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The opinions ar1d ideas expressed in papers and editorials are those of the respective authcrs. 
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Vision for 1939 

The year 1938 witnessed considerable progress in the milk field, judging by the 
accomplishments of producers, distributors, manufacturers, research, and enforcement 
officials. The year 1939 presents to us, as milk sanitarians, a great opportunity to 
further the general welfare. Let us concentrate our efforts on cooperating with : 

The producer to interest him in improved quality and in new labor-saving 
equipment; 

The manufacturer to produce new and superior products with less effort; 

The distributor to improve processing, safe-guard his products, reduce delivery 
costs and expand his existing market; 

The researcher by presenting to him our problems and encouraging him to find 
new uses for milk and milk products; 

The general public to interest the citizenship in increasing daily milk consump
tion and becoming more fully aware of milk's value as· a food; and 

The milk enforcement officials to standardize regulatory procedure and to unify 
our efforts. 

To attain our objectives for 1939, we must adopt a cooperative attitude to all 
groups engaged in any phase of the milk field. It is of paramount importance that 
efforts should be put forth to build state or area organizations where none exist. Such 
organizations should be encouraged to affiliate with the International Association of 
Milk Sanitarians whose objectives are to qualify the sanitarian to be more than an 
enforcement official, to be in fact a promotor of welfare that affects all of the people. 

V. M. EHLERS, President. 



Some Weak Links in Milk Sanitation 

The splendid progress that has been made in the engineering, laboratory exam
ination, and administrative control of milk sanitation as public health measures shows 
no signs of abatement. 

In the field of milk plant engineering, Leete's discussion of milk plant equip
ment of the future (1), Scharer's (2) and Roger's (3) findings of faulty plant op
erations as revealed by the use of the phosphatase test, and Shrader's (4) review of 
new developments in equipment as exhibited at the Dairy Industries Exposition indi
cate some points where improvements are desirable, and also some new ground that 
has been gained. All of this indicates that milk and milk products plant equip
ment of all types and for all purposes is still in the developmental stage. It would 
be helpful if there existed for each type of equipment a list of the necessary items 
to be designed and applied for enhancing their satisfactory or "acceptable" construc
tion and performance, covering both the sanitary and efficiency aspects. This is a 
function of milk sanitarians and technologists, and can be accomplished by coopera
tive action with the manufacturers of equipment and supplies. 

Improvements have been made in the bacteriological technic as indicated in the 
work on the composition of media and ·the temperature of incubation. But where can 
a laboratorian purchase a bacteriological incubator whose performance is dependable 
in the light of the work of Breed and his associates (5) on the variations in temper
ature during load? Many laboratorians use a miscellaneous assortme1_1t of modifica
tions of the Babcock technic for the determination of fat in·.~<::e ..... cream as shown by 
Robertson ( 6). In spite of the real usefulness of the phosphatase test for the de
termination of the improper pasteurization of milk, workers do not yet agree as to its 
limitations, its applications, nor even its technic, indicating that more laboratory re-
search is needed to evaluate the several available methods. ....,.. 

The great advances in strengthening some of the above-mentioned links in the 
chain of measures for adequately safe-guarding milk supplies have tended to divert 
our attention from other important items involved in a well administered program. 
We are doing an increasingly effective job of examining the incoming milk, proces
sing it, and regulating its handling, but there is a tendency to lose sight of the con
dition of the cow-the source of the milk. For example, it is impressive how much 
is written about mastitis in contradistinction to how relatively little is really known 
and intelligently done about it. 

An important factor in another phase of the industry is the milk bottle. We 
have no automatic control of the cleanliness and safety of every milk bottle. We 
depend on average results-the very situation which condemned milk-in-the-bottle 
pasteurization. Yet the returned empty milk bottle is brought into the dairy from 
an unknown treatment (or mistreatment) in all kinds of households. Every single 
drop of milk is required to be adequately pasteurized, but the bottle itself that holds 
twenty thousand drops (about a quart) may or may not be adequately cleansed and 

sterilized before refilling. Who knows its condition? The extensive sanitary in
vestigations of the manufacturers of fiber milk ~ontainers reported by _Tanner (7) 
should serve both as an incentive and as a warmng to the glass bottle mdustry, the 
purchasers and users, and the bottle-washer manufacturers. 

Added to this weakness is that of the possibly questionable health of the opera
tor at the filling and capping machine. Discharges from the nose and _ thr~~t are 
sprayed over equipment and products during talking, an~ profusely ~o dunng clear
ing the throat", coughing, and sneezing. Of~en there 1s no _prote_ctwn of_ the open, 
washed bottles or the uncapped bottles of milk from such mfectwn. Dtsease con
veyed by infected individual bottles of_ milk is difficult to trace because of. the ex
tremely limited epidemiolqgical data avatlable: But the t~tal amount of. such tsolated, 
untraced, single cases may exceed the number of cases m a traced milk-borne out-

break. . 
Collaboration between the sanitarians, milk producers, equipment manufacturers, 

processors, and dishibutors should _solv~ ~very one of thes~ _ difficultie~. The _d_airy 
· d stry expects the leaders of publtc opmwn-such as phystoans, dentists, nutntwntn u . . 
ists teachers and other such public-minded workers-to urge greater consumption ot 
miik. It ca~not be expected that such approval of dairy products will be given as 
unconditionally as when these foods are adequately safe-guarded. Great advances 
have been made. Refinements are now in order. 

1. f. Milk Tech. 1 (2), 38 (1938). 

2. J. Dairy Scie11ce 21, 21 ( 1938). 

3. J. Milk Tech., this issue, page 21. 

-1. Ibid., 1 (7), 35 (1938). 
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The Present Status of the Paper Milk Container* 

F. W. Tanner 

Department of Bacteriology, University of Illinois, Urbana, Ill. 

Success of a single service container 
for fluid milk is influenced by many fac
tors such as cost, convenience, freedom 
from health hazards, and improvement 
over containers which have been used be
fore. All of these factors will not be 
considered at this time for several have 
been discussed in other places. The States 
of California and Maryland have regu
lations which control cleansing and re
use of used food containers of various 
sorts. These problems were appreciated 
very soon after milk was distributed in 
bottles, for attempts were made to intro
duce a container which would not have 
to be returned to the dairy. Many of the 
factors involved have been reviewed by 
Tanner ( 1) who also reviewed some of 
the earlier history of paper milk con
tainers. 

Paraffined paper-board containers for 
milk are being used on a large scale in 
certain urban centers. They have been ap
proved by the Ministry of Health of Great 
Britain, and local authorities may also 
approve cartons submitted to them for 
use both with ordinary milk and milk sold 
under special conditions. In the United 
States, the Council on Foods of the Amer
ican Medical Association has voted to ac
cept milk distributed in one of the singl-e 
service type of containers. The Council 
voted to permit the display of the seal 
of acceptance on one container when ac
companied by a statement identifying the 
product which stands accepted. The 
American Association of Medical Milk 
Commissions has also approved the 
closure on one of these types of paper 
milk containers. The fact that this com-

• Read at the 27th Annual Meeting of the Inter· 
national Association of Milk Sanitarians, Cleveland, 
Ohio, October 19·21, 1938. 

I Some of the statements in this paper are based 
on t~e author 's experience with one type of paper 
rnnt.:unf>'r. Thev may not, therefore, hold for other 

mission has approved one type for certi
fied milk is strong indication that the 
container is satisfactory. Certified milk is 
the most carefully produced and protected 
milk in America. 

Paper milk containerst are made of 
heavy paper board heavily coated with 
paraffin wax. Bacteriological problems 
involved in their manufacture may be 
discussed under three headings : 1. the 
bacterial content of the paper-board; 2. 
the effect of ho't paraffin wax on micro
organisms in and on this board; 3. the 
bacteriological condition of the container 
just before filling at the dairy. Under 
these three headings will be presented 
some of the information which has been 
collected during development and per
fection of one bottle now in wide use 
in the New York Metropolitan district. 

While single service paper containers 
have not been widely used for milk prior 
to about 1935, milk has been in contact 
with paper caps for many years. Rice 
(2, 3) studied this questio~t)n an attempt 
to explain fluctuating bacterial counts in 
pasteurized milk. Caps were found to 
contribute bacteria to milk. The bacteria 
involved were found, however, of no pub
lic health significance. Rice found that 
the bacteria originated in the paper plant. 
None were pathogenic, as would be ex
pected. Various paper cartons have been 
used for ice cream, butter, and cottage 
cheese for many years. If paper con
tainers are objectionable in the dairy in
dustry, this fact would have been discov
ered years ago. Even fluid milk has been 
distributed for many years in containers 
which have been closed with paper caps. 

MICROBIOLOGY OF PAPER BOARD 

One of the first problems was to de
termine the bacteriological condition of 
paper which is used. Few data were avail
able in the literature on bacteria in paper 
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until the present paper container for milk 
was perfected. Most of the work which 
has been done on microbiology of paper 
concerned deterioration of papers of rec
ord by bacteria or other agents. The 
effect of certain microorganisms which 
might interfere with manufacturing pro
cedures was also studied. 

Sanborn ( 4) pointed out that pulp 
systems and in particular ground-wood 
stock provided an ideal environment for 
development of a diverse flora of micro
organisms. Whether many of these forms 
survive the steps in paper-making depends 
somewhat on their ability to resist un
favorable agents and on the bactericidal 
value of certain procedures used by the 
paper-maker. Sanborn emphasized fac
tors which would allow large numbers of 
microorganisms to appear in finished 
paper. In a later paper he (5) again 
showed that the bacterial content of paper 
could he lowered by certain plant prac
tices, most of which involved more sani
tary practice in the paper mill. 

Prucha ( 6) found pulp in the bleach
ing vats to be sterile. Washing, dilution, 
and treatment with size resulted in a 
plate count of 400 organisms per gram. 
Strips of paper, two by two inches, re
moved just as it left the drying rolls and 
after disintegration in water gave no col
oni . The paper was reported to be 
practically sterile on its surface. Prucha 
considered the standard, adopted at the 
First Conference on Sanitation of Paper 
Milk Containers at Geneva, N. Y., July 
12, 1937, of not over 500 per gram, to 
be very liberal. He believed that it was 
possibl~ to make practically sterile paper
board, 1f proper attention is given in the 
paper mill to certain steps which influence 
bacterial development. 

According to Sanborn (7) the sanitary 
stat~s o~ a mill depends on the i:legree to 
which It achieves strict microbiological 
control. He offered experimental data 
as .did ~rucha ( 6), to show that dose re~ 
~t10nsh1p existed between vat contamina
tion and bacterial counts on finished 
paper. These observations indicate that 
paper mills which intend to market their 
product for use in the food industry must 

face the necessity of using the bacteriolo
gists's standard of cleanliness. Sanborn 
(? ~ mentioned the following principles 
whiCh must be observed in mills making 
paper-board to be used for paper milk 
containers: 

1. Properly constructed and operated 
paper mill in which modern ideas of sani
tation are enforced. 

2. Use of pure virgin wood pulp or 
other materials of equal quality. 

3. Water from a supply of unim
peachabl-e bacteriological quality. 

4. Careful protection of paper from 
contamination after leaving the paper
making machine. 

The procedures for making paper-board 
used by a typical mill would yield a prod
uct practically free from microorganisms. 
The high temperatures attained on the 
drying rolls of approximately 121.1 o C. 
(250° F.) 'destroys all pathogenic bac
teria and most of the non-pathogenic 
species. This has been demonstrated by 
thousands of counts on paper-board as 
well as by results of experiments in paper 
making plants. In these experiments 
Wheaton (8) sprayed heavy suspensions 
of bacteria onto the paper web just before 
it passed over the drying rolls. The or
ganisms used 'were Erythrobacillus prodi
giostts, Escherichia- coli, Staphylococcus 
attreus, a yellow sarcina from a paper milk 
con~ainer, and an aerobic spore former. 
Heavy suspensions were used. Esche
richia coli suspension had 510,000,000 
per c.c. Only the aerobic spore former 
survived the temperature of the rolls. 
Prucha (6) found paper to be practically 
sterile when it came from the drying rolls. 
If properly handled it may be kept so, 
and thus becomes a factor in better 
methods of packaging foods. 

.The pap.er-bo~rd used in making paper 
mdk contamers IS made from pure virgin 
wood pulp. It is not made from waste 
paper. This fact indicates that bacterio
lo~ical problems relating to the pulp and 
fimshed paper-board are minor ones and 
probably of little public health signifi
cance. This pulp is made into paper in 
clean.pa]2er mills ~y procedures involving 
chlonnatton, cookmg, and drying on rolls 



6 STATUS OF THE PAPER MILK CONTAINER 

at temperatures which destroy practically 
all of the bacteria. Only a few spore 
formers remain. As the paper comes from 
the machines, it is cut and collected in 
large rolls which are wrapped and s·ealed 
before being taken to the fact-ory to be 
made into milk containers. When it is 
placed on the machine which cuts it into 
the body and end blanks of the carton, 
the edges are well trimmed and several 
lavers are discarded before such blanks 
ar'e cut. These blanks are cemented to
gether by a thermoplastic cement applied 
at a temperature of 204.4 o C. ( 400° F.). 
The containers are then completely im
mersed in hot paraffin wax for upwards 
of 20 seconds. 

SAMPLING TECHNIC 

The bacteriological content of thou
sands of paper containers has been 
determined, and the paper-board used in 
the container with which the speaker has 
been connected is constantly controlled. 
Each run of paper is sampled at the be
ginning and then every six hours until 
finished. A punch press provided with 
die has been developed with which 
samples may be taken without possibility 
of contamination. The samples are col
lected in a sterilized tight container in 
wh.ich t~·ey are taken to the laboratory. 
I~ 1s belteved that every possible precau
tiOn must be taken to prevent contamina
tion both in collecting the sample and in 
disintegrating it for bacteriological analy
sis. More attention must be given to 
methods for determining the number of 
microorganisms in paper. Lack of stan
dard procedures makes it difficult for dif
ferent laboratories to secure comparable 
results. 

Disintegration -of the sample has been 
accomplished in our earlier work by 
placing 10 gms. of the sample in 1000 
c.c. of sterile water in a motor-driven 
disintegrator. This consists of a steel 
cell about 4 inches in diameter and 6 
inches high provided with a screw cap. 
Through a bushing in the cap, a shaft 
provided with blades thoroughly disinte
grates the paper sample. With such a 
device there is no opportunity for contam-

ination with air. Sanborn (9) has re
cently descr ibed the apparatus which he 
has used. This consists of a motor-driven 
shaft operated essentially as described for 
the apparatus just described. Prucha also 
uses a modified "mixer" for the same 
purpose. 

A better disintegrator is now being de
veloped. This consists of a stainless steel -
capsule containing stell balls . This may 
be provided with the desired quantity of 
water, sealed and sterilized. After the 
paper sample has been added, the capsule 
is again sealed and rotated end over end 
on a special machine in such a manner 
that the balls thoroughly disintegrate the 
paper. In this machine thorough disin
tegration of the paper sample is being 
accomplished in a short time. 

The question may properly be raised 
whether a sterile paper should be re
quired. It has been shown beyond reas
onable doubt that pathogenic bacteria can
not survive the conditions which exist on 
a modern paper-making machine. The 
only bacteria which do survive are harm
less saprophytes in small numbers of no 
sanitary significance. Our vvork has shown 
that paper-board used for making paper 
milk containers is "sterile" as the term is 
generally used in the dairy industry. This 
point is discuss·ed later iq,.this paper. In 
some cases, the milk which is put into a 
bottle will contribute many more bacteria 
to the bottle than the bottle will con
tribute to the milk. 

The counts which we are securing on 
paper samples collected as described above 
are far below the standard which has been 
tentatively accepted. The average count 
on thousands of samples is approximately 
60 bacteria per gram. Once in a while 
a sample will give a count considerably 
above the standard but such instances are 
rare. Just what causes them is not known. 
Some 10 percent of the samples have 
shown no microorganisms at all. 

STANDARDS 

What bacteriological standards shall be 
adopted for paper board to be used in 
paper containers? This question can be 
answered only after careful bacteriological 
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exammation of pulp being made into 
paper, and the final product. This has 
been done by Prucha (10), Sanborn (7) 
and Wheaton. Sanborn stated that con
tainer board taken at any stage prior to 
moisture-proofing should not have a count 
exceeding 500 colonies per gram of dis
integrated board. Effective observance 
of certain sanitary procedures in the paper 
mill could make it possible to manufac-

. ture a product with less than 100 bacteria 
per gr~m. The Secon? C-onfer~nce on 
Sanitation of Paper Mtlk Contamers at 
Geneva, N . Y., May 2, 1938, recom
mended that at no time should container
board have more. than 500 bacteria per 
o-ram. This was considered to be a lenient 
~tandard. Where milk came directly in 
contact with unwaxed surfaces, the stand
ard was placed at 100 bacteria per gram. 
Whether any standard which is adopted 
should place a hard and fast maximum is 
questionable. Some tolerance is usually 
permitted in most public health work 
where non-pathogenic bacteria are con
cerned. Perhaps a more reasonable stand
ard should read that not over 90 or 95 
percent of samples should contain over 
500 bacteria per gram. Such tolerances 
are used in controlling the amount of 
lead on sprayed apples, in water analysis, 
an in other cases. 

UNPARAFFINED BOTTLES 

Many examinations have also been 
made on microorganisms in unparaffined 
containers. Those with normal contami
nation as well as those which were sprayed 
with test bacteria have been used. Such 
bottles have been examined in different 
ways. They have been rinsed with a 
sterile medium and this medium incu
bated in the bottle and they have been ex
amined according to the rinse procedure 
described in Standard Methods of Milk 
Analysis. We have observed that bac
teria die out on card-board which is held 
under atmosphere conditions at room 
temperature. 

PARAFFINING 

The completely assembled bottle is 
passed through a hot paraffin bath in 
order to water-proof the paper and con-

tribute to its sterility. When paraffin 
waxed-paper milk containers were first 
brought to the attention of bacteriologists 
and health officers, it was believed that 
application of the hot wax would sterilize 
the paper or container. It is known that 
the paraffin treatment given the paper 
milk container removes practically all of 
the viable bacteria. The heat in the paraf
fin bath has appreciable sterilizing value, 
and accomplishes for the milk container 
what steam retort treatment accomplishes 
for canned foods. Both treatments estab
lish conditions which protect the health 
of the consumer. It would be ridiculous 
to demand that the containers be abso
lutely sterile. A similar position has 
already been assumed in the dairy in
dustry. The Committee on Milk Supply 
of the Public Health Engineering Section 
of the American Public Health Associa
tion and the committee on Milk Sanita
tion, Conference of State Sanitary Engi
neers in their joint report entitled "When 
Are Milk Conta iners and Equipment 
Clean and Sterile" (Holmquist, Chair
man 1934) stated: "The word 'steriliza
tion' as used here and as it has been useJ 
for years in dairy work means bactericidal 
treatment resulting in the devitalization 
of milk-borne pathogens and the further 
material reduction of all bacteria." The 
bacteriological resu lts of paraffining paper
board fn making the paper milk container 
are well within this definition. The Pub
lic Health Service Milk Ordinance and 
Code: 1936, after specifying the proced
ures that shall be used for washing and 
sterilizing glass milk bottles, places a 
standard of efficiency for this effort at not 
more than 1 bacterial colony per c.c. 
capacity of the bottle. This is presum
ably their conception of "sterility". If 
glass bottles are allowed almost 1000 bac
teria per bottle, certainly there can be 
little argument against a container of 
which some 80 percent yield no colonies 
whatever and the remainder average about 
2 colonies per container. It has been 
argued that bacteria might be liberated 
to the milk from the paper board through 
the paraffin. Considering the low count 



of the finished container, is it reasonable 
to expect that sufficient bacteria could be 
surrendered to the milk to raise the count 
in excess of the generaliy accepted stand
ard of one colony per c. c. capacity? Re
sults published by Rice ( 11) answer this 
question. He packed milk in both paper 
and glass containers and found that the 
bacterial counts obtained from milk in 
paper containers was lower in every way 
than corresponding counts made on milk 
in glass bottles. Rice was not satisfied 
with the degree of sterilization that was 
achieved in the glass bottles. 

After the container with which I am 
associated has been fabricated, it is com
pletely covered with a coating of paraf
fin wax. The carton is completely sub
merged in and filied with hot paraffin 
ranging in temperature from 74 °-82° 
C. (165 °- 180° F.) . It is then drained 
in an atmosphere of filtered air proven by 
frequent bacteriological examination to be 
free from bacteria. After application of 
the wax and draining, the bottles pass 
through filtered air at a temperature of 
10° C. (50° F.). A jet of cold air is 
also delivered to the interior of the carton. 
Then the bottle is sealed by the cap with 
which each has been provided. 

The paraffin is transported from the re
finery to the factory in the liquid state in 
stainless steel tank trucks. In the factory 
it is stored in stainless steel tanks in which 
it is kept liquid at 66 ° C. (150 ° F.) until 
used. As it is pumped to the paraffining 
machines, it is filtered. In this manner a 
water-proofing material of unquestioned 
purity is secured. 

Study of the behavior of hot paraffin oil 
and wax on microorganisms dates back as 
early as 1898 when its use was advocated 
as a medium for sterilization. It was pro
posed at this early date that surgical and 
dental instruments could be sterilized by 
heating in parafiin. The effect of solid 
paraffin on a surface like paper has not 
received much study. Whatever rol-e solid 
paraffin played was due undoubtedly to 
ability to prevent reinfection after foods 
had been sterilized by other procedures. 
It has been used for many years for this 
purpose. 

Paraffin-wax has been one of the com
monest water-proofing materials for food 
containers. It is harmless to health. Prac
tically all of the paper milk containers 
now in use are water-proofed in this man
ner. Besides any effect on microorgan
isms which might be noticeable, the wax 
serves several other useful purposes. 

1. Contributes greatly to strength and 
rigidity. 

2. Helps to secure an hermetical seal. 
3. Improves the appearance of the bottle 

b)' causing a more brilliant finish. 
4. Inert to attack by ordinary bacteria. 
5. Free from color, taste, and odor. 
6. Available with various melting points. 
7. Practically free from microorganisms. 
8. Good water-proofing surface. 
9. Prevents microorganisms from enotering 

the milk. 
10. Contributes to a sterile container. 

MICROBIOLOGY OF PARAFFIN TREATMENT 

It is this last function of the paraffin 
wax, its contribution to bacteriologically 
sound container, that is being discussed 
in this paper. Results of experiments by 
Forgue and Reclus (12), Anderson (13), 
Kieffer (14), Conradi (15) 1 Dreyer and 
Walker (16), Bartlett "luid Kinne (17), 
Bullock (18), Davis and Rosen (19) 
and Dirksa (20) are in general agree
ment. Hot paraffin wax at temperatures 
which may be used in tbe. food industry 
has a detrimental effect on bacteria and re
duces the number of viable cells to prac
tically zero. 

Prucha (10) did considerable work on 
the germicidal ·effects of paraffination of 
paper board. His work was carried out 
both in the milk plant and in the labora
tory. Prucha heavily inoculated his con
tainers with Serratia marcescem (Bacilltts 
jlrodigiosm) . In the first experiments the 
containers were dipped into a suspension 
of bacteria having a plate count of from 
200 to 300 millions cells per c.c. When 
treated in this manner, each one took up 
about 7 c.c. of the suspension. From 
this, Prucha inferred that about one and 
a half millions cells were deposited on 
each container. As soon as the containers 
were dry, they were paraffined and sealed. 

JVUJ.'-A.,~J.&. \.JA .._ • ..._ .. ..._." .._ ..,_...,.......,..,_.., • - - ..... - -

In order to determine the number of 
microorganisms surviving this treatment, 
Prucha introduced 25 c.c. of melted nutri
ent agar into each container and shook the 
container so that the medium washed the 
interior of the bottle. The medium then 
ran to the bottom of the container where 
it solidified making an agar plate. The 
container was incubated for 4 days at 
room temperature. Most of the contain
ers were found to be sterile but a few, 
from 1 to 10 percent, showed presence of 
living bacteria. This was true for temper
atures of paraffination of 76.6° C. (170° 
F.), 82 .2° C. (180° F. ), and 87.8° 
C. (190° F.). When the containers were 
dipped into a bacterial suspension with 
but 2 million cells per c.c., none showed 
the presence of viable cells of the test 
organism. The number used in the last 
mentioned experiment was much larger 
than would be expected in containers in 
commercial pracfice. 

Prucha continued his work by rubbing 
the interior of the container with a hand 
dipped in a heavy bacterial suspension. 
This method was said to deposit about 
5000 bacterial cells in each container. Two 
suspensions were used containing 250 
million and 2 million cells per c.c. These 
containers were paraffined at the tempera
tures mentioned above. Again those in
OCI.lla.ted with the lighter suspension were 
all negative. 

The work in the laboratory was carried 
out at first with paper strips Yz x 2Yz 
inches in size. They were dipped into a 
bacterial suspension and dried, after which 
they were paraffined at temperatures of 
71.1° C. (160° F.). 76.r C. (170° F.), 
82.2° C. (180° F.),87.8° C. (190° F.), 
93.3° C. (200° F.), and 100° C. (212° 
F.) . Six strips of inoculated paper were 
used at each step. The results of this 
experiment showed that starting with 
82.2° C. (180° F.) appreciable destruc
tion of bacteria was evident. Only a few 
strips w~re positive for the test organism; 
these had been heated for only 20 seconds. 
It is apparent from Prucha's work that an 
exposure of at least 30 seconds at 82.2° 
C. (180o F.) gives virtually a sterile con-

clition, even when each strip carried as 
many as 5,000,000 bacterial cells. Prucha 
also heated strips of paper heavily seeded 
with Escherichia coli in water. The tem
peratures used were only 54.4° C. (130° 
F.). 60° C. (140° F.), 62 .8° C. (145° 
F.), and 65.6° C. (150° F.). All strip~ 
were sterile after heating at 65.6° C. 
(150° F.) even for 10 seconds. 

The first conference on sanitation of 
paper milk containers held in the New 
York Agricultural Experiment Station, 
Geneva, New York on July 12, 1937 
(Breed, 21) adopted specific recommenda
tions for the handling of paraffin. No 
specific temperature was mentioned. It 
was agreed that paraffin for coating, im
pregnation, or storage be handled in such 
a manner that flavors or odors would not 
be contributed to the milk. These recom
mendations were not changed at the 
s·econd conference on sanitation of paper 
milk containers held at the same place 
May 2, 1938 (Breed, 22). 

In order to secure information on any 
subject such as the one under discussion, 
the expe.rlments should be carried out 
under conditions as closely identical with 
those in practice as possible. In this case 
thermal death times of bacteria should be 
determined in hot paraffin on paper board 
similar to that used in making the paper 
milk containers. -

EXPERIMENTS WITH STRIPS 
OF PAPER BOARD 

Some- of the early work on this paper 
was conducted with short strips of paper
board which could be heavily inoculated 
by various microorganisms. After drying, 
these strips were subjected to hot paraffin 
wax at various temperatures for definite 
periods of time. After removal from the 
paraffin, they were placed in sterile test 
media in order to determine the presence 
of viable organisms. Quantitative data 
could not be secured with this technic. 
Only what might be called "absolute 
thermal death times" could be deter
mined. That is the time required for de
struction of all living organisms on the 
strips. This technic was used in our lab
oratory as early as 1934 by Mr. Berry and 



his associates. It was later also used by 
Dr. Wheaton and several others in a very 
intensive study on the effect of paraffin on 
microorganisms. In some of our early 
work, these strips were heavily inoculated 
with Escherichia coli, adopted as a test or· 
ganism because it is not pathogenic and 
has about the same resistance to heat as 
do members of the typhoid-dysentery 
group. Furthermore, its resistance to heat 
is higher than for most of the pathogens. 
A concentration of 540 million cells of 
the strain used in this work survived 15 
minutes and was killed in 20 minutes at 
60° C. (140° F.) in phosphate buffered 
water. 

After drying they were heated in both 
water and paraffin. None of those which 
were heated in water carried living cells 
after heating at a temperature of 75.5 o C. 
(168 ° F.) . Those which were heated in 
paraffin at 75.5° C. (168° F.) and 
87.2° C. (190° F.), for 12, 15, 17, 20, 
and 25 seconds showed almost uniform 
presence of viable cells of Esche,richia coli, 
These results are in general agreement 
with those reported by others and secured 
in other experiments by the present 
authors. 

Further experiments were carried out 
by Wheaton in 1935, 1936, and 1937 
with this same technic. He again used 
strips of paper board lj2 x 2 inches in size, 
heavily inoculated with heavy suspensions 
of Escherichia coli by dipping in the sus· 
pension and drying. These strips were 
then paraffined at 87.2° C. (190° F.) 
and 75.5° C. (168° F.) for about 7 sec
on'Cls. While heating in water killed all 
of the bacteria on the strips, paraffining 
at the above temperatures for from 12 
to 25 seconds did not result in complete 
destruction of all living cells. In fact the 
longest paraffin treatment of 25 seconds 
did not yield much better results than the 
shortest period of 12 seconds. It should 
be emphasized, however, that while a few 
viable organisms survive. the great major
ity of them were destroyed, a fact which 
must not be overlooked in weighing the 
benefits of water-proofing with paraffin 
wax. 

The experiments described above place 
a load on the paraffination process quite 
out of proportion to that which exists in 
practice. The numbers of bacteria with 
which the strips were inoculated are many 
thousands of times greater than are found 
on the paper-board from which containers 
are made. 

Throughout all of our work on strips 
of paper-board and unparaffined contain
ers, the inability of the test organisms to 
survive a long time on paper has been 
evident. We have found it necessary to 
proceed with paraffination as soon as pos
sible after inoculation for many cells die. 
This might indicate desirability of holding 
paper in storage before it is paraffined. 

Results of experiments with this technic 
are open to question. The ratio of cut 
edge to surface area is too large. Inocu
lation of paper strips by dipping into a 
heavy suspension of microorganisms 
causes many bacteria to enter the paper 
at the cut edges. These may not be sub
jected to the effacts of hot paraffin and 
even be protected from the heat by the 
layers of paper. When the paraffined 
paper is transferred to culture media these 
organisms in small., numbers are surren
dered to the medi~m. This is easily 
demonstrated when such strips are placed 
in sterile Petri dishes and covered with a 
sterile cu lture medium. The growth prac
tically always appeat~'"around the edges 
of the paper strip. Another difficulty is 
the slow penetration of heat into paper. 

EXPERIMENTS WITH INOCULATED 
UNPARAFFINED CONTAINERS 

Various types of experiments have been 
made on the effect of paraffination on 
microorganisms in containers themselves. 
This is the best method of studying the 
problem for it gives conditions as close to 
the practical as possible. 

Our first experiments involved a study 
of containers which had been made from 
paper-board heavily inoculated with 
Escherichia coli. This organism was se
lected because it has some standing as an 
indicator of pollution in foods and milk 
and because some strains have been found 
to survive times and temperatures used in 
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pasteurization. The strain used in this 
work in a concentration of 540 million 
cells per c.c. survived 15 minutes but was 
killed in 20 minutes at 60 ° C. ( 140° F.) . 

In some of our preliminary experi
ments, sheets of paper-board were inocu
lated with two concentrations of cells 
from this culture. The board was dipped 
into a heavy suspension of the cells. This 
paper was then made into containers and 
paraffined at 71.1° C. (160 ° F.) for 6 
seconds, Only in one case of a container 
in a group of nine paraffined by this 
method for 6 minutes were living cells 
of Escherichia coli •found. It could not 
survive short exposures to hot paraffin at 
temperatures which are now used in the 
making of containers even with the very 
heavy inoculation which was used, 

The situation, however, was different 
with Staphylococcus attrem. Assembled, 
unparaffined, half-pint containers after 
heavy inoculation with the organism 
showed a small percentage with viable 
cells. I shall not go into the details of 
these experiments, It should be pointed 
out also that Staphylococctts at1ret1s is one 
of the most heat resistant non-spore-form
ing bacteria which is known and also tha t 
the containers received inoculations in our 
work which were much greater than is 
~resent on paper board used in com-
mercial manufacture. 

Having passed containers which had 
been heavily inoculated with Staphylococ
cm r111re11.r through the paraffin bath, and 
believing that the bath might have been 
heavily seeded with organisms which 
would be contributed to containers passed 
through the bath, subsequently a series of 
uninoculated containers were paraffined. 
All of our work on this question indicated 
that there is no pick-up in the paraffin 
bath even though a few containers con
taining !.trge numbers were passed 
through it. 

Son1e have maintained that the temper
a~ure of the paraffin bath should be as 
h1gh. as possible, at least 85° C. (185° 
F). m order to secure maximum destruc
tion of bac~er ia, While this temperature 
may g1ve slightly better bacteriological re-

sults, they are not significantly different 
from those S'ecured at lower temperatures. 
The slightly greater destruction of bacteria 
at 85° C. (185° F.) than at 71.1" C. 
( 160 o F.) is more than offset by the 
lighter coat of paraffin which is applied 
at 85 o C. (185 " F.) . Since the function 
of the paraffin is to waterproof the con
tainer and give a surface which is impervi
ous to bacteria, a heavier coat may be de
sirable. It may be stated that the differ· 
ences in results secured on bottles paraf
fined at 71.1° C. (160 ° F.) and 82.1 ° 
C. (180° F.) are practically nil. In some 
of our experiments, lower counts were se
cured from bottles paraffined at 71.1 o C. 
( 160° F.) than from bottles paraffined 
at 82.1 oc. (180 ° F.). It is well to stress 
the fact that paraffination is done under 
a~eptic c?ndi~ions , The machines are pro
vtded w1th mr filters so that bacteria can
not enter from the outside. 

The question may now be raised as to 
how to measure the effect of hot paraffin 
wax on bacteria. What organism shall 
be use a and in what concentrations? The 
test organisms which have been used have 
been Serratia marcescens. selected because 
it is more easily detected and probably not 
because of any special importance in the 
dairy industry, Staphylococm s aure11.r, and 
Escherichia coli, The last mentioned 
species has been used in studies of other 
problems in the dairy industry. Practically 
all experiments with pure cultures havc 
been· carried out with very heavy sus
pensions of cells, The inoculation lus 
been much heavi,er than it would ever be 
in practice. In the future , more atten
tion should be given to attempts to bring 
the number of bacteria in the inoculum to 
that which would ordinarily be expected 
under actual practice. 

PARAFFINING IN MILK PLANT 

Depending on whether they are par
affined in the milk plant or in the factory, 
containers may be separated into two 
groups. One type is shaped and paraffined 
in the dairy just before it is filled with 
milk. Other types are paraffined in the 
factory and then shipped to the dairy, 
The relative merits of these containers 



are obvious to anyone who studies them. 
Whether one or the other is used will be 
determined largely by conditions which 
obtain in the plant of a milk dealer who 
is considering adoption of a single service 
container. On this point I would like to 
quote Sanborn (23) : "For example, in 
specifying that containers shall be paraf
fined in the milk plant, where they are 
filled with milk, the ruling fails to take 
into account two significant facts, namely 
that considerable defective paraffining 
takes place in milk plants where machines 
may not come under competent super
vision, and that premade containers are 
frequently more nearly free from organ
isms than some of the containers that are 
filled immediately after paraffining." The 
factory-fabricated container and the milk
plant fabricated container should probably 
be considered as individuals and regula
tions adopted for each. Both are good 
packages for milk. 

It has been suggested that paper milk 
containers which are made in a factory 
and shipped to a milk plant should be 
given some bactericidal treatment. This 
might be indicated for containers which 
are open but for those which are closed 
and shipped in sealed packages, it would 
seem to be unnecessary. Especially is this 
reasonable for those which are practically 
sterile. Such a treatment might increase 
the bacterial load. Certainly it would 
necessitate more machinery in the dairy 
when the trend today is to reduce it as 
much as possible. 

BACTERIOLOGICAL CONDITION OF THE 
FINISHED CONTAINER 

The bacteriological condition of the fin
ished container is influenced by all of the 
factors mentioned earlier in this paper. 
Several papers have already been pub
lished which report results of bacterio
logical examination of finished containers. 
Sanborn (24) reported that average plate 
counts for all types of containers which he 
examined was usually less than 50 per 
container. The average count of one type 
of container made from board which was 
practically bacteria-free was only 4 per 
container. The container which gave the 

highest count yielded on the average only 
50 colonies per container. Tanner (25) 
reported that over 90 percent of the con
tainers examined with the rinse test 
yi·elded no colonies. Of those which did, 
many yielded only one or two colonies. 
Since then nearly 8000 containers of one 
type have been examined; 80 percent of 
these gave no colonies whatever. The 
20 percent which were not sterile yielded 
generally an average of 2 colonies per ·~ 
bottle. Rice (26) reported results of an 
extensive inv·estigation on the bacterial 
content of one type of paper container 
for fluid milk which he described as "an 
open conical type." Counts were not 
made on them. He pointed out the 
superiority of factory-sealed paper milk 
containers over those which were shipped 
unsealed. Results of another comprehen
sive investigation of another type of one 
service paper milk container were pub
lished by Rice in 1938. This bottle was 
said to compare favorably with the glass 
bottle as a receptacle. for milk. From the 
public health angle it was said to be 
superior for there was no chance of 
spreading communicable dis·eases from 
household to household. . , 

., ,,I 
TYPES OF BACTERIA FOUND 

The types of bacteria which have been 
found in paper containers are of no sani
tary significance. In on :~eries o.f bottles 
examined in the author's laboratory, 5 c.c. 
of rinse water from each of 1200 bottles 
gave no evidence of the pres·ence of 
Escherichia coli. Since then no attention 
has been paid to this organism. The 
organism has never been found. Most of 
the bacteria are aerobic spore formers; a 
few white staphylococci and sarcinae make 
up the rest of the flora. The type of bac
teria yielded by paper containers are of 
no significance. Those which have been 
identified are closely related to members 
of the subtilis-mesentericus group. 

METHODS OF EXAMINATION 
OF CONTAINERS 

Where it became necessary to select bac
teriological procedures for examination of 
paper containers, bacteriologists naturally 

resorted to methods whtch had been de
veloped for the glass bottle. A method 
was published for this purpose in the 6th 
edition (1934) of Standard Methods of 
Milk Analysis published by the American 
Public Health Association. This method 
consisted of rinsing the bottle with 100 
c.c. of sterile water and plating 2 one 
c.c. portions and 2 0.1 c.c. portions in 
plain agar. Such a procedure was prob
ably satisfactory ~or glass bottles,. many 
of which have high counts. Owmg to 
low coun-ts secured with paper containers 
and to the fact that many ·· yielded no bac
teria, another procedure had to be devised. 
Wheaton suggested rinsing the container 
with 10 c.c. of sterile water and plating 
the entire amount. This method was 
finally used by many of those studying 
the problem. Owing to the fact that it 
was impossible to secure all of the 10 c.c 
for plating, Fitzgeral~ suggested rinsing 
with 20 c.c. and platmg 10 c.c. A con
stant quantity would always be secured for 
plating. This is the_ general proced~re 
now in our work and 10 other laboratones 
where cooperative work is being done. 
Plating is done either by distributing the 
10 cc. of rinse water evenly in three 
regular-size Petri dishes 9? ~m. in diam
eter or in one large Petn dish 150 mm. 
in diameter. Use of the latter dish ob
viates much manipulation of the sample. 

·¥andard methods for examination of 
containers implies that "standards" show
ing the maximum number of microorgan
isms which will be allowed, will also be 
established. There seems to be little 
reason why they should be different for 
paper and glass since it is the number of 
microorganisms in the bottle which is of 
interest. At least two containers which 
are now being used are practically sterile. 

MUNICIPAL REGULATIONS AND CONTROL 

The problem just now for health 
officers is to establish systems for control 
of these new packages. Some cities have 
already 'Passed ordinances ; some of them 
were adopted without sufficient informa
tion. Examples among the first to be 
adopted are those of the Cities of Balti
more and Reading. These ordinances 

specified that "the best obtainable white 
spruce pulp" should be us·ed. There is 
little basis for limiting a manufacturer 
to white spruce pulp because other spruces 
and even other species of trees could sup
ply a pulp just as satisfactory as the white 
spruce. Furthermore, this ordinance rec
ognized adhesives prepared from starch 
and ignored the excellent thermoplastics 
which are used today by one or two paper 
container manufacturers. The former may 
be heavily loaded with bacteria as shown 
by numerous investigators (Clark and 
Tanner, 1937) while the latter are sterile. 
The Baltimore ordinance also specified 
that the containers must be paraffined in 
the dairy, an unnecessary requirement, as 
discussed elsewhere. Those who are try
ing to establish regulations for paper milk 
containers would be greatly aided by ob
serving the manufacturing of the con
tainer. 

The significance of any proposed ad
vance in public health may best be ap
praised by comparison with the effort 
which it. proposes to replace. A 
joint report of the Committee on Milk 
Supply of the Public Health Engineering 
Section of the American Public Health 
Association and the Committee on Milk 
Sanitation, Conference of State Sanitary 
Engineers (Holmquist Chairman, 27) in
dicated that the two most importa.nt items 
in protecting milk from cow to consumer 
were pasteurization of the milk, and steril
ization of milk containers and equipment 
with wl1ich milk comes in contact. These 
committees stared that efficiency of clean
ing and of sterilization were matters of 
particular concern to health officials. A 
year later the same committees (Holm
quist Chairman, 28) reported their obser
vations on procedures for cleaning and 
sterilizing glass bottles. These commit
tees were justified in their concern over 
the condition of glass milk bottles, if re
sults of an investigation on the bacterial 
content of glass milk bottles reported by 
Layson, Brannon, and Huffer (29) reflect 
the average condition of these containers. 
Those which they examined came from 
25 different typical milk plants in Illinois. 



Only 26 percent yielded no bacteria with 
a rinse test; 14.5 percent yielded gas
forming bacteria. The rest of the bottles 
yielded counts from a few hundred to so 
many that the colonies could not be 
counted. They stated that in any case of 
12 bottles, two or three might be sterile 
while some of the others might contain as 
many as 180,000 to 200,000. 

The sum and substance of these obser
vat ions can only be that paper containers 
can avoid many of these problems. They 
are freer from bacreria and do not show 
the presence of gas-producing bacteria. 
In addition to advantages which are sup
ported by scientific data are those from the 
general or aesthetic viewpoints. Packag
ing of milk in single service containers is 
in keeping with the trend in merchan
dizing of food-stuffs of various kinds. 

The Public Health Service Milk Ordi
nance and Code requires that all con
tainers, equipment, and other utensils 
used in handling, storage, and transporta
tion of milk or milk products shall be
tween each usage be subjected to an ap
proved bactericidal process with steam, 
hot water, or chlorine. The members of 
the Public Health Service Milk Sanitation 
Advisory Board apparently recogniz-ed 
these problems for a conta.iner which must 
be used over and over. 

OTHER PROBLEMS 

Various problems which introduction 
of paper milk-containers introduces, have 
been mentioned. Some of them are: 

1. Increased cost of packaging mtlk. 
When all factors are considered, it is 

possible to package milk in paper and 
compete on an even basis with glass. 
Bartlett (30) showed this afrer studying 
the subject in Boston and New York. 

2. Fear of expense of replacing old 
machinery in a milk plant. 

This is not a public health problem in 
the strict sense and need not be discussed 
here. 

3. Impossible to see the cream line. 
This is not an important point. At 

least it is not as important as it was once. 

Adequate supervision of milk distribu
tion has fixed the fat content of milk. 
The homemaker no longer has to observe 
the cream line as an index of quality. 
Further, increasing tendency to homo
genize milk has negated this objection. 

4. Paraffined paper containers might 
be porous and permit absorption of milk. 

This point has been raised but data on 
it are uncertain. Perhaps it has been sug
gested largely by loss of shape of con
tainers which have been held for much 
longer time than would be the normal . 
holding period for fluid milk. Bacterio
logical data are now needed. 

SUMMARY 

The paper milk container is an accept
able package for distribution of fluid milk 
and is a real achievement in the field of 
public health. Examination of thousands 
of containers of one type has revealed a 
low number of viaQ.le bacteria and an en
tire absence of pathogens. Escherichia 
coli has never been found even though 
generous quantities of rinse water were 
examined. As SanbQ,r(l. (7) · has said, 
there is no reason why ' a 'paper container 
made from clean, chemical or mechanical 
pulp, should not be suitable for perishable 
foods. Careful methods. of manufacture 
will result in a paper nfH:k' conta~ner with 
a very low count-so low that it is un
reasonable to question its desirability from 
the sanitary standpoint. The counts 
which are being secured on some makes 
of containers are low and have never 
yielded gas-producing bacteria. Patho
genic bacteria cannot survive the various 
procedures which are involved. The ad
vantages of a single service container are 
obvious. 
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Appiication of the Rapid Phosphatase Test 
to Dairy By-Products* 

Harry Scharer 

Chemical Laboratory, Department of Health, New York City 

During the past year, the modified 
rapid phosphatase test has been applied 
to the testing of certain dairy by-products 
in an effort to determine the suitability 
of this method in judging the efficiency 
of pasteurization of such products. The 
study is admittedly incomplete but the re
sults thus far obtained are here presented 
so that interest may be further stimulated 
in this .type of investigation. Certain 
changes in the published technique ( 1) of 
the rapid phosphatase test have been made 
which allow easier manipulation of the 
method and further simplify the prepara
tion of the necessary solutions. Since a 
discussion of our results depends upon the 
technique used, we present herewith some 
of the changes in the method. 

Because of the difficulties encountered 
by many in the preparation of the recom
mended saturated basic lead acetate solu
tion, we have substituted a 50 percent 
lead acetate Pb (C2H 30 2 ) 2 .3H,O solution 
with appropriate changes in the amount 
of buffering agents to accommodate this 
more readily prepared solution. The buf
fering agent remains the same as pre
viously suggested (28.427 grams of Borax 
C.P. and 3.27 grams of NaOH per liter) , 
but twice as much is used in preparing 
the buffered substrate. 

The removal of residual phenol from 
the disodium phenyl phosphate by tedious 
washing with ethyl ether is replaced by 
making a concentrated solution of the 
disodium phenyl phosphate, buffering to 
a pH of 9.6, developing the indophenol 
:::olor by means of a few drops of the 
Bqc reagent, and extracting the color 
wtth normal butyl alcohol. Certain com
mercial brands of this phosphate con-

• Read at the 27th Annual Meeting of the Inter· 
national Association of Milk Sanitarians Cleveland 
Ohio, October 19·21, 1938. ' ' 

.P'!blication authorized by Dr. John L. Rice, Com. 
mtsswner of Health, New York City. 

tain considerable amounts of impurities _ 
and frequently show excessive amounts 
of free phenol which may require 
several extractions with butyl alcohol 
for complete removal of the phenol 
from the concentrated solution. Other 
brands of the phosphate have been 
found to be quite acid. necessitating the 
addition of larger amounts of buffer both 
in the cleaning process and in the ~ubse
quent preparation of the buffered sub
strate, in order to maintain the correct 
pH conditions. While butyl alcohol will 
extract the phenol from the water solu
tion, the indophenol has a greater solubil
ity in the alcohol and its color serves as an 
indication of the completeness of the 
phenol extraction. A suitable disodium 
phenyl phosphate is available under the 
name "Phen-Free." This. salt in large, 
well defined crystals, is remarkably free 
of phenol and contains an almost negli
gible amount of di-basic sodium phos- 1 

phate and sodium diphenyl phosphate. 
Using this compound, a '{.'Oncentration of 
Yz gram per liter has been found suffi
cient. Dissolve the required amount for a 
liter in about 5 cc. of distilled water in a 
small test tube (10x100 mm.) . Add about 
Yz cc. of the buffer, shake well, and add 
a few drops of the BQC reagent, allow 
five minutes for development of colora
tion, and extract the indophenol by 
shaking about 2 cc. of normal butyl alco
hol. When the alcohol layer has separ
ated completely, remove the alcohol layer 
with a medicine dropper and discard. Add 
the remainder of the solution to 100 cc. 
of the buffer and dilute to a liter. The 
solution is phenol free and will be stable 
for a considerable period if kept under 
refrigeration. Saturation of the solution 
with chloroform aids in preventing the 
decomposition of the solution with the 
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resulting formation of free phenol. How
ever, it is advisable to conduct .a blank 
determination on this reagent datly. The 
preparation of smaller quantit.ies of the 
solution, sufficient for immedtate needs, 
is a more practical measure. 

COLOR STANDARDS 

The series of phenol standards prev~
ously prescribed ( 1) because of theu 
comparative instability have been replaced 
by the following inorganic standards pre
pared by Junior Chemist Max Cohan : 

In each instance dissolve the indicated 
amount of reagent in 1 percent HCl and 
dilute to 100cc. with 1 percent HCI. 

Color solution, Blue-30.0 grams Cop
per Sulfate (CuS04.5H20). 

Color solution, Red-5.959 grams Co
balt Chloride (CoCl2 .6H20). 

Color solution, Yellow-4.505 grams 
Ferric Chloride (FeCl3.6H20). 

The ferric chloride solution should be 
standardized. 

Prepare color standards by combining 
the quantities indicated in the table be
low and diluting to 5 cc. with distilled 
water. 

COLOR SOLUTIONS 

Units Blue Red Yellow 

cc. cc. cc. 
0.2 0.35 0.5 

2 0.5 0.6 0.55 

:.. 0.5 0.5 0.25 

5 1.0 0.75 0.5 

7.5 1.5 0.75 0.25 

10 2.0 1.0 0.25 

Another method of making a color 
standard is to employ a 0.002 percent 
solution of sodium sulfocarbolate. Five 
cc. of this solution when treated with the 
buffering agent and BQC solution is 
equivalent to 2 units. This solution should 
be prepared weekly. The unit of phos
phatase is the enzyme activity which under 
conditions of the test will produce the 
color equivalent of 1 gamma (.001 mg.) 
of phenol per 5 cc. of filtrate or 0.2 ppm. 
of phenol. 

The color standards for the field test 
have been published previously (2). Tab
lets are available for ready preparation of 
the buffered substrate, the buffer, and the 

BQC solution. Marked improvement has 
been noted in the manufacture of these 
tablets. The substrate tablets now avail
able contain little if any free phenol, and 
as a matter of interest, one brand which 
was tested withstood exposure to 130° F. 
for one thousand hours with the devel
opment of only a small amount of phenol. 

There being so little, if any residual 
phenol present in these tablets, the clean
ing step may be omitted, hut the precau
tion should be adopted of testing the tab
lets from time to time wherever there is a 
possibility of their decomposition due to 
heat or moisture. The solutions, whethet 
prepared from the tablets or reagents, 
may be used on either the laboratory 
method or the rapid field test. 

With little change in the manipulative 
technique, both the laboratory and the 
field tests can be applied to the examina
tion of by-products for efficient pasteuri
zation. The laboratory technique will be 
discussed first. 

METHOD-LABORATORY TEST 

Transfer 1 cc. of the prepared sample 
to a test tube using a clean pipette for 
each sample. Add 10 cc. of the buffered 
substrate. Shake well, and place in a 
water bath .at 95°-115° F. (35°-46° 
C.) for an hour. · Greater sensitivity is 
obtained when tlfe incubation temperature 
is above 100° F. (37.5 ° C.). After in· 
cubation, place tubes in boili~g .water for 
five minutes and then cool m tee water. 
Add 0.1 cc. of lead acetate solution. Shake 
well allow to stand for a minute or two 
until the solids and fat coagulate and sep
arate sharply. (In some cases it may be 
necessary to add more le~d. a~etate solu
tion to complete the prec1p1tatton and to 
allow clear filtration). Filter through or
dinary qualitative paper. To 5 cc. of the 
clear filtrate add 0.25 cc. of the borate 
buffer. Should the solution become turbid 
on the addition of the buffer, it may be 
clarified by the addition of a few drops of 
a 10 percent sodium pyrophosphate s?lu
tion. Add two drops of the BQC solution. 
Shake gently. After fifteen minutes, com
pare with the color standards, and report 
as phosphatase units. Commercially pas-



te~trized milk correctly processed at 143 o 

F. for 30 minutes will yield less than two 
units of phosphatase. 

A t~o or four ho_ur incubation period 
results tn a marked mcrease in sensitivity 
or color gain per unit of enzyme. 

CREAM 

Ther~ is some evidence to support the 
contentwn_ -that a greater amount of phos: 
phatase will be found in cream s·eparated 
following pasteurization of .the milk than 
i~ said separat.ion precedes the pasteuriza
tiOn. A poss1ble explanation of this ob
servation can be attributed to the fact that 
the i~acti_vation ?f the enzyme being a 
loganthmtc functwn of the time and temp
era~ure, the enzyme is not completely in
actlvat~d by ~asteurizing milk at 143 ° F. 
for thuty mmutes, and that this small 
residual amount . of enzyme is subsequent
ly conce~trated tn the cream layer. This 
hypothesis suggests the complete admix
ture of any sample before testing. Raw 
cream contains several times the amount 
of the phosphatase found in raw milk and 
so the standardization or contaminati~n of 
~he pasteurized product with a raw cream 
IS even more readily detected than if raw 
milk be used. Cream heated at 160° F. 
for 15 seconds (so called short-time or 
~igh-short pasteurization) will show con
Siderable phosphatase. Chocolate drink 
V~tamin D mil_k, condensed milk, goa~ 
milk, and the ltke need no special treat
ment other than a control determination 
(see infra under ice cream) . 

BUTTER 

~he application of the technique to the 
testmg of b~tter and cheese requires 
change only tn the preparation of the 
sample. In the case of butter, melt the 
sample at a temperature below 100° F. 
( 3 7. 8 o C.) , centrifuge so as to effect a 
complete separation of the water serum 
~nd pipette 1 cc. of this serum directly 
mto 10 cc. of the buffer substrate. The 
rest of the procedure is the same as for 
milk and cream except that less lead 
a~etate soluti?n is required for precipita
tion. In .testmg the melted uncentrifuged 
butter, d1ffi.culty was encountered in ob
taining uniform distribution of the en-

zyme and therefore the above procedure 
was resorted to. The enzyme is concen
tr_ated in this water serum and so yields 
h1gher results than the corresponding 
melted butter. This also allows more ac
curate detection of slight additions of raw 
~r~ducts. Only slight phosphatase ac
tlVlty was detected in butter made from 
"holder" pasteurized cream but high ac
tivity was detected even after prolonged 
periods of storage in butter made from 
raw cream and proportionately in butter 
made from raw and pasteurized cream, 
and cream held at 141° F. for thirty min
~ttes . Butter m~d.e from "flash" pasteur
IZed cream exh1b1ted considerable phos
phatase activity. 

Some brands of commercially processed 
butters consistently show no phosphatase 
activi_ty. A larger percentage showed 1 to 
5 umts, and a surprising number showed 
from 5 to 500 units. These butters were 
all labeled "made from pure pasteurized 
crea~;· or the eq~ivalent designation. In 
a senes of expenmental determinations 
an apparent change in the enzyme activity 
of butter serum was noted and is being 
further investigated. Several butter cul
tures were tested and found to introduce 
little if any phosphatase. ·s ince no stand
ard for phosphatase activity in pasteurized 
b~tte~ has yet ~een established, all samples 1 
yteldmg 5 umts or more are further in-
vestigated. .... 

Brown and Parfitt (3) have made the 
interesting observation that when butter 
samples were subjected to the keeping 
quality test for 10 days, there was a great
er percentage of drop in score in those 
samples which originally showed a posi
tive phosphatase test. 

CHEESE 

Because of the acidity and high protein 
content of cheese, it is expedient to 
neutralize and dilute -the sample in the 
following fashion: Triturate 20 grams of 
the cheese with 20 cc. of the buffer and 
20 cc. of water. Use a 1 cc. portion and 
proceed as before. The enzyme was de
tected even after 18 months of storage 
with undiminished activity in cheese made 
from raw milk, but was absent in cheese 
made from pasteurized milk including 
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both the holding and a short-time high
temperature methods. Cheese produced 
from milk or cream treated at sub-stand
ard temperatures or sub-standard holding 
intervals gave positive phosphatase values. 

Generally speaking, the so-called "pas
teurized process" packaged cheese gave 
negative values. Positive phosphatase 
values were most frequently obtained from 
the following cheeses: Cream, Lieder
krantz, Roquefort, Camembert, Chedder 
and Cottage. The ripening process does 
not seem to produce appreciable amounts 
of enzyme, and the persistence of the 
phosphatase in the finished product can 
probably be attributed •to the use of raw 
or improperly pasteurized milk or cream. 

R-elish cream cheese and several other 
types of cheese may give colored filtrates 
which interfere with the evaluation of the 
indophenol. In such instances, extract 
the indophenol with butyl alcohol, and 
compare with a known negative test sim
ilarly treated. Where contamination with 
a "phenolic" product is suspected, a con
trol determination is made by substituting 
buffered water for the buffered filtrate. No 
incubation is needed. A positive test in 
this control indicates presence of a phen
olic product since there is no substrate 
present to support enzyme hydrolysis. 

Mold, yeast and bacteria growth have 
bee deliberately promoted in a series of 
samples now under observation to de

' termine the extent of production of phos
phatase or phenols by such treatment. 

ICE CREAM 

Processing temperatures generally rec
ommended or required in mix pasteuriza
tion are considerably higher than those 
required for milk and cream pasteuriza
tion (New York City Sanitary Code re
quires processing at 155° F. for 30 min
utes when any raw products are used in 
the mix) . Many plants employ a tem
perature and holding interval consider
ably in excess of the requirements. Con
sequently, the mix should show no phos
phatase activity. When a positive result 
is. obtained, the test should be repeated 
w1th the substitution of buffered water 
for the buffered substrate. Since there 
is no substrate present to support enzyme 

hydrolysis, no incubation is necessary in 
this "control" and any indophenol color 
produced in it may be attributed to inter
fering substances such as excessive 
amounts of vanilla powder, vanillin, cou
marin, coloring matter, fruit syrups, or 
synthetic fruit flavors which may intro
duce phenols or phenol-like products. 

When the incubated test produces a 
blue color greater than that of the "con
trol", phosphatas·e is present, and indi
cates inefficient pasteurization or contam
ination with a raw or improperly pas
teurized product. 

Aside from faulty equipment, the two 
main factors generally responsible for 
positive phosphatase tests in ice cream 
mix are: failure of the human element, 
leading to inadequate manual tempera
ture control or total or partial omission 
of the holding period; and the practice 
of standardization following pasteuriza
tion. 

This standardization may have been ac
complished through the use of a raw or 
improperly pasteurized product. Such 
products .should of course be rested for 
pasteurization before being so utilized. In 
one instance, a condensed milk used in 
this way hacL itself been standardized with 
a raw milk. 

While the recommended 60 minute in
cubation period will readily detect the 
presence of as little as 0.1 percent raw 
product, longer incubation is required for 
greater sensitivity and to show a small 
deficiency in holding time whenever a 
temperature of 145 o F. or greater is used 
since the inactivation or destruction of 
the enzyme is a function of both the time 
and temperature treatment. 

In testing ice cream, each flavor should 
be tested individually with nuts and 
fruits strained out. Fresh pack fruits, raw 
fruits, or unroasted nut meats may intro
duce both the enzyme and a phenol-like 
substance ascertained by heating a por
tion at a relatively high temperature and 
comparing its resultant test and control 
with that of an unheated portion. 

THE SIMPLIFIED SHORT TEST 

OR RAPID FIELD TEST 

Generally speaking and particularly 
where laboratory facilities are not avail-
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able or where a determination must be 
made within 10 to 15 minutes, the short 
test (or rapid field test) using the normal 
buty 1 alcohol procedure ( 2) may be sub
stituted for the laboratory test. Interfer
ing substances are again evaluated by sub
stitution of buffered water for the buffered 
substrate. Increasing the incubation 
period from ten to twenty minutes re
sults in increased sensitivity. 

The simple, readily mastered technic 
must be followed very closely, especially 
at first, and the published precautions 
strictly adhered to, if accurate results are 
desired. Solutions should be freshly pre
pared or stored under refrigeration if 
they are to be stored 24 hours or longer. 
Tablets are obtainable to allow frequent 
and inexpensive preparation of the ne
cessary reagents. An aged substrate so
lution may decompose with the forma
tion of free phenol and thus give a false 
positive test, while an aged BQC solution 
may lose its sensitivity and yield a false 
negative test. It is strongly recommend
ed that the solutions be prepared daily 
for greatest accuracy, and that for prac· 
tical purposes where the requirements for 
pasteurization are 143 o F. for 30 minutes, 
no sample of milk or cream be classifi·ed 
as improperly pasteurized unless it yield 

Measurement of sanitary ventilation. W . F. 
Wells and M. W . Wells. Ame1·. J. Pub. 
Health 28, Mar., 343 ( 1938) . 
During coughing and sneezing, minute drop

lets containing microorganisms may be ejected 
into the air. The moisture evaporates, and the 
solid residues drift in the air currents like 
particles of cigarette smoke, and may pass from 
one person to another. 

Sanitary ventilation may be defined as the 
rate at which microorganisms are vented, or as 
the proportional air replacement which would 
remove the equivalent number of microorgan
isms eliminated by any other means . 

Methods of measurement consist of atomiz
ing test organisms (B. coli is named) into the 
air, and determining the bacterial concentration 
in an air centrifuge. Two technics for calcu
lating the ventilation rate are ( 1 ) the de
termination of the rate at which the organisms 
are removed (details given), and ( 2) the 

an indophenol color greater than the two 
unit field test standards ( 2) . When the 
extraction method is properly conducted 
in a test tube of recommended size (about 
10 x 100 rom.) by allowing the bubbles 
to subside after each inversion before re
inverting the tube, the alcohol will sep
arate in a clear layer at least % inch in 
length. 

Distilled water is recommended for 
making the substrate solution since tap
water may contain interfering amounts 
of chlorine or phenol. 

While such extreme attention to de
tail seems unusual, it has been found that 
adverse criticism of the method in most 
instances has been traceable to the lack 
of consideration of these and other pub
lished precautions. 

Results achieved by the New York 
City Department of Health on more than 
100,000 samples, and the e;Kperience of 
many others, agree that, for practical pur
poses, the short test compares very favor
ably with the one hour laboratory tech
nique. 

REFERENCES 
1. Scharer, H., f. Dail-y Science 21, 21 (1938) 
2. Scharer, H., f. Milk Tevh. ·1 (5) 35 
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equalization of the rates q.{;..removal and addi
tion by which the former becomes "known by 
reason of knowledge of the number of organ
isms added. 

Direct irradiation of the room is a far more 
effective procedure in special cases (as for ex
ample, operating rooms) when the eyes of the 
occupants can be protected. Photographs of 
the actual bacterial concentrations with and 
without exposure to the ultraviolet light show 
the marked bacterial effect of the light. 

Partial irradiation is more generally applic
able where the space without the eye zone is 
directly irradiated, and there is adequate air 
movement. A light barrier in the form of an 
ultraviolet light screen can protect a cubicle 
from invasion by microorganisms or vice versa. 

Digest : The bacterial content of air in a 
confined space can be kept very low by con
trolled ventilation, and by ultraviolet light 
screens. J. H. SHRADER. 

The Practical Application of the Phosphatase Test* 
D. M. Roger 

The Borden Farm Products Compcmy, Brooklyn, N. Y. t ~' 1' 

:) 

Two or three years ago we should have 
been extremely doubtful of a statement 
to the effect that it was possible, by 
means of a simple test, to detect under
pasteurization of dairy products to the 
extent of: ·. 

(1) Five minutes short holding. 
( 2) A drop of 1 ' degree in holding 

temperatures (from 143° F.-142° 
F.). . 

(3) The addition of 0.1 percent of 
ra,w milk to efficiently pasteurized 
milk. 

However, work done recently (1, 2, 
3, 4, 7) has proved that this is possible. 
This means that an effective method has 
been given to us for the control of pas
teurized dairy products, probably one of 
the most valuable tests ever given to the 
dairy industry. This test is possible be
cause Nature has included in mixed sup
plies of cows milk (raw) the enzyme 
phosphatase which has the property of 
splitting or hydrolizing certain phos
~ic esters. When milk is heated to 
pasteurizing temperatures the phospha
tase is progressively inactivated as the 
time of holding progresses so that at the 
end of the holding period the enzyme is 
almost completely inactivated. A mea
surement of the activity of phosphatase 
in pasteurized mixed milk has been shown 
to be a measurement of the efficiency of 
pasteurization (1, 2, 3, 4, 7). When milk 
containing this enzyme is brought in 
contact with a certain phosphoric ester 
( ~i-sodium phenyl phosphate) under cer
tam conditions, it has the ability to split 
off or liberate free phenol (carbolic acid) . 
The 3)110unt of phenol liberated under 
these conditions is therefore dependent 

• ~=~d . a ~ the joint session of the International 
n»?c•atwn of Milk Sanitarians and the Inter
n0ahl!onal Association of Milk Dealers. Cleveland, 

10, Oct. 19, 1938. 

on the activity of the enzyme. In effi
ciently pasteurized milk, the phosphatase 
present will liberate only a certain limited 
amount of phenol under th'e same con
ditions. The test therefore resolves it
self into a determination of free phenol. 
This is achieved by the addition of a 
reagent which reacts with the liberated 
phenol producing a blue color. 

Efficiently pasteurized milk will show 
only a slight phosphatase activity, liberate 
only a little phenol, and produce only a 
slight blue color with the reagent. 

Improperly pasteurized milk will show 
a greater phosphatase activity, conse
quently will liberate more phenol, giving 
a deeper blue color with the reagent. 

There are several laboratory tests (1, 
2, 3) to determine the activity of phos
phatase in milk designated as pasteurized 
but these tests are too complicated and 
time consuming for practical plant work 
where results must be obtained quickly. 
Fortunatdy a ve~y simple test, as simple 
as the Babcock test for butterfat, has been 
developed which has proved to be quick 
and surprisingly accurate. This test is 
known as the Scharer Rapid Field Test. 
It employs Gibbs reagent (8) for ·the de
termination of free phenol. The pro
cedure for Scharer's Rapid Field Test (5) 
is as follows: 

THE IMPROVED RAPID FIELD TEST 

FOR EFFICIENCY OF PASTEURIZATION* 

"The buffered substrate (white) tablet con
tains the phenyl phosphoric ester, magnesium 
to catalyze the enzyme reaction and adequate 
buffer to make 50 cc. of the buffered sub
strate solution- -sufficient for ten tests. The 
BQC (yellow) tablet contains 2.6 dibromo
quinone-chlomoimide and a stabilizer-sufficient 
for 30 or more tests. These tablets should be 
kept under refrigeration if possible. 

• From J. Milk Techno!. 1 (5) 3' (1938). 



The buffered substrate tablets available com
mercially may develop varying amounts of 
phenol under certain conditions of storage such 
as exposure to light or heat. Since the ex
traction technique is extremely sensitive, it is 
necessary to work with a phenol-free substrate; 
therefore the following procedure is utilized to 
remove any phenol and is recommended in all 
cases: 

Crush buffered substrate tablet in test 
tube, dissolve in 5 ml. of distilled water. 
Add 2 drops of BQC solution. Allow 
five minutes for color development, then 
extract the indophenol with 2-2.5 ml. of 
normal butyl adohol. Allow to stand un
til alcohol layer has separated at top of 
tube. Remove alcohol layer with medicine 
dropper and discard. Dilute remainder of 
solution to 50 ml. This solution is then 
phenol free. Dissolve the BQC tablet in 
5 ml. of 95% ethyl or methyl alcohol. 
DO NOT USE A DENATURED 
AlCOHOl. Transfer to dropping bottle 
delivering 50 drops per mi. 

METHOD 

Add ¥2 ml. of sample to 5 ml. of buffered 
substrate. Shake briefly. Incubate for ten 
minutes in a water bath at 98 ° F. ( 36.7 ° C.) . 
(If no water bath be available, incubate in 
pocket for somewhat longer period.) Remove 
from bath, add 6 drops of BQC solution. Shake 
well immediately. After five minutes compare 
color with opaque standards. 

Properly pasteurized milk will be a gray or 
brown. 

Properly pasteurized cream will be a gray 
or white. Raw milk or cream will be an in
tense blue. The appearance of any blue is 
indicative of improper pasteurization; the de
degree of intensity of color being proportional 
to the seriousness of the condition.. 

If only a trace of blue is found it may be 
hard to distinguish. In this event add 2 mi. of 
normal butyl alcohol (neutral). Invert the 
test tube SlOW·l Y at least ten times and allow 
to stand. Rapid inversion will result in an 
emulsion being formed but if correctly per
formed the alcohol will separate dearly and 
will have extracted the indophenol formed by 
the test. 

The appearance of any blue or blue green 
in this alcohol layer is indicative of improper 

pasteurization. In the absence of a properly 
pasteurized milk to be used as a control a 
boiled milk may be substituted. 

The test has been standardized with milk 
pasteurized-under laboratory conditions satis
fying legal requirements-namely, a preheat
ing period of one to five minutes and a hold
ing period of exactly 30 minutes at 143 ° F. 
Under commercial conditions varying time of 
preheating and filling and emptying of tanks 
should be taken into consideration. 

CAUTION 

All equipment should be thoroughly washed 
and rinsed before reuse. Avoid the use of 
phenolic resin bottle closures anywhere in the 
test. T-he BQC reagent is sufficiently sensitive 
to demonstrate the leaching of phenol from the 
resin by water. 

Both solutions decompose with age and 
should be stored under refrigeration or pre
pared shortly before use. 

A reagent blank should be made by adding 
3 drops of BQC to 5 ' ml. of substrate. If a 
blue color results the substrate solution should 
be discarded. If the butyl alcohol procedure 
is utilized this reagent blan~..shot!ld be ex
tracted with the alcohol."., ,·' . 

THE TEST IN PLANT PRACTICE 

All our pasteurizing pl3;nt test rooms 
are equipped to perfornt" this test as a 
regular routine procedure. During the 
past year we have performed more than 
18,000 tests by this method or slight 
modifications of it. No cases have been 
encountered in our work where interfer
ing substances, in the milk itse\f, have 
caused positive tests. 

SOME CAUSES OF FALSE POSITIVE TESTS 

(1) The equipment used in preparing 
the sample was contaminated with 
raw milk. 

(2) The tablets for preparing the test 
solutions were too old or had not 
been kept in the ice box. 

( 3) One case was found where some one 
had dipped a pipette, contaminated 
with raw milk, into the bottle of 
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(4} 

(5) 

distilled water used for making up 
the substrate. 
An~ther case was found wher: s?me 

e had contaminated the dtsttlled 
on h · 'd f water with sulp unc act rom. a 
storage battery hydromet~~· Whtl: 
this did not cause a postttve test tt 

·did interfere by retarding the de-
velopment of the indophenol blue. 

Some reagent bottle closures have 
been encountered that liberated phe-

nol. 

SOM E CAUSES OF ERRATIC TESTS 

(l) Insufficient mixing of milk with sub
strate at start of test. 

(2) Insufficient shaking after the (BQC) 
indicator has been added. 

(3) Not waiting full five minutes after 
the (BQC) indicator has been 
added before extracting the color. 

( 4) Insufficient shaking when extracting 
with the alcohol. 

Where the test has been used intelli
gently it has proved to be most reliable. 

Most of the work that we save done 
has involved the use of amyl alcohol* 
(boiling range 126 - 132° C.) as a sol
vent in place of normal butyl alcohol. 

ile the amyl alcoh?l does not extra~t 
quite so much of the mdophenol ~lue, tt 
has the advantage of not extractmg so 
much of the yellow color from high 
color milk and cream. This yellow color 
does interfere with tests on slightly un-

dec-pasteurized products; however, f~r 
most practical purposes butyl alcohol IS 

satisfactory. 
Since many of our plant testers work 

by artificial light it is important to de
velop a distinct color contrast between a 
pasteurized milk test and a test ~n a 
sample that is slightly under p~steunzed. 
To accomplish this we have equ~pped our 
plants with small water ~ath mc~bators 
and have increased the tJme of mcuba
tion from ten to thirty minutes. The 
data in Table 1 indicates the color gain 
achieved by this increased incubation: 

It will be noted in Table 1 that pas
teurized samples show little increase in 
color due to increased incubation but 
slightly under pasteurized samples show 
considerable gain. 

The following table shows the results 
of tests on some samples of "B" Raw 
Milk pasteurized under laboratory con
ditions. 

APPLICATION OF THE TEST 

Wher~ discrepancies in pasteurization 
have occurred, this test has proved in
valuable because results may be obtained 
quickly and the trouble more easily traced. 
The dramatic effect of being able to pro
duce a blue color from a test on an under 
pasteurized milk and show it directly to 
the operator is far more effective than 
volumes of laboratory reports. 

SOME CAUSES OF HIGH PHOSPHATASE 

TESTS 

It is generally believed that high phos-

TABLE 1 

Milk held 25 mins. at 142° F ........ .... _ ............. _ .......................... .. 
30 " .. 
35 .. 
25 " 
30 " 
35 " 

.. 143° ................................ .................. .... .. 

Incubation 
10 Mins. 

- . Different color standards are required when amyl alcohol is u.sed. 
NOTE· The color standards used in Table 1 are those descnbed by Scharer ('). 

· Normal butyl alcohol was used for extraction. . . 
B indicates that the blue color was easily detected wi~hout extFactwn. (Wtth 
experience one is able to pick out even smaller dtscrepanctes wtthout the 
alcoholic extraction) • 

30 Mins 

B 
5++ 
5 
5+ 
2 
2 



L4 PHOSPHATASE PLANT TEST 

phatase tests may be attributed to one or 
more of three faults : 

( 1) Short Holding 
(2) Low Holding Temperatures 
(3) Added Raw Milk or Cream 

SHORT HOLDING 

( 1) A fast recorder clock indicating full 
holding time but causing milk to be 
released ahead of time. 

(2) Leaky outlet valves allowing partly 
pasteurized milk to leak into the 
pasteurized milk line. 

(3) Deliberate short holding. 
( 4) In a multiple holder system where 

the valves are hand operated it is 
possible for the operator to become 
confused and release a holder before 
the full holding period has elapsed 
or to run raw milk into a holder that 
contains pas·teurized milk. 

LOW TEMPERATURE OF PASTEURIZATION 

(Indicated on Recorder Chart) 

(1) In holders only partly filled, the 
milk may not retain the temperature. 

(2) Holders cold at the start of the run 
and the first milk insufficiently heated 
to compensate for this. 

(3) Holders in exposed positions may 
lose temperature. 

( 4) Holders poorly insulated. 
(5) A layer of low temperature milk 

may form at the bottom of a poorly 
insulated or exposed holder, if an 
agitator is not used. This condition 
may not show on the recorder if the 
recorder bulb is set in the holder 
above this layer, but if the recorder 

bulb is set in the outlet pipe this 
condition will be indica·ted by a 
gradual rise of the recorder pen 
rather .than the abrupt verticle rise 
obtained when all the milk in the 
holder is uniform in temperature. 

LOW TEMPERATURE OF PASTEURIZATION 

(Not Indicated on Recorder Chart) 

( 1) Recorders reading high. 
(2) In one case it was found that while 

the recorder proved to be correct 
when tested in a pail of water, it 
gave a reading of 5o F. high when 
connected in the holder. This was 
due ·to the fact that the recorder 
cable· passed through the heating 
medium (steam) in the jacket sur
rounding the holder. 

(3) A layer of low temperature milk 
that will form due to poor insulation 
and improper agitation may not be 
recorded if the recorder bulb is m 
the holder. · 

( 4) If holders are not equipped with 
foam heaters or very efficiently in
sulated covers, th~. £oa:rh is apt to 
~how a very high pllosphatase activ
rty. 

If pasteurized milk, that is off due 
to causes No. 3 and No. 4; is mixed in a 
large storage tank and dituted wlth effi
ciently pas~eurized milk, it is probable 
that the mtlk from the filler will show 
no high tests, but should the milk level 
!n the storage tank drop so that the milk 
JUSt runs through the tank without dilu
tion and on into the filler then. inter
mittent high tests may be ;xpected. 

TABLE 2 

20 Minutes 
25 
30 
35 
40 

Time of Holding 
141 o F. 

B 
B 
B 
B 
B 

Temperature of Holding 

143° F. 
B 
5+ 
2-
2-
2--

± 0.2° .F. 
144° F. 

5 
2 
2 
2--
2--

NOTE: These sample< were incubated thirty minutes at 98° F. The same color 
standards were used as in Table 1. Normal butyl alcohol was used for ex· 
traction of this indophenol blue. 

145 ° F. 
2--
2--
2--
2--
2--
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(1 ) 

(2) 

ADDED RAW MILK 

Defective valves or valves carelessly 
left open allowing unpasteuri:ed 
milk to leak into the holders dunng 
the holding period. 
Adding raw or improperly pasteur
ized milk or cream to pasteurized 
cream to standardize further the fat 
content. 

(3) Leaks in a milk-to-milk section of 
the regenerator due to improper 
pressure (6) . 

( 4) Contamination after pasteurization 
by passing the milk through equip• 
ment containing, · even a little, raw 
milk. 

SUMMARY 

Some ].8,000 ·tests that we have per 
formed in the field and laboratory dur 
ing the past year have proved the Scharer 
Rapid Field Test to be reliable wher 
used intelligently. 

The test is simple involving the mini· 
mum of equipment. 

When this test is used as a routine pro
cedure, the operators appreciate how easi
ly even the slightest inefficiency in pas
teurizing may be detected. 
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An experimental series on the contamination 
of milk caps and milk truck sacks. R . V. 

Stone. The Satlilariatl 1, June, 6 (1938) . 

Tests, to determine the safety value of the 
double cap, were made on both of the caps, on 
the cotttamination factor present in the com
mon burlap sack used in trucks to cover and 
cool the milk load, and on the effect of deter
gents and chlorine compounds to reduce the 
sack contamination. 

also those workers whose findings have 
been drawn upon to compile the list of 
causes for inefficient pasteurization. 
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The inner cap of double capped bottles 
averaged per cap 0.1% of the average count on 
the single caps; or in other words, the latter 
averaged 929 -times the bacterial load of the 
protected closure. Washing the sacks and 
treating them with chlorine reduced their con

taminating load of organisms about 90%. 
Digest: Protected milk caps carry only a 

small bacterial load. 
J. H. SHRADER. 



Homogenized Milk* 
C. J. Babcock 

Bttreau of Dairy Indmtry, Department of Agriculture, Washington, D. C. 

Control officials are frequently con
fron ted with the -question as to the merits 
of new products and how such products 
should be processed and handled. Strictly 
speaking, homogenized milk is not a new 
product. It is, however, new to some 
localities, and present trends indicate that 
in the near future it will be found in 
nearly every milk market of the United 
States. Reports from dairies from all 
sections of the United States have con
tained evidence of very encouraging pro
gress with homogenized milk. Many of 
these report not only increased sales of 
homogenized milk but increased per capita 
consumption of milk and milk products. 
A survey of the milk plants of the United 
States is being conducted by the Bureau 
of Dairy Industry. At present 260 plants 
have responded to the questionnaire. Of 
these 260 plants, 30 plants in 15 States 
are featuring homogenized milk. The per
centage of the milk handled by these 
plants which is homogenized ranges from 
Vz of 1 percent to 100 percent. Of these 
30 plants, only 7 reported that the sale of 
homogenized milk is not increasing. 

This widespread introduction of homo
genized milk and the reports of increased 
sales are bound to increase the number of 
milk plants featuring homogenized milk. 
As our control agencies are also service 
agencies, it will be necessary for them to 
be in a position not only to control the 
processing and handling of homogenized 
milk, but to act in an advisory capacity 
regarding its handling and processing. Let 
us therefore briefly review some of the 

• Read at the 27th Annual Meeting of the Inter· 
national Association of Milk Sanitarians, Cleveland, 
Ohio, October 19-21, 1938. 

defects which frequently occur in homo
genized milk and their remedies. 

DEFECTS 

Lipase, a fat-splitting enzyme which 
causes milk to become rancid, is present 
in all milk. Ordinarily it is not present 
in sufficient quantity to give trouble in 
our regular milk supplies. However, un
less this enzyme is destroyed either before 
or immediately after the fat globules are 
broken up by homogenization, it goes to 
work on the finely divided fat particles, 
and we have rancid milk within two 
hours. For this reason, homogenization 
cannot be applied to raw milk.' Also, in 
preparing pasteurized homogenized milk, 
this point must always be kept in mind. 
We must not allow a lag period of any 
duration between homogenization and 
pasteurization, for if we do the flavor of 
the product deteriorat~; ·' ..,,. -

Another source of trouble with homo
genized milk are the leucocytes or white 
corpuscles. These are present in all milk, 
but, like the enzyme ljpase, give no 
trouble with our regula'!"-- milk supplies. 
This is because they are carried up with 
the fat globules and held in the cream 
layer. This is clearly shown by the fact 
that if we take samples from the top, 
middle, and bottom of bottles of pasteur
ized milk 3 hours after bottling, we find t• 
that the top contains over 6 million leu
cocytes per ml. as compared to approxi
mately 128 thousand at the middle and at 
the bottom. After 24 hours, we find 
nearly 9 million per ml. at the top and 
approximately 92 thousand at the bottom. 
In other words, there are millions of leu
cocytes in the cream layer but nobody can 
see them so no one is particularly con
cerned about ·them. 

CLARIFICATION 

What happens when we homogenize 
milk? We have no rising fat globules to 

J .......... ---·--~ ...... ~ ----... .. -- ....... - -- ..... - ............. 

carry the leucocytes to the top and no 
cream layer to hold them. The cells, which 
apparently have a slightly higher specific 
gravity than the milk, therefore settle to 
the bottom. The leucocyte counts from 
the top and bottom of the bottle are the 
reverse of those found in unhomogenized 
milk. The result is a ring of greyish, 
slimy sediment in the bottom of the 
bottle. If we could select milk with a 
leucocyte count below 100,000 per ml., 
we should have·· no trouble with sediment 
in homogenized milk. Mixed milk as re
ceived at milk plants frequently does not 
have a leucocyte count this low. As the 
leucocytes are too smatl to be removed by 
strainers or filters, the only known method 
of preventing sediment in homogenized 
milk at the present time is by clarification. 
Clarification removes a high percentage of 
the leucocytes from the milk and prevents 
the formation of sediment. 

There is some question as to whether 
clarification should take place before or 
after homogeniza:tion. Some investigators 
claim that a higher percentage of leuco
cytes are removed if clarification follows 
ho-mogenization. Personally, I am in favor 
of clarifying before homogenizing. Clari
fication at this time prevents sediment and 
lessens the lag period between homogen
ization and pasteurization, which has been 
~ioned as necessary if we are to in
sure a product of good flavor. In brief, 
I consider the proper sequence to follow 
in the production of- homogenized milk to 
be: Clarification, homogenization, pas
teurization. Milk can be homogenized 
after pasteurization, but unless the homo
genization takes place at the pasteurizing 
temperature we again frequently encounter 
abnormal flavors. The flavor encountered 
is not the rancid flavor obtained with raw 
milk, but usually an oxidized or bitter 
flavor. However, I do not feel that we 
should consider homogenization after pas
teutizalli~m. In the preparation of any 
milk product, the pasteurizer should come 
as near the end of the process as possible 
in order to prevent the contamination of 
the pasteurized milk. 

HOMOGENIZATION CONDITIONS 

Having discussed the necessary steps in 
the processing of homogenized milk, the 
next consideration is the temperature and 
pressure of homogeniza:tion. There is no 
relation between either the temperature 
or pressure of homogenization and the 
formation of sediment. This of course, 
applies only when the pressure is suffici
ently great to accomplish our purpose, i. e., 
a sufficiently complete emulsion to pre
vent the rising of the fat globules. 
Roughly speaking, the higher the temper
ature, the lower .the pressure required to 
obtain the same results. In regard to 
temperature, it is best to homogenize at 
or near the pasteurizing temperature. By 
so doing we guard against the action of 
lipase and thereby have another safe
guard against the development of ab
normal flavors. As for the pressure, 
when using the pasteurizing temperature, 
there seems to be no advantage in going 
above 2,000 to 2,500 pounds. This pres
sure an~ temperature will give a milk 
which when placed in a quart bottle for 
24 hours will have a fat content at the 
top of the bottle practically the same as 
at the bottom of the bottle. Therefore we 
can safely recommend homogenizing at 
a pressure of not- less than 2,000 pounds 
at a temperature of approximately 140° F. 

Comparing this procedure with what is 
actually taking place in the industry, the 
survey ·reveal-ed that of the 30 plants fea
turing homogenized milk, 22 homogen
ized at a pressure of 2,000 pounds or 
more, and the same number homogenized 
at a temperature of 140° F. or higher. 
The homogenizing pressure ranged from 
1,000 pounds to 3,500 pounds, and the 
temperature from 95° to 150° F. Of the 
30 plants, 17 were clarifying, 14 before 
homogenizing and 3 after homogenizing; 
and 2 were filtering. I am not attempt
ing any long distance trouble shooting, 
but it is interesting to note that of the 7 
plants which stated that the sale of homo
genized milk was not increasing, 4 were 
not using a clarifier and 1 was homogen
izing at 1,500 pounds at 95° F. 
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SANITATION 

In dealing with homogenized milk, it 
should always be remembered that homo
genization is not a process that improves 
the sanitary quality of milk. Furthermore, 
it should be remembered that homogen
ization is a process by which both the 
flavor and appearance of milk can be 
easily destroyed. Therefore, the first step 
in the production of homogenized milk 
should be to start with a high-quality 
milk, a milk not only of low bacterial 
count but a milk of good flavor. 

In speaking of bacterial counts, the 
homogenizer has always been considered 
as a source of increased counts. This can 
easily he true. The homogenizer is not 
the simplest equipment to keep clean, and 
unless it is kept clean it is a serious source 
of contamination. It also breaks up the 
coionies of bacteria in the milk and there
by gives a higher plate count. Those 
dairies, however, which are handling pas
teurized homogenized milk and are taking 
proper care of the homogenizer and fol
lowing homogenization by proper pasteur
ization, report that the bacterial count of 
the pasteurized homogenized milk has 
been, on the average, practically the same 
as that of their pasteurized unhomogen
ized milk. Such being the case in actual 
practice, it appears evident that if we 
meet with high bacterial counts in homo
genized milk, the source of the trouble 
will likely be improper care of the homo
genizer, improper pasteurization, or both. 

ADVANTAGES CLAIMED 

I shall not take time to discuss the ob
Jections to homogenized milk. They are 
practically all based on the fact that the 
milk does not have a cream layer. I do, 
however, wish to mention briefly some of 
its advantages. Undoubtedly one of its 
greatest advantages is the even distribu
tion of fat throughout the bottle. This 
is probably of greater value in milk for 
schools and restaurants than in the home. 
This is well illustrat~d by a survey con
ducted by Ernest Kelly (5). He found 
that of milk s-erved to school children in 
half-pint bottles, an average of 5.6 percent 

of the milk was left in the bottle. This 
m itself would be insignificant but when 
we consider that this 5.6 percent of the 
milk represented nearly 16 percent of the 
fat in the 4-percent milk served, it 
throws a little different light on the loss. 

Another advantage claimed for homo
genized milk is improved palatability. 
Practically all surveys and experiments 
conducted with homogenized milk have -. 
resulted in a preference shown for pas
teurized homogenized milk over pasteur
ized milk. Without going into detail, I 
might say that thes-e surveys and experi
ments as a whole have been more deci
sively in favor of homogenized milk than 
the one conducted by the author (2) in 
the Bureau of Dairy Industry, in which 
62.1 percent of the opinions showed no 
prejudice against homogenized milk and 
the preferences for homogenized milk and 
unhomogenized milk were · ·practically 
equal. 

The third advantage given for homo
genized milk is that "it is more digestible. 
This claim was originally based on the 
fact that the fat is finely divided and 
therefore more readily attac;~d by the di
gestive juices. It is ·now known that 
homogenization, in addition to breaking 
up the fat globules, softens the curd of 
milk. Undoubtedly in the future, the 
claim that homogenized Jnilk is more di
gestible will be largely based on · its soft
curd characteristic. 

SOFT CURD PROPERTIES 

The production of soft-curd milk by 
homogenization is comparatively new. 
Weisberg, Johnson, and McCollum (10), 
Wallace (8), and Washburn (9), were 
among the first to report that homogeni-• 
zation changes the character of the curd 
of milk. Hill ( 4) reports, however, that 
the results of his work do not justify the 
use of the homogenizer in the produc
tion of soft-curd milk. More recent work 
by Doan and Welch (3), Tracy (7), 
Theophilus, Hansen, and Spencer (6), 
Wolman ( 11), and others, has shown 
that soft-curd milk can be produced by 
homogenization. The author, using raw 
milk with an average curd tension of 50.2 
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grams, by pasteurizing at 143° F. for 30 
minutes and then homogenizing at the 
pasteurizing temperature at a pres
sure of 2,500 pounds, reduced the 
average curd tension to 16.7 grams. 
It should be m-entioned that these 
curd-tension measurements were made by 
using an HCI pepsin solution as a coag
ulant. This coagulant gives slightly low
er curd-tension readings than are obtain-ed 
by using the Hill coagulant. Experi
mental work, however, indicates that such 
a coagulant more closely simulates gastric 
conditions than does Hill's calcium chlor
ide-pepsin coagulant. • 

DIGESTIBILITY 

Few reports of experimental work have 
been published regarding the compara
tive digestibility of homogenized and un
homogenized milk. Wolman ( 11) re
ports that adequately homogenized milk 
makes an excellent foundation for infant 
feeding. The curds obtained are always 
much finer than the curds of formulas 
derived from identical specimens of milk 
pasteurized but not homogenized. Similar 
results were obtained by Anthony ( 1) in 
regurgitation experiments on homogen
ized and other milks. Doan and Welch 
(3 ) have shown that milk with small 
soft curds is more quickly digested by 
gastric juices, and it would appear that a 
la~ percentage of the work which has 
been done on the digestibility of soft
curd milk would also apply to homo
genized milk. 

It is impossible to measure accurately 
digestion in vitro because stomach condi
tions cannot be accurately simulated. In· 
dications of digestibility, however, can 
be obtained. Without going into detail 
as to procedure except to state that a 
Nj10-HC1-pepsin solution was used as a 
digestant, the digestion took place at a 
pH of approximately 3.5 at a tempera-

ture of 37° C., and the digestion was 
m-easured by formol titration, the author 
obtained the results as shown in Table 1 
and graphs 1 and 2. Boiled milk, which 
has long been recognized as a soft-curd 
milk, has been included in order to show 
the similarity between boiled and homo
genized milk. 

Table 1 and graphs 1 and 2 show that 
both boiled and pasteurized homogenized 
milks digest more rapidly than raw milk. 
This is especially true during the first 15 
minutes of digestion, when 76.5 percent 
and 56.5 percent more digestion took 
place with the boiled and the pasteurized 
homogenized milks respectively than with 
the raw milks from which they were 
prepared. It should also be noted that 
while the boiled milk showed a greater 
percentage increase in digestion during 
the first 15 minutes than occurred with 
the past-eurized homogenized milk, the 
percentage of increase in digestion did 
not drop off as rapidly for the homo
genized milk as it did for the boiled milk. 
At the end of 2 hours, 15.4 percent more 
digestion 'had taken place in the homo
genized milk than in the raw milk, where
as only 10.3 percent more digestion took 
place with the boiled milk than with the 
raw milk. At the end of 5 hours, di
gestion was practically the same for the 
raw and processed milks. These results 
indicate that both boiled milk and pas
teurized homogenized milk are more 
quickly .but not more completely digested 
than rav.: milk. Incomplete data indi
cate that a similar but less pronounced 
trend takes place when the pasteurized 
milk is homogenized at 1,000 pounds 
pressure instead of 2,500 pounds pres
sure. 

CONTROL CONSIDERATIONS 

This work indicates that control offi
cials may well foster the development and 

TABLE 1. 

Percetztage. hzcrease in amormt of digestioll of milk boiled 5 minutes a11d pasteurized milk homo· 
genized at 2,500 pounds over raw milk. 

Character of milk 
~ 

Boiled -··-····-·············-············-· ... 7 6. 5 
Homogenized -···-··-····-····--····-· ... 56.5 

1h 
34.8 
40.5 

Percentage increase over raw milk 
Digestion time in hours 
% 1 2 3 

25.0 17.2 10.3 8.5 
30.1 22.2 15.4 9.3 

4 
1.6 
4.9 

5 
0.4 
0.8 
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distribution of homogenized milk. The 
uniform distribution of fat, the soft-curd 
characteristic, and the apparently quicker 
or easier digestibility of homogenized 
milk places it in a position to be of great 
assistance in the feeding of infants, chil
dren, and sick adults. Furthermore, the 
improved palatability reported for prop
erly prepared homogenized milk may 
make it an important factor in increasing 
the per capita consumption of milk. 

While undoubtedly more research work 
is needed to fully bring .out all the ef
fects of homogenization on milk, we now 
know how to produce a palatable product. 
If the product is to become an important 
factor in the dairy industry and to the 
health of the nation, we must have stand
ards for homogenized milk. As stated 
before, from all appearances the dairy 
industry is going to promote this product. 
Control officials will find it beneficial to 
themselves and to the industry if they es
tablish standards while the product is in 
its infancy. The placing of an improper
ly proc~ssed product on the market is a 
serious handicap to the product. It is 
easier for control officials to guide the in
dustry into proper methods than it will 
be to reform the industry if it should get 
started on improper methods. I there
fore feel that as soon as homogenized 
mil*t-appears on a market it should be re
quired that it be: 

1. Properly labelled. 
2. Free from sediment. 
3. Adequately homogenized as shown 

by no apparent rising of the cream upon 
standing for 48 hours. 

4. Pasteurized after homogenization. 
Commenting further on these require

ments, I should suggest, owing to the 
fact that we have no cream layer, that the 
label be permitted to carry the informa
tion that the milk contains not less than 
a certain percent of fat. Regarding ade
quate homogenization, the time is un
doubtedJy not far distant when it can be 
req~ired that this be shown by curd 
tens10n measurements. However, until 
agreement is reached as to the method of 
determining the curd tension as well as 
~h~t curd rension should be required, this 
IS tmpractical. At the present, I favor ....__ ____ _ 

determining adequate homogenization 
according to the definition of homogen
ized milk suggested by the Technical 
Committee of the Dairy Industries Supply 
Association. This definition would require 
that homogenized milk, upon standing 
for 48 hours, have a fat content at the 
top of the bottle not more than 5 percent 
greater than the fat content of the orig
inal milk. Such a requirement would 
not complicate enforcement work and at 
the same time would insure adequate 
homogenization and a low curd tension. 
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The Relation of Streptococcic Mastitis to 
Certain Phases of Milk Sanitation* 

C. S. Bryan 

Michigan Agrictt!tttral Experiment Station, East Lansing, Michigan 

Mastitis is an inflamation of the ud
der, _one result of which may be the pro
ductiOn of abnormal milk. A physical 
~xa~ination of the milk does not always 
mdtcate the abnormality for not all af
fected cows produce abnormal milk; and 
conversely not all animals giving milk 
of abnormal appearance have mastitis. On 
t~is account both a laboratory examina
t~on of the milk and a physical examina
h?n of _the udder are essential for proper 
dtagnosts. 
. :N~n-infec:tious agents such as bruises, 
tnjurtes of the udder or teat, and chilling 
may cause mastitis. In some cases the 
inflamation subsides, the character of the 
milk returns to normal as soon as the 
local condition is corrected and the in
jury heals. The non-infectious mastitis 
therefore, does not become a herd prob~ 
~em except when streptococcic mastitis 
ts already present in the herd. The in
jury t~en. permits the easy entry of the 
bactena mto the udder, resulting in 
streptococcic mastitis. 

The mastitis problem that confronts 
the average dairy farmer is presented by 
infectious mastitis. The streptococcus 
group of bacteria is responsible for ap
proximately 99 percent of the infectious 
mastitis with Streptococctts agalactiae 
caus~ng ab~~t 95 percent of the strepto
coccic mastttts. The streptococci get into 
the udder through the teat canal or in· 
jury of the udder or teat. Irrespective of 
whether the streptococci are of human or 
bovine sources, they are capable of pro
ducing the same physical and chemical 
changes in the milk and bring about the 
same pathological changes in the udder. 

• Read before the Twenty-seventh Annual Meeting 
of the International Association of Milk Sani
tarians, Cleveland, Ohio, October 19·21, 1938. 

When_ they ar~ _of human origin the strep
tococCic mastttls becomes extremely im
portant from a public health standpoint. 

. All . cow? eliminating the streptococci 
m thetr mtlk must be considered as be
ing infected if a program of prevention 
and control of mastitis is to be carried 
out. At first very little alteration may 
be noticed in the milk or udder, but later 
definite evidence of changes is encoun
tered. A large number of tests for mas
titis have been suggested and used by 
many people. The value of testing is 
determmed by the · accuracy of the test 
employed, which, in turn, is essential in 
aiding the dairyman to detect infected 
cows and to eradicate th~ disease from 
his herd. The accuracy : of the various 
tests is indicated in Table 1. It is ob
vious from these data why the micro
scopic test of a properly collected and 
ha~dle? milk sample, il[Ld a physical ex
ammatwn of the udder, are essential in 
determining the status of ·each cow in 
the herd. 

The laboratory or microscopic test 
should be applied to composite milk 
sample~ from each lactating cow in the 
producmg herd to determine the status 
of each cow. If a rapid survey is to be 
made of the mastitis situation of a milk 
shed or dairy to determine the presence 
or abs·ence of streptococcic mastitis in 
any _herd, the microscopic test may be 
applted t? producer composite milk sam
ples. Thts procedure is effi.ci·ent in de
tecting herds with the infection where 
the ratio is such that at least one of 
eighteen cows has streptococcic mastitis. 
The physical examination of each cow's 
udder is important from the standpoint 
of determining the extent of pathological 
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FIGURE 1. 

This illustrates the udders idealized by the various breed associations. It is evident that 
i;!h breed has its own specific type of udder, but in general all are of good size, symmetrical 
or btda

1
zced, have squarely placed teats of medium size, with the udder well attached below and 

in the rear. These characteristics indicate the conformation of the ideal udder and should serve 

tiS a guide hz the selection of cows fol' dairy pur poses. 

change present in the udder. The pres
ence of extensive pathological changes is 
sufficient evidence to recommend that a 
cow be removed from the herd for slaugh
ter. 

SIGNIFICANCE OF INFECTION 

The economic significance of any dairy 
cattle disease is in part determined by its 
incidence among the dairy cattle. Upon 
checking 2715 cows and 322 herds of a 
typical milk shed, employing the micro
sc?pic test and making a physical examin
atton of each cow's udder, 86 percent of 
all h~:ds were found to have streptococcic 
mastitis, and 26.2 percent of all milking 

cows were infected with streptococcic 
mas-titis. (Table 2). The incidence of 
infection was not influenced by the size 
of the herds, for some large and some 
small herds were found to have a high 
percentage of cows infected, and others 
had a low incidence of infection. The 
employment of sanitary procedures is es
sential in a program of mastitis control, 
and at the same time serve the purpose of 
aiding in the production of a clean milk 
of higher quality. 

The presence of mastitis streptococci 
in the udder is not a normal condition; 
therefore, one might expect variations in 
the composition of milk as a result of 



FIGURE 2 . 

It is not 11ecessat-y that a dairy cow have an udder that measures up to the ideal for the 
breed to be classed a normal udder. The above cow has a good normal udder. It is posJible 
to find many uddet"S like this one, a11d for profitable milk production .it is advi.rable that the 
cows have normal udders. In addition, 11otice should be made that the good physical condi
tioll of this cow is indicative of her general appearance as a comparison will be made with cows 
tn the adva11ced stages of mastitis. See Figure 4. 

•.-.,··. 
TABLE 1. 

The efficiency of various tests in detecting streptococcic mastitis 
(Milk samples must be properly collected) 

Positive cows 
giving positive reaction 

Percent 

1. Microscopic test ......... ........................ . 
2. Blood agar plate ......... .......... .......... .. . 

3. Chloride content ------------------- ··············· 
4. Physical exam. of udder ·-------------------
5. Hotis test-48 hour reading ............... . 

24 hour reading -------------- --------------
6. Leucocyte content ............................... . 
7. Thybromol test ................................. . 
8. Physical exam. of milk ....................... . 

99+ 
90 
73 
61 
62.2 
52 .8 
50 
47.8 
20 

Nega-.,cows 
giving positive reaction 

Percent 

0 

0 

10 
10 

12 (79%=suspicious) 
7.2 (72%=suspicious) 

0.7 
4.0 

The microscopic test is based upon the co11tinued prese1ue of sll·eptococci of tllot·e tha11 six 
elements per chain in the milk of infected cows, and the absmce of such stt·eptococci from the 
milk of non-infected cows. The milk samples must be propet·ly collected and incubated at 37° 
C. for at least 12 hours priot· to microscopic examination. fo1· the presmce of streptococci. Whe11 
rtreptococci are pt·esetll in the milk, the anim,d must be considered as being it1fected if a program 
of contt·ol of streptococcic mastitis is to be carried out, e·vm though the milk a11d udder appear 
normal upon physical examination. In some cases the ab1zomMlity upotz physical examitzatiotz de
veto ps within a few days or week.r while in other cows the abnormalities may 110t be evidetzt for 
a year or more brtt always do ocmr. The other tests were evaluated ttsit1g the remits of the 
miC?·oscopic test <IS the standard. 

FIGURE 3 

Streptococcus infection of the udder injures the secreting tisme, which is the11 replaced by 
scar tissue. This replacemetll is progt·essive and fiually results in alterit1g the appearance of the 
udder. An unevenness of the uddet· may develop because of 'the swelling of one or more quarters 
or tbe decrease in size of 011e or more quarters or both. The chatzges fomzd in the udder do not 
illa'ic,tte the length of time that a cow has been infected; in some cases scat· tissue forms rapidly 
while ilz others it forms slowly. This udder is affected with chrotzic mastitis and is characterized 
b;· em mlargement of the left fro1lt quarter, together with decrease il1 size of the left rear quarter. 
Scar tissue is present ill both quarters, and streptococci at·e being elimi11ated in the milk. The 
milk producing ability of such u11 udder is greatly reduced. 

TABLE 2. 

Sumi/Jitry of the total tmmber of cows tested, percentage of streptococcic mastitis infection among 
cows tested, and the physical examinatio11 of the uddet'S. 

Classification of Indurated 
Udders by Microscopic Test 

Total Percent- Total 
Total Not Total age of Udders Sus- Not 

Tested Infected Infected Infection Indurated Infected picious Infected 
Herds 

--- - --~- 322 45 277 

Cows -----·-·-· 2715 2003 712 

interference with its normal function. The 
changes in milk from mastitis affected 
~ows are presented in Table 3, and are 
tmportant from the stand-point of milk 
sanitation. The consumer determines the 
desirability of a product largely by flavor 
and _appearance. A comparison of flavor 
quality of milk from non-infected and 
from the infected cows of the same herd, 
and of cows from a. herd that has been 

86 610 
26.2 

491 10 109 

mastitis free for three years, is made in 
Table 4. 

Competent milk judges are beginning 
to associate a salty flavor of milk with 
mastitis. Investigations covering a pe
riod of time during which the milk of in
fected and non-infected cows was scored, 
revealed that samples from infected cows 
were criticized as being salty in 62.7 per
cent of the cases, samples from the non-
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FIGU RE 4. 
The streptococcus infection lfiiiJ become sufficimtly ttctit•e to brettk through the outside ttdder 

tinues. The open sot·es become dmins for tbe pus ttnd bacteria found witbitz tbe infected ttdder. 
The cow pictured ilz Figure 4 was sttcb a ca.re. In this case the open sores were otz tbe opposite 
side of the ttdder from that shown in tbe picture . .. This not onl.y makes the uddet· unsuitable for 
the production of milk ,md ,tids in the further spread of the infection .itz, .tht herd, but the 
mastitis ma.y change the gener,tl physical condition of tbe cow. The slaugh!er·value of sucb a11 
animal iJ greatly decreased, and sbe usually is sold at a great loss as compared to her value pt"ior 
to suffering wiJh mastitis. 

FIGURE 5. 
The physical appeat·mzce of the milk secreted 

is not an accurate indicator of tbe presence or 
absence of mastitis infection. If abnonnal milk, 
wch as is illustrated het·e, is secreted and a11 
injury of the udder is not responsiBle, it sug
gests streptococcic mastitis infection. All of 
tbese milk samples, including the normal ap
pearing milk otz the etreme right, were obtained 
from itlfected cows. This tlortnal ap pearilzg 
milk cotltailled mmzy stt·eptococci and pus cells. 
lt is this abnormal milk that sho11ld itrterest 
the dait·ymall sufficiently to check more accu
rately on the berd conditio1z. A physical ex· 
amination of the ttddet· and labot·atot-y examitza
tiOII of the milk from each cow should be made 
as a basis for a pro per diagnosis. 

JVV.I.'I...t. .. ~a..._. ...._,&. ... ,.._,....,A,_ .- - ..... ---. -- ---

FIGURE 6. 
T be application of sanitary proced~~res in handling the dairy herd are valuable in the con

trol~ streptococcic mastitis within the herd or in keepilzg the het·d free of streptococcic mastitis 
if it is free of the disease, mzd at the same time aid in the productiotz of a clean milk of high 
quality. 

infected cows present in infected herds 
were so criticized in 22.4 percent of the 
cases, and only 14.8 percent of the sam
ples from a negative herd were called 
salty. The cows in the negative herd 
that gave a salty milk were near the end 
of their lactation period. These data 
indicate that not all samples from in
fected cows were criticized as being salty, 
but the majority of them were detected 
as having a salty flavor. Factors, such 
as stage of lactation, milk yield, and ex
tent of • infection undoubtedly have a 
m~rked influence on the salty flavor of 
milk. The intensity of flavor varies di
rectly_ with the percentage content of 
chlondes in the milk. These data reveal 

the desi,rability of having mastitis free 
cows if ~igh · quality milk is to be pro
duced. 

LABORATORY TESTS 

The milk sanitarian makes frequent 
use of certain standard tests and proce
dures to determine the quality of milk in 
his territory. Data dealing w~th the in
fluence of udder infection upon the re
sults of the methylene-blue test, standard 
plate count, leucocyte count, chloride de
termination and thybromol test, are pre
sented in Table 5. It is significant that 
98.5 percent of -the milk samples from 
non-infected cows were of class 1 methy
lene-blue, with 80.5 percent of those 
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from cows with only Brttce/la abortus in
fection of the udder, and only 52 .6 per
cent of the samples from cows with 
streptococcic mastitis were of the same 
class, with the remaining samples in 
classes 2, 3, or 4. In herd composite 
samples, the presence of as little as 10 

TABLE 3 
A comparison of the composition of n01·mal and 
milk from mastitis affected cows as reported by 

numerous ilwestigatot·s. 

Properties 
Changes in milk from 
mastitis affected cows 

Increase Decrease 
Water ········-·-----···-·-------· ·· 
Fat --------------···-----------·----·--
Solids not fat ··--·-·· -·-···---- · 
Casein ··----·--·--------------·--·--
Albumin ----·- ···-···--·-··-- ---
Globulin -------·------··-·····----
Lactose ------·-----------·-----------
Lecithin as percent of fat 
Ash -------------···-------····-------
Chlorides --·····-·-·· ·· ··· ·----· ··
Titratable acidity --··· ·-·---

X 

X 
X 

X 

X 

Acidity (pH) -------·------· ·-- Above 6.8 
Rennet coagulation 

(time) -------·--- ·----·-··-- X 
Catalase --· -······ ·------ ··--·-··· ·· X 
Leucocytes ----···--------·-··----- X 
Bacteria --·---·----·---·····----···· X 
Sediment -----·-·------------------ X 

X 
X 
X 

X 

X 

X 

P~tho~enic streptococci __ Present Absent 
ViSCOSity · ···--· -·--· · ·------ ·- --·- X 
Cream layer ------··--·-------·--- X 
Quantity of milk.............. X 
Taken from report of the Committee on Dairy 

Farm Methods in f. Milk Tech. 1 ( 3} :H 
( 1938.) 

percent of milk from cows with strepto
coccic mastitis was sufficient to reduce the 
methylene-blue quality of the total from 
class 1 to either class 2, 3, or 4. 

The resazurin test is even more sensi
tive than the methylene-blue reduction 
test in detecting a reduced quality of 
milk following udder infection. 

The standard plate count demonstrates 
the same decrease in quality of milk in _ 
the presence of udder infection. Since 
only 5.8 percent of the negative cows 
have a bacterial count of more than 1000 
per cubic centimeter of milk, while 23.4 
percent with Br. abortus and 68.5 percent 
of the streptococcus infected cows gave 
milk with a high count, it is evident that 
disease free cows produce a milk of 
higher qual ity in addition to a safe milk. 

The leucocyte count of the milk, chlor
ide determination, and thybromol tests 
are frequently used as rapid tests to check 
for udder infec:tion, but their results must 
not be taken as final in this respect, since 
they detect only 50 percent, 73 percent 
and 47.8 percent (in the above order of 
rests) of the infected cows and indicate 
false positives in 0. 7 percent, 10 percent 
and 4 percent of the .(:f':s:' . Thes: false 
positive reactions were obtamed m t_he 
milk of mastitis free cows whose m1lk 
was slightly altered in composition with 
respect to that usually can~idered as nor-
mal milk. ""'~ 

TABLE 4. 

A comparison of flavor quality of milk from non-infected and that from infected cows of the 
same herd and of cows from a non-infected herd, 11egative for three years (Herd C) 

Non-infected Cows Infected Cows 

No. of samples Ave. No. criti- No. of samples Ave . . No. crit-
scoring 
~ 

flavor cized scoring flavor icized 
~ 

18-20 21-25 score* "salty•· 18-20 21-25 score "salty" 
Herd A Herd A 

{11-12 cows; 
20.67 (8 cows) 31 17 19.54 27 checked 4 wks.) .... 29 38 17 

Herd B Herd B 
(11-13 cows; 

22 ( 1-3 cows) 11 0 18.1 10 checked 4 wks.) .... 31 76 21.17 
Total samples ---------- 60 114 39 42 17 37 
Percent totaL ......... 34.4 65.6 20.92 22.4 71 29 18.82 62.7 
Herd C *Perfect score is 25 . 

(27 cows; Herd A was sampled once a week. 
checked once) ·--- 4 23 21.2 4 Herd B was sampled twice a week. 

Dr. Percent total ------------ 14.8 85.2 21.2 14.8 Organoleptic tests were made by 
Trout of Michigan State College. 
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The Milk Ordinance of Lansing, Mich
igan, requires that cows producing gra~e 
A, raw milk, be free of tuberculosiS, 
Bang's disease, and streptococcic mastitis. 
The ruling, including streptococcic mas-

titis, was passed by the Board of Health 
in April, 1935, and was followed _by an 
educational program rather than stnct en
forcement. The status of the herds in
volved can be noted in Table 6. The ed
ucational period covering six m_onths in · 
most instances and several years m a very 
Few cases gave the herd owne~s time . to 
work out their own problems m obtam
ing herds free of streptococcic masti~is . 
The dairies concerned cooperated wtth 
the City Health Department, and as . a 
result the City of Lansing is unique m 
that less than 2 percent of its milk s~ppl_r 
is raw milk and all of the raw mllk Js 
Grade A, produced by cows free of tu
berculosis, Bang's disease, and strepto
coccic mastitis. · 

SUMMARY 

Streptococcic mas~itis is _very import~nt 
in a program of mllk samtatwn, c~us1~g 
approximately a 50 percent reductiOn m 

: TABLE 6. 

The numbe;. of i11jected and IZOtl-infected co_w.r 
in each herd when the Board of Health mlmg 

went into effect, and 6 months later. 

Number of milking co~s 
April, 1935 October, 1935 
~-----., 

Not Not 
Dairy Infected infected Infected infected 

1 0 17 0 20 
2 1 5 0 6 
:) 4 14 0 15 
4 1 . 7 0 6 
5 · 16 10 0 13 
6 22 12 0 22 
7 6 6 0 12 
8 3 9 0 15 
9 1 6 0 7 

10 6 5 0 14 
11 10 4 0 11 
12 1 8 0 9 
13 24 34 0 32 
14 17 7 16 16 
15 4 0 1 2 
16 4 3 3 4 
17 9 6 (Is pasteurizing now) 
18 20 0 (Is pasteurizing now) 
19 (Discontinued selling before the 

herd was tested) 
20 2 11 0 13* 

Total 151 165 20 217 

•Discontinued selling mi lk. 
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quality as determined by chemical, bac
teriological, and organoleptic tests. 

The application of sanitary procedures 
in handling the dairy herd with the view 
of controlling streptococcic mastitis has 
additional virtue since the milk produced 
will be of higher quality than when such 
procedures are not practiced. 

A number of states have made great 

Permanency of the stainless steels. V . N . 

Krivobok. Metal Progress 34, Sept., 223 
(1938) . 

No alloy exists which is equally resistant 
to any and all corrosive media and under any 
and all conditions . The permanency of the 
stainless steels is contingent on proper construct
ion and care in service. Microstructural stabil
ity of the chromium-nickel steels is enhanced 
by the addition of columbium or titanium. 
These diminish the corrosion induced by car
bide precipitation. The addition of molyb
denum has been found to reduce the pinhole 
type of corrosion. Such an alloy has the follow
ing composition: carbon 0.12% max., chrom
ium 16-20%, nickel 8--14%, molybdenum 
2.5-3.5%. 

Pinhole corrosion is induced or accelerated 
by the severe straining of the metal, such as a 
deep scratch or the cold shearing of the edges, 
but besides this, the reason for this local selec
tive attack is not known. The mechanical 
properties of the molybdenum steels will vary 
with the relative amounts of austenitic and 
ferritic phases present. When the nickle runs 
12-14% and the chromium about 17%, the 
formation of ferrite is suppressed, and the alloy 
is austenite throughout. Generally, these steels 
are not as pliable and ductile as the correspond
ing alloys without molybdenum. As in the 
Cr-Ni-Fe stainless sl:eels, the austenite of alloys 
with molybdenum is not a stable phase in the 
true sense of phase equilibrium but undergoes 

strides forward by requmng a physical 
examination of the udder of each cow 
that is to produce milk for sale. The 
city of Lansing, Michigan, has taken one 
more step, and requires that cows pro
ducing Grade A raw milk must be free 
of streptococcic mastitis in addition to 
being free of tuberculosis and Bang's 
disease. 

change with temperature. Short time heating 
(as in welding) may or may not cause carbide 
precipitation, depending on composition, thick
ness, and other factors . 

The addition of columbium to molybdenum
bearing alloys is receiving attention. The use 
of silicon imparts resistance to high tempera
ture (1650° F.) oxidation. Manganese is be
ing substituted for nickel in those countries 
where the latter metal is scarce. The inevitable 
small changes in temperature or in concentra
tion of corrosive agent w'i.l.l not "cha;ge the alloy 
from "passive" to "active.'! · 

The tests in common use for checking on the 
processing of the metal and methods of con
struction are: ( 1) boiling in. concentrated nitric 
ttcid for 48 hours, calcula1liig as weight loss, 
and reporting as inches of penetration in unit 
of time; (2) boiling in solution of copper sul
phate and sulphuric acid under reflux condenser 
to detect precipitated carbides, often in the 
welded material; ( 3) immersing in 10% nitric 
and 4% hydrofluoric acids at 140° I!. or boil
ing, to evaluate the properties of the welded 
metal; ( 4) immersing in ferric chloride solu
tions (at times modified by the addition of 
sodium chlorid~) to judge resistance to pin
hole corrosion; and ( 5) salt spraying for gen
eral corrosion resis tance. 

DigeJt : Permanency of the microstructural 
stability of stainless steel is only relative, and 
c,m be enhanced by addition of other metals 
and by careful use. 

J. H. SHRADER. 
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The Pouring Lip and Cap As 
Sanitary Factors in Bottled Milk 

Lloyd Arnold, M. D. 

Department of Bacteriology and Public Health, University of Illinois, 
College of Medicine, Chicago, Illinois. 

Doctor Harvey D. Thatcher of Pots
dam, New York, in 1884 introduced t_he 
glass milk bottle. The, disc cap was In

troduced in 1889. Both the bottle and 
disc are used now -with little modifica
tions since they were first put into com
mercial use. 

It is ne~essary to standardize tech_nic~l 
procedures in order to do sound sCienti
fic work. The methods, technic, etc. 
must be of such a nature that each step 
can be duplicated and repeated in any 
laboratory. This is a well-kn~wn ~nd 
universally recognized method m SCI~n
tific work. When we began our studtes 
it was necessary to first determine the 
area of the glass bottle which should be 
covered by the closure in order _to p:e
vent contamination of ·the pounng hp. 
We constructed a simple apparatus for 
poUii.ng a series of six bot_tles of ~i!k at 
the same time under identical condttions. 
This allowed us to compare the behavior 
of fresh, fluid milk poured out o~ bottles 
with six different types of .fimshes or 
dressings. 

LIP CONTAMINATION 

It became apparent very early in our 
work that we were dealing with a prob
lem in physics. We used fresh fluid 
Grade A pasteurized milk in all of our 
studies. The cohesive forces of such a 
standard fluid could therefore be con
sidered as a constant. The adhesive forces 
of the qlass surface over which the milk 
was poured was the principal variant 
when the pouring technic was uniform 
for all bottles under all conditions. We 
soon observed that a smooth glass surface 
ex-erted considerable adhesive pull so that 
a film of milk spread over this surface, 

thereby increasing the size of the pouring 
lip. 

The results of this study have been re
ported (Arnold, 1938) *. The use of a 
standard pouring apparatus allows one 
to determine the behavior of milk poured 
from glass bottles of different designs. 
The area to be covered by a closure for 
various types of bottles can readily be 
determined by this method. 

The ·experiments and discussioi?- pre
sented in this paper are an extensiOn of 
the above mentioned article, and deal to 
a great e:itent with the principle to be 
considered in -the sanitary closure of glass 
milk bottles. 

The following experiment was carried 
out to determine the influence of the 
dripping of the milk down the side of 
the bottle upon contaminating subsequent 
samples poured from the same bottle. 
Quart bottles with common sense fin
ishes were sterilized and filled with fresh 
fluid Gtade .A pasteurized milk. The 
external surface of the bottle 1 Y2 inches 
below the top rim were seeded with a 
twenty-four hour old culture of B: pro
digiosus for a distance of two mches 
around the circumference of the bottle. 
The culture was placed on -this wide zone 
by means of a sterile cotton swab. One 
hour was allowed to elapse to allow the 
culture fluid to evaporate. Hand pours 
were done in the following manner. One 
glass of milk was poured and discarded. 
Two successive pours were made into 
sterile glasses. Five cc. of milk were 
removed from each glass and divided 

• Arnold Lloyd: A Glass Milk Bottle with Narrow 
Pou~ing Lip and Minimum Drip. 
J, Milk Tuhnol . 1, 6. 5-14 (Sept., 1938}. 



between two agar pour plates. One hun
dred and eighty bottles were poured in 
this manner. Thirty-eight of the second 
and third pours were contaminated with 
B. prodigiosus. Twenty-one percent in
dicated the drip returned to the top of 
the bottle and was transferred to the glass 
of milk during pouring. 

We could not repeat this experiment 
with bottles types 14, 21 and 31 (Ar
nold, 1938) because these dressings do 
not allow dripping of the milk. 

CAP CLOSURES 

There seems to be considerable con
fusion regarding the closing of milk bot
tles. There is little unbiased scientific 
information available. The disc or plug 
cap is used to close the bottle. These 
discs do not properly protect the milk 
against contamination and adulteration 
during the average handling procedures 
in dairy practice. The pouring lip has 
no protection when a disc cap alone is 
used. Various other devices are used to 
augment or replace the disc cap. These 
are composed of paper, metal, cellophane, 
and other materials. Bottle finishes have 
been designed to receive certain types of 
caps. 

There are a few basic factors that 
should be considered in connection with 
the closures of milk bottles. The disc 
or plug cap has been used for many years 
and its form, consistency, and construc
tion have been standardized. This cap 
serves to hold the milk in the bottle. In 
order to facilitate easy removal of the 
disc from .the bottle, wire holders which 
perforate the disc and paper tabes which 
are a part of the disc are extensively used. 
The primary purpose of the disc cap is to 
make the bottle liquid tight. The disc 
cap can be removed and replaced with 
ease. .This serves a useful purpose in the 
home tf the bottle is not emptied imme
diately after opening. The hood or ex
tern_al closure is for the purpose of pro
tecting the pouring lip and the disc from 
contamination. The disc cap used at the 
present time is porous. The material 
forming the ·external closure or hood 

should be as near sterile as possible; it 
shou!d be non-absorbent, impermeable, 
and mert. It would be desirable to have 
disc caps conform to the same high sani
tary standards. 

SANITARY CAP REQUIREMENTS 

We think, after several months of 
study,. that the closure of a glass bottle 
of mdk should meet the following gen
eral sanitary standards: 

First-The closure should cover and 
protect that portion of the external sur
face of the bottle in contact with the 
milk during pouring or what is usually 
called the pouring lip. 

Until a better method has been de
veloped,. the. Standard Pouring Machine 
as deswbed m the Journal of Milk Tech
nology, Joe. cit., can be used to determine 
the area designated as the pouring lip. 

One practical test for the efficiency of 
the closure of a bottle of milk is to smear 
the glass just below the closure with a 
B. prodigios11s bro.th culture. Remove 
the closur·e and pour the milk. Several 
glas~es of milk should be poured in suc
cessiOn, and 10 cc. of tn.ilk -from each 
glass put into sterile "test· tubes and incu
bated for forty-eight hours. The red 
color developing indicates the milk con
tacted the zone below the closure. 

Second-The closuF6-. ·of the bottle 
should be so constructed and formed that 
it cannot be removed and replaced by 
hand without detection. 

An absolute tamper-proof closure 
would be a burglar-proof closure. This 
is obviously impractical. A common
sense interpretation must be placed upon 
this rule. 

Third-A closure of a bottle should 
be accomplished by means of a mechani
cal automatic machine in the dairy. 

Hand operations increase the hazards 
of contamination. Hand capping de
vices do not yield uniform results due to 
variations in pressure, time, etc. of the 
hand power used in this operation. Milk 
bottle closures applied by hand are not 
tamper-proof. The mechanical applica
tion in the dairy of the closure insures 

uniformity of operation and safety of the 
fluid milk contents of the bottle. 

Fourth-The material forming the 
dosure of the bottle should have smooth, 
inert, and non-absorbent surfaces. 

Porous materials allow milk to per
meate and to be absorbed. Porosity can
not be· controlled. Chemical substances 
and bacterial contamination can be trans
mitted to milk when it is in contact with 
permea:ble and porous surfaces. The safe 
public health procedure is to use only 
non-absorbent materials as closures for 
bottles of milk. 

Fifth-The closure shall maintain its 
form and seal under variations in tem
perature ordinarily .·encountered in dairy 
practices. 

Milk sh9uld be protected against con
tamination due to defective closures pro
duced by hot or cold weather conditions. 
Extremes in weather are unusual, but 
average temperature changes should not 
expose the milk to contamination. 

Sixth-The closure should not be 
broken or punctured by the use of ice in 
maintaining the proper temperature of 
bottled milk. 

It is necessary to keep milk at a low 
temperature. Several methods are now 
employed. Direct icing of closed bottles 
of -, ilk is common practice. Contam
ination of the milk would occur if the 
closure were punctured or loosened by 
such a refrigerating method. 

Seventh-The material forming the 
closure of the bottle should be of such a 
sanitary quality that no bacteria, chemi
cals, extractives, etc., can be transferred 
to the milk. 

The purpose of this closure is to pro
tect the milk against contamination and 
adulteration. Such a closure should be 
free of viable bacteria, non-absorbent, im
permeable and inert. 

Eightb-It would be advantageous and 
desirable in the interest of protecting the 

health of the public if in addition to the 
above suggested standards, the following 
could be considered: 

a) It would be desirable to have the disc 
cap as impermeable, inert, and sterile 
as. the hood or external closure. 

b) It would also be desirable to retain a 
protective covering over the opening of 
the bottle of milk after a portion of the 
contents have been removed. 

c) It would be desirable that the closure, 
when removed, leave the smooth glass 
surface of the bottle clean with no ad
hering substances. 

PROJECTED STUDIES 

Fifteen different closures for milk bot· 
ties have been studied. This work is 
still in progress. The manufacturers of 
closures for milk bottles are resourceful 
and competent; they are developing and 
perfecting new closures. One of the pur
poses of this study was to clarify this 
field and indicate desirable future trends 
in the sanitary closing of milk bottles. 

The absence of standards to determine 
the area of glass to be covered by a clo
sure, and confusion as to the fundamental 
purposes of the closure have retarded 
progress. There has been a tendency to 
alter the 'finish of the glass bottle so as 
to be able to close it with a cap as eco
nomically as possible, disregarding sev
eral essential sanitary fea:tures. It should 
be kept in mind that there are certain 
minimum sanitary standards; these can
not and ·should not be sacrificed for econ
omy of closure. The closure should pro
tect the pouring lip. A smaller clo
sure may be more economical, but the 
hazard to the health of the consumer off
sets any pecuniary advantages. The prob
lem resolves itself into two parts, name
ly : ( 1) the development of a finish of 
glass milk bottles so as to reduce the area 
to be covered by a closure to the mini
mum, that is a narrow pouring lip with 
no drip, and (2) the covering of this 
area with a sanitary closure which will 
safeguard the contents. 
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Summary of the Report of the Chief of the 
Bureau of Dairy Industry, 1938* 

INTRODUCTION 

Nearly 40 percent of the whole milk 
produced in the United States is made 
into but~er and cheese. Of the nearly 
46 biiiion pounds of skim milk available 
for processing annually, about 38 billion 
is used as livestock feed, less than 7 bil
lion is used for human food, and about 1 
billion for making about 35 million 
pounds of casein. 

The Bureau has worked out methods 
for packaging skim milk powder in small 
consumer-size units for home cooking. 

A plant is now in active production 
of lactic acid by fermenting the milk su
gar of the whey from casein manufacture. 
Recently the Bureau has found it possible 
to make a resin from lactic acid. This 
promises to be useful in making varnishes 
and lacquers that are resistant to alcohol 
and water, and that adhere to metals. 
Experiments are now under way to con
vert lactic acid into acrylic acid or acry
late esters, used in making plastic glass. 

The Bureau's new process in the utili
zation of casein whey recovers the milk 
sugar somewhat more cheaply than form
erly by making available the soluble al
bumin (useful in infant foods) and a 
residue rich in flavins (used by feed man
ufacturers) . A new process enables the 
smaller cheese factories to concentrate and 
preserve whey for sale to feed manufac
turers and confectioners. 

The production of butterfat in the 
Bureau's experimental herd, over the past 
twenty years has increased by 52 pounds 
per cow per year (678 to 730 pounds) 
in the Holstein-Friesian herd, and by 40 
pounds (634 to 674) in the Jersey herd, 
by the use of sires of known transmitting 
ability. 

* Report of the Chief of the Bureau of Dairy In
dustry, 1938. U. S. Department of Agriculture. 

DAIRY HERD IMPROVEMENT 

The number of associations increased 
11.5 percent during .the year 193 7, reach-' 
ing a total of 1,106, and these also 
showed an increase in association mem
bers. During 1937, .the average butter
fat production of cows on test in dairy 
herd improvement associations was 320 
pounds whereas that of all cows in the 
United States was estimated to be only 
170 pounds. In the last ten years, the 
average yearly butterfat production of as
sociations has increased about 30 pounds 
per cow. Copies of proved sire records 
for 1068 sires are available for local 
agents and cow testers. 

The earlier program of the herd im
provement associations has been expanded 
from providing feed and production 
records on individual cows to include a 
progressive breeding pr.ogram: . ,,f . 
BREEDING, FEEDING, AND MANAGEMENT 

INVESTIGATIONS 

Projects have been continued to de
velop pure strains for.Jiigh lev,el of pro
ductiOn through the continuous use of 
unrelated proved sires. 

On the average, 29.2 and 29.0 percent 
of the total milk yield was obtained from 
~he left and right rear quarters, respect
Ively, and 20.2 and 21.6 percent from the 
respective left and right front quarters. 
Specimens of udders have been classified 
and mounted on panels for display. 

DIVISION OF NUTRITION AND 
PHYSIOLOGY 

Carotene. It has been determined that 
cows in the experimental herd required 
86 miHigrams or more of carotene daily 
to produce strong and normal calves. De
ficiencies can be supplied by cod-live!.' 
oil and equally well by feeding 5 pounds 
of carrots daily when not milking and 20 
pounds when milking. The addition of 
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bonemeal to a low-calcium timothy hay 
ration has not shown any beneficial effect 
on growth. Methods are being studied 
to determine the carotene in cattle feeds. 
Whereas roughages were formerly re
garded as necessary for their indigestible 
material, they now are recognized as 
also va:luable for their contents of min
erals and vitamins. 

Discrepancies between the spectropho
tometric and biological determination of 
the vitamin A potency of butter have led 
to studies which reveal the presence of 
several pigments in butter. 

DIVISION OF DAIRY RESEARCH 

LABORATORIES 

Oxidized flavor. Extensive data show 
that the oxidized or metallic flavor of milk 
is not due to enzymic action but to an 
oxidation which occurs only when certain 
conditions in the milk are favorable. The 
most important factor to cause this is an 
inorganic catalyzer, particularly salts of 
copper. No particular feed is involved 
except that the difficulty is much more 
likely ·to occur in milk from cows on dry 
feed . 

Mastitis. An investigation into certain 
phases of mastitis makes it possible to 
trace the development of the infection. In 
some- cows, before any significant evi
dence of bacterial invasion occurs, there 
are indications of an inflammatory con
dition of •the udder, particularly an in
crease in leucocytes and chlorides in the 
milk. In other cows, typical mastiditis 
streptococci are present for considerable 
time before other significant changes oc
cur in the milk, or before a definite in
fect ion of the udder takes place_ More 
or less coincident with a chlorides con
tent of over 0.12 percent, there occurs a 
marked increase in the numbers of leuco
cytes and infecting organisms, and a 
marked loss in the rennet-coagulating 
property of the milk. As the disease 
progresses to its peak, the pH value of 
~e milk is markedly changed and there 
IS further loss of rennet coagulability. 
Following the peak of the disease, the 
numbers of infecting organisms and the 

percentage of chlorides are reduced, but 
there is a continued abnormality in pH 
value and in number of leucocytes until 
a marked trend toward recovery is evi
dent. 

These changes may be produced, almost 
at will, by increasing the severity of ma
chine milking; that is, by increasing the 
vacuum and extending the time of opera
tion of the machine. The inference may 
be drawn that one of the conditions es
sential to the development of mastitis is 
an injury to the udder that eventually 
lowers the resistance until the invasion of 
the udder tissue by bacteria is possible. 
Attempts to induce mastitis when the 
udder has not been injured usually fail. 
The increase in chlorides in the milk may 
be taken as evidence of an injury to the 
udder tissue which permits the infiltration 
of blood serum into the milk. 

Germicidal property of milk. The 
germicidal property of the milk from dif
ferent udder quarters affected by mastitis 
varies with the quarter, and tends to be 
correlated with the number of leucocytes. 
This germicidal property increases with 
the severity of the infection until a gen
eral breakdown in resistance occurs. 

Casein tiber. Research on the casein
tiber project have been directed to finding 
substances which will increase the strength 
and water resistance of the fibers without 
sacrificing flexibility. Nine applications 
for pate~ts. have been .filed. 

Constitqents of whey. The alcoholic 
extraction of the various constituents of 
whey has been successful on a laboratory 
scale, and pilot-plant equipment is now 
being assembled. The process essential
ly involves the extraction of whey powder 
or concentrated whey with hot alcohol. 
The insoluble residue removed by filtra
tion consists of water-soluble protein-rich 
material, practically free from lactose and 
exhibiting excellent whipping properties. 
On standing, 80 percent of the theoretical 
yield of lactose separates out, giving a 
high grade product with one crystalliza
tion. On evaporation of the alcohol, a 
third product is obtained which includes 
the salts, some lactose, and riboflavin 5 to 
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10 times its solids content of the original 
whey powder. The riboflavin can be 
used ?rofitably ~s ~ constituent of poultry 
feeds! t~e wh1ppmg properties of the 
protem-ncb fraction will probably be val
uable in certain food products and m 
confections. 

_Whey has been particularly useful in 
dned soups, and also in pea and bean 
s~ups. It ~an be used to advantage with 
d1fferent kmds of candy, such as brittle 
wheyfers, taffy, caramel, fudge, whipped 
fudge, and others. It is a substitute for 
milk solids, sugar, and corn syrup at the 
~arne '!r lower costs, at the same time 
mcreasmg the nutritive value of the 
c~ndy, producing a mildly sweet confec
tron, and e~iminating the development of 
a hard casem curd during the cooking. 

Ice cream. The relation of temperature 
to ~verrun has been reduced to a mathe
matical formula. Whipping capacity is 
thus meas~red as a reproducible property 
of a~y m1x. These results indicate that 
the trm~ wasted by the common method 
of ~reezmg and whipping back, with the 
re~ng~rant cut off, may be avoided by 
adJustmg the freezing so that the desired 
t~mperature and overrun may be reached 
Simultaneously. 

Aging of mix. The effects of aging 
have been shown to be associated with the 
heating of the mix, as in pasteurization, 
a_nd not to be caused mostly by the set
tmg of the gelatin. Homogenization 
augments the effects of aging. The 
chan~es duri~g aging are fundamentally 
associated wrth the milk constituents 
other than fat. 

. Overrun with butter. The long known 
?rffic~lty of securing a normal overrun 
m m1xes made with butter can now be 
~ecured normally if the butter is first made 
m~o cr~am ~y homogenizing the butter 
w1th sk1m milk, and then using this cream 
as normal ~rea:n in preparing the mix. 
In fact, wh1ppmg properties better than 
normal ~an be secured by making the 
cn;am w1th butter and diluted skim milk. 
M1xes made with butter in this manner 
whip much more rapidly than mixes made 
from normal cream. 

Cheese. More uniform production of 
cheese from day to day is facilitated by a 
new method of analyzing the curd as it is 
dipped_ fro_m the kettle, giving a close 
approx1mat1on to the composition of the 
green cheese. The water and fat content 
are important factors in the control of the 
eye formation, the flavor, and the texture 
of the Swiss cheese, and this content is 
subject to a combination of variables dur
ing manufacture. 

Some Swiss cheese of good quality has 
~een m_ade experimentally from pasteur
IZed mrlk, but there is a tendency for 
~hese cheeses to retain too much water. It 
IS clear that new methods will have to be 
devised for moisture control in this kind 
of cheese before uniform results can be 
obtained. 

The deleterious eff~cts of using milk 
from cows affected w1th mastitis may be 
overcome by clarification through the re
moval of leucocytes and other cellular 
material from the milk. 

. The use of the methylene blue reduc
tiOn test shows that as the reduction time 
of the ket_tle milk incre.i\§es, _there is a. 
correspondmg decrease,· ip the proportion 
of und~rgrade Swiss c~eese, and these 
grades mcrease sharply if ·the milk has a 
re?~ction time of 3 hours or less. An 
ac1d1ty at _dipping ab~. pH 6.51 indi
cat~s a fad~re of the acid-forming bac
tena to ~egm growth properly, and the 
cheese w1ll almost certainly be under
g~ad~. On the other hand, an acidity at 
d1~p~ng belo:v pH ~.36 shows too great 
actlVlty of ac1d-formmg bacteria, and the 
c~ances are about even that the cheese 
wtll be undergrade. The chances o.E. 
!llaking a ~o. 1 or ~pecial grade cheese 
IS greatly mcreased 1f the pH value at 
dipping is between 6.36 and 6.51. 

With regard to Cheddar cheese not
withstanding the fact that the ma~ufac
ture of this kind of cheese has been es
tablis~ed_ for a great many years, there is 
no cntenon on which a standard of milk 
quality can be based, no dependable ru:le 
~or. the development of acid, no exact lim
l~atrons on water content, and no estab
lished relation between these factors and 
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the temperature at which the cheese 
should be ripened to obtain the required 
flavor. 

The manufacture of a Cheddar cheese 
that at a high temperature exudes only a 
slight amount of fat has been made pos
sible by first homogenizing the cream, 
then adding this to the skim milk, pas
teurizing to destroy the lipolytic exzymes, 
and proceeding by the usual process. 

There has been an increased interest in 
canned Cheddar cheese, and three com
panies are now packing cheese in cans as 
an established procedure. Two others 
are making trial packs. The experience 
of these factories demonstrates that if 
sufficient care is exercised in the sd ection 
of the milk and th~ inspection of the 
curd, ·the loss from poor quality is negli
gible. One <of the companies that has 
been packing the cheese for its own stores 
uses exclusively a 5-pound can containing 
10 individually wrapped half-pound 
prints . One used both 2-pound and 12-
ounce cans intended for direct sale to the 
consumer. 

MARKET MILK INVESTIGATIONS 

Mastitis. Studies on mastitis support 
the following observations: ( 1) There is 
a trend toward increased chloride content 
of the milk as the lactation period ad
vances. (2) Some cows apparently with 
no mfection consistently produce milk 
with a chloride content higher than that 
considered normal. (3) Many cows with 
mild udder infections produce milk with 
a chloride content and a leucocyte count 
within the limits usually regarded as 
normal. ( 4) An abrupt rise in chloride 
content and leucocyte count in the milk 
of a previously normal cow, even though 
they remain within the so-called normal 
limits, strongly indicates the beginning of 
an infection. 
T~e organisms associated with an epi

~ootr~ of mastitis reported last year were 
rden~rfieq as Pseudomonas aemginosa. 
1Prev1ous descriptions of this organism 
we~e e_rroneous in regard to certain of 
therr bwchemical reactions. 

Bottle losses. A report on ways to re
duce bottle losses has been published, to-

gether with a digest of the principal state 
laws regarding the use and misuse of milk 
bottles. Protection of owners is accorded 
by registering the bottles with the proper 
state official. The bottle laws of a state 
are enforced in most localities by the bot
tle exchange. 

Single service containers. In New 
York City over 300,000 units are sold 
daily in paper containers, principally 
through the chain stores, and practically 
all milk handled by chain stores in Phil
adelphia and Baltimore is in single-ser
vice containers. While the paper con
tainer itself costs more than glass bottles 
(which average approximately 30 trips) 
including the washing of the glass bottle, 
considerable economies can be effected in 
the delivery to stores if the entire load of 
the delivery truck consists of milk in 
paper because of the smaller space and 
lower weight required as compared with 
glass. Although paper containers are 
not used to any extent for r·etail delivery 
of milk, they are used quite extensively 
for sale of rpilk through stores and their 
use for this ·type of business seems to be 
increasing. 

Bottled cream. A good quality of bot- . 
tied cream could be produced in a coil
vat pasteurizer, even with the coil re
volving at a speed of 60 revolutions per 
minute, provided the cooling of the cream 
is done over a separate cooler. When 
the cream was cooled in a vat, however, 
a cream plug would form on the bottled 
cream with_in 24 hours at room tempera
ture, and within 48 hours at refrigerator 
temperature. This tendency to form 
plug was more pronounced as the amount 
of cooling in the vat increased. When 
the cream was cooled to only approxi
mately 100° F. in the vat and the re
mainder of the cooling was done over a 
separate cooler, no plug resulted; but as 
the cream was cooled further in the vat, 
the tendency to form a plug increased. 

Agitation of the raw cream at all temp
eratures between 40° and 100° F. re
sulted in a tendency to plug formation, 
but the most critical temperatures seemed 
to be between 60° and 85°. At these 



tlUREAU OF VA1RY 1NDUSTRY 

temperatures, the fat globules tend to 
form dusters and to churn easily. At 
lower temperatures the fat is in a more 
solid state, and at temperatures above 
95_" t_he fat is melted. The practical ap
plication of these results is that cream 
should always be below 50° and the milk 
or. cream should be handled quickly and 
wrth a minimum of agitation, especially 
between 55° and 85° 

Curd tension of milk. The foliowing 
method of making curd-tension determin
ations has been found to be satisfactory: 

The coagulant, N / 10 hydrochloric acid 
containing 0.45 percent of pepsin, is made 
fresh daily. Ten milliliters of coagulant (at 
3 5° C.) is put into a 200-milliliter tall-form 
beaker. To the coagulant is added 100 milli
liters of milk (at 3 5° C.) . The milk is 
blown fr?m a 100 milliliter pipette, which 
has the t1p removed so that it drains water 
in approximately 4.5 seconds. The milk is 
blown from a pipette held vertically over 
center of beaker in approximately 3 seconds. 
The contents of the beaker are not rotated. 
The ~ea_ker co?-taining the milk and coagu
lant IS 1mmed1ately placed in a water bath 
at 35° and kept there for 10 minutes. 

In measuring the curd tension, any instru
ment may be used which has the American 
Curd-o-meter-.type knife or a knife having 
the same de~1gn and amount of cutting sur
face. The . mstrument, however, must give 
an automatiC movement of the knife or re
ceptacle at a constant speed. The speed of 
th~ kni~e used in this work is approximately 
1 mch m 7 seconds. The curd tension (in 
grams) is recorded as the steady value after 
the knife has started through the curd . 

Samples are run in duplicate. If the curd 
tension of the duplicate samples varies more 
than I 0 percent, the sample is retested. If 
the variation is 10 percent or less, the aver
age of t~e two readings is reported as the 
curd tenswn for that particular sample. 

. Alt~10ugh it is impossible to measure 
drgestron accurately in vitro because con
~itions in ~he_ stoma_ch cannot be exactly 
s!mulared, rt rs possrble to secure indica
tions of the digestibility. The method 
used was as follows: 

Th~ re~gen~, consi~ ting of N/10 hydro
chione ac1d Wit~ pepsm as the digestant, was 
added to the mllk to bring the pH value of 
!he mixture of milk and digestant to approx
Imately 3.5. The mixture was held in a 
w~ter-ba~h at 3 7. 5° C., and agitated at 15-
mmute mtervals. The amount of digestion 
was measured by formol titration. 

The results obtained indicated that soft
curd milk starts to digest more rapidly 
than hard-curd milk, but that it is not 
more completely digested at the end of a 
reasonable time. 

Raw milk, having a curd tension of 75 
grams by the Hili method and 46 grams 
by the hydrochloric acid-pepsin method, 
was boiled. This lowered the curd-ten
sion to 24 grams and 9.6 grams by the 
two methods respectively. 

The greatest increase in the rate of di
gestion of soft-curd (boiled) over hard
curd (raw) was during the first 15 min
utes. During this time, an average of 
76.5 percent more digestion took place in 
the soft-curd milk than in the hard-curd 
milk. After the first 15 minutes, the 
average difference in the amount of di
gestion which had taken place in the raw 
and b?iled milks · decreased, the differ
ences m favor of the latter being 34.8, 
25.0, 17.2, 10.3, 8.49, 1.69, and 0.40 
percent at 30-minute 45-minute 1- 2-
3-, 4-, and 5-hout idtervals, respecti~ely: 

Homogenized milk seems to be more 
rapidly but not more completely digested 
than the original milk. .-~ 

Corrosion of met'ai;: Studies were 
conducted on the corrosion of 100 and 
200 p.p.m. of available chlorine on 13 
metal~. (Editor.-TJ:!e pH values are 
not grven.) On the <ba5is of .the weight 
loss, the aluminum alioys showed the 
greatest corrosion, then the copper alloys, 
and least were the stainless steels (8-18 
and nickel-chromium-iron 80-12-8 ratio). 

Dissipation of chlorine. When test 
strips of metal were immersed in the 
chlorine solution for 30 minutes the 
aluminum aiioys reduced the ava'aal5le 
chlorine of the hypochlorites 10 to 40 
percent, but the strengths of the chlor
amine-T solutions were practically unaf
fected . The other metals had practicall}l 
no effect on the available chlorine. 

. A solution of chloramine-T (with so
drum carbonate) decreased in strength 
from the original value of 312 p.p.m. of 
av_ailable chlorine to 301 p.p.m. after 5 
mmutes or after washing the udders of 
11 cows. J. H. SHRADER. 

Summary of 1938 Report of Research Committee of 

The American Butter Institute 

J. The Problem of LoSJ iu Weight itr Pril1t 
Butter, V. L. Turgasen, Chairman. 

There is a definite loss of moisture in print 
butter irrespective of methods of churning, 
working and otherwise preparing butter for 
individual package form. further studies will 
be necessary before definite and comprehensive 
data can be presented.· 

II. The Study of Methods of Applimtiou of 
pH. D11termination in Butter Se1·a. C. H. 

Parsons, Chairman. 

The pH measurement of butter sera is be
coming of i~!Creasing importance as a means of 
predicting as well as controlling the keeping 
quality of butter. The two most practical 
methods used are the colorimetric and the elec
trometric. Of these two methods, the electro
metric is the more reliable. 

The electrodes most used in the electrometric 
measurements are of two types, the glass elec
trode and the quinhydrone electrode. There is 
a growing tendency in butter control work to 
avo1' the quinhydrone electrode for the follow

ing reasons : 1. The Quinhydrone Electrode 
appears to be a little bit more foolproof and 
less susceptible to breakage; 2. The Quinby
drone Electrode can be used on butter sera even 
though it contains some residual fat whereas 
if the Glass Electrode is used in this same type 
of sera, it must be thoroughly cleaned with 
acetone or some other suitable solvent before 
the next measurement can be made; 3. While 
the measurement of pH with a Glass Electrode 
can be made more rapidly, however, unless the 
precaution of keeping the electrode en-tirely 
free of grease film is meticulously observed, in
accurate results may be obtained. The Quin
hydrone Electrode is much simpler to clean; 
4. There is an apparent need for standardiza
tion of procedure in preparing the butter serum 
$11mples for pH determinations by the electro
metric methods. 

In a detailed study of approximately 5,000 
individual butter churnings subjected to the 
keeping quality test at 70 ° F. for eight days, 
an average loss in score of one point was ordin
arily obtained when the pH of the freshly 
churned butter was maintained within the pH 
range 6.6-7.0. An average loss of one•half 
point in score resulted when the acidity of the 
butter was maintained at pH of approximately 
6.7. The butter samples involved in this 
study were made in the States of Ohio, Indi
ana, Illinois, Iowa, Missouri, Nebraska, 
Kansas and Oklahoma. It was also observed 
that when the salt content of butter exceeded 
2 %, there was a tendency for an increasing 
loss in score, other things being equal. 

III. The S·tudy of Methods for Determiniug 
the Keeping Quality of Blllter, C. H. Parsons, 

Chairman. 

About 800,000 tests have been made on but
ter which has been scored for quality after in
cubating seven days at 70° F., and about 200,-
000 tests have been made after holding butter 
fourteen days at a temperature of 60° F. The 
results indicate the following: 

1. Butter which has been carefully judged 
for its quality ·by scoring, held fourteen days 
at a temperature of 60° and then carefully 
scored again, tends to give fairly reliable in
formation as to what can be expected of this 
butter when handled under average merchan
dising conditions. Properly manufactured but
ter will show very little loss in score (not over 
one point) in the above test. If this butter has 
a tendency to deteriorate in merchandising 
channels, it will show about the same sort of 
deterioration in the above outlined test . 

2. Butter held seven days at a temperature 
of 70° tends to indicate practically all. of the 
flavor defects which it may contain. with the 
exception of Iimburger or surface taint. Such 
defects may or may not manifest themselves 



in this test. Butter which is inclined to de
velop Iimburger taint while it may not show 
chis defect as a Iimburger taint in this test, 
usually will show a peculiar type of cheesiness. 
We recommend that instead of holding butter 
seven days at 70° F., the keeping quality test 
be modified to ten days at 65°-68° F. if Iim
burger or surface taints are to be included. 

3. The keeping quality test embodying 
holding butter at a temperature of 70° F. for 
seven days has come into rather extensive use 
by the industry. Collectively, the number of 
keeping quality tests which have been made 
under the supervision of the members of the 
Research Committee has been estimated at ap
proximately two million. It has become an 
indispensable test to those responsible for the 
quality maintenance of creamery butter. 

4. The indications are that butter held 
fourteen days at 60° F. will compare favor
ably with butter held ten days at 65-68° F., 
and the results of either of these tests will sim
ulate average commercial conditions under 
which this butter is held during its period of 
merchandising. 

5. While there is the practical objection to 
keeping quality tests that the merchandise in
volved is often consumed or in trade channels 
before the results are known, generally the ex
perience has been that defects are the results 
of cumulative quality control imperfections or 
faiiures. Therefore, close and serious atten
tion to the results of keeping quality tests will 
enable the creamery using the same to antici
pate trouble in many instan.ces before the de
fect reaches a stage of development whereby it 
becomes noticeable to the trade. 

IV. The Handling and Checking of Stauda1·d 
Solutions for Members of the lnstitttte. Lab

oratory Management Committee. 

The Institute Laboratory is prepared to sup
ply standard solutions to members of the Insti
tute upon request. 

V. The Study of Comparative Methods for 
Detennitzing Numbers of Molds and Yeast itz 
Salted and U1zsalted Butters, R. V. Hussong, 

Chairman. 

Substantial changes in the methods of but
termaking have given rise to defects which 
otherwise might not as readily develop. The 
most troublesome have been the so-called "Iim
burger" and "surface" taints, and these are 
not adequately controlled by evaluating ~he 
number o.f molds and yeast in ~alted' and un
salted butters. Research work is under way in 
the laboratories of members of the Research 
Committee as well as several Agricultural Col
leges to develop a method which will antici
pate such taints due to microbiological con
taminations or infections. 

VI. The Study of Special Chemical Methodl) 
for Evaluation of Quality in Creamery Butter, 

R. V. Hussong, Chairman. 

In the past year considerable attention has 
been given the application of 'the phosphatase 
test to market milk supplies for attesting the 
thoroughness of it~ pasteurization~ While in 
the case of creamery butter, the phosphatase 
test has only limited application from the pub
lic health standpoint, it is invaluable in check
ing the thoroughness of pasteurization of tbc 
cream used provided'' rh"e. butter samples are 
tested when fresh and have not been subjected 
to any adverse temperature conditions. Cream 
must be flash pasteurized at a temperature not. 
below 185° F. to givw negati'{e reaction in 
the pasteurized cream and its butter. Furtheo 
work on the application of this test to creamery 
butter is contemplated. 

The chemical identification of weedy taints 
in butter has been attempted and the results 
of such studies will be given in the joint re
port of the Research Committee of the Ameri
can Butter Institute and the Cream Quality 
Committee of the American Dairy Science As
sociation. 

M. E. PARKER, Chaimw1. 
V. l. TURGASEN, Secrqtdry. 
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Association News 

NEw YoRK STATE AssociATION oF 
DAIRY AND MILK INSPECTORS 

The executive committee of this Asso· 
ciation met recently and determined that 
the next annual meeing will be held in 
Syracuse, N . Y., on September 27, 28 
and 29, 1939. 

President Clyde L. Kern appointed the 
following committee to cooperate with a 
committee of the New York State Asso
ciation of Milk Distributors and the state 
Department of Health to study and at
tempt to find a solution of the problem 
of sales of q,u.estionable raw milk on the 
outskirts of cities in which the sale of 
such milk is prohibited. 

Wilbur H. Rothery, Auburn, N. Y. 
John C. Fitzgerald, Troy, N. Y. 
J. J. Regan, D.V.M., Utica, N. Y. 

W. D. TIEDEMAN, 
Secretary· Treasurer. 

METROPOLITAN DAIRY TECHNOLOGY 
SOCIETY 

Thi~ society meets on January 17, 1939, 
at the McGraw-Hill Bldg., 330 W . 42d 
St., New York City. After an informal 
dinner at 6 :30, followed by a short busi
ness session, the address of the evening 
follows at 8 P. M. 

At the December meeting, Mr. George 
W. Putnam gave an illustrated address 
on high-short milk pasteurization. It 
drew a large attendance. 

The following new officers were 
elected: Dr. C. H. Kimberly, president, 
succeeding Dr. J. H. Shrader; D. F. 
Snyder vice-president, Dr. 0 . F. Garrett, 
secretary-treasurer; and Dr. D. Levon· 
witz, sergeant-at-arms. 

J. H. SHRADER. 

CENTRAL STATES MiLK SANITARIANS 

The first annual meeting of the Cen
tral States .Milk Sanitarians will be held 
on February 17, at the Knickerbacker Ho
tel, Chicago, Ill., and will convene at 1 : 30 
P. M. After the disposition of the regu· 
lar business, the officers for the coming 
year will be elected. Four or five ad
dresses will be delivered by men prom
inent in the field of dairy technology. The 
meeting will close with a banquet at 8 
P. M. followed by a dance. 

The committee on arrangements for the 
annual meeting consists of the following 
members of the Association: Leo Ran
dolph, Chairman, John H. Dorocke, Ed
ward Sullivan, William Hogan, and Ed
ward Jones. The following members con
stitute the entertainment committee : Peter 
Larsen, Chairman, Floyd M. Keller, and 
Edwin S. Roberts. 

I should 1ike to ask the members of 
our Association to make the JOURNAL 
OF MILK TECHNOLOGY our meeting· 
place, between the yearly meeting, where 
each might share the ideas and ideals of 
the others. Please send me any advices, 
suggestions, or notices so that I can ar
range to have them printed in the Journal. 

Air members are requested to notify 
me of any. changes in their addresses. 

DONALD V. FITZGERALD, 
Secretary· Treasurer. 

Fabian Elevated to Full Professorship 
Dr. F. W. Fabian, third vice-president 

of the International Association of Milk 
Sanitarians, has been raised in rank at the 
Michigan State College to that of full 
professor with the title of Research Pro
fessor of Bacteriology. He is being pro
vided with a newly apportioned and 
equipped laboratory. 



54 STANDARD METHODS 

Changes m New Edition of Standard Methods 
Of Milk Analysis* 

The forthcoming seventh edition of 
Standard Methods of Milk Analysis (pub
lished by the American Public Hea_lth 
Association) will carry the new title 
"Standard Methods for the Examination 
of Dairy Products." The ice cream sec
tion will be further developed by the 
work of the Joint Committee on Standard 
Methods for the Examination of Frozen 
Desserts as approved by the Laboratory 
and the Food and Nutrition Sections of 
the American Public Health Association. 

The most important changes in the new 
edition are as follows: 

The bacteriological methods in the first fiv_e 
sections cover samples, agar plate counts, dr
rect microscopic counts, methylene blue reduc
tion technic, and sediment tests. The four 
following sections describe methods for the 
isolation and identification of coliform bac
teria, hemolytic streptococci, tubercle bacilli, 
and undulant fever organisms, respectively. 
Section 10 includes ice cream methods, and 
Section 11 the butter methods. The text of 
the bacteriological section has been rewritten, 
and a subject index prepared. 

Beginning July 1, 1939, standard agar me-
dium is to have the following composition: 

Bacto-Tryptone .................................. 5 gr. 
Bacto-meat extr. ................................ 3 gr. 
Glucose ----------------------------------------······ 1 gr. 
Skim milk .......................................... 1 0 cc. 
(Where dilutions are greater than 1 : 10) 
Agar .................................................. 15 gr. 
Reaction .............................. pH 6.6 to 7.0 
Preferred reaction .................................. 7 .0 
While incubation at 37° C. (not 37.5° C) 

is to be continued until laboratories doing 
milk work are more generally equipped with 
approved incubators, the variation in tempera
ture permitted was changed to 35° - 37° C. 
rather than 35.5° - 37.5° C. as at present. 

Agar plates must be counted under con-
stant illumination. The Quebec Colony 
Counter is recommended. 

-. Summarized from Amer. J. Pub. Health 28 (12) 
1447 (1938). 

The only incubators approved are the water
jacketed and anhydric laboratory types with 
low temperature heating units operating at 
temperatures only slightly in excess of 3? 0 C., 
and incubator rooms of proper constructiOn. 

Specifications for glassware are drawn in 
greater detail than formerly. 

More accurate methods are given for rinse 
tests from glass and paper bottles. 

The direct miscroscopic test is described in 
greater detail, particularly for the examinatioll, 
of pasteurized milk. All agar plates must be 
checked frequently enough to detect the pres
ence of excessive numbers of bacteria in milti 
and cream where they do not grow on the 
plates. Only in this way can excessive num. 
hers of bacteria be detected. 

The methylene blue thiocyanate tablets are 
accepted as standard. 

No reference is made to the resazurin tes · 
because further study must be made before the 
results are accepted as significant. 

Reference is made tQ the modified form o£ 
the methylene blue ··-reduction technic no'\\1 
officially approved in England. 

The description of the sediment technic has 
been improved. 

Brilliant green lactose bile broth, sodium 
formate ricinoleate lrtoth, violet red bile ~Sa,r; 
and sodium desoxycholate agar are approved 
for detecting coliform bacteria in dairy proo
ucts. 

Methods for plating on blood agar and the 
use of Burri agar slants are described fo~ de
tecting pathogenic, usually hemolytic sp:ep
tococci. References are given to methods of 
identifying species of streptococci by cultur.1l 
and serological procedures. Also tentative 
methods are included for the identification of 
tubercle bacilli and Brucella organisms in milk 
and cream. 

Directions are given for making yeast and 
mold counts on butter, and bioassays of vita· 
minD milk. 

It is expected that the new (Seventh) edi· 
tion will be printed early in 1939. 

J. H. SHRADER. 
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Tbe opinimzs and ideas expt·essed in papers and editorials are those of the respective authot·s. 
The expt·essio~s of the As.rociation are completely recorded in its transactio111. 

Order Out of Chaos 
The increasing public-health mindedness of the people has been finding at least 

one avenue of expression through the enactment of more effective programs for the 
sanitary production, processing, and distribution of milk and other dairy products. 
As one community after another inaugurated such control, standards for product and 
process were established which seemed adequate for the local conditions. Milk con
trol islands, so to speak, came into existence in scatterecllocalities all over the country. 
The continuation of this sort of development has led to an increasing heterogeneity 
in standards of product, requirements for production, and specifications for processing. 
Sometimes, those of neighboring communities are contradictory, frequently they are 
inconsistent, and usually they are confusing in their varietY.. and exaggerated individu
ality. The situation is even more confusing where the local requirements are not 
printed, or even if available, are interpreted by the unpredictable impulses of the 
local enforcement officer. 

Compliance with the local requirements m').y be a needlessly costly undertaking. 
In the case of milk production on a milk shed covered by conflicting regulations, the 
farmer may find himself in the predicament of the fabled chameleon (a lizard which 
changes its color to match its environment) which got on a Scotch plaid. It is even 
more expensive for an equipment manufacturer to provide special, non-standard types 

• of machinery in a territory where aggressive individualism is nonconforming, expres
sive, and authoritative. 

In an effort to alleviate some of these conditions, the International Association of 
Milk Dealers organized its Committee on Simplified Pra~tice to help in securing agree
ment within the organization on uniform dimensions and certain standards for equip
ment and appurtenances. Secretary Hibben of the International Association of Ice 
Cream Manufacturers has pointed out (1) the industrial hardship of arbitrary and 
conflicting regulations, and urged the adoption of some procedure that would make 
equipment available that would be approved by all health officers. He stared that 
some health officials refuse to approve or condemn a piece of equipment until after it 
~as been installed. Some suddenly condemn a piece that has been in approved opera
tion for years. He proposed that a joint committee of the ice cream manufacturers, 
the _suppli·es association, and the milk sanitarians set up a program for approval of 
equipment at its source of manufacture so that its stamp of approval would be ac
ceptable to the different city, county, and state health departments. 


