~ ·9,200 " 
4 It tt l,400 " 
,o " " 100 u 

6 tt It 400 " 
7 ti " sterile " 
8 ttr It 400 u 

.1 

9 It " 400 ti 

10 ti 
~· 300 It 

The bleaching powder used in this case titrated 25% 

available chlorine, thus each gram made a dilution of 0.25% avail~ 

able chlorine when diluted in 100 co volume of milk. This, of 

course, is an overwhelming amount of ohlorine and one gTam re-

duced th~ bacterial count about 98%• The bleaching powder was 

certainly bactericidal, but here again, as in Table I, there is 

some inconsistency. The appearance of the milk was also changed. 

One gram of the bleaching powder produc~d a slight cream color and 

it graded from this to light brown in the succeeding bottles, 

getting d.a.rker with each higher conce;ritration. A :peculiar small 

and taste accompanied the color. Chlcr·ine could not be tasted or 

smelled until the bottle to which three grams had been added 

was tasted. 
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Action of Sodium Ry;pochlorite "B·K·'' 

Sodium l:ly:pochlorite in the form of commercial "B·K•" 

was tried, using the same n:ethods indicated above. The product 

was titrated for available chlorine by the ortho-tolodine ·method 

and varying amounts of a solution containing 2.5% available 

chlorine was introduced- into the milk which was allO\ved to stand 

30 minutes at room temperature, plated out, and colon;y count 

made 48 hours later. The results are ·given in Table III. 

Table III. Action of Sodium Ry;pochlorite (B .K.) 
;·-,: •• ·-· J. _I• 

Amount of B.K. 
25% av •.. Chlorine Time acting Gas in 
added to 100 cc milk at 25° c. Bacteria Lactose. 

Untreated 30 minutes 600,000 none 

t cc tt 105,000 ,. 
l cc tt 120,000 tt 

2 cc tt 82,000 tt 

3 cc tt 136,000 tt 

4 cc tt 110,000 tt 

5 co " 70,000 It 

6 co 11 6,800 tt 

7 cc n 500 " 
8 cc tt 300 " 
9 cc " sterile tt 

10 00 ft 800 tt 

Plate control sterile 

Water sterile 
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Here again it will be noticed that there is ib. gen• 

eral a germicidal effect proport~onal to the amount of avail-

able chlorine used. The milk did, however, have a decidedly alter-

ed and unpleasant taste even where the smallest amount of "B•K•" 

was used. From 2 co up there was an apparent change in smell, . 

where 3 oc or more .had been used the oolor of the milk changed, 

(ranging from slight orea~ color to :i;ale pink), and where 5 co 

or more had been used a preoi:pi tate was apparent. The reaction 

to litmus was neutral in all the milk after 72 hours in the re-

frigerator at s0 c. 

Action Of"Diversol" 

The next sub~tance tried was "Diversol" a product of 

the Diversey Tu!anuf'acturing Company of 53 w. Jackson Boulevard, 

Chicago. Diversol, according to its manufacturers, is a combin-

ation of an alkaline so[ium phosphate combined with sodium. lzypo-

chlorite in the form of a solid solution, the hy:poohlorite being 

contained in the farmer's water of crystallization. It.contains 

about 94% alkaline sodium phosphate, 3% sodium by:pochlorite, and 

3% sodium chloride. Titration showed the Diversol to contain 

~~3,% available chlcr-ine. 

Varying amounts of Diversol were added to the milk 

in the powder form and mixed well. The results are given in 

Table IV. 
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Table IV. Action of ~Diversol"--3L4 to 3% available Chlorine 

Amount of Diversol 3% available ohlorine Time acting Gas in 
added to 100 cc milk at 25° c. Bacteria Lactose 

Untreated 30 minutes 1,580,000 Uone 

l gram tt 630,000 tt 

2 1t " 350,000 . tt 

3 " tt 40,000 tt 

4 It tt 830,000 tt 

5 tt tt 20,000 tt 

6 It tt 110,000 " 
(7 " It 15,000 " 
a It u 90,000 .. 
9 tt ft 70,000 " 

10 t1 u 2,000 tt 

Here again the results are much the same as in the 

pre.vious tables. A germicidal effect will be noticed, in gen-

eral, proportional to the concentration of the J:wpochlorite, but 

variations occur.. The increase in concentration of "Diversol" 

was accompanied by a corresponding increase of yellow to brown 

coloration, granular appearance, peculiar odor, bad taste, and 

separation of whey which was colored from gomden to brown. 

Hale and Bleecker (42) had be~ter success with 

chlorine water than they l:lad with either sodium or calcium hypo-

ohlorite. By using starch iodide a~ an indicator they showed 



that active chlorine disappeared muoh more readily when introduced 

as chlorine water than, when they used sodium or calcium hypochlor-

ite. The probable reason for this, as they suggest, is that the 

chlorine is m~re readily available in the form of chlorine water 

and hence acts more rapidly. 

Action of Chlorine Water 

The chlorine water used in this work vvas prepared by 

allowing liquid chlorine from a drum to bubble through a bottle 

of distilled water at 2a0 c. The first chlorine water so prepared 

titrated o.s% available chlorine by the o•tolodine method. vary-

i!lf:.'t amounts of this was put into the milk and allov;ed to stand 

30 minutes, as in the tests above, after which it was plated out 

and incubated at 37.5° c. for 48 hours. The results so obtained 

are given in Table v. 

_Table v. ~ction of Chlorine Water o;'"'.90.6% Av_. Chlc:r ine 

..llr.aou.nt of Chlorine 
water-.6% av. Cl. Time acting Gas in 
added to 100 co milk 26° c. Bacteria Lactose-

Series A. Untreated 30 minutes 300,000 none 

0.5 00 tt 110,000 tt 

1 .. 0 00 " 180,000 tt 

1.5 co " 120,000 tt 

2.0 00 H 150,000 It 

2.5 00 tt 70,000 " 
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Table V-~oontinued--. 
Alnount od Chlorine 
water .6% av. Cl. Time acting Gas in 
added to 100 cc milk 26° c. . . Bacteria Lactose 

.. 

,series A. 3 co 30 minutes 110,000 none 

3.5 00 " 200,000 tt 

4.0 .oc ti 68,000 tt 

. 4.5 oc tt 30'.000 n 
-"'"~, ··.,. q) 

·5.0 00 tt r5:~oo tt 

In the next series, the chlorine water used only tit-

rated 0.5% avail~ble chlorine. The results of this series is 

given in Table VI. 

Tabla VI. Action of Chlorine Wa.ter--0.5% available Chlorine 

Amount of Chlorine 
water .5% av. Cl. Time acting Gas in 
added to 100 co milk 27° o. Bacteria Lactose 

Series B• Untreated 30 minutes 60,000 none 

0.5 co ft . 9,700 ti 

1.0 co tt . 50,000 tt 

2.0 cc tt 21,000 " 
' 3.0 00 tt 14,000 ft 

4.0 cc tt 10,000 tt 

5.0 co n 6,500 tt 

6.0 cc n 20,000 n 

7.0 co n 20,000 " 
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Table VI--oontinued ~I 

Amount of Chlorine 
water Oe5% av. ·Cl Time acting Gas in 
a.Q.ded fo 100 co milk 27° c. Bacteria Lactose 

Series B. s.o 00 30 minutes 40,000 none 

9.0 00 tt 30,000 " 
10.0 co ti 25,000 tt 

Another series of tests were made in whioh chlorine 

water titrating 0.3%.available chlorine was used. The results 

of these tests are given in T~ble VII~ 
\ -~ 

Tabfe VII. Action of··.Chlorine Water 0.3%ava.1lable chlorine 

Amount of Chlorine 
water 0.3% av. Cl. 
. added to 100 co milk. 

Series c 

Sample 1 Untreated 

l cc 

2 cc 

3 00 

4 co 

5 cc 

6 cc 

7 co 

8 cc 

9 co 

Time acting 
25° c • 

30 minutes 

tt 

~ 

tt 

11 

It 

n 

tt 

tt 

tt 

Bacteria 

430,000 

380,000 

380,000 

290,000 

280,000 

330,000 

290,000 

270,000 

250,000 

150,000 
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Table VII --continued---

Amount of Chlorine 
Water 0.3% av. Cl. Time acting 
added to 100 cc milk 25° c. Bacteria 

Sample l 
10 co 30 minutes 350,000 

20 co tt 121,000 

Sample 2 
Untreated " l,590,000 

l 00 " 1,050,000 

2 co tt 1,160,000 

3 cc ti 650,000 

4 cc tt ' l,500,00() 

5 co n 880,000 

·s co tt 930,000 

7 cc ft '1,500,000 

8 cc It 1,430,000 

9 cc 11 1,170,000 

10 co tt 870,000 

20 cc tt 820,000 

Sample 3 

Untreated tt 3,900,000 

1 co tt 3,400,000 

2 co tt 2,140,oqo 

3 cc " 230,000 

4 cc tt 3,300,000 

5 cc n 2,700,000 



Table VII continued---
Amount of Chlorine 
Water 0.3%Av. Cl. 
added to 100 cc milk. 

sample 3 
6 co 

7 cc 

8 cc 

9 cc 

10 cc 

20 cc 

-37 ... 

Time 5cting 
25 o. 

30 mihutes 

ti 

tt 

tt 

n 

tt 

Bacteria 

1,200,000 

3,700,000 

1,940,000 

3,700,000 

2,900,000 

3,400,000 

A discussion of the results recorded in Tables V and 

VI~would be mu.ch the sans as that for the results obtained by 

using the various bypochlorites. There is in general a germioi-

dal effect but some of the results are inconsistent with the 

amount of chlorine used. An interesting observation may be 

made however, by comparing Tables I and VI. It will be noticed 

that about the same quality of milk was used in each case, tl:e 

untreated milk having a colony count of 60,000. In general the 

re.duction in the count compared to the amount of solution used is 

somewhat similar. It will be observed, however, that the calcium 

bypochlorite solution used titrated 2.5% available chlorine, where-

as the chlorine water titrated only 0.5% available chlorine by 

the o-tolodine method. It would seem that the chlorine in the 
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chlorine water gets at the bacteria more quickly and perhaps 

more efficiently than .it does in calcium hypochlorites. 

In Table VII, where chlorine water titrating 0.3% 

available chlorine was used, and where the milk bad a higher 

bacterial count,"the germ~oidal effect is not so pronounded and 

is not definitely proportional to the amount of available chlor-

ine used. 

Another feature that was noticed with respect to chlor-

ine water treatment is that in no instance was there any notioe ... 

able change in the normal· appearance of the milk, whereas, with 

the hy,pochlorites there was marked change both in color and con-

sistency • 

. The smell of chlorine was not apparent after standing 

two hours, except where more than 8 cc of 0.6% and 9 oo of 0.5% 

chlorine water had been added to 100 cc of milk. It was not de-

tected after 24 hours in any of the bottles; neither was it de-

tected at all in any bottles to which 0.3% chlorine water had 

been added. Although the smell of chlorine was not apparent 

there was an odor, different from untreated sweet milk, and 

strangely peculiar to all the milk that had been chlorinated. 

The taste of the milk to which chlorine -water had been 

added was peculiar and, in higher concentrations, unpleasant. 

Above 6 cc of 0.6% chlorine water and 8 cc of 0.5% chlorine water 

added to 100 co of milk, chlorine could be detected by taste. 

Milk to which 7 cc or more of chlorine water bad been 
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added did not turn sour in 24 hours at 25° C., but there vas none 

that did not turn eour in 48 hours at this temperature. 

The Effect of Free Gaseous Chlorine 

The next attempt was to chlorinate milk by simply 

bubbling tbl.1ough it chlorine gas released from a drum con-

taining liquid chlorine. The chlorine was obtained from the 

Lawrence City Water Plant and is a product of the Wailace and 

Tiernan Company. 

Method: 

To the valve that was attached on the drum was con-

nected a small flexible copper pipe. To this was fastened a 

piece of rubber tubing on the end of which was affixed a 1 oo 

pipette. The valves were turned and so adjusted that only a 

small volume of gas was allowed to escape• This was bubbled 

into a bottle of water and tl:e number of bubbles per minute were 

co1ll1.ted. The gas was then bubbled into a 100 cc of chlorina-

free distilled water for 60 seconds and the solution then tit-

rated by the o-tolodine method for the amount of available chlor-

ine that it contained. The ga·s was then bubbled into 100 cc 

amounts of milk in oil bottles for varyil1g lengths of time. The 

milk was allowed to stand for 30 minutes after chlorination, 

then plated out and incubated for 48 hours. An untreated control 

v1as run with each bottle and a plate and water control was run 

for each set. Duplicate pJa tes were made throughout and the 
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same dilutions used here as i11 the earlier tests. 

The amount first tried was 118 bubbles per minute. 

This amount of chlorine when bubbled through chlorine-free dis-

tilled water at 25° c. consistently gave a11 o-tolodine test of 

70 parts per million of available chlorine. One hundred co a-

mounts of milk were th~s chlorinated in oil bottles for l minute, 

~minutes, 3 minutes, 4 minutes, 5 minutes, 10 minutes, 15 min-

utes, 20 minutes, 30 minutes, and 1 hour respectively. The effect 

of this on the colony count is recorded in Table VIII. 

Table VIII. The Action of Free Chlorine Gas-118 bubbles J)el' r1Iinute 

Time acting 
118 bubbles Color Consist Smell Taste Reaction 
:per min. in Bacteria in enciJ.: litmus 
100 cc milk. treated-untreated J ... fter four hours 

l minute 39,000 40,000 normal norm. ·norm. norm. neut. 

2 minutes 32,000 330,000 n " tt peculiar " 
3 tt 90,000 200,000 sl. ci'eamy ppt tt' tt tt 

4 tt 55,100 265,000 tt tt tt grainy ti 

5 tt 35,600 152,000 It tt It " flat acid 

ao tt 95,,000 735,000 tt' tt cooked n ft 

15 tt 60,000 105,000 n " " It tt 

20 ft 196,000 700,000 tt 11 (heavy) " It " 
30 n' 260,000 730,000 It tt cl." ti ti 

60 " 120,000 1190,000 tt t1 It tt CL. " 
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After the milk was thus chlorinated it was kept at 
0 . 

about 27 c. a.nd observed at 24 hour and 48 hour intervals. In 

24 hours, it was observed that the milk that bad been five min-

utes or less bad coagulated whereas none was coagulated above 

that. 

In discussing the results expressed in Table VIII, it 

should be pointed out that there is no definite information given 

as to the amount of available chlorine that was introduced into 

the milk per minute. Although the 0-tolodine test showed that 

\vater'had taken up 70 parts per million in one mi~ute, it does 

not necessarily follow that the millt would absorb a like amount. 

There is, in fact, good reason for believing that much more chlor• 
. ~ 

ine would be taken up;· by the milk. Zoller (44:) has shown that 

the absorption of chlorine by milk and sodium caseinate is very 

rapid. He ·suggests that the possibie influence of the SH groups 

in the Basein molecule may be partially responsible for tl:e rapid 

absorption of chlorine. He infers, probably correctly, that much 

of the chlorine absorbing power of milk is due to the proteins 

and nitrogenous bodies contained therein •. 

Although the an:ount of chlorine that the milk ta1ces u:p 

in one minute is not known, still the means employed does give, 

I think, a basis of comparison suitable for the purpose of this 

work, since the point of prinary interest is not to determine the 

amount of chlorine absorbed by, the milk, but whether or not milk 

can be successfully chlorinated. 

There are two things that may be worthy of note in the 



results recorded in Table VIII. Fir st, that there is in each ., 

instance from 2 minutes upward a consideraba~ (in some cases as 

high as 90%) decrease in the colony coU.nt; and second, that 

concurrent vii.th this there is a peculiar taste, gTainy feel to 

the tongue and pallate, a cooked smell, a precipitate that ranges 

from a slight one with sQ).all amounts of chlorine ~o a heavy one 

in the bottles to which large amounts of chlorine were added, and 

that there is a change in color that ranges from a slight oreazey 

to a rich creamy color depending upon the amount of chlorine add-

ed to the milk. 

It was learned, as a point of techJ.1ique, thatlU agitat-

ing the milk vigorously during the chlorinating process that the 

amount of precipitate formed can be considerably reduced. 

Another sample of milk was chlorinated by the free chlor-

ine gas method. This time 150 bubbles per minute or about 90 

parts per million per minute (in \vater) were added. The milk was 

chlorinated at 250 c. and the chlorine allowed to act for 30 

minutes before plating. The results after 48 hours are rec<n'd-

ed in Table IX. 

Table IX. :Action of Free Chlorine Gas--150 Bubbles per mi:rru.te. 
Amount 150 
Bubbles per min. Col01J3t Consistency Reaction 
in 100 cc milk. Count Coler Smell Taste to litnms 

Untreat.ed 243,000 normal normal normal normal neu:bral 

i minute 202,000 rt " " tt ti 

l minute 140,000 tt tt It tt " 
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Table IX--oontinued--
Amount 
150 bubbles per Colony Reaction 
minute in 100 cc Count Color Consistency Smell Taste to 
of milk. Litmus 

l~. minutes 79,000 normal sl.ppt normal peculiar neut. 

l~'- tt 70,000 . tt tt tt tt v.sl. acid 

l:.3 
~ 

tt 50,000 . tt ft " tt " 
2 tt 17,000 tt " " " " 
~ . z ti 55,000 tt tt " " ti 

3 It 54,000 sl.oreamy tt It tt " 
4 tt 70,000 tt " sl. Cl acid tt 

The milk was allowed to stanl at 26° c. for 24 hours when 

it was observed that all the milk \VS.a sour up to the one that had 

been ohlorir..ated liminutes which was sweet to the smell but had a 

peculiar taste due to the action of the chlorine on the milk. 

The same general discussion that applied to table VIII 

may apply to Table IX. It will be observed, however, that in the 

range where the milk appears to be norn:al there is not so great a 

decrease in the bacterial count. The ~uestion arose as to whether 

or not there is an inhibition of growth in thesefdilutions even 

though the germicidal e:ff~ot is not so pronounced. Another sample 

was therefore chlorinated and plated out.· The chlorinate~qmilk 
r 

was held a week and plated out again. The results of this experiment 

are recorded in Tables X and xa.. 
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Table X--The Action of Free Chlorine Gas--128 bubbles 

Amount 128 
bubbles per min. Colony Consistency Reaction to 
into 100 cc milk. count Color Taste Smell Litmus 

Untreated 2,400,000 normal normal normal normal neutral 

t minute 800,000 "n ·tt tt tt " 
l " l,000,000 tt It It tt It 

l:t tt 1,850,000 tt ti sl. :pea. sl.pec. It 4 

it tt l,700y000 " tt ti tt v.sl. acid 
"3 
l~ tt 470,000 " tt tt n n 

2 tt 330,000. tt sl. ppt. tt tt tt 

2i- tt 660,000 tt tt grainy lt " 
·3 tt 530,000 tt ff " tt " 

4 It 132,000 tt " Cl. Acid " " 

The milk was placed in the refrigerator and kept at about 

10° c. for 7 days and then plated out again~ The results obtained 

after 7 days are recor·ded in Table X a. 

Table X a. Milk recorded in Table X plated 7 days later • 

.Amount 128 
Bubbles per min. 
i11 100 cc milk. 

Colony 
Count 

Consistency 
Color Smell 

Untreated 12,000,000 normal normal sour 

Taste 

sour 

Reactio11 
to Litmus. 

acid 
1 -2 Minute 2,500,000 " " normal normal neutral 

l " 
l~ tt 4 

no growth " 
200,000 ti 

" It ti " 
tt sl.pec sl.:pec " 
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Table X a--continued--

Amount 128 
bubbles :per min. Ooloey Consistency Reaction 
in 100 oo .miG.k. Count Color Smell Taste to Litmus 

l~ minutes 360,000 normal normal sl.peo sl~pec al.acid 

1: rt 400,000 ft " " tt tt 

2 tt 350,000 tt sl.ppt, tt It " 
2ia t1 70,000 tt tt tt tt " 
3 t1 80,000 tt " ft It " 
·4 tt 130,000 tt tt It tt tt 

It will be observed by comparing the two Tables X and xa 

that even the greatest dilution of chlorine did marloodly inhibit 

the growth 011 bacteria. Whereas the untreated milk was sour and 

had a bacterial count of 12,000,000 per cc, the milk that had been 

chlorinated for 1/2 minute only was still sweet and neutral to 

litmus. The milk was replaced in the refrigerator and observed 

when 10 days old, at .which time 1/2 minute milk was sour, but the 

1 minute and l l minute milk was still neutral to litmus. Above · 

~this .there was acid due, no doubt, to the excessive amount of ohlor-

ine which·probably produced HOl and JJ¥.pochlorous acid in the milk. 

After the milk bad been chlorinated, and, having been 

in the refrigerator for 24 hours it was tasted. A peculiar, though 

not unpleasant taste vvas discernable in·1 minute milk. No differ-

ence could be detected in the 1/2 minute milk however, and when 



samples Of this milk were given together with samples Of the 

untreated milk to different P.ersons (six): three ·guessed wrong 
,,. 

and three guessed right as to the one that had been treated. 

Mei ther of them felt sure about their decision. Much more work 

will need to be done before any conclusion can be made on this 

:point. 

The Effect of Chlorination on the Amount 

of Butter Fa:t 

The second Object of this study was to determine the 

effect of chlorination on the per cent of butter fat. Does 

chlorination effect the per cent of butter fat? In determining 

the per cent of butter fat in the milk the Babcock test was 

used. 

Methods: 

The technique observed was as follows: 

l. · Tm sample which was between 15° and 20° c. was 

thoroughly mixed. 

2. A Babcock pipette of a 17.6 cc capacity wa.s filled 

with milk to the mark and the milk emptied into the test bottle. 

3. The acid measure which is calibrated for 17.5 cc 

\vas filled to the mark with commercial sulphuric acid sp. gr. 

1.82 to l.83. 

4. The acid and milk was thoroughly mixed by a rotary 

mot~6n with the hand and let stand three or four minutes, when 
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it vvo.s mixed again. 

5. The contents of the bottle were centrifugalized 

for 4 minutes. 

6. The test bottles were filled t:o the bawe of the 

neck with hot water,. and again oentrifugalized at full speed for 

2 minutes. 

7. Hot vYater was again added to bring the fat column 

up into the neck of the bottle and again oentrifugalized for l 

minute. 

a. The bottles vrere put in a water bath at a temper-

ature of about 120 to 130° F. for a few minutes and the butter 

fat read fr,om the top of the upper meniscus to the bottom of the 

lower meniscus. 

The results.obtained are recorded in Table XI. 

Table XI. The Effect of Chlorine on the Butter Fat. 

Minutes exposure to Percentage of 
Chlorin~ Gas. 118 Original per- Fat siX hours 
Bubbles per minute centage of fats. after chlorination 
in 100 co milk. 

Untreated .,,. ....... J' ' 3.2 3.2 

l mil1ute 3.2 3.2 

2 ti 3.2 2.a 
3 n 3.2 2.a 
4 ti . 3.2 2.9 

5 n 3.2 2.s 



Table XI continued---

Minutes exposure to 
Chlorine Gas. 118 
Bubbles per minute 
in 100 cc milk 

10 minutes 

15 tt 

20 It 

30 tt 

60 "· 

Untreated 

l minute 

2 H 

3 11 

4 " 

5 tt 

10 . It 

15 " 

20 11 

30 tt 

60 H 
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Original per-
centage of ~ts 

3.2 

5.2 

3.2 

3.2 

3.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

4~2 

4.2 

4.2 

:Percentage of 
Fat six hours 

after chlorination. 

2.s 
2.8 

2.7 

3.2 

3.1 

4.2 

4.0 

4.1 

3.9 

4.2 

3.9 

4.0 

3.9 

4.2 

4.1 

4.1 

From the results of this experiment it would s~em that 

chlorination by this method does not alter the :percentage of 

butter fat to an appreciable extent. Mansell (13) got sonewhat 

similar results using calcium bypoohlorite. 
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The Effect of Chlorination on 

Pathogens in Milk 

A third purpose of this. study was to determine the 

effect that chlorination has on pathogens. in milk • 

. _:'The organisms used were B. para typhosus ~ B., Brucella 

abortus, and B. tuberculosis. It ~as also thought advisable in 

this connection to stud¥ the effect of chlorination on Streptococcus 

lactis in milk. 

Methods: 

The methods outlined in the earlier part of this work 

were again followed here. Milk was sterilized in 100 co amounts 

in oil bottles, in an autoclave at 10 pounds pressure for 13 min-

utes. A suspension of a 24 hour culture of the organism used was 

made in a sterile 100 cc water bJa_nk. From this suspension each 

bottle of milk was inoculated with lee by means of a sterile pi-

:pette. The milk containing the organisms was vrell shaken and 

chlorinated. The chlorine was allowed to act 30 minutes after 

chlorination and then plated out in ·the usual manner using a l 

to 100 and a l to 10,000 dilution. The plates were all _run in 

duplicate. Controls were run on milk, water, and plates. The 

organisms used were bona fide stock cultures of B. Paraty:phosus B., 

Brucella abortus, and B. tuberculosis. The B. tuberculosis cul-

ture is an old stock cul tu.re that has' been growing in this lab-

oratory on plain agar for about 13 years. Grain stains were ma.de 



of the colonies that developed on the plates and when coll!Pared 

with the stock culture, were seen to be identical in morphology 

and in the appearance of the colonies. 

Chlorine gas was bubbled through each 100 co amount 
. 0 of milk at the rate of 148 bubbles per minute, at 26 o. 

Table XII. The Effect of. Chlorine on Pathogens in Milk 

Mins. of 
Cl. gas, 148 B. paratyphosus B. acting 
bubbles per min 30 min. 3 hours 24 hours 
in 100 cc milk 

Untreated l,800,000 . 5,000,000 

· ! minute l,340,000 l,420,000 110,000 

-la tt l,400,000 l,020,000 520,000 
~ " 940,000 250,000 10,000 ~ 

l It l,080,000 47,000 12,40,0 

11 tt l,000,000 600 400 4 

it tt 530,000 800 300 

B. abortus 
30 min. 

5,000,000 

4,640,000 

3,600,000 

l,980,000 

l,330,000 

2,.120,000 

l,080,000 

l~<J 71 ti 160,000 2,300 sterile 810,000 

2 It 2,300 500 tt 630,000 

* It ll,700 sterile tt 643,000 

3 " sterile It " 500,000 

Milk controls, OK, Water controls, OK, Plate controls OK. 

B. tuber-
culosis 
2 hours 

22,000 

13,900 

16,500 

ll,700 

14,000 

2,400 

l,800 

A bactericidal and .inhibiting effect is seen· to be ex-

hibited on all three organism tested. There did not seem to be a 

great decrease in the coloey count of B para ty:phosus B· when milk 

treated for l/4 minute was allowed to stand far 30 minutem. After 
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standing three hours, ho'\\ever, the untreated milk had increased 

from 1,800,000 to 5;000,~00, whereas that treated for l/4 min-

ute remained about the same. Tbat treated for l~ minutes was made 

sterile after being allowed to stand at 26° c. for 24 hours but it 

took 3 minutes treatment to malte the same amount of milk sterile 

when allowed to act 30 minutes. 

It will be seen .that under the conditions of the exper-

iment, sterility was not·attained until enough chlorine had been 

added to ~roduce a bad taste in the milk. Of course, it must be 

considered that this was an overwhelming dose of pathogens to 

begin with. 

Streptoooccus laotis was put into milk and subjected 

to the sane treatment as that given the pathogens. The results 

are given in Table XIII. 

Table XIII· Action of Chlorine Gas on streptococcus Laotis. 

Mins. of Cl · 30 minute 7 days 
gas. 148 bu~bles per ·,.,~oioiw count colony count ,,, ·~· .. 
min. in 100 cc milk. Time ol acting 

Untreated 16,000 370,000 

! minute 55,000 l, 600,000 
1 " 55,0.00 670,000 2 

'3 " 91,000 48,000 ~ 

l " 64,000 41,000 

l~. It 66,000 52,000 

2 ft 64,000 47,000 



Table XIII•-oontinued--
Minutes of treatment 

2t minutes 

'3 

4 

ti 

tt 
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aount--acting 30 minutes 

51,000 

46,000 

18,000 

24,000 

22,000 

6,000 

From the results recorded in Table XIII, it will be noticed 

that there was no. ma.rked inhibition until 148 bubbles per minute had 

been bubbled through the milk for {i- minute. That this a.rnoun t of ohlor-

ine :produced a deoided inhibitory effect in the milk will b,e observed 

at once since the bacterial count after the chlorine had acted 30 min-

utes was 91,000 and the same milk, after standing 7 days in the refrig-

erator, gave a count of only 48,000. Another interesting o~servation 

is that sterility was not produced in any of the bottles to \Vhich ohlar-

ine had been added, where as, the milk containing, B. paratyphosus B. 

was made sterile when treated vr.i. th 148· bubbles of chlorine gas for 3 

minutes and allowed to aot for 30 minutes before plating. (Table XII}. 

I think we can believe that according to these ex-1Jeriments, s. la.ct.is 

is not inhibited in the milk to the same extent as are pathogens that 

have been here considered. 

It is generally agreed that cocci are more resistant to dis-

infectants tban are the bacilli. This may be due to the faot that co-

cci, being spheres, Offer a minimum surface ex-2osure for the amount of 

protoplhasm that they contain. The difference in permiabili ty of coooi 

and bacilli may be a factor. 

It was thought that perhaps the acid produced by Strep-

tococcus lactis bad an e~fect upon the action of chlorine. Accordingly 
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100 cc of sterile milk was inoculated with Streptococcus lactis 

and the milk allowed to sour. Another 100 cc amount of sterile 

,milk was then inoculated with Streptococcus lactis. Both bottles 

were treated with chlorine gas for 2 minutes at the rate of 148 

bubbles per minute. The results were as follows: 

Table XIV Effect of Lactic Acid on Action of Chlorine 

2 minutes of CL2 gas 
acting Coloey count 148 bubbles per min. Time 

in 100 cc milk. 

Untreated sweet l hour 860,000 

'Treated tt tt 120,000 

Untreated sour It 9,820,000 

Treated tt tt 28,000 

The results do not indicate that the acid produced by 

Streptococcus lactis is an acid which makes for the resistance 

of Streptococcus lactis to the action of chlorine, sincb the great-

est percentage reduction was in the milk that contained the larg-

est amount of acid. The series is much too small however, and 

further work needs to be done before a conclusion can be made on 

this point. 

SUMMARY 

l. A stu<'.cy' Of sane features of the chlorination of 

milk has been presented. 

2~ Unsuccessful attempts were made to devise a means 
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whereby the or:tho-tolodine test could be used to detect small 

amounts of chlorine in milk.· The water-soluble pigment (lacto-

obrome) interfered with the test by masking tbe eolor given in 

the whey. Attempts were made to remove the laotocbrome, but 

without success. 

s. The effect of calcium bypochlorite, sodium hy",LJo-

ohlorite, ttdiversol", chlorine water, and free chlorine gas 

on the bacterial count of mi.llt was studied. In general there 

was a bactericidal effect b~t which was in no v1ay comparable to 

the action of chlorine in v;ate~, in tbat exceeding large amounts 

had to be used in milk to produce the same effect. This, in 

all probability, is due to the rapidity of absorption of chlorine 

by the proteins and other ni ~roge11ous substances in the milk. 

f'/b.en suff ieient a.mounts of chlorine were introduced to 

prod~ce a marked bactericidal effect, an unpleasant taste was 

produced in the milk, .a peouliaa odor resulted, a precipitate 

formed, and the milk became creamy to brown in color. Less of 

this undesirable effect was produced by chlorine gas than with 
' .. 

any· of the other means of chlorination. Chlorine water was better 

than the lzy'pochlorites. 

4. 9hlorina.tion of milk by the free chlorine gas meth-

. od did not alter the per cent. of butter fat to an appreciable 

extent: 

5. Free chlorine gas did produce -a bactericidal and 

inhibiting effec.t on the pathogens inoculated into the milk. 



-55• 

Streptococcus lactis was 'inhibited bp.t .not to the extent as if 

they were pathogens. 

CONCLUSIONS 

l. The ortho-tolodine test in its present form is 

valueless as a test for chlorine in milk. 

2. Calcium hypochlorite, sodium bypoohlorite, "diver-

soln, chlorine water, and free. ohlcr ine gas do act as germicidal 

agents in milk:, their action being in general, proportional to 

the am::>unt of available chlorine added.:. 
' . . . 

3• Free. chlorine gas acts more raJ?idly than any of 
, ''I 

the other agents tried. Chlorine water is more efficient than 

are the bypochlorites. 

4. Excessive amounts of available chlorine produces 

a. creamy color, granular. precipitate, peculiar o~r, and un-

pleasant taste in milk. Agitation during the chlorinating pro-

oess tends to lessen·these effects. 

5. Chlorination of milk.by the free chlorine gas meth-

od does not alter the per cent of butter fat to an appreciable ex-

tent. 

6. Free chlorine gas does produce an inhibiting and 

bactericidal effect upon B. para typhosus B., Brucella abortus, 

and B. tuberculosis. It inhibits streptococcus lactis but not 

to the same extent that it does the pathogens. 
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