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MEANING OF THE TERM PASTEURIZATION 

The term ‘‘pasteurization”’ originated in the experiments of Louis 
Pasteur in France. 

23 

In the period 1860-1864, in experiments on the 
‘““diseases’’ of wine, he found that heating for a few moments at 
temperatures of 122° to 140° F. was sufficient to prevent abnormal 

A little later he found that by 
similar heating beer could be prevented from souring. The appli- 
cation of the process gave rise to the term ‘‘ pasteurization.” 

As applied under commercial conditions, pasteurization is the 
process of heating liquids for a short or a long period, as the different 
processes demand, at temperatures usually between 140° and 185° F. 
As applied to milk for direct consumption, pasteurization should mean 
a process of heating every particle of milk to a temperature not lower 

fermentations and souring in wine. 

than 142° F. for not less than 30 minutes. 
by rapid cooling. 

PAST AND PRESENT THEORIES OF PASTEURIZATION 

Pasteurization is at present favorably regarded by most medical 
men, sanitarians, dairymen, and consumers, but the use of the process 
has not been developed without opposition. 

The process is followed 

Most of the objections 
to pasteurized milk have been based upon theory or upon experiments 
in which milk was heated at high temperatures. 

1 Mr. Ayers resigned from the department in 1923. 

113363°—32——1 
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One of the early objections to pasteurized milk was that the heating 
destroyed the lactic-acid bacteria and that putrefactive organisms 
were left, which, when relieved from the restraining action of the acid- 
forming ‘bacteria, would develop, forming toxins and putrefactive 
products. It was believed that the milk, because it was not sour, 
would be consumed in that condition. This objection was based on 
experiments in which milk was heated to temperatures near the 
boiling point and does not apply in the case of milk pasteurized at low 
temperatures. From the results of many years’ work in the Bureau 
of Dairy Industry on commercial pasteurized milk, it has been found 
that such milk sours, but that the souring is delayed when compared 
with the rate of souring of the same grade of raw milk. Pasteurized 
milk sours in a manner similar to that of a high grade of raw milk, and 
there is no more reason to fear the overgrowth of putrefactive organ- 
isms in it than in any high-grade milk. Pasteurization for 30 minutes 
at a temperature not lower than 142° F., as is generally practiced in 
the United States, does not destroy all the lactic-acid organisms, and 
those which survive play an important part in the souring of com- 
mercially pasteurized milk. 

Another objection to pasteurized milk has been that bacteria grow 
faster in it than in raw milk. In spite of several experiments which 
seem to prove this point, it has never been thoroughly established. 
It has been found that the rate of bacterial increase is approximately 
the same in raw milk and in pasteurized milk having about the same 
bacterial content. 
It is often stated that pasteurization, even if it does kill bacteria, 

does not destroy poisonous products of their growth. This can hardly 
be considered a real objection, for if these products are present in raw 
milk they must be consumed with it, and if pasteurization does not 
destroy them the pasteurized milk would be no worse than raw milk 
containing the same products. 

The question whether pasteurization destroys beneficial enzymes is 
still open. In the light of our present knowledge of the enzymes in 
milk and the part they play in the digestive process it is quite impos- 
sible to settle the question of their importance. It is evident, how- 
ever, that the low temperatures now in use in pasteurization have little 
effect on the commonly recognized enzymes. 

Objection to pasteurization has been raised on the ground of its 
direct influence on the milk producer. It has been asserted that 
pasteurization would lead to lax methods of production on the farm, 
because farmers knowing that the milk was to be pasteurized would 
therefore be careless in its production. However, only milk of high 
quality should be used for pasteurization, and there should be constant 
inspection of farms and bacteriological control of all milk that is to 
be pasteurized. 

From a chemical standpoint serious objections have been raised 
against pasteurized milk, on the ground that the heating produces 
changes which render the milk less digestible, particularly by infants. 
However, Rupp (60)? found that milk pasteurized at a temperature 
as high as 145° F. for 30 minutes does not undergo any appreciable 
chemical change; he found that soluble phosphates do not become in- 
soluble and that the albumin does not coagulate, but that when higher 

2 Italic numbers in parentheses refer to Literature Cited, p, 23. 
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temperatures are used chemical changes do occur. He also brought 
out the fact that 5 per cent of the albumin is rendered insoluble by 
heating the milk for 30 minutes at 150°, whereas 30.78 per cent of the 
albumin is coagulated at 160°. Further evidence that low-temperature 
pasteurization does not injure the digestibility and nutritive value of 
milk has been brought out in feeding experiments with babies. In 
experiments conducted by Weld (61) a number of babies were fed 
raw milk and pasteurized milk, and there was only a slight difference 
in the average net daily gain in weight during the feeding period. The 
slight difference was in favor of pasteurized milk. Hess (35), how- 
ever, has found that milk pasteurized for 30 minutes at 145° may 
cause, in infants, a mild form of scurvy, which yields readily to so 
simple a remedy as orange juice. 

The high-temperature heating of earlier days must not be confused 
with the low-temperature pasteurization of the present day. Many 
of the objections which have been raised to pasteurization have been 
founded on the observation of milk heated to high temperatures. 
However, the fallacy of the objections to pasteurization has been 
shown, through scientific research in the last few years, and as a 
result the value of the process has been firmly established. 

VALUE OF PASTEURIZATION 

From a sanitary standpoint, the value of pasteurization is of greatest 
importance when the general milk supply is under consideration. The 
pasteurization of milk, when the process is properly performed, affords 
protection from pathogenic organisms. Such disease-producing bac- 
teria as Hberthella typhi, and the dysentery bacillus, and other organ- 
isms of the typhoid-paratyphoid-enteritis group, Mycobacterium 
tuberculosis, and Cornyebacterrum diptheriae, when heated at 140° F. 
for 20 minutes or more, are destroyed, or at least lose their ability to 
cause disease. 

Occasionally results are reported, such as those of Twiss (60) which 
again open the question of the destruction of certain pathogenic organ- 
isms by pasteurization. Using test organisms of the typhoid-para- 

_ typhoid group, she obtained results which indicated that not all these 
organisms were destroyed when they were heated in milk at 140° F., 
or even at 149°, for 30 minutes. Krumwiede and Noble (43), how- 
ever, using some of the same test organisms of the typhoid-para- 
typhoid group used by Twiss, found that the organisms did not sur- 
vive heating for 10 minutes at 140°. They further pointed out that 
the apparent heat resistance of the strains used by Twiss was due to 
the method of determining their thermal death point. 

According to Mohler 7 ), pasteurization offers protection against 
foot-and-mouth disease. He makes the following statement: 

Milk which has been pasteurized for the elimination of tubercle and typhoid 
bacilli will not prove capable of transmitting the disease (foot-and-mouth) to 
persons or animals fed with it. 

In view of the outbreak of foot-and-mouth disease in this country 
several years ago this statement is of importance. 

The abortus-like bacteria in the udders of healthy cows which were 
demonstrated by Evans (22) should also be considered in a discussion 
of pasteurization. She (23) found that both the pathogenic and lipo- 
lytic varieties could be destroyed by heating to 125° F. for 30 minutes 
or to 145° for 30 seconds. 
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These pathogenic organisms are now considered to be of public- 
health significance since they may cause human disease. Evans (24) 
has also shoWn that the abortus group contains several different species 
and she later (25) reported on a number of cases of Malta fever due 
to Brucella melitensis. Whittaker and his committee (64) state that 
it has recently been recognized that undulant fever is caused by B. 
abortus (B. melitensis), which is responsible for infectious abortion in 
cattle and swine. This report further states that health authorities 
should recommend to American milk consumers that the general 
market milk supply be pasteurized before it is consumed. Arnold 
(1) found living Brucella after exposure to the temperature of com- 
mercial pasteurization. This was contrary to the findings of Boak and 
Carpenter (14), who concluded that an exposure of 15 minutes at 
140° F. (60° C.) destroyed the human and bovine cultures of B. 
abortus. Gilbert and Coleman (28) report several cases of undulant 
fever and state that a consideration of the data available mdicates 
three possible reasons why cases of undulant fever are not reported 
more frequently in districts where unpasteurized milk is used from 
herds in which contagious abortion is prevalent. Many of the severe 
infections of undulant fever have probably been diagnosed as cases of 
typhoid fever, influenza, or even tuberculosis or malaria; mild forms 
may have presented so few symptoms that physicians have not been 
consulted; and the blood from some cases of undulant fever may not 
have agglutinated cultures of B. melitensis or B. abortus. The labo- 
ratory data and epidemiological findings of Hardy and others (83) 
show that controlled pasteurization is effective against organisms of 
the Brucella group, and Hasseltine (34) states that pasteurization of 
the milk renders it safe and takes care not only of undulant fever 
but of all other communicable diseases transmitted by milk. 

Secamman (51) reports that through 1928, 45 milk-borne outbreaks 
of septic sore throat have been recorded in the United States. In 
some of these epidemics it was found possible to destroy by pasteuriza- 
tion the streptococci isolated from throats of infected people and be- 
lieved to be the infective agents. Pasteurization, properly performed, 
protects against epidemics of this kind. 

The determination of the thermal death point of pathogenic strepto- 
cocci by various investigators together with past experience with the 
use of properly pasteurized milk indicates very clearly that the thermal 
death point of these organisms is relatively low and that they are 
readily destroyed by proper pasteurization. Thus Hamburger (29) 
who studied the epidemic of septic sore throat in Baltimore in 1912, 
traced this epidemic to a certain milk supply. Advice to boil all 
milk was given, and the dairy to which the epidemic was traced, raised 
the temperature of its flash process to 160° F., and then changed to 
the holder process, by which the milk was heated to 145° and held for 
a period of 30 minutes. The cases of sore throat that followed were 
neither as severe nor as numerous and did not follow the milk supply, 
but appeared to have been transmitted from individual to individual. 
Hamburger (30) also found that a streptococcus, isolated from a 
patient having a case of sore throat, was killed by heating in milk 
at 145° for 30 minutes. Davis (19) found that streptococci isolated 
from cases of sore throat were readily killed by heating at 140° F. 
for 30 minutes. He also found that none of 24 strains of pathogenic 
hemolytic streptococci of human origin resisted heating at 140° for 
30 minutes. 



PRESENT STATUS OF THE PASTEURIZATION OF MILK 5 

Again, Capps and Miller (17), who studied the Chicago epidemic of 
septic sore throat, traced it to a dairy where the milk was heated by 
the flash process at 160° F. On certain dates they found that there 
was a pronounced failure to heat the milk properly and that following 
these dates there were outbreaks of septic sore throat. These facts, 
together with the fact that no outbreak occurred among the children 
of the Michael Reese Hospital, where efficient pasteurization was 
practiced, led these investigators to believe that final responsibility 
for the epidemic rested on inadequate and unreliable pasteurization. 

Bray (16), who studied an epidemic of tonsillitis among tuberculosis 
patients, traced the epidemic to a milk supply from one farm. Forty 
cases of tonsillitis resulted among 400 people. As soon as the epidemic 
broke out the milk was pasteurized, and after that only one case 
appeared. 

Knowlton (42) reported in 1926 that Connecticut had suffered one 
milk-borne septic sore throat outbreak per year for the last three 
years. Such infections ceased when the distribution of raw milk was 
stopped, either by stopping the sale of milk or by pasteurizing. In 
1928, two outbreaks of septic sore throat were reported in Massa- 
chusetts (13, 38, 44, 49, 62). The source of the Lee outbreak was 
traced to an infected cow, and the Charlton outbreak was traced to 
a dairyman and his family. It was concluded that the best way to 
prevent such outbreaks is to pasteurize all milk. McKay and Hard- 
man (485) also report a severe epidemic of septic sore throat in Ontario 
which was spread through the use of raw milk. Bigelow and Forsbeck 
(12) conclude that the eventual obliteration of milk-borne disease 
depends more on pasteurization than on any other single factor. 

Further evidence that pathogenic streptococci are killed by pas- 
teurization was presented by the results obtained by Ayers, Johnson, 
and Davis (8), who found in their work that 27 strains of these 
organisms were always killed by being heated at 140° F. for 30 minutes. 

Epidemics of scarlet fever have been traced to milk supplies, and 
in such cases pasteurization has been resorted to, with apparently 
satisfactory results, as a means of safeguarding the public health. 

Pasteurization is of value from a commercial standpoint, in that it 
increases the keeping quality of the milk and assists in preventing 
financial losses caused by souring. This is a collateral advantage, 
but pasteurization should not be relied upon to take the place of 
efforts to produce high-quality milk. At the present time, pasteuri- 
zation is the best process for killing pathogenic bacteria in ‘milk on a 
commercial scale. 

The need of safeguarding the general milk supply is amply proved 
by the numerous epidemics traced to milk. Trask (58) reported 179 
epidemics of typhoid fever from 1881 to 1907, of which 107 were in 
the United States; 51 epidemics of scarlet fever, 25 of which were in 
this country; and 23 epidemics of diphtheria from 1879 to 1907, of 
which 15 occurred in the United States. Table 1, compiled by the 
United States Public Health Service ? shows the number of milk- 
borne epidemics reported in the United States for the years 1924 to 
1930. 

3 FRANK L. C. THE PUBLIC HEALTH SERVICE MILE SANITATION PROGRAM. U.S. Pub. Health Serv., p. 3. 
1932. [Mimeographed.] 

Oe, eee eee Sr tee een ee ea 
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TaBLe 1— Milk-borne outbreaks reported by State and city healih officers of the 
Intied States for the years 1924 to 1930, inclusive 

Disease | 1924 1925 1926 | 1927 1928 1923 1930 Total 

a 

‘Typhi? > ee eee 3+ 31 =o 23 25 23 27 217 
Paratypnonl A= —-2>* sth Ase 0 i 2 0 0} 0 0 3 
Parabyohkeul Ben es 2 nee i i 0 2 0 | i 0} 5 
Shyer oe ee eet 1 i 2 2) 2 0 0 S 
Septic sore throat______.-___ / 1 6 6 G 3 8 g 33 
Sa 2 aie eRe se es ee 8 | 5 4 3 | 5 8 | li 2 40 
Misceltigqneous: ) 255 -tit i ese 2 0 4] 4 3 | 2 6 | 21 

see pelchemeeebebe RAS La 44 as [® seh E ar |! ah) | 327 te 

During this 7-year period, the average number of milk-borne out- 
breaks reported per year is approximately 47. 

EXTENT OF PASTEURIZATION IN THE UNITED STATES 

The application of Pasteur’s discovery to the milk industry was 
slow. The heating of milk was first done secretively and for the sole 
purpose of preserving the milk, thereby saving losses to milk dealers. 
Jacobi, a noted American health authority, is believed to have been 
the first public-health expert to recommend the heating of milk; 
this was in 1889. The adoption of pasteurization by the cities came 
some years later. Pasteurization of milk was begun i in Cincinnati in 
1897; in New York, 1898; in Philadelphia, 1899; in St. Louis, 1900; 
in Boston and Chicago, "1908. Some firms would pasteurize but 
dared not admit it to the public. In 1906, New York City passed 
an ordinance prohibiting clandestine pasteurization, and in 1910 began 
to regulate the time and temperature of pasteurization. The increase 
in pasteurization was slow. Although in 1892 the heating of milk in 
tenement homes was widely practiced, Jordan (41) states that only 
about 5 per cent of the milk supply of New York City was pasteurized 
by the milk dealer in 1903. Other sources of information show that 
by 1910, 25 per cent of New York’s supply was so treated, and in the 
next two years the percentage increased to 40. Beginning in 1912, 
the amount pasteurized increased rapidly for a number of years. 
The Boston market was somewhat slower in starting; so little was 
pasteurized in 1902 that it was not reported. However, by 1910, 
50 per cent was being processed; and by 1915, 80 per cent. These 
rapid increases were due to the fact that as the practice became more 
general much scientific study was given to the subject. These studies 
brought out the facts that pasteurization, when properly done, was 
not detrimental to the chemical and physical properties of the milk, 
and that it safeguarded the consumer by killing pathogenic organisms. 

Table 2 is compiled from three questionnaires sent to health 
officials. In 1915 the figures were based upon 344 replies, in 1924 
upon 328, and in 1930 upon 344. The 1930 figures represent reports 
from 46 States, 

¢. 
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TABLE 2.—Comparison of extent of pasteurization of milk in cities in the United 
States in 1915, 1924, and 1930 

Cities 
Cities with no | having : ay 

Cities reporting pasteurized | some pei pestont 

Population of cities milk alk 

1915 1924 1930 1924 1930 1930 1924 1930 

Numober| Number|Number|Number|Number| Number|Per cent|Per cent 
SOO OOO an GOVE s = = = 222 2 oes oe ee oe 9 0) 11 0 0 11 98. 1 97.1 
TOOOOO COvSU0; O00! <2 = 225 ace Bh 40 37 56 0 0 55 81.7 84. 9 
OOO} tO 100) 0002 322. = ANSE Rist aires 19 19 13 0 0 13 66.6 81.5 
SOECOOt OND: 000s. 5.2 ee ee Se 30 25 37 0 0 37 66.6 72, 2 
ZT OOOO OOSOOO ss. wc ae 78 60 56 2 0) 53 67.0 (By Al 
OOOO TO 251 O00 Le ak se soe ee 168 105 92 21 6 90 ADL Tay 9 by a 
Wit Orel O OOOH seeks oF pee be) = Pageiey | iy uy he 73 79 20 144 73 33. 6 271 

Percentage of cities in which the percentage of pasteurized milk was— 

90 to 100 Population of cities per cent 50 to 100 per cent | 10 to 50 per cent 0 to 10 per cent 

cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | cent 
500,000™:and over_-=. 25222. _ ii t222 100.0 | 90.9 | 77.8 }100.0 |100.0 | 22.2} 0.0] 0.0] 0.0] 0.0 0.0 
1005000) To 500,000. == == 5-2 -- == 56.8 | 53.6 | 30.0 | 91.9 | 96.4 | 50.0} 8&1) 3.6] 15.0] 0.0 0.0 
(OOO MOZLO0 00082 as se 26.3 | 50.0 | 26.3 | 73.6 | 84.6 | 42.1 | 15.8 | 15.4 | 21.0 | 10.6 0.0 
SO;0G0iE017,5;000 25.52 ot - eye 20.0 | 40.5 | 12.3 | 80.0} 77.8 | 50.0 | 12.0 | 22.2 | 20.0} 8.0 0.0 
2s GOOM ORO OUN S524 258 kia ee 20.0 | 30.4 | 16.7 | 80.0 | 80.4 | 39.7 | 13.3 | 17.8 | 15.4] 5.0 1.8 
TO; 000 ton 25,0002 sa * 222 52 eek 12.4] 17.4} 6.0} 45.7 | 55.4 | 23.8 | 31.4 | 33.7] 10.7} 2.9] 10.9 
Wind GreL OOOO Skee oes ee Oo elt4 | sae SADR 43D) |e PACE GURY) ese ese 2.7 | 63.0 

1 38 of these towns and cities were reported by a State board of health. 

The tendency in this country is to pasteurize practically all milk 
sold for direct consumption. The 1930 survey shows that 14 cities 
and towns in eight States required pasteurization of all milk. In 16 
cities and towns, certified milk or milk of equal grade is the only raw 
milk allowed to be distributed. Since 1924 the percentage of cities 
having more than 50 per cent of their milk pasteurized has increased. 
The cities of 50,000 to 75,000 population having from 50 to 100 per 
cent of their milk pasteurized apparently have not increased, although 
Table 2 shows that more cities of this size are pasteurizing from 90 
to 100 per cent and from 10 to 50 per cent of their supply. 

The larger cities were the first to adopt pasteurization. However, 
a study of the figures show that the trend of the smaller cities is 
toward its adoption. In Table 2, by deducting the number of cities 
having some raw milk from the cities reporting, it is to be noted that 
11 of the 12 cities having no raw milk in 1930 are within the groups 
under 10,000, 10,000 to 25,000, and 25,000 to 50,000, and only two 
groups, the under 10,000 and 10,000 to 25,000, report cities with no 
pasteurized milk. In the 10,000 to 25,000 group there are only 30 per 
cent as many cities reporting no pasteurized milk in 1930 as in 1924. 

The facts presented in Table 2 are accentuated in Table 3. Re- 
ports from the same 125 cities of over 10,000 population were avail- 
able for both 1924 and 1930, and have been placed in Table 3 in the 
population groups as in Table 2. Each group shows as many or more 
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cities pasteurizing from 50 to 100 per cent of their milk, and a gain 
in the average percentage pasteurized over the 1924 figures. 
city but one reports pasteurized milk in 1930. 

Every 
Of these 125 cities, 

32.8 per cent reported from 90 to 100 per cent pasteurized milk in 
1924 and 46.4 per cent were in the same group in 1930. 

TABLE 3:—Comparison of extent of pastuerization of milk in the same cities in 1924 
and in 1930 

Cities re- 
porting 

Population of cities 

1924 | 1930 

Cities with 
no pasteur- 
ized milk 

1924 1930 

Num-| Num-|Num-|Num- 
ber 

500,000 and over________-_ 
100,000 to 500,000________ 
75,000 to 100,000_________ 
50;000 to 75,000___-—---_= 
25,000 to 50,000__________ 
40:000;£0'25:0002 2 2 

ber 
6 6 

37 37 
10 10 
14 14 
24 24 
34 34 

ber 

wooooce 

ber 

Reooococeo 

Percentage of cities in which the percent- 

Milk 
pasteur- 

ized | 90 to 100 | 50 to 100 
per cent | per cent 

10 to 50 
per cent 

age of pasteurized miik was— 

0 to 10 
per cent 

rr ff ee 

Per | Per | Per | Per Per | Per | Per Per | Per | Per 
cent cent | cent | cent | cent | cent | cent | cent | cent | cent 
97. 8| 98. 7|100. 0}100. 0}100. 0}100. 0} 0 
75. 9} 84. 7) 43. 2) 56. 
78. 0} 84. 5) 50. 0} 50. 
64. 5) 76. 5) 21.4) 42. 
68. 1) 78.7] 29. 2) 37. 
37. 5} 61. 6} 11.8) 32. 

8| 89. 2) 91. 

wryarot 

9 

Wooo°oeo 

Table 4 gives the percentage of milk reported pasteurized in 302 
cities for the years 1924 and 1930. The cities are listed in order of 
their population according to the 1930 census. It is interesting to 
compare the 1924 figures with the 1930 figures and to note the in- 
crease in the percentage of milk pasteurized in cities of less than 50,000 
population. 

TaBLE 4.—Approximate percentage of milk pasteurized in 302 cities in 1930 and in 
1 924 

City 

Chicago, TOS ee eS oy 
Philadelphia, Pa___________ | 
Los Angeles, Calif_______-_- 
Cleveland, Ohio__-_____-__- 
Baltimore. MGs te Se 
Boston Mass == ee 
Pitishurehs Pas ee 
San Francisco, Calif_______- 
Bufinio, IW, Y 22-222 =2225 => 

Minneapolis, Minn__-______ 
New Orleans, La 
Cincinnati, Ohio 
Newark, N. J 

Rochester, Ni. ora ore 
Jersey City, N. J 
Louisville, Ky 

Denver s.Colos eee 
SG: Paul Mannie. esis os 
AEIATILA SG Re a 
Birmingham, Ala_________- 
AETONS ONIGS = sae ee 

1 Leaders signify no report. 

Popula- 
tion (1930 
census) 

v 

SHERESSRSRSASSRASLAV SSS MWOSCOKRMDOOWWOUNHOWRUINONOS 
> on he on 
98. 0 

City 

ai ND YY: 

Hartford, Conn_ 

Fort Worth, Tex 
Flint, Mich 

Scranton, Pa___- 
Des Moines, low 

ied Rapids, IMich=ose ss 

Nashville, Tenn_-_-_______-- 
Springfield, Mass__-__.__--- 
SantDiese; Calite= ss == 
Bridgeport, Conn__-__-_----- 

a See ee makes ar | | 

Kansas City, Kans______-_- 
Chattanooga, Tenn_--___--- 
Camden, N. J__- 
Spokane, Wash-.-.-__-_------ 

Milk a 
iz Popula- | “ume 

tion (1930 
census) 

1930 | 19241 

Pcl Poe 
251,029 | 88.5 | 63.3 
207,007 | 97.2 | 92.4 
200, 225 | 98.0} 95.0 
196, 837 | 96.8] 85.0 
170, 004 | 98.1] 96.0 
168, 650 | 92.7 | 90.0 
163, 818 | 86.2 |_-_--- 
162, 650 | 90.5} 90.0 
160, 892 |; 92. 0° |==22= 
156, 422 | 99.5} 85.0 
153; 1535 n66i3 Soe 
149, 861 | 97.1 | 87.7 
147, 897 | 79.1 j---.-- 
147, 90.5 | 90.0 
143, 428 | 99,4 | 90.0 
142, 469 | 84.7] 75.0 
141, 390 | 79.3} 79.5 
141, 281 | 75.3} 50.0 
140, 184 | 95.0 |----_- 
138,267 °| 75oF [S222 
129, 682 | 43.7] 50.0 
122, 327 | 60.0 | 25.0 
119, 539 | 84.0 | 65.0 
197%, d72:31-99 6 hoe= 
116, 010 | 80.0 80.0 
115, 301 |100.0| 55.0 

aN 
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TaBLE 4.—Approximate percentage of milk pasteurized in 302 cities in 1980 and in 
1924—Continued 

Milk pas- Milk pas- 
teurized teurized 

Popula- in— Popula- in= 
City tion (1930 City tion (1930 

CenSUuS)) |=. | ae census) 

1930 | 1924 1930 | 1924 

IPL @iArer, (ae IEG IE ae 
Fort Wayne, Ind_______--__ 115, 121 | 97.0 95:0) wealem IViasse ooo en AST 28 (al OO oe aa 
IblgzabethoeNe woo = ne 114, 557 | 87.0 8750) || eAnnarillo exkeen een ae 43, 107 | 80.0 30. 0 
Cambridge, Mass-__-_-----_- 1B} GN CEO CaO) Litents Oly ae 42, 217 | 72.1 | 100.9 
New Bedford, Mass_______- 112, 836 | 99.0 | 98.0 || Lynchburg, Vee 40, 559 |100.0 |______ 
Migr las e222. Je Fe TT ORSTOR | Gpsan |e Sheboygan, Wis._._________ BOE2A9 | S258) | eee 
Knoxville, Tenn___________ ES OA IL |e BEO ||) Ile: Cigositey \yyibe ee Benth COLCE Nes 
South Bend; ind2s22 104, 066 }100.0 |____-- Santa Monica, Calif________ AE EBS) Fe We 
VAN Svillos indies. ee ae TOS AST F988) |e Auburn, Ney e see sae oe 36, 736 | 80.0 | 90.0 
iT Cae Nye Ye ee 102, 633 | 82.8 | 50.0 |} Superior, Wis_-_---._______ 36, 100 | 48.6] 65.0 
Naya ViiaSs sere eS 102°8272\°99)0) |B=- == ATIIN ETON VigSSene eee 36, 089 | 98.8 | 80.0 
Duluth Wiinnees. = HONS GEES el MeyeO) | Iollnin, INE ees ee 35, 806 | 80.0 | 66.7 
Waterbury, Conn__________ 101, 025 | 59.3 40.0 Steubenville, Ohio= == 0p 41851825 On| nee 
Panipase hl aseen es Sk 100, 910 | 70.0 |______ iaintield Nea ae 34, 405 | 78.3 |______ 
Rowell Masse. 225 S22 LOOSOO Re TOs Diese Alameda, HC alitse eee eee ot, o0te| O70) |= 
Schenectady, N. Y____--_-_- 95, 652 | 95.7 | 95.0 || Newport News, Va-_-_______- 34, 285 | 40.0 | 33.3 
Allentown bana == 22 o ae 92,052 | 98.5 $8.0 || New Brunswick, N. J_____- 34, 280 | 89.0 |__-____ 
Savannah. Gals 222 oes 87, 714 | 40.0 107 || shaducahy tty 222 ee Bae ib F/Cats) |p 
Rockford lille Se a 84, 957 | 98.5 | 97.9 || Colorado Springs, Colo____- SB} 90 || COLO I 
iBerkeleyan Califee- === = 81, 543 | 93.6 | 89.0 || Meridian, Miss____________ BPA GVA | Wie We see es 
Altoona Ras see te. 22 eS 819503) 179859) 9750 le Romes Ne Yess ss seen a 32, 496 | 47.3 |_____- 
Sasinaws Wiiches =) = SOR SD Un On Ol ee 4540) ||PnucSOn, Anz sos ee 32, 198 | 89.9 |______ 
iIBansingeaMbiche==s-— =) sir 7 78, 420 | 86.2 85.0 || Watertown, N. Y-________- 32, 088 | 84.8 |______ 
Manchester, N. H.---_---_- 76, 886 | 84.0] 96.0 |} Baton Rouge, La___________ ase i) | BO) fie 
Shreveport, La____.______-_- £65659) AON 7 Ie INemiburehewiNps yes sees 31, 243 | 79.1 | 50.0 
emcolm Ned sae. EG |) TSO | 7G) | INES ol TG BL 31,091 | 50.4] 50.0 
Huntington, W. Va_____-__- Thay Ber OB eP | oe Bloomington, Tl__________- 30, 915 | 88.3 | 90.0 
Niagara Falls, N. Y_____--_- 7s, aval Cpe eae ee Riverside, Calif___._______- 3056545520805 |e 
TRO VANE RN Gate naa ote 77) RO) SYED se Bellingham, Wash-_-________ 30, 602 | 84.4 | 75.0 
Quincyzeiasses = 71, 965 | 93.1] 66.6 || Parkersburg, W. Va_____-_- Z2O8605E | 63505 | see x 
(ROaANOKCrmVia ae oe eo 69, 096 | 97.2 |_-___- Galesburg ills 2 Psy (KOY4 || GEE ae Le 
Springfield, ORO = ee sks 68, 406 | 93.5 | 90.0 || Fargo, N. Dak______-______ 28, 609 |100.0 |______ 
New Britain, Conn__-______ 68, 095 | 68.4 | 70.0 || Mishawaka, Ind_-_________- 28, 628 |100.0 |______ 
RACINE WIS see ee fs ES |) Os yl | Bristol C ones see mens 284028 Gos jeeee ae 
Pueplo;Colos— = = 665032516100 |= = Ottumwa, lowae= 22 285074, | 5650) ||2 2 
Montgomery, Ala__________ 65, 801 | 21.0} 14.3 |} New London, Conn________ De S2\tAes One 
Newton, Mass_____._-____- 1655295) 159459) | ING WDODE, ph le een 27,430 | 97.0] 94.3 
Pontiac; Miches-. ——- 64, 897 | v6.0 | 50.07} Ann Arbor, Mich_________- 26, 872 | 95.0 | 90.0 
Hammond -ind== =< 2— 648523 99 sae Albuquerque, N. Mex__-___ 20,020) pooner aaa 
‘POpeKa Manse 2 oe 64, 005 | 33.3 5sOM) Hondtduslacy Was=- 222-2 = MBG? |) PRG ees 
Oaks Parkes 22s 63, 819 | 90.0 |_____- Wionroe, Wales see 26% OZR oles. | mee 
Brockton, Masse e< 2 2 2- - 63; 695 | 80:0. |_.-__- Byrn, Onion ss2- 2 ee 25; CUO m OONO ee 
PassaiGw Naw GaelOSt esGnou ae pan Angelon Mex. 25 a 20;'304 | 50) 0) |e 
vaHstonel a= a5 615766) 19852) |---_- = Concord No 25, 162 | 30.0} 33.3 
Wheeling, W. Va____----_-_| 61,752 | 76.0] 72.0 |} Johnson City, Tenn________ 200784852) eee 
Mount Vernon, N. Y___-_-_- 60, 869 | 98.2 | 100.0 |) Beverly, Mass_..-._______- 24,985 | 96.8 | 60.0 
Davenport, Iowa__________- 605728) edo0nl 5520)|| Burling tone Vites =e ESP) Ca eee = 
Lancaster, sbi ee 60, 596 | 65.3 | 80.0 || Hackensack, N. J_________- 24, 506 | 99.0 | 75.0 
Charlestown, W. Va_____-_- 60,411 | 74.2 | 75.0 || Northampton, Mass__---_-__- AS S50 Gl nota On| eae 
ATIPUStANG Anes eee oo GONZOT ISS eee Washington bases PHL OAM) | Geb il |e oe 
Malden, Mass_-______-____- 5S OTA Se MOOR Rn eee IMexandriasaVascs 2-2 = 24,185 ; 62.8 | 25.0 
Madison Wis. 2= 2. =--2-- 57,815 | 94.9] 75.0 || East Liverpool, Ohio____-__- 23,197 | 75.0 | 70.0 
Springfield, Mo___________- BY Ue |) 92 IL ine ee Mairmont, Wie Vide 2 =e 23, 139 | 40.0} 20.0 
Cedar Rapids, Iowa_____-_-_- 56, 078 | 85.0} 60.0 Alexandria, 1 Es Poe ee eee 23,010 | 15.0 0 
MiOnKeeb asses 55, 237 | 97.0 | 90.0 || Norwich, Conn__-___-_____ IPE TAS |) GED |e 
Jackson, Mich____________- 54, 870 | 58.0 |_-_-_- Hannibal; dMo-2 22. = 22, 760 | 52.0 |_--___ 
Kalamazoo, Mich___-_____- 54, 388 | 91.9 |_--__- Danville, Vg ie I eR 229230) (620.08 |e oe 
Gatveston (ex. =... 8 Bas A2T | MOSe2n aes = Oil City, Pao iret see 22, 048 | 49.1 |______ 
Greensboro, N. C____-_--_- 5oh422, |ESSNOp as 22 Mreeports Miles 2s ee 22, 026 | 85.0 | 75.0 
PAIS GEV OX. Mee ee te 2 SHOU BP 7/ | eee Fort Dodge, Iowa____-__-__- 21,860 | 78.4 | 75.0 
EWWiCO, Bs care en EDTA ah G5 || Sa Aberdeen, Wash_-_-________- 21 ASM 26 N| eee 
OVEPA REMUS yDO@X. . 2225-22. BONOG 74)! 1824) |E= =. North Adams, Mass-_-_-__--- 2162 soto 0 
NGETIOSHI Ae WHS 49,844 | 99.5] 95.0 || Janesville, Wis__.-___--___- 21, 507 | 90.0 | 90.0 
Pittsfield, Mass____________ AQ675) OO Sila. 03.0°|| Olean Ne Yass = ss ees 21, 350 | 37.5 | 33.3 
ATINGrA Te ee Fe 49, 522 |100.0| 98.5 || Middietown, N. Y__--__--- QIN 208 8 Absa. |e 
Haverhill, Mass_______-___- AS56875 "85/0011. 30: 0) || Mainonay Minne: 22s ii2r re 20, 852 |100.0 | 100.0 
Everett, Mass. 2 -.--.---_.- 48, 298 | 98.0] 80.0 |} Pomona, Calif_____-_____-- 207695 tl 4osO nee 
Stockton, Galif_-_ =.=. ==. = AG O5T sS45a|5=--2- Rochester, Minn__________- 20, 626 | 91.6 50. 0 
Brookline, Mass----_------ 47,437 | 94.7] 85.0 || Tuscaloosa, Ala___--_.-___- 20,610 | 73.0 | 40.0 
Williamsport, Pa__.._.___-- 45,695 | 74.5} 60.0 || Hot Springs, Ark..-_..--_-| 20,115 | 13.0 |---_-- 
Portsmouth, Va._-------= 45, 353 | 62.5} 51.0 || Westfield, Mass_______.___- AGH T72 1 BSi2) | ees 
@helsea Mass: 5 2 44, 827 |100.0 |__---- Asbury Park, N. J--------- 19,500 | 97.5 | 97.0 
Perth Amboy, Ni J.--2- 22 Aa O77 EGOrGE|) 8d. 0 || Hund ayes Ohioe=-=5—) === eee IO S27 ObniG |e ose 
Chicopee, Mass___.._------ 43,981 | 94.3 70.0 || North Tonawanda, N. Y-- 19, 020 |100.0 | 80.0 
Wichita Falls, Tex________- ASSGI4 EOI 2ne- .- BradtOrgn bacesee cose nee TSESTD ZB o Ges see 

113363°—32——2 
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TABLE 4.—Approzimate percentage of milk pasteurized in 302 cities in 1930 and in 
1924—Continued 

eae Dae Milk pas- 
teurize i 

; Popula- in— Popula- vue 
City tion (1930 City tion (1930 

census) i census) 

| 1930 | 1924 1930 | 1924 

| es os Mpeameen ene eae a | a a rr 

| P. c.| P.ct | P.ct.| P. ct. 
NabureiMe e255. Fo. | AISeSGT eta te oe Santa Fe, N. Mex_________-| 10, $84.4) 32 eel 
Gieristtalis INooy Sakis | > IS S2ial ee fl Medford, Oreg-_-------___- | 0: SA eee 
Salem! Oper st. ie foe bas ot fey | Johnstown, IN] Raycertes See | 10,794 | 39.8 20.0 
Mtoe este & eee 2S ae |= ARSRRS e250 reais ee ee ee epee ed We ee ee ee 
Pittsburg, Kans______--___- | TSO 0 | Altes) lows ees os A | 10, 261 | 80.0 |______ 
Englewood, N. J... = -=- TESTI E957 |e Manhattan, Kans_________-_ |} 10,101 | 121] 10.0 
Dunkirk, WE Cr eS yee Ene |i7a ae ean Stoneham, Mass___________ 10,055. 1° Tee 
DPalivise Ne We oe eee be igen ee nl Daversa Ae eas | 10,081} 0 0 
Wanthraep. (Wlass. =a | 16,968 | 96.3 j_-_--- Cartage Mip*= ee sees 9: CSOT A ole 
Kewanee, Jil =. | s16, 916 | 93.9) 95.0 || Palmer; Mass_- 90-2 | ORGY Gam i ey] ee 
Aberdeen, S. Dak__________ 16, 338 22 OA ba a Canniac, .Mich-~ = = | 9 Of A ae a ee 
Hornell Ne Yosser 16, 166 | 52.1} 25.0 || Bellefontaine, Ohio_________ ERTS G9 EC fl ee 2 
Geneva, INS OY See eee 16/050-|)-942°7_ |. 66.0: | Wand bers. Pa <= = seas es 9,290 | 42.8 j______ 
stahwaye Ni a 15-97 sal Soe lel Sidney, Onie-=- 28 = sss os 9, 289 |100.0 j__-_-__ 
Watervirel, Nive = = ee 3 7 Ee Cleveland, Tenn___________ 9°131 [Poy Ons 
Vancouver, Wash________- easy bao el Pan. Ul ee ee 9, 121 |100.0 |______ 
take Charles, dass ee 15, 753 | 7.4 0 WekKalh, Ws. eee 3,506 + SR 4a 
Ardmore, Okla 27-32) 15, Tal IG Se | Washington Court House, | 
Walla Walla, Wash-_-___--_- | 15,725 | 64.8 | 50.0 1G ke ee ee 8,415 | 65.0 | 66.7 
Gurming: Ne Wee | - 15,648 | 66.7| 16.0 || New Iberia, La_____---__-- [7538/0935 So Serna 
PAP Ores He = ase ae i plead: [uu ecee [omen Wellesville, Ohio___________ 7; 92571603 glee 
Waycross, Gas i.e | 15, 507 100.0 0 Breckenridge, Tex_________- 1; 008 120deo, 1 eee 
Dothan WAlat Jos es 15, 471 | 18.0 0 Fayetteville, Ala__.________ y Aso Pel iS SU il a eee 
Dpcitur, Ala 22 Sek 15, 447 | 53.0 |__---- Wellington, Kans________-- 7, M02 | eh eee 
Newburyport, Mass_______ | 15,059 | 69.5 |--_-- Junction City, Kans______| 7,308 |- 0 0 
Greenville, Miss--_________ ee oy Saal Ui bah ace | Gallipolis, Ohio___________- 7,102)| 0.012 
dilorence: S. Wrct esc TFs 25 14,655] 0 |------ || Franklin, Mass_-_________- 7,028} 388] 0 
Detayette, tases os ss | usie seal Organ. || Bozeman, Mont______-_____ 6,818 | 40.0 |______ 
Missoula, Mont___________- | 14 616" | 21-710 | Houma, tay~ Oe) ase! |) *- 6.584, a-eeeee 
Santa Graz, Calif po PAS SSO 52-2. |e rf Hudson falls, Noy = ' 6, 448 |100.0 |______ 
Southbridge, Mass... ______| 14, 262.| 16.6 |______ I Brookiielt, Mo. ee 6; 36571 23.33] 55 ee 
Tronwood, Mich___-___-____ 14, 254 5050: | 20. 0 || Hideway, Pas! >) 2 pies 6: 298) 0 eee 
Marietia, Ohio____-__--____ pe cig MY || Opelousas [lia § "0. 1S 28 Hae pret fe Mend Bona. 
Auiderson. S. 222) 28 1301 0 eee || Morgan City, La_-____- | -Rgan/ tot Bee 
Hugalusa, ta. loa ee 1450860 ee || Fredonia, N. Y___/_-_--___ emer irr gigi ds Sees 
Chambersburg, Pa_________ 13, 813 | 99.0 | 25.0 || Marysville, Calif.____-____-_ 5760! | SOA ees 
iPalorAliogj@alies oo 1S. GS OZ. |, oO) |b. VO hake ee | 5 G22 ee ee 
Stevens Point, Wis_________ 13, 622 | 10.0 |--_-_- || Nelsonville, Ohio_-___----__ | 5, 229 4-90. O22 
Bediord, Tid 222-2222 13, 140 | 90.0 |_____- || Bastrop as 2 se ee | 5 O78) 8OD ees 
fey Salle: WS oes i 13, 084 |100. 0 | a ee Moscow, Idaho-_-______.___- | 4,415 |100.0 |______ 
Webster, Mass ==. 12599271 foes Rustons ta eee eee 4,392) 04 
Plymouth, Mass___________ 12, 968 | BAB Greenfield, Ind_____________ | 4,171 | 99.0 |______ 
HOSLIEIA, (Onie-—- = 124 5rl wos One JackSOn ba eee eee of 966: 5 (O! Se eee 
Claremont, N. H__________- 12,343 | 5.7 |_____- Mansfield, La_____________- | 3, Bag T= pee 
Draconian Ne Aes sc 12, 314 Qe Pees Eunice, La ie Deepa wie ORES Fee 3.0901: Genes 
TaAwtony kia ee 12-7115; 1 GS Sch Stafford Springs, Conn____- | 3485 1-9? eon 
Wirsinig. Minne) PROS gy Gps ea bead ee I er tO ~ pee 
INGW, DEEN IN skye ee 11, 922 20. 0 0 Auburn, "Ala see rete LN Tee 2 3030 eee 
Florence, Ala_______-----_- | 11,773| 65.0} 0 || Chapel Hill, N. C____.____- | 2, 697 | 63.0 |-____- 
San Leandro, Calif________- Jo te S15 9550) pe Merryvalie: a-2 25 2 GS-0 eee 
Rock Hulki se G sien ee Bee Se See Perriday, nas)? 2S eae 2 DAE Ty Pee 
Salisbury, Md_____---____- | 10, 981 | [57 | ee iBunkie: bapolt oe 2 464 | Q fe 

ELECTRICAL AND ULTRA-VIOLET-RAY TREATMENT OF MILK 

Many attempts to kill bacteria in milk by means of electricity have 
been made, but no such process has been devised which has come into 
extensive commercial use. 

Alternating currents have been worked with most extensively, be- 
cause direct currents were found to produce undesirable chemical 
changes in milk. Although the proper application of suitable alter- 
nating currents has resulted in bacterial reductions similar to those 
produced by pasteurization, it appears to be an open question whether 
the bactericidal action is due to the heat generated or to the direct 
action of electricity on the bacterial cells, 
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Thornton (57), who studied this question in England, came to the 
conclusion that the killing of bacteria must be regarded as due largely 
to thermal rather than to electrical changes, but thought his results 
indicated some electrical action on the molecular structure of the 
bacteria. Beattie (9, 10), also working in England on the same prob- 
lem, came to the conclusion that heat was not the principal factor in 
killing bacteria by electricity, but found that to obtain satisfactory 
results the temperature should not be below 145° F. In the United 
States an electric process was investigated about 1918 by Anderson 
and Finkelstein (2, p. 405). Their conclusion was: 

The destruction of bacteria in the Electro—pure process is apparently due to the 
heat produced by the electric current rather than to the electric current itself. 
The Electro—pure process furnishes a method for producing a very sudden high 
temperature for a brief period of time. 

Gelpi and Devereux (27) concluded that in laboratory tests for 
spore destruction the electro pure process at 71° C. (159.8° F.) with 
momentary holding was superior to pasteurization at 62.8° C. (145° 
F.) for 30 minutes. 

It seems evident from a review of the literature that in the use of 
electricity, as it has been applied, sufficient heat is generated by elec- 
tricity, or by a combination of steam and electricity, to raise the milk 
to a high temperature. Since the temperatures reached are in them- 
selves destructive to most bacteria, the problem of determining 
whether the effect of electricity is due to heat or to electric action is 
difficult. 

The use of ultra-violet rays for the destruction of bacteria in milk 
has not proved to be of commercial value. Experiments with these 
rays carried on by Ayers and Johnson (6) showed that, while the rays 
cause great destruction of bacteria in milk when exposed under suit- 
able conditions, the process in its then state of development could not 
replace pasteurization. It was difficult to obtain the proper exposure 
of milk to the rays on a scale sufficient to permit of practical operation, 
and it was impracticable to secure suitable bacterial reductions with- 
out seriously injuring the flavor of the milk. 

METHODS OF HEATING MILK 

At present three processes of heating milk are practiced in the 
United States. The first is known as the flash process, the second as 
the aooe or holding process, and the third as pasteurization in the 
bottle. 

The flash process consists in heating the milk rapidly, then cooling 
it quickly. In this process the milk is heated for 30 seconds to 1 min- 

ute only, usually at a temperature of 160° F. or above. This method 
does not comply with the usual time and temperature definition of 
son.” Most cities prohibit its use in the pasteurization 
of milk 
By the holder process the milk is heated to temperatures of from 

142° to 145° F. and held for approximately 30 minutes, after which 
it is cooled rapidly. Sometimes the milk, instead of being held at a 
certain temperature in one tank for 30 minutes, is merely retarded in 
its passage through several tanks, or other retarding device, so that 
the theoretical length of time required for the milk to pass through i is 
about 30 minutes. In such cases, however, there is not always assur- 
ance that all the milk is held for the desired time, 



12 BULLETIN 342, U. S. DEPARTMENT OF AGRICULTURE 

A study of 404 municipal ordinances, made in 1928 (Table 5), shows 
that cities in the population groups from 50,000 up to and including 
500,000 and over are very uniform in their requirements for pasteur- 
ization. The temperature requirements range from 140° to 145° F., 
with the majority of the cities using 142°. The lengths of time for 
which the milk is required to be held at these temperatures are even 
more uniform, with 97 of the 99 cities studied requiring 30 minutes. 
The cities in the groups 10,000 and less, 10,000 to 25,000, and 25,000 
to 50,000 show more variation in temperature and length of time re- 
quired. However, disregarding the cities in these groups that have 
no requirements, nearly half of the others require a temperature of 
142° and the greater number require 30 minutes as the time of holding. 

Results of studies made upon continuous-flow holders, both under 
actual commercial conditions and in the laboratory, indicate that 
careful qualitative bacteriological analysis should be made of the milk 
pasteurized by thismethod. It must be remembered that a low-count 
milk is not always a safe milk. If an apparatus is used which pro- 
duces a low-count milk but which does not hold every particle of milk 
at pasteurization temperature for at least 30 minutes, such apparatus 
should be viewed with distrust, for the safety factor is not assured. 
In many instances the actual flow through the machine does not coin- 
cide with the theoretical flow. The holder process has almost entirely 
replaced the flash process, and is the one most used in the United 
States. 

Pasteurization in the bottle was developed several years ago, but 
has not come into general\use. Under this system the bottles of milk, 
usually in the cases, are placed in a compartment where the milk is 
heated to the required temperature, and then held and cooled. By 
some types of bottle pasteurization the bottles of milk are removed 
from the cases and then conveyed slowly through the machine, being 
heated at the beginning and cooled at the end of the process. ‘The 
heating is usually accomplished by passing sprays of hot water over 
the bottles or by immersing them in tanks filled with water of tempera- 
ture high enough to heat the contents to the pasteurization tempera- 
ture. Hither a special water-tight cap is used or the bottles are 
covered with a specially constructed pan in which there are small 
holes through which the hot water passes and forms a thin film around 
the bottles. The advantage of this process lies in the fact that the 
milk, after being heated, is not exposed until it reaches the consumer, 
and any danger of contamination through handling is therefore elimi- 
nated. However, the cost of pasteurizing under this system is greater 
than that of bulk pasteurization, for steam and refrigeration are 
required to heat and cool the bottles and cases as well as the milk. 
Furthermore, extra space and more handling are necessary. 

a. 
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ADVANTAGES OF LOW-TEMPERATURE PASTEURIZATION 

In general, the trend of pasteurization has been toward the holder 
process, and with this tendency the use of lower temperature has be- 
come more common. As a general rule, when the holder process is 
used the milk is heated to not less than 142° F. for 30 minutes. 
From bacteriological, chemical, and economic standpoints, the present 
consensus is that pasteurization can be satisfactorily accomplished 
with a temperature as low as 142°. 

From a bacteriological standpoint, pasteurization at 142° F. for 
30 minutes is believed to kill all nonspore-forming disease-producing 
bacteria, and at the same time leave in the pasteurized milk the maxi- 
mum percentage of the bacteria that cause milk to sour (lactic-acid 
bacteria) and only a small percentage of those that cause it to decom- 
pose (peptonizers). When higher temperatures are used the total 
number of all kinds of bacteria is reduced, but the percentage of lactic- 
acid bacteria becomes less and less and the peptonizing group increases 
until at 180° or above, the lactic-acid bacteria are practically all de- 
stroyed and most of the bacteria left belong to the peptonizing group. 
The heat-resistant lactic-acid bacteria which survive pasteurization 
at 142° for 30 minutes play an important réle in the souring of com- 
mercially pasteurized milk. | 

From a chemical standpoint, the advantage of the lower tempera- 
ture is that milk pasteurized at 142° F. for 30 minutes does not undergo 
any appreciable change affecting its nutritive value or digestibility. 
According to Rupp (40) the soluble phosphates of lime and magnesia 
do not become insoluble and the albumin does not coagulate. At 
150° about 5 per cent of the albumin is rendered insoluble, and the 
percentage increases with higher temperatures up to 160°, when about 
30 per cent of the albumin is coagulated. The heating period in 
Rupp’s experiments was 30 minutes. 
From an economic standpoint the advantage of pasteurization at 

low temperatures is the saving in the cost of heating and cooling the 
milk. Bowen (15) has shown that the flash process requires approxi- 
mately 17 per cent more heat than the holder process. Also there is 
a correspondingly wider range through which the milk must be cooled, 
which also adds to the cost. This is because of the fact that in the 
holder process milk may be heated to 142° F. and held for 30 minutes, 
whereas to obtain the same bacteriological reduction with the flash 
process, with 1-minute heating, the milk would have to be heated to 
165°, and even then it is doubtful whether all the disease-producing 
bacteria would be killed. 

fEMPERATURES AND METHODS MOST SUITABLE FOR PASTEURIZING 

It has been found that heating milk at 140° for 30 minutes will kill 
pathogenic bacteria, provided all the milk is heated to that point and 
held for the full length of time. But it has been shown by Schorer 
and Rosenau (62, p. 167) that it is difficult to do this under com- 
mercial conditions. These investigators inoculated milk with Bacillus 
diphtheriae, B. typhi, and B. tuberculosis and pasteurized it in 100- 
gallon lots under commercial conditions. They found that sometimes 
not all of the organisms were killed, and in this connection state: 

Nothing in our experiments throws doubt upon the thermal death points of the 
microorganisms tested. We are sure that if the milk reaches 140° F. and is held 
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there for twenty minutes it will kill tubercle, typhoid, and diphtheria bacilli. 
Our experiments show that milk pasteurized at this temperature for the specific 
time may not always, in practice, reach these minimum requirements. It is 
therefore evident that a liberal factor of safety is necessary in the operation of 
this type of pasteurizer under commercial conditions. 

The United States Department of Agriculture advises the use of a 
temperature not lower than 142° F. for a period of not less than 30 
minutes, for the pasteurization of milk. Besides insuring an ample 
margin of safety, a temperature of 142° causes a greater destruction 
of bacteria in milk than does 140°, when the milk is held for the same 
period of 30 minutes. 

There is a tendency in milk plants to pasteurize as near the minimum 
temperature required as possible, so as not to injure the cream line. 
Whittaker, Clement, and others (63) have studied the effect of tem- 
perature on the cream line in a number of different plants throughout 
the country, and have come to the following conclusion: 

In the case of milk heated to 143° F. for 30 minutes there was 
practically no decrease in cream volume, and in some cases an increase 
resulted. Heating at 145° to 146° for 30 minutes reduced the cream 
volume an average of approximately 8 per cent, with considerable 
variations above and below. Heating at approximately 148° for 30 
minutes caused a decrease in cream volume of 18.5 to 41.7 per cent, 
with an average decrease of approximately 31 per cent. 

The method of pasteurization, whether it is the holder or in-the- 
bottle process, is not so important, provided the process is such that 
the milk is heated to a temperature not lower than 142° and that all 
of it is held for not less than 30 minutes at that temperature. 

Marcussen (46, p. 62-63) also presents the following conclusions: 

1. The temperature of pasteurization exerts an influence on the quantity of 
cream present on pasteurized milk. 

2. The quantity of cream present on milk pasteurized at 145 degrees F. is always 
less than the quantity of cream present on the same milk when pasteurized 
at 142 degrees F. 

3. The average volume of cream on milk pasteurized at 145 degrees F. was 13.325 
per cent less than the average volume of cream on the same milk pasteurized 
at 142 degrees F. 

Erb (21) states that agitation of either raw or pasteurized milk at 
temperatures between 42° and 100° or 105° reduced the cream layer 
from 2 to 3 per cent of the volume of the milk, while agitation at 
eens ates from 100° or 105° to 144° had no effect on the cream 
ayer. 
Trout (69) reports that heating milk at 145° for 30 minutes de- 

creased the creaming ability of milk from 9 to 16 per cent, depending 
upon the temperature of creaming. 

Dahlberg and Marquardt (18) state that there is no known method 
of restoring the creaming properties of milk which has been heated 
above 145° for 30 minutes or momentarily to temperatures in excess 
of 165°. 

SUPERVISION OF THE PROCESS 

Supervision of the pasteurizing process is absolutely necessary, 
but it can not be fully effective unless the supervisor has a thorough 
knowledge of the primary object of pasteurization and the bacterio- 
logical principles involved. 
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The primary object is to kill any disease-producing bacteria which 
may be in the milk, and to handle the pasteurized milk in such manner 
that it will not be infected before bottling. Pasteurization at a 
temperature not lower than 142° F. maintained for a period of 30 
minutes kills a large percentage of the bacteria in the milk and the 
keeping quality of the milk is greatly improved. The milk after being 
heated should be immediately cooled, bottled, mechanically capped, 
and placed in a refrigerator the temperature ‘of which should never 
exceed 50°. All coolers, bottlers, bottles, and other milk-contact 
surfaces must be thoroughly cleaned and treated to kill bacteria. 

This process seems relatively simple, yet problems that may 
defeat the primary object are encountered at every step. 

First of all, bacteria are distributed m the air of the milk plant, 
upon the equipment with which milk comes in contact, and upon the 
hands of employees. Also, flies carry millions of bacteria. 
When milk comes to the plant to be pasteurized the logical thing 

to do is to permit it to come in contact only with apparatus which has 
been thoroughly cleaned and thoroughly steamed or treated to kill 
bacteria. As bacteria can not be seen with the naked eye, a tank or 
pipe that is apparently clean may contain many millions. As many 
of the bacteria as possible must be killed. To do this steam is usually 
employed, for heat at 200° F. or above, applied for a period of 5 min- 
utes, will kill disease-producing bacteria and all but the spores of the 
harmless types. Equipment must be visibly clean before treating to 
kill bacteria if the results are to be satisfactory. 

The United States Department of Agriculture recommends that the 
following points in the pasteurizing process be carefully looked after: 
(1) Heat all milk to a temperature not lower than 142° F., and hold at 
this temperature for not less than 30 minutes. (2) Watch for leaking 
valves. (3) Avoid exposed outlet pipes, valves, and pipe lines which 
hold milk below the pasteurization temperature. (4) Use accurate 
recording thermometers, with the chart spaced in single degrees 
throughout the pasteurization range. Check these frequently against 
a standard thermometer of unquestionable accuracy. (5) Take tem- 
peratures near the bottom of the pasteurizer. (6) Watch for foam on 
the milk, and do not let foam remain in the vat. 

It is of the greatest importance that the hands of milk handlers do 
not touch the pasteurized milk, the apparatus, the bottles or the caps, 
after these have been treated to kill bacteria. The hands are perhaps 
the most dangerous source of reinfection in the plant, for through such 
means milk may be contaminated by persons who are carriers of dis- 
ease. In order to guard against such possibilities, all employees who 
handle apparatus or milk in the plant or during delivery should under- 
go frequent medical examination, and any diseased persons or carriers 
of disease should be prevented from working where they are even in 
indirect contact with milk or milk equipment, either in the plant or on 
the delivery route. 

It is perhaps unnecessary to say that flies are also a very serious 
menace to the milk supply. They must be kept out of milk plants, for 
it is impossible to tell when they may infect the milk. Such infection 
can occur directly through flies getting into the milk, or indirectly 
through contamination of equipment or containers. 

‘Cs 
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HANDLING OF MILK AFTER PASTEURIZATION 

Although pasteurization kills all pathogenic bacteria some harmless 
organisms remain. On account of this fact pasteurized milk is still 
a perishable product, and must be handled with the same care as raw 
milk. This is a point for both the consumer and the milkman to 
remember. 

After pasteurization milk should be cooled to from 33° to 40° F. 
and kept at that temperature until delivery. In warm weather it 
should be iced on the delivery wagons. From a sanitary standpoint 
all milk, whether raw or pasteurized, should be delivered without 
delay, in order that the consumer may get it in the best condition. 
In milk held at about 40° there is only a slight bacterial increase dur- 
ing the first 24 hours. Pasteurization and delivery can be so arranged 
that the consumer gets the milk before any appreciable change has 
taken place in the bacterial content. 

COST OF PASTEURIZING MILK 

The cost of pasteurization in 1922 was estimated by Bowen from 
the cost given in his earlier paper (15). He obtained information in 
five establishments which were considered to represent the average 
city milk plant. The pasteurizing equipment in each plant consisted 
of a heater, a holding tank, a regenerator, and a cooler. The cost of 
operation was based on the ‘pasteurizing cycle, starting with the initial 
temperature of the raw milk and raising it to the pasteurizing tem- 
perature, then cooling to the initial temperature of the raw milk. 
Bowen based the costs on interest at 6 per cent per annum on capital 
invested in all equipment used im the pasteurizing process. He 
allowed 25 per cent per annum for depreciation and repairs on the 
pasteurizing equipment proper, and 10 per cent on other mechanical 
equipment, such as engines, boilers, etc. Other costs figured were 
labor; coal, estimated at $8.16 a ton; cooling water, estimated at 
$0.75, per 1 000 cubic feet; and refrigeration, estimated at $2 a ton. 
With later estimates substituted for his older figures, Bowen calcu- 
lated that the average cost of pasteurizing 1 gailon of milk was 
approximately $0.0049, or a little less than one-half cent. 

BACTERIA THAT SURVIVE PASTEURIZATION 

About 1 per cent of the bacteria in the milk remain alive after 
pasteurization, and the kinds left depend entirely on the temperature 
to which the milk was heated and the number of heat-resistant 
bacteria in the milk. From studies of the bacteria which survive 
pasteurization, it is possible to show graphically the hypothetical 
relations of the bacterial groups in raw milk and in milk pasteurized 
by the holder process at various temperatures under laboratory 
conditions (3, 4). 

The bacterial flora of the various kinds of milk is represented in 
Figure 1 by columns of equal length divided into sections, which, in 
a general way, show the relative proportions of the bacterial groups. 
From the illustration it may seen that raw milk contains four 

principal groups of bacteria—the acid, inert, alkali, and peptonizing. 
The acid group is divided into two types—the acid- coagulating, which 
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ys; and a type 
which produces acid more slowly and does not curdle the milk in 14 
days. 

produces sufficient acid to curdle the milk in 14 da 

In raw milk the inert group is the larger. 
In milk heated at 145° F. the great increase in the proportion of 

the acid-coagulating and acid groups, in comparison with that of 
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FIGURE 1.—The hypothetical relationship between the various groups of bacteria in raw milk and in milk 
pasteurized at different temperatures 

the same organisms in raw milk, is plainly shown; and the proportion 
of the alkali and peptonizing groups is reduced. 

At 160° the total acid group is still the largest, but the acid-coagulat- 
ing group is made up of bacteria which cause coagulation very slowly. 
At this temperature the alkali group is greatly reduced, and the 
peptonizing group is reduced to a minimum, 
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At 170° F. the total acid group remains about the same, but the 
organisms produce acid and coagulate the milk very slowly. The 
alkali group is practically destroyed, although occasionally a sample 
may show a fairly high percentage. The most important change is in 
the peptonizing group. At this temperature the ratio of this group 
to the total number of bacteria begins to increase. 
The increase when milk is heated at 180° F. is even more striking. 

At this temperature more than 75 per cent of the bacteria which 
survive are peptonizers. No organisms of the acid-coagulating 
group are found, and only a small percentage of the acid group. 
Occasionally a few of the alkali group may be found. 

At 190° and 200° F. the bacterial groups which survive are about 
the same in their relative sizes as at 180°. | 

It is very evident that when the bacterial flora of pasteurized milk 
is under discussion the temperature of the process is of fundamental 
importance. In Figure 1 the proportions of the bacterial groups left 
in milk heated at different temperatures may be seen at a glance. It 
must be borne in mind, however, that the relations of the bacterial 
groups represent only average conditions and that the bacterial flora 
of every sample of milk must not be expected to conform exactly to 
these averages. Variations in methods and conditions in the produc- 
tion of milk may influence considerably the bacterial group relations 
of an individual sample. 

The results in Figure 1 may perhaps be better explained in popular 
terms. When milk is pasteurized at 142° F. for 30 minutes, most of 
the bacteria (lactic-acid) left alive in it are of the kind which cause 
it to sour, and there are present only a few bacteria (peptonizing) 
which cause it to decompose. As the milk stands, the acid formers 
erow and cause the milk to sour instead of decompose. However, 
when milk is heated at 180° for 30 minutes, the bacteria (lactic-acid) 
which cause the souring of milk are practically all killed, and those 
which are alive (peptonizing) continue to grow and cause the milk to 
decompose. 

Not only do certain types of lactic-acid bacteria survive pasteuriza- 
tion, but some also grow at or near the pasteurizing temperature. 
These are known as thermophilic bacteria and according to Robertson 
(48) grow best between 55° and 75° C. (131° and 167° F.). Some- 
times upon long-continued heating at 140° to 145° F. for several 
hours, milk sours in the holding tanks because of the growth of these 
organisms. The ordinary period of holding does not provide sufficient 
time for their development, so this type of souring is not encountered 
in milk plants except when there is an interruption in the pasteurizing 
process caused by some abnormal condition. 

Pasteurizing plants, however, frequently experience considerable 
trouble with thermophiles or bacteria causing ‘“‘pin-point colonies” 
in the pasteurized milk. Yale and Breed (65, p. 1198) came to the 
following conclusion: 

Faulty plant operations proved to be more important factors in the develop- 
ment of thermophilic bacteria than the type of pasteurizing equipment. 

Hammer and Trout (82, p. 23) state: 
On plates poured with dairy products, especially those that had been subjected 

to heat, there were often yellow colonies of cocci. In general ae ears 
resisted the usual pasteurization exposures for market milk * 
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SURVIVAL OF STREPTOCOCCI 

The general groups of bacteria that survive pasteurization have 
been discussed. A more specific group will now be considered. It 
has been the custom of some authorities to consider the presence of 
streptococci in pasteurized milk to be an indication of ineffectiveness 
in the process. As already pointed out, pathogenic streptococci are 
readily destroyed by proper pasteurization. In a study of the subject 
(5) it was found that certain strains of streptococci are able to survive 
pasteurizing temperatures. 

The thermal death points of 139 cultures of streptococci isolated 
from cow feces, from the udder and mouth, and from milk and cream, 
showed a wide variation when the milk was heated for 30 minutes 
under conditions similar to pasteurization. At 140° F., 89 cultures, 
or 64.03 per cent, survived; at 145°, 46, or 33.07 per cent, survived; 
and at 160°, 3 cultures, or 2.16 per cent, survived; and all these were 
killed at 165°. The streptococci from the udder were, on the whole, 
less resistant and those from milk and cream more resistant to heat 
than those from the mouths and feces of the cows. 
Two classes of streptococci seem to survive pasteurization: (1) 

Streptococci which have a low majority thermal death point (the 
temperature at which a majority of the bacteria are killed), but 
among which a few cells are able to survive the pasteurizing temper- 
ature. This ability of a few bacteria to survive may be due to certain 
resistance peculiar to them or it may be due to some protective influ- 
ence in the milk. (2) Streptococci which have a high majority thermal 
death point, and which, when such is the case, survive because this 
point is above the temperature of pasteurization. This ability to 
resist destruction by heating is a permanent characteristic of certain 
strains of streptococci. 

These streptococci which have a high thermal death point above 
the pasteurizing temperature undoubtedly play an important part in 
the occasional high counts found in pasteurized milk. Such counts are 
sometimes observed when the count of the raw milk runs the same as 
usual. As the proportion of these heat-resistant types varies in milk, 
their numbers may at times reach such figures that their survival 
through the pasteurizing process gives an abnormally high-count 
product. The presence and variation of their numbers in milk, 
therefore, are matters which must be considered in connection with 
bacterial standards for pasteurized milk. 

It is evident that certain varieties of streptococci are able to survive 
pasteurization, while others probably are always killed. It has been 
found that the streptococci causing septic sore throat are killed by 
pasteurization at 142° F. for 30 minutes. 

These results, together with the protection which pr oper pasteuri- 
zation affords against epidemics of that disease due to milk supplies, 
indicate that the varieties of streptococci associated with or responsi- 
ble for septic sore throat are among the varieties which have a low 
thermal death point. 

THE COLON TEST FOR EFFECTIVENESS OF PASTEURIZATION 

In a study (7) of the ability of colon bacilli to survive pasteurization 
it was found that certain strains could survive heating at 145° F. for 
30 minutes. On examining 174 cultures of colon bacilli it was found 
that at 140°, the lowest temperature used, 95 cultures survived; at 
145°, 12 survived. In each case the heating period was 30 minutes. 
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De Jong and De Graff (40) also describe seven strains of Escherichia 
coli which survived 149° to 152.6° F. for 30 minutes in milk. They 
concluded from their results that the presence of £. coli in pasteurized 
milk could not be taken as indicating improper pasteurization. Gage 
and Stoughton (26) showed that the. majority of thermal death points 
of £. coli were from 132° to 140°. The temperature at absolute death 
point showed the presence of heat-resistant organisms in this group. 
Zelenski (66) also found a strain of #. colt which survived unusually 
high temperatures, while Tanner (56) states that in view of the 
results he obtained, it seems fair to assume that /. coli in concentra- 
tions in which it occurs in milk, would be destroyed by exposure to 
62.8° C. for 30 minutes, yet there i is the possibility of encountering 
resistant strains or cultures containing some resistant cells. 

Beavens (11, p. 100) states: 

Reviewing the experimental evidence and the possible biological factors present 
in pasteurization, the statement can be made that organisms of the Escherichia- 
Aerobacter group may survive in milk that has been properly pasteurized. 
Therefore, the coli test can not be used as a true index of proper pasteurization. 

This statement opposes the findings of Swenarton (55) and Jenkins 
(39) but confirms those of De Jong and De Graff (40), Ayers and 
Johnson (7), Shippen (53), and Hammer (31). 

The colon test as an index of the effectiveness of the process of pas- 
teurization is therefore complicated by the ability of certain strains 
to survive a temperature as high as 142° F. for 30 minutes and to 
develop rapidly when the pastuerized milk is held under certain tem- 
perature conditions met during storage and delivery. Consequently 
the presence of a few colon bacilli in pasteurized milk under ordinary 
market conditions does not necessarily indicate that the milk was not 
properly heated. The presence of a large number of colon bacilli 
immediately after the heating process indicates that the milk has not 
been heated to 142° for 30 minutes, and the colon test, properly ap- 
plied, should be valuable in contr ol work. Fermentation tubes can 
be used for making the test, but when gas formation is noted the pres- 
ence of colon bacilli should be demonstrated by further tests. Often 
anaerobic spore formers that survive pasteurization and give the 
typical fermentation-tube test are encountered. 

PASTEURIZATION AND VITAMINS 

The discovery of vitamins within recent years has shown how im- 
possible it is to estimate nutritive requirements solely in terms of 
digestible protein, carbohydrates, fat, and inorganic salts. Little is 
known of the real chemical nature of vitamins, but they are necessary 
for normal growth and health. 

Six vitamins are now recognized (54). They are known as vitamin 
A (soluble in fat); vitamin B or B, (soluble in water), often called the 
antineuritic vitamin; vitamin G or B, (soluble in water), the antipel- 
lagric vitamin; vitamin C (soluble in water), the antiscorbutic; 
vitamin D (soluble in fat), the antirachitic; and vitamin E (soluble in 
fat), the antisterility vitamin. Vitamins ‘A and G are abundant in 
milk, while vitamin B and vitamin C are present in small quantities 
only. Vitamins D and E do not occur in milk in sufficient quantities 
to make it an important source of these vitamins, 
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Fat-soluble vitamin A, and vitamin G have been found to be quite 
resistant to heat, and pasteurization has little or no effect upon them. 
The antiscorbutic vitamin C, and vitamin B, are sensitive to heat. 
Although the destruction of these vitamins depends upon the temper- 
ature and length and condition of heating, as well as upon the reaction 
of the material in which they exist, there seems little doubt that 
pasteurization of milk at a temperature of 142° F. for 30 minutes 
destroys some of these vitamins. 

Hess and Fish (37), studying scurvy in children in 1914, found that 
some cases of scurvy developed when milk which had been pasteur- 
ized at 145° F. for 30 minutes was used. 

After further studies on this subject Hess ($6) made the following 
statement: 

Although pasteurized milk is to be reeommended on account of the security 
which it affords against infection, we should realize that it is an incomplete food. 
Unless antiscorbutics, such as orange juice, the juice of an orange peel, or potato 
water is added, infants wil! develop scurvy on this diet. 

PASTEURIZED MILK FOR INFANTS 

A rational view of the use of pasteurized milk must be taken. 
Shall the protection against infection afforded by the pasteurization 
of general milk supplies be discarded because pasteurized milk is defi- 
cient in antiscorbutic and antineuritic properties, or shall the protec- 
tion be accepted and the deficiency in vitamins C and B be made up 
by feeding orange juice and other foods? 

As Eddy (20) says, there are two points to be kept in mind in 
infant nutrition. The first is that the vitamin content of cow or 
human milk depends primarily upon the vitamin content of the food 
eaten by the producer of the milk. He further states that cereals are 
poor in vitamins and green grasses are rich in them, and that this 
brings up the question of winter feeding, if the milk supply is used for 
infants. He suggests further that the variability of the vitamins A 
and B content in milk may at times make it necessary to supplement 
the diet.- 

The second point brought out by Eddy expresses what appears to 
be the most reasonable attitude toward the use of pasteurized milk 
for infant feeding according to our present knowledge of vitamins, 
and it is therefore quoted: 

The second point in regard to milk lies in the effect of pasteurization. This 
measure is now well-nigh universal and in America at least has played a tremen- 
dous part in the reduction of infant mortality, especially in the summer months. 
At present, however, we know that this treatment, while removing dangerous 
germs, may also eliminate the antiscorbutic factor. The sensible attitude then 
is to recognize this fact and if a clean whole milk is not available, retain the pas- 
teurization and meet the vitamin deficiency by other agents. Such agents are 
orange juice and tomato juice, and experieace has already shown that these juices 
can be well tolerated by infants much earlier than used to be thought possible. 

It seems, therefore, that the only serious effect of pasteurization on 
the vitamins is on the antiscorbutic vitamin C and the antineuritic 
vitamin B, and it is evident that the feeding of orange and tomato 
juice, or other foods rich in these vitamins, readily makes up for the 
deficiency of these vitamins in pasteurized milk. 
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THE NECESSITY FOR PASTEURIZATION 

As stated under Value of Pasteurization, there have been reported 
in the United States numerous epidemics of septic sore throat, 
typhoid fever, scarlet fever, and diphtheria, traceable to milk. 
Investigators have shown that the thermal death point of pathogenic 
bacteria is relatively low, and that where epidemics have been due to 
milk, efficient pasteurization was effective in controlling the spread 
of the epidemic through the agency of milk. 

The problem of pasteurization is not simply the question of which 
is preferable, raw or pasteurized milk, but rather, what is the most 
economical and practical way of producing and safeguarding a city’s 
milk supply. 

In connection with the possibility of transmission of disease through 
the agency of milk, the following fundamental facts must be recog- 
nized: 

(1) Certain diseases transmitted to man, such as tuberculosis and 
undulant fever, may come from diseased animals. ‘The danger from 
this source can be minimized by the elimination of infected cattle 
from producing herds on the basis of tests devised for the purpose. 

(2) Freeing herds from infected cattle offers no protection against 
other diseases, such as typhoid fever, diphtheria, and septic sore 
throat, because the pathogenic organisms causing these diseases may 
come from infected water supplies or from human carriers of disease. 

It is manifestly impossible to examine medically all persons engaged 
in producing and handling milk. Yetsuch examinations at frequent 
intervals would be necessary, together with tests for the health of 
cattle, and the assurance of unpolluted water supplies on every farm 
in order to safeguard the general milk supply of the Nation to the 
same extent that is now possible through proper pasteurization. The 
appreciation of the need for pasteurization is distinctly shown by the 
marked increase in the use of pasteurization in the United States. 

LITERATURE CITED 
(1) ANONYMOUS. 

1930. UNDULANT FEVER GERMS HARD TO KILL. Amer. Jour. Pub. Health 
20: 160. 

(2) AnpERSON, A. K., and FINKELSTEIN, R. 
1919. A STUDY OF THE ELECTRO-PURE PROCESS OF TREATING MILK. Jour. 

Dairy Sci. 2: 374-406, illus. 
(3) AyERs, S. H., and Jounson, W. T., JR. 

1910. THE BACTERIOLOGY OF COMMERCIALLY PASTEURIZED AND RAW 
MARKET MILK. U. 8. Dept. Agr., Bur. Anim. Indus. Bul. 126, 
98 p., illus. 

(4) and JOHNSON, W. T., JR. 
* 1913. A STUDY OF THE BACTERIA WHICH SURVIVE PASTEURIZATION. 

U.S. Dept. Agr., Bur. Anim. Indus. Bul. 161, 66 p., illus. 
(5) and JoHNson, W. T., JR. 

1914. ABILITY OF STREPTOCOCCI TO SURVIVE PASTEURIZATION. Jour. 
Agr. Research 2: 321-330, illus. 

(6) and JOHNSON, W. T., JR. 
1914. THE DESTRUCTION OF BACTERIA IN MILK BY ULTRA-VIOLET RAYS. 

Centbl. Bakt. [etc.] (II) 40: 109-131, illus. 
(7) and JoHNSON, W. T., Jr. 

1915. ABILITY OF COLON BACILLI TO SURVIVE PASTEURIZATION. Jour. 
Agr. Research 3: 401-410, illus. 

(8) JOHNSON, W. T., JR., and Davis, B. J. 
1918. THE THERMAL DEATH POINT AND LIMITING HYDROGEN ION CONCEN- 

TRATION OF PATHOGENIC STREPTOCOCCI. Jour. Infect. Diseases 
23: [290]-300, illus. 



24 BULLETIN 342, U. 8. DEPARTMENT OF AGRICULTURE 

(9) Brattiz, J. M. 
1916. THE ELECTRICAL TREATMENT OF MILK FOR INFANT FEEDING. 

Jour. State Med. 24: [97]}-118, illus. 
and Lewis, F. C. 

920. ON THE DESTRUCTION OF BACTERIA IN MILK BY ELECTRICITY. 
[Gt. Brit.] Med. Research Com., Spec. Rpt. 49, 32 p., illus. 

(11) Bravens, E. A. 
1930. THE ESCHERICHIA-AEROBACTER GROUP AS AN INDEX TO PROPER 

PASTEURIZATION. Jour. Dairy Sci. 13: 94-101, illus. 
(12) Biaetow, G. H., and Forsseck, F. C. 

1930. MILK-BORNE DISEASE IN MASSACHUSETTS, 1927-1929. Amer. Jour. 
Pub. Health 20: 1094-1104. 

and Wuits, B. 
1929. EPIDEMIC SEPTIC SORE THROAT. III. REVIEW OF THE 1928 

EPIDEMIC IN MASSACHUSETTS. New England Jour. Med. 200: 
807-809. 

(14) Boax, R., and Carpenter, C. M. 
1928. THE THERMAL DEATH POINT OF BRUCELLA ABORTUS IN MILK. 

Jour. Infect. Diseases 43: [827]}3829. 
(15) Bowen, J. T. 

1914. THE COST OF PASTEURIZING MILK AND CREAM. U. 8. Dept. Agr. 
Bul so 2 ps. illus: 

(16) Bray, H. A. 
1915. A MILK BORNE EPIDEMIC OF TONSILLITIS IN TUBERCULOUS PATIENTS. 

Jour. Amer. Med. Assoc. 64: 1127-1130. 
(17) Capps, J. A., and Minune, J. L 

1912. THE CHICAGO EPIDEMIC OF STREPTOCOCCUS SORE THROAT AND ITS 
RELATION TO THE MILK-SUPPLY. Jour. Amer. Med. Assoc. 58: 
1848-1852, illus. 

(18) DauuseErRe, A. C., and Marquarpt, J. C. 
1931. HOW THE CREAM LAYER FORMS ON MILK. N. Y. State Agr. Expt. 

Sta. Bul. 591, 11 p., illus. 
(19) Davis, D. J. 

1918. THE RELATION OF STREPTOCOCCI TO BOVINE MASTITIS AND SEPTIC 
SORE THROAT. Amer. Jour. Pub. Health 8: 40—46. 

(20) Eppy, W. H. 
1921. THE VITAMINE MANUAL; A PRESENTATION OF ESSENTIAL DATA 

ABOUT THE NEW FOOD FACTORS. 121 p., illus. Baltimore, Md. 
(21) Ess, J. H. 

1928. HOW AGITATION AFFECTS THE CREAM LAYER OF MILK. Internatl. 
Assoc. Milk Dealers, Plant Sect., Proc. Ann. Cony. 21: 13-19, 
illus. 

(22) Evans, A. C. 
1916. THE BACTERIA OF MILK FRESHLY DRAWN FROM NORMAL UDDERS. 

Jour. Infect. Diseases 18: [487]-476, illus. 

(10) 

(13) 

(23) 
1917. THE LARGE NUMBER OF BACT. ABORTUS VAR. LIPOLYTICUS WHICH 

MAY BE FOUND IN MILK. Jour. Bact. 2: 185-186. 

(24) 
1923. THE NOMENCLATURE OF THE MELITENSIS-ABORTUS GROUP OF 

BACTERIAL ORGANISMS. Pub. Health Rpts. [U. S.] 38: 1943-1948. 
(25) 

1925. STUDIES ON BRUCELLA (ALKALIGENES) MELITENSIS. U. 8S. Pub. 
Health Serv., Hyg. Lab. Bul. 148, 67 p., illus. 

(26) Gaasn, S. DEM., and StovuentTon, G. Van E. 
1906. A STUDY OF THE LAWS GOVERNING THE RESISTANCE OF BACILLUS 

COLI TO HEAT. ‘Technol. Quart. 19: 41—54, illus. 
(27) Grup A.J, Jr., and DEVEREUX, Hab. 

1930. EFFECT OF THE ELECTROPURE PROCESS AND OF THE HOLDING METHOD 
OF TREATING MILK UPON BACTERIAL ENDOSPORES. Jour. Dairy 
Sci. 13: 368-371. 

(28) GiLBERT, R., and CoLEMaN, M. B. 
1928. RECENT CASES OF UNDULANT FEVER IN NEW YORK STATE. Jour. 

Infect. Diseases 43: [273]-279. 
(29) Hampurecer, L. P. 

1912. AN EPIDEMIC OF SEPTIC SORE THROAT IN BALTIMORE AND ITS RELA- 
TION TO A MILK-SUPPLY. A PRELIMINARY REPORT. Jour. 
Amer. Med. Assoc. 58: 1109-1111. 



(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

(36) 

(37) 

(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

(44) 

(45) 

(46) 

(47) 

(48) 

PRESENT STATUS OF THE PASTEURIZATION OF MILK 25 

HAMBURGER, L. P. 
1913. THE BALTIMORE EPIDEMIC OF STREPTOCOCCUS OR SEPTIC SORE 

THROAT AND ITS RELATION TO A MILK SUPPLY. Bul. Johns Hop- 
kins Hosp. 24: [1}-11, illus. 

Hammer, B. W. 
1928. DAIRY BACTERIOLOGY. 473 p., illus. New York and London. 

and Trout, G 
1928. A STUDY OF THE YELLOW COCCI WHICH SURVIVE PASTEURIZATION. 

Jour. Dairy Sci. 11: 18-23. 
Harpy, A. V., Jorpan, C. F., Borts, I. H., and Harpy, G. C. 

1980. UNDULANT FEVER WITH SPECIAL REFERENCE TO A STUDY OF BRU- 
CELLA INFECTION IN 10wA. Pub. Health Rpts. [U. 8.] 45: 2433- 
2474, illus. 

HaAssE.tTINgeE, H: E. 
1930. RECENT PROGRESS IN STUDIES OF UNDULANT FEVER. Pub. Health 

Rpts. [U. 8.] 45: 1660-1667. 
Hess, A. F. 

1915. INFANTILE SCURVY. II. A NEW ASPECT OF SYMPTOMATOLOGY. 
PATHOLOGY AND DIET. Jour. Amer. Med. Assoc. 65: 1003-1006, 
illus. 

1916. INFANTILE SCURVY. III. ITS INFLUENCE ON GROWTH (LENGTH 
AND WEIGHT). Amer. Jour. Disease Children 12: [152]-165, illus. 

and Fisu, M. 
1914. INFANTILE SCURVY: THE BLOOD, THE BLOOD-VESSELS AND THE DIET. 

Amer. Jour. Diseases Children 8: [885]}-405. 
Houmgss, M.S 

1929. EPIDEMIC SEPTIC SORE THROAT. II. A CLINICAL STUDY OF THE 
1928 EPIDEMIC IN MASSACHUSETTS. New England Jour. Med. 
200: 805-807. 

JENKINS, H. 
1926. EXPERIMENTS ON THE PASTEURISATION OF MILK, WITH REFERENCE TO 

THE EFFICIENCY OF COMMERCIAL PASTEURISATION. Jour. Hyg. 
25: 273-284. 

Jone, D. A. DE, and Grarr, W. C. DE. 
1906. DIE COLI-KONTROLLE DER PASTEURISIERTEN MILCH. Nederlandsch. 

Weekbl. Zuivelberseiding en Veeteelt v. 12, nos. 37-38. [Ab- 
stract in Milchw. Zentbl. 3: 265-268. 1907.] 

JORDAN, E. O. 
19138. THE MUNICIPAL REGULATION OF MILK-SUPPLY. Jour. Amer. Med. 

Assoe: 61: 2286—2291..- 
KNnowtton, M. 

1926. SEPTIC SORE THROAT IN CONNECTICUT. Conn. Health Bul. 40: 232- 
23H. 

KRUMWIEDE, C., and Noss, W. C. 
1921. ON THE CLAIM THAT SOME TYPHOID-PARATYPHOID STRAINS SURVIVE 

THE MILK PASTEURIZATION. Jour. Infect. Diseases 29: 310-312. 
LomMBARD, H. L. 

1929. SEPTIC SORE THROAT IN 1928 IN MASSACHUSETTS: EPIDEMIOLOGY. 
Jour. Prev. Med. 3: 81-102, illus. 

McKay, A. L., and Harpman, R. P 
1931. A SEPTIC SORE THROAT EPIDEMIC. PART I—EPIDEMIOLOGICAL STUDY. 

Canad. Pub. Health Jour. 22: 224-234, illus. 
MarcussiEn, W. H: 

1928. COMPARATIVE STUDY OF CREAM VOLUME OF MILK PASTEURIZED AT 
142 AND 145 DEGREES F.; TABULATIONS OF RESULTS OF STUDIES 
DECEMBER, 1927, TO AUGUST, 1928. Internat]. Assoc. Milk Dealers, 
Gen. Sessions, Proc. Ann. Cony. 21: 48-75, illus. 

Monster, J. R. 
1909. CONDITIONS AND DISEASES OF THE COW INJURIOUSLY AFFECTING THE 

MILK. U.S. Pub. Health Serv., Hyg. Lab. Bul. 56: 501-526. 
Ropertson, A. H. 

1927. THERMOPHILIC AND THERMODURIC MICROORGANISMS, WITH SPECIAL 
REFERENCE TO SPECIES ISOLATED FROM MILK. I. REVIEW OF 
LITERATURE. N..Y. State Agr. Expt. Sta. Tech, Bul. 130, 56 p. 



26 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 

(55) 

(56) 

(58) 

(59) 

(60) 

(61) 

(62) 

(63) 

(64) 

(65) 

(66) 

BULLETIN 342, U. S. DEPARTMENT OF AGRICULTURE 

Rosinson, E. 8., and Beckuer, E. A. 
1929. BACTERIOLOGICAL STUDY OF HEMOLYTIC STREPTOCOCCI FROM A 

MASSACHUSETTS OUTBREAK OF SEPTIC SORE THROAT IN 1928. 
Jour. Prev. Med. 3: 225-236. 

Rupp, P. 
1913. CHEMICAL CHANGES PRODUCED IN COWS’ MILK BY PASTEURIZATION. 

U. 8S. Dept. Agr., Bur. Anim. Indus. Bul. 166, 15 p., illus. 
Scamman, C. L. 

1929. MILK-BORNE SEPTIC SORE THROAT AND SCARLET FEVER. Amer. 
Jour. Pub. Health 19: 1339-1346. 

Scuorer, E. H., and Rosrenat, M. J. 
1912. TESTS OF THE EFFICIENCY OF PASTEURIZATION OF MILK UNDER 

PRACTICAL CONDITIONS. Jour. Med. Research 26: 127-158, illus. 
SHIPPEN, L. P. 

1915. THE SIGNIFICANCE OF BACILLUS COLI IN PASTEURIZED MILK. Jour. 
Amer. Med. Assoc. 64: 1289-1291. : 

SmituH, S. L. 
1929. VITAMINS IN FOOD MATERIALS. U.S. Dept. Agr. Circ. 84, 55 p., 

illus. 
SWENARTON, J. C. . 

1927. CAN B. COLI BE USED AS AN INDEX OF THE PROPER PASTEURIZATION 
OF MILK? Jour. Bact. 13: 419-429, illus. 

TANNER, F. W., and Winpsor, M. F. 
1929. THE ABILITY OF ESCHERICHIA COLI AND SERRATIA MARCESCENS TO 

SURVIVE 62.8° C., FOR THIRTY MINUTES IN MILK. Jour. Dairy 
Sci. 12: 202-210. § 

THORNTON, W. M. 
1912. THE ELECTRICAL CONDUCTIVITY OF BACTERIA, AND THE RATE OF 

STERILIZATION OF BACTERIA BY ELECTRIC CURRENTS. Roy. Soc. 
[London], Proc., Ser. B, 85: 331-344, illus. 

TRASK, J. W. 
1909. MILK AS A CAUSE OF EPIDEMICS OF TYPHOID FEVER, SCARLET FEVER, 

AND DIPHTHERIA. U.S. Pub. Health Serv., Hyg. Lab. Bul. 56: 
25-149, illus. 

Trout, G. M. 
1930. CREAM LINE STUDIES OF MARKET MILK. W. Va. Agr. Expt. Sta. 

Bul. 229, 20 p., illus. 
Twiss, E. M. 

1920. THE EFFECT OF PASTEURIZING TEMPERATURES ON THE PARATYPHOID 
Group. Jour. Infect. Diseases 26: [165]-170. 

WELD, I. C. 
1912. GEORGE M. OYSTER, JR., BABY MILK PHILANTHROPY, REPORT FOR THE 

FIRST EIGHTEEN MONTHS BEGINNING APRIL 24, 1911, AND ENDING 
OCTOBER 2, 1912... 20 p. [Washington, D. C.] 

Waites, B. 
1929. EPIDEMIC SEPTIC SORE THROAT. I. HISTORICAL REVIEW. New 

England Jour. Med. 200: [797]}-805. 
WuitTakKER, H. A., ARCHIBALD, R. W., SHERE, L., and CLEMENT, C. E. 

1925. EFFECT OF VARIOUS FACTORS ON THE CREAMING ABILITY OF MARKET 
MILK. U.S. Dept. Agr. Bul. 1344, 24 p., illus. 

WHITTAKER, H. A., and others. 
1931. PRELIMINARY REPORT OF THE COMMITTEE ON MILK PRODUCTION 

AND CONTROL, FOR THE WHITE HOUSE CONFERENCE ON CHILD 
HEALTH AND PROTECTION. Pub. Health Rpts. [U. 8.] 46: 
769-811. 

YALE, M. W., and BREED, R. S. 
1930. THE CONTROL OF THERMOPHILIC BACTERIA IN PASTEURIZING PLANTS. 

Amer. Jour. Pub. Health 20: 1192-1198. 
ZELENSKI, T. 

1906. zUR FRAGE DES PASTEURISATION DER SAUGLINGSMILCH. Jahrb. 
Kinderheilk. 63: [288]}-307, 



ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE 
WHEN THIS PUBLICATION WAS LAST PRINTED 

BCENCLARIE OF -AQPICUUUFE 2.2) ok Seco ee ArtTuur M. Hype. 
PASS ASIEN S COTELONY oh Pe a R. W. DUNLAP. 

DE ECLOT AO) ASELCMIC LC WORK Soe ee A. F. Woops. 

Porcetor of Regulatory Work... 2... WALTER G. CAMPBELL. 

Director op -Hatens7on. Works we os C. W. WARBURTON. 

Director of Personnel and Business Admin- 

CASAS HAE les AN la a po a W. W. STOCKBERGER. 

Director of Information... == 2. M. S. E1IsENHOWER. 
ASTER SUATRTEp ae as RS a i er a E. L. MARSHALL. 

GCN OGL? TER AE TIS ae ee CHARLES F. Marvin, Chief. 

Buea af Animal Indusiry 2-2 JOHN R. MouueEr, Chief. 

Binet DaIry PNGustry i. otek es O. E. REeEp, Chief. 

EU TCUe Of HAAN NOUSIEY. 2 OO WitiiamM A. Taytor, Chief. 

EERSTE G1 2 a A a a es a R. Y. Stuart, Chief. 

Bureau of Chemistry and Soils___-____-____- H. G. Knieut, Chief. 
PUELCU Of EULOMLOLOG Y fsa BL C. L. Maruatt, Chief. 
Bureau. of Biological Survey-— = = 2 Pauu G. Repineton, Chief. 
BUTee i. Ofel WONLGhOGGS= = 222 Tuomas H. McDona tp, Chief. 

Bureau of Agricultural Engineering_-_-__---- S. H. McCrory, Chief. 
Bureau of Agricultural Economics ___------- Nits A. Ousen, Chief. 

Bureau of Home Economics_-_-_------------ LovuIsE STANLEY, Chief. 
Plant Quarantine and Control Administration. Len A. Strone, Chief. 

Grain Futures Administration_______----_-~- J. W. T. Duvet, Chief. 
Food and Drug Administration__---------- WaLTEeR G. CAMPBELL, Director of 

Regulatory Work, in Charge. 

Office of Experiment Stations__-_-_-------- JAMES T. JARDINE. Chief. 

Office of Cooperative Extension Work ----- C. B. Smitx, Chief. 

LO POIRY ESE SIC OOS lg Yel a Se CLARIBEL R, BARNETT, Librarian. 

This bulletin is a contribution from 

Buran of VDeiry Industry... -— 22 2S O. E. Reep, Chief. 

Division of Market-Milk Investigations. ERNesT Kewuy, Senior Market Milk 
Specialist, Chief. 

27 

U.S. GOVERNMENT PRINTING OFFICE: 1932 

FOR SALE BY THE SUPERINTENDENT OF DOCUMENTS, WASHINGTON, D. C. 




