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Technical Bulletin No. 992 August 1949

The Relationship of Machiue Milking to the
Incidence and Severity of Mastitis'

By Epwann B, Mawa? formerly chifef, Dinision of Nuteition and Physiology;
Luove A, Rungiy, bactericlogist, Caonae P, Baxorrs, chemist, aud MoRRSON
Roaosa,® bucteriologist, vision of Dairy Produets Resvarch Loboratoriss; and
Hexwy "I Cosvewse, dafvy husbandman, Division of Nwtvition and Physiology;
Bureaw of Dairy Padustey, Apricuttiral Researeh Admintstration
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An epidemic of mastitis developed in the herd maintained by (he
Burcenu of Daivy Industry for nutritional investigations at Beltaville,
M, within 2 months nfier machine milking was introduced tn October
1933, Dy December of that year, several of the Holsteins that had
heen nn exeeitent rations (ibernl quantities of a good grain mixture
and alfalla hay of good guality} lor several yours, and that were giving
g amounts of milk, showed marked symptoms of mastitis.  Num-
erous clots appenced in the mills and theie yields diminished eapidly.

t Bubmitted for publivalion Mareh 1940, This bulletin is a revision by Tloyd
A, Burkey and George P. Sanders of an unpublished manuscript written by

' Edward 13, Meigs, now deceased.

? Ded November 5, 1040,

3 Resigned Marceh 31, U8,
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Fiaore L—Longitudinal seetion of feat cup, with teal inseried, showing «, meta
cup; b, rubber cudl; ¢, side tube, threugh which pressurc in space ¢ is made {o
alternate between atmospheric pressure and vacuum; o, tube through which
milk is drawn by means of vaeuum; £, spaee in which vacuum is constaniiy
mainiained; g, teab cunal.

Machine milking differs radicelly from hand milking in that in
heand milking ne vacuum is applied at any time to the end of the teat
cenal, The action of the milking machine simulates as nearly as
possible the natural withdrawing of milk by the ealf during nursing,
provided that excess vacuum is not employed nnd that the machine
18 vob left working on the udder beyoud the fime when all the milk
has been withdrawn,

MEeriops oF Usine Tae Macning®

WOUTINE-MACHINE MILKING

The method used in milking by machine from Oectober 1933 until
August 1936 was as follows: The vacuum maintained in the reservoir
above the milk pail was slightly more than 16 inches of mercury, or
about I inch more than claimed by the manufacturer. There were
48 eyeles of change from atmospheric pressure to &2 vacuum of 16
inches and back again per minute in space ¢ {fiz. 1). The machine
was left working on the ecows’ udders for an indcterminate period at
each milking. Numerous observations were wnade of the tnne that

5 In all methods of using the miiking machine deseribed in this bulletin, all the

precautions recommended by the manufacturer for keeping Lhe equipment clean
and free of bacteria were followed earefully.
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the machine was left working on the udder, and it was found that the
time varied from 5 to 18 minules, usually averaging not move than 14
minutes, depending entirvely on the particular worker who was han-
dling the machine.

The amount of milk being tuken out by the machine was observed
now and Lhen through the glass window in the milk tube, but no
special eare was taken to bring the milking process to a close as soon
as most of the milk had been withdrawn.  When it was observed thaet
the quantity of milk being drawn past the window had becomne small,
the udder was massaged by hand for a minute or more, while the
machine was still working on it, and the milking process was then
brought to a close by taking off the teat cups without any hand
stripping. In the following pages, this method will be called “routine-
machine milking.” This melhod of milking was discontinued in
February 1936 [or all cows that Ireshened after that time.

SEVERE-MACIHINE MILKING

Beginning in May 1936, certain cows were milked by machine
according to o method that differed [rom routine-machine milking
only in that the machine was left working on the udder regularly for
20 minutes at cach milking.  After 20 minutes the udder was mas-
sagred by hiand for another minute or twe .-ith the machine still work-
ing on it, as had been done on routine-machine milking, and the
process was brought to a close by removing the teat cups without
hand stripping. In the following discussion this method will be
called “severe-machine milking."

MELD-MACHINIE MILKING

Experiments were conducted to determine how long it took to
withdraw most of the milk from the udder when the vacuum was
maintained at 16 inches aud at various lower levels.  The results
showed that the udder was emptied of milk nearly as quickly with a
12-inch vacuum as with o 16-inch vacuum, and that the time required
for welting the udder nearly emptied of milk was usually about 5
minules, 0s Dahlberg (53 had reported.

I view of the results of these preliminary experiments, a number of
cows were put on o modified method of mackine milking after August
1, 1936, The method differed [rom routine-machine and severe-
machine milking as follows: The amount of vacuum was reduced to
12 inches.  The removal of milk from the udder was observed care-
fully through the glass window in the milking tube. When the
quantity of milk being drawn past the window was small, the teat
cups were removed and the cow was steipped by hand.  "The time of
machine milking by this method was usually about 5 minutes. In
the following discussion this methed will be enlled “mild-machine
unlking.™

SELECTION OF ANIMALS AND ALTERN VTIONS OF METIIODS OF MILKING
In stucdying the results of this investigation it must be remembered

that Lthe herd was already severely affected with mastitis, and that
this oecureed an routine-maachine milking  While no data from con-
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trolled experimnnts were then available, the comparatively high inei-
dence of mastitis occurring in the herd on routine-machine milking,
as compared with the previous history on hand milking, indicated
that hand milking was less likely to produce pathologicaT conditions
in the udder than machine milking. Therefore, in order to have
available some normal mastitis-free animals for experimental work,
most of the cows that freshened during the first 6 months of the
investigation were put on hand milking.” These included some cows
that had had severe mastitis in their provious lactation periods, and
also some first-eall heifers. ‘

In general, when an animal freshened, she was milked by hand for
about 10 days after the colostral period; during this time bacterio-
logical and chemical analyses of the milk were made to determine
whether or not the characteristics were those of normal milk, and if
the characteristics of the milk were found to be normal the cow was
selected for further experiments on different types of milking.

It was desirable to vse different animals as experimental controls
on hand milking, but because cnough animals were not available
the same animal was changed from hand miiking to machine milking,
serving as a control for the effects of machine milking when put back
on hand milking. This procedure of alteénation of methods of milking
was followed with some animals in the same lactation and in others
it was continued in the succeeding lactation.

There was some reason to believe, from the previous history of the
herd, that rations deficient in vitamin A and other indispensable nu-
trients predispose an animal to mastitic infections and other discases,
Therefore, only animals that were being fed good rations were sclected
for the experiments with machine milking,

A brief history of the 25 cows in this investigation is included in
the data in table 11. The breed is indicated by number. Cows
N—100 to N—199 were grade Holsteins; N-200 to N-209, registered
Holsteins; N-300 to N-399, grade Jerseys; and N—400 to N-499,
registered Jerseys.

Testine THE Mg For EvIDENCE OF MasTITIS

Bacteriological and chemical tests on samples of foremilk from the
individual quarters of cach cow were the principal means used for
detecting evidences of mastitis. In some eases tests were conducted
each week throughout the lactation period, but in most cases tests
were conducted once every 2 weeks. The usual procedure was to
lengthen the interval between tests when there was no evidence of
change in the milk and, conversely, to make tests more frequently
when the milk showed evidence of rapid changes in mastitic charac-
teristics. Among a number of cows on which detailed studies were
made during one lactation, examination of the milk at monthly inter-
vals in subsequent lactations was made to determine the extent of
permanent injury incurred from mastitis in the previous lactation.

Pint samples of milk were collected from each quarter at the begin-
ning of the morning milking. The udders and teats were washed first
with water and then with a disinfectant, and were then wiped prac-
tically dry. The first few streams of milk from cach quarter were
discardled, after which a sterilized pint bottle was filled and capped
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immedintely. The samples wers packed in eracked ice mminediately,
except in cxtretmely cold weather, and were sent to the laboratory.
The tests were begun within 5 hours after the samples were drawa,
Particular precautions were taken to prevent contamination through-
out the process of obtaining the samples and during testing.

Each sample was tested by the following methods: Mieroscopic
determination of the number of cclls {(leucocytes and body celis);
determination of the number of Strepfococcus agalactize or other causa-
tive bacteria; and determination of the pereentage of chlorides (9).
These thiee tests were the prineipal means used for detecting evidence
of mastitis,

Additional correlative tests were used in examining o majoriby of the
samples, but since in most cases Lhe results obtained by them con-
tribute no further information for the purpose of this report, they are
veferred to only where the data from Lthe above-mentioned tests were
not suificiently complete. Such correlative tests, however, served
as o useful chieck on the dingnostic results. The correlative tests
used included the strip-cup test for milk elots, a modified Hill curd
test using rennet {(/0) for the determination of curd fension, the rennet
congulation time (10), and the pH value. 'The acidity, the pereent-
agre of castin (by both the Kjeldahl and the formakdehyde titration
methods), and the percentage of total nitrogen were nlso dotermined
on o number of the samples.

The strip-cup tost was uscd te determine evidence of mastitis in all
the cows in the herd for a number of years preceding this study, and
its use was continued as a routine test during the cpidemic. From
Movember 1933 to Decemboer 1935 strip-cup tests were made on the
milk of all the cows, usually about once a week. From December
1935 o Decomber 1938, the period included in this study, strip-eup
tests were made regularly swice & week on all cows, and the milk of
any cow that contained clots was tested every day. However,
beeause the severity of mastitis is difficult to evaluate quantitatively
by this test and because it fails to show accurately indications of the
discase when it is of mild character, the strip-cup test was pot relied
on s & ceiferion of mastitis except as a correlative test and in cases
of previous mastitis where other data were not available.

LEUCOCYTE COUNTS

The number of cells was determined by a direct microscopic count
by the Breed method.  Cell counts inctuded leucocytes and body cells,
but in the majority of samples more than 90 percent of the cells were
lencoeytes,

BACTERIAL COUNTS

The number of Streplococeus agaluctiae and of other bacteria was
determined by the following procedure: The samples were plated in
appropriate dilution en a madified Edwards’ aesculin agar medium,

aving the wing composition:
haviny the following composttiol ouantity

Digtilled Water . o oot o eee e e i mmmmmm e mmmmmm e an e - OO0 milliliters
Peptone (Parke, Davisl (. L e eme e e 10 grams
Beef infusiom base . o, . e mmmmm———— 500 mitiiliters
Sodivm ebloride . . e o e 5 grams
Agar { Bacto-13ifeo, sranalated) oo e e e LB prams

Avsewlin,.. . _.ao-.. e e mmmmmmmam e oo Logram
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For the first few months of the investigation, Liebig’s beef extract
was used instend of beefl infusion base.” Substitution of the latter
improved the medium by enlarging the size of the colonies and malking
the studies of hemolysis easicr and more dependable.

To this mixture were added crystal violes (1 to 1,000,000, calculated
on the basis of 100 percent dry dye content) and 5 pereent of sterile
defibrinated bovine blood. "T'he pH was adjusted to 7.4 before auto-
claving; after autoclaving, it was 7.1 to 7.2. The plates were in-
cubated for 48 hours at 37.5° C.

‘The medium deseribed above is favorable for the growth of Strepto-
coceus agalactiae and other mastitis-producing streptocorei but less
favorable for the growth of many other bacterin. In afl eases in
which a large number of leucocyles and a high pereentage of chlorides
were found in the milk, accompanied by few or no streptococei, other
samples from the same cows were plated on medin without crystal
violet, sometimes under both acrobie and anacrobic conditions. In
the great majority of these cases, no organisms that could be held
responsible for mastitis were found, and in none of these eases were
organisms of any kind present in large numbers.  The lowest dilution
used was 1 : 100, and therefore the method of plating did not show
bacteria in numbers less than 100 per milliliter.

The identification of Streptococeus agalactiae was based on the
following characteristics: Weakly beta hemolytic, but never complote
lysis of all erythrocytes; failure to giow at 45° C. and ab 10° C.;
faiture to reduce Avery’s methylene biue, 1:20,000; nonfibrinolytic
in ox plasma; hydrolysis of sodium hippurate; coagulation of litmus
milk with purtial reduction at the extreme bottom of the tube within
48 howrs; fermentation of maltose, lactose, sucrose, and trehalose; nnd
failure to ferment wesculin, starch, inulin, mannitol, enffinose, or
sorhitol.  In addition, some of the cultures were tosted with bae-
teriophage ® and were precipitin-tested. They were found to beo
Lanceficld group B organisms identical with 8 agalactiae. 8. uberis
was identificd by its ability to ferment aesculin, inulin, mannitoel,
sorhitol, and sodium hippurate, but not raffinose; 8. viridans, by its
ability to ferment raflinose but not sodium hippurate; and 8. Jecalis,
primarily by its ability Lo grow al 45° C. and also by its inability to
ferment sodium hippuraie readily.

PERCENTACE OF CULORIDES

Chlorides were determined in undigested samples by the Volhard
titration method, modlified as a special metliod for milk. It has been
shown by results of exhauslive, compurative analyses (9) that the
method used is quantitatively accurate.  The percentage values ob-
tained by 1t arc about 0.02 to 0.04 lower than the crroncously high
values obtained by direct titration with silver nitrate and chromate
indicator.

¢ Dro Alive U, Fwvans, Naviong! Institute of Heslith, Hethesda, Md., made the
tests.
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CRITERIA OF MAsTiTiS AND OF NORMALITY

In order to malc a fair inberprefation of the effects of the different
methods of mitking on udder injury, as determined by the chavactoer-
istics of the foremk of individual quarters {table 11), and in order to
designate the previous mastitic conditions of the various cows for
which data are presented, it was econsidered cssential to propose
criteria of mastitis.  The criteria used were based on the number of
leucocytes, the number of infecting bacterin, and the percentage of
chlorides in the foremilik samples of the individual quarters. In
addition, in order te evaluate previous mastitic conditions in a few
cows in which other information was not available, it was desirable to
propose also & tentative crilevion based on the presence of clois ob-
served in the strip-cup test.

it is recognized that the designation of a normal and of a masiitic
condition by numerical data, such as number of streptococei, number
of leucoeytes, and percentage of chlorides, is to some extent an arbi-
teary procedure. Tt is not uncommon for the data for one of these
constitucnts to be abnermally high, cither temporarily or in some
instances for an extended period, without any othet appavent evidence
of active infection or of inflammation of the mammary gland.  Also,
the aumber of leucocyies and the percentage of chiordes increase
normally during the latter part of the lactation, and are higher in
the milk of older cows than in the milk of younger cows, even in normal
healthy animals.  In egenernl, the percentage of chlorides in the milk
of Holstein cows is normally higher than in the milk of Jersey cows.
Furthermore, individual cows differ in their defense mechanism against
infection. 1o spite of the disadvantages in the use of more or less
vigid criteria, some simple and qguaatitative means for designating
the severity of the disease is necessary in order to presend a summary
of results that would be obvious were it possible to present the data
in complete deiail.

In formulating criterin to designate the severity of mastitis, it was
considered that the presence of increasing nuinbers of infeeting bee-
terin and of leucoeytes, and high chloride values, are direct indice-
tions of increasing severily of the inflammatory condition, whether
the data represent a number of progressive stages in one guarter or
the high points of severity among a number of guarters.  An increase
in the pH value of the milk is a direct symptom of mastitis and may
often show close correlation wiih the severity of mastitis, but in this
study the pH values wore used chicfly us supporting evidence.

The Tollowing eriteria weve used o present an evaluation of mastitic
conditions as determined by tests of samples of foremilk from the
individual quarters:

Normal: Milk containing less than 100 (lower limit of quantitative
count used) infecting bacterin regularly and never more than 1,000
per milliliter, less than 500,000 lencoeytes per milliliter, and less than
0.09 pereent of chlorides.

Muastitis ()1 Milk contnining more than 100 infeeting bacteria
regularly but not more than 10,000 per milliliter, more thut 500,000
leueoryles but rarely more than 1,500,000 per milliiter, and more
than .69 butl rarely more than 0.12 peecent of chilorides.

ST 48—
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Mastitis (4 ) : Milk containing more than 1,000 infecting bacteria
regularly but not more than 108,000 per milliliter, more that 1,500,000
loucocytes but rarely more than 5,000,000 per mibliliter, and more
than 0.11 but not more than 0.14 percent of chlorides.

Mastitis (+-+): Milk containing more than 10,000 infecting
bacterin per milliliter regularly, more than 5,060,000 lcucocytes per
milliliter regularly, and more than 0.13 percent of chlorides.

Mastitis %—{--}—-}-—1—): Individual quarters that had & mastitic con-
dition of 4+ or -+ -+ and that as a result censed funetioning during
the lactation or at the beginning of the next lactation.

The strip-cup test, referred to previousiy as a correlative test, was
relied on particularly as one of the eriteria in designaling the previous
mastitic condition of some cows befove this investigalion was begun,
In recording the strip-eup resulis, the size and number of clois are
destgnated i)’ the figures 1, 2, 3, and 4. The figure 1 denotes the
appearance of a few small clots; 4, numerous large and small clots;
and 2 and 3, ilermediate conditions. Tn cascs in which strip-cup
data were used as the criterion for designating the severity of previous
mastitis, the Agure 2 denotes mastitis +; 3, maslitis +-; and 4,
mastitis -+ +. The figure | was not considered significant except
that it called for more Mrequent testing.

UDDER TROUBLE ASSOCIATED WITH THE FARLY USE OF
THE MILKING MACHINE IN THIS HERD

Houline machine milking, as described previouslv, was the usus
method of milling in this herd from October 1033 to August 1936.
During this period of 35 months, approximaicly 50 cows were milked
by this method. The data obtained on mastitis consisted mainly of
the resalts of the strip-cup test.  This test was made regularly, at least
weekly on all cows that were producing milk, end the results were
recorded.  Adthough the test is inndeguate s an accurate criterion of
mastilis, it gives a faiely veliable indieation, particularly with quarters
that are severely abnormal.  When interpreled according to standard
criteria, 8s deseribed previeusly, the test provides a useful, compara-
iive evaluation of the severity of mastitls,  Strip-cup test dais pre-
sented i table 1 show the mastitic conditions of the individuai cows of
the herd from the time machine milking was begun in October 1933
untit the routine method of machine milking was discontinucd in
August 1936, The severity designated was the maximum observed
i the milk of one or more quarters of cach cow during each calendar
vear, without regard to changes in lactation.

During this period there was a general deterioration of the herd,
beginning within 2 mouths after the introduction of machine milking,
although 14 of the 50 vows were aflected only slightly,  Additional
dain, not possible to present in this table, revealed that 22 of the 50
cows, of 44 pereent, developed severe mastills in two or more quar-
ters, which in most cases resulied cither in loss of the affocted quarters
or complete loss of the animal for future milk production.
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TasLk l.—Incidence and severily of mastitis among cows on routine-
machine milking, as determined by the strip-cup test, October 1933
through 1936

Strip-cup test data, indicative of mastitis !
Cow No. Date of birth 1033

(3 mo.) 1934 1935 1936
N-106. o oo Jan. 23, 1930 + b ] 4+ 4+
N-I10T o July 29, 1930 -+ -+ e —
N-108 . oomo 1930, el — + +++ + -+
N-ll0. oo vmcl s acwmimmmam -— 4 + 34 —_
N-111_ ... Ang, 2,1932 -— — 0 + 4
I O ;R SO — _ 4 —
N-11doemooo Teb, 9, 1033 -— o +4++ +++
N-212_ oo Feh, 5,19271 44+ ++-+ —_ —
N=218. e Mnr, 12, 1927 0 +4++ | ++++ —
N-215. . e Teb. 6, 1928 + +4+4++ - —
N-216. - cceue-a] Jan, 26, 1020 + + 44+ +
N-218_ ... Aug, 7, 1020 0 +4++ -—_ —
N-219. . ___. Juan. 9, 1931 — + 4 —
N-220_ .. ... Nov. 25, 1031 — + +4++ —
N-228 - Jan, 17, 1031 — + 4+ + 4
N-225_ ... Feb. 23, 1031 — 4 + 4+ 4 —
N-226_ . oo - Mar. 17, 1931 + 4+ 4+ + 4 +
R S Mar. 28, 1931 — — 4 +4 4+
N-208_ ... May 10, 1931 — 444 o —_
N=220_ oo Alay 10, 1931 —_ + + —
N-230. e May 20, 1931 — 4+ ++ —
N=23 oo May 27,1931 — —_ + 44 —
N-232 . o mmvcrlimce e —cmammma —_ -—_ 4+ —
N-233___ Ll . PR — + +4+ —
N2 .- Dee. 15, 1932 w— — + 444 -
N-303 o June 9,1026 \] ++++ — —_
N304 .. Dee, 10, 1928 <+ -+ +-++ -
N-805. .- Apr. 21, 1930 + + + —
N-308_ ... Dec. 5, 1031 — 4 0 —
N-309, o oeae Dee. 16,1931 — + + -
N=-310__ ... Apr. 5, 19032 — -+ + 4+ + 4+ -+
N—402, s May 2,1026 ) -+ ++++ | ++++ ] FHH+
N—dOh o emo Jan. 7, 1028 0 +++ +44+ | ++++
N-dlh oo Oct.  1,1028 -+ -+ + -_
R (1] SR Qct, 1, 1928 + -+ L -
N-407 e Nov. 17, 1928 + 4 + 4+ _
N—-0B. e Feb, 16, 1030 ] + ) —_
N—QO_ .o Mar., 1,1930 -+ -+ 4 +4+++ —_
N1l e o Aug, 7, 1930 =+ o e + 4= -—
N—412_ - July T,1931 1 +4-++ + 4 44 —_
Netld_ ..., Oect. 1, 1031 — + 444 —
Fu e B 1 J Dee. 16, 1930 -+ +++ + 4+ —
N—d16 oo Jan. 11,1931 + + + 4+ —
N—tlB. o aiaa Alar, 11, 1931 - ++ 4+ —
N0 Apr. 2,1931 -— + -+t -
N—d20, oo Aug. 3,1031 — + 44 + -+ —
N—d2lo e Aug. 3, 1931 — — + 4 —
N—22_ ... Aug. 0, 1631 — } -+ +- —
N—A23___ _.---] Aug. 10, 1931 — 0 ++ —
N=24__. ... Dee. 6 193?“. I ' — . :_,-_._._,....._}-...‘.-i.:.-_i:.—.}:_.

1 Inercasineg niumbier of plns signs indientes inereasing severity; 0, frec of mastitis;
44 -k, very severe nastitis with Joss of funetion in oue or more quariers.

A dish indientes that cow was not giving wilk or was not mitked by routine-
machine method.
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CHARACTERISTICS OF THE MILK OF THE COWS ON
ROUTINE-MACHINE MILKING

Early in 1935 in conjunction with studies of cows in other herds of
this Bureau at Beltsville, Md., that were affected with mastitis, de-
tailed studies were begun of the milk of 3 first-calf heifers (N-111,
N-114, and N-227) in this herd shortly after they freshened, to
determine the sequence of changes coincident with the onset of
mastilis. Semples of foremilk from their individuai quarters were
obtaimed at weekly Intervals during most of the first lactation, and
determinations were made of the number of leucoeytes and of mastitise
cansative organisms, percentage of chlovides, pH values, and rennoet-
coagulation propoeriics.

These 3 licifers were among 11 cows conlinued on routine-machine
milking during a part of 1836, and the detailed data obiained from the
study of hem formed ant ndditional buckground for the comparative
studies on different methods of milking initiated in Febroeary (036,
During the experiments with these 3 animals on routine-machine
milking, 2 developed severe mastitis—N-114 in 3 months, and N—227
in 6 months. The third (N-111) developed mild mastitis after
7 months,

Within | montl after cow N-9227 was placed on routine-machine
miltking, the milk lrom the right front and left rear quariers began to
show an excessively high number of lcucocytes, and Streptococeus
agalactioe was present vegularly in the milk ‘of both front quarters,
These symptoms of mastitis beeame continually more sevore. A6 the
same time, the mill from all the quarters showed a gradusl loss of the
rennet-congulation property, and the percentage of elilorides and the
pH value inereased, At the beginning of the sixth month of lnctation,
the milk from both right quarters hecame severely mastitic; thero
were many clots, the number of leucoevics and the number of S
agalactice was Iarger than 50 million, the perventage of chlorides was
higher than 0.20, and the milk would not congulate with rennet.

The pH of the milk of the right ront quarter oxceeded 6.8 by the
end of the sixth mouth, and that of the vight rear quarter exceeded 6.8,
2 weeks after the onsel of severe mastitis.  These quarters econtinuoed
to be affected severely for the remainder of the lnctation. On the
other hand, the left front and left rear quarters were affected less
severely, although both were infeeted with 8. agulactive.

A summary of the detailed data on the eharacieristios of milk from
this cow is presented in table 2, She was milked by hand duving the
succeeding lactalion, and a summary of the datn on the chargeteristies
of her milk when hand milking was done is also preseuted in table 2.
These data show that there was & marked improvement during the
peniod when hanil milking was dong,




PARLE 2o Joffects of routine-machine milking, and of hand milking in the following lactation, on characteristics of the milk
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from individual quarters of cow N-227
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Right rear 13th to 281st_._.. 166 L . . 090
Left front . 13th 10.281st .. 103 . 00 . 1. 110
Left rear 13th to 281st ... 103 3

Right rear

o
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1 Streptococci other than S. agalactiae.
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TaBLE 3.—Effects of routine-machine milking, and of subsequent hand milking, on characteristics of the milk of cow N—~114*

Right front quarter i Right rear quarter Left front quarter Left rear quarter

f

Leuco-iS. aga- Leuco-S. aga- Leuco—IAlS’. aga- ! Leuco-};?. aga-|

- | eytes {lacliae |y eytes [lactiae _fQima | eytes ilactice a .| eyvies llactiae cv (-

Lactation, method S(Enp— {thou-!(thou-] (r:l}:ileos S(Erlnp— (thou- (thou-] glél; (‘:‘Sp' (thou-{(thou- gléleos Sg;lp {thou-i(thou- E')il:il:s

of milking, and tt‘:]slg sands | sands (per- t(l:s% sands | sands (per: tosri sands | sands (per- tesI:; sands | sands (per-
sampling date per per 2| per per ; a2l per:i per per per

i data? s i | milli- | €000 | data2f a1 i | et jdata s 1 opig ; cent) | datalf ot 1o ¢ cent)

liter) ! liter) liter). | liter) ! liter) i liter) liter)- | liter)

First lactation:
Routine ma-;
chine— ;

1935
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Feb, 8., . ivajemen-of 930
Feb, 19 .. .- 0! 2,314
Mar, 4o ne oo 2 0.12, 480
Mar. 19, - 1: 4,350
Mar. 30*.“..-% 0 957
Apr, 1, ..128, 480,
Apr.16.... . 0
Hand— {
Apr. 28. ... i
May 120 ... ,_i
May 26.... ..~
June 3... ..

July 20. ...
July 217 oo
Sceond lactation: |
Hand— !

1

1

1936
Nov.
Nov.
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]

coLso0o0000

coooao00,

OO

[=3

472'}

1. 80
|4, .30
0] 4, 042{ 8.90
1;10, 701, . 30
0; 3, 480; 78.90
1 3,480 14. 00
i £

i 1

0j 2, 144; 15,20
0 1, 7401 12.00.
o} 1,322 20,00
0l 1,496, 9.60
. 870, 3.8y
2' 2,566 6.50;
‘1,651§ 7. 80

d

09
243
167
179
68!
O 127
Ui 89
0. 550}
0} 1,386
0 503§

113

(=

1 First lactation—ecalved July 31, 1935, dry Aug. 1, 1936; second lactation—calved Nov, '3, 1936,

z The figure 0 indicates no clots;

1, a few small clots; 4. numerous

large and small clots; and 2 an

dry Jun. 1, 1938.
d 3, intermediate conditions.
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Additional information on the effect of machine milking at 16 inches
of vacuum (routine method) was obtained in a similar study of cow
N-114. She developed mastitis suddenly in all four guarters 3
months after the beginning of her first Inctation. The infection, which
was due to Streptococcus agalactiae, subsided somowhat & month lnter,
but the millkk continued to be decidedly abnormal.  Macline milking
was replaced by hand milking during the cighth month of lactation,
and o markrd improvement in éie ~haracteristios of the milk oecurrod
after the change, although three of the guarters remained infected
and the mille from all the querters continued Lo show an abnormally
high percentage of chlorides and an excessive number of leucoeytes
during the remainder of the lactation. During the succeeding lac-
tation, this cow was milked by hand lor 13 months, and no infeesion
or other symptoms of mastitis wer: noted excepb that the percentage
of chlorides was slightly higher than normal. The detailed results
obtained in the study of her milk during the first and sceond lactations
are presented in table 3. Il is apparent from these results that the
recovery from mastitis made by cow N-114 accurved lavgely as o
result of the change to hand milking.

Coincident with these results, a similar alleviating effect as & resuls
of hand milking was observed i five other cows that lkewise had
become mastitic on machine milking,  Also, three additional frst-
calf heifers remained free of mastitis on hand milking during his period.
It was apparent, therefore, that hand milking was the method leass
likely to provoke conditions predisposing to mastitis and that it offered
the best cortrol method for use in c\rﬂTua-t,ing the cffects of different
methods of machine milking.

PLAN OF SUCCEEDING EXPERIMENTS

The wide prevalenee of mastitis among the cows of this herd during
the period of 35 months when they were milked by the routine-
machine method indicated that the miiking machine hal caused injury
to the teats and udders, prediposing the cows to mastitis; and it was
helieved that this injury was the result either of execssive vacuum or
of leaving the machine working on the udder oo long. Experiments
were begun, therefore, in 1936 (a few weoks earlier with some coWws)
to determine the comparative injurious effects of machine milking at
16 inches of vacuum for 20 minuies (severe-machine milking) and
machine milking at 12 inches of vacuum for 5 minutes (mild-machine
mitking), and to compare the effects of machine milking with those of
hand nutking, _

During the succeeding 30 months, 9 cows were milked by the severe-
machine method for a part or all of a lactation. Three of the 9 cows
were milked by hand preeeding and following the period on severe-
machine milking; 2 were milked by hand preceding severe-machine
milking; 2 were not milked by hand; 1 was milked by hand after
the period on severe-machine milking; and 1 cow was milked by
hand preceding, and by the mild-machine method following, the
period on severe-machine milking. During the same period, 12 cows
were milked by the mild-machine method during a part or all of a
lnctation. Three of the 12 cows were milked by the mild-machine
method following routine-machine milking; 4 were milked by hand
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preceding mild-mechine milking and mild-machine milking was con-
tinued during the succeeding lactation; 3 were not milked by hand;
1 was milked by hand preceding mild-machine milking; and ¥ cow
was milked by the mild-machine method following severe-machine
mitking. In addition te the use of hand milking preceding and fol-
lowing mechine mitking on many of the cows, 10 cows were milked by
hand for » complete lactation during this period of 30 months. The
plan of the experimenis on the 25 cows studied in deinil is presonted
m figure 2,

1935 1956 1947 1913
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Y THIRTEEN COWS THAT WERE MILKED BY HAND AND BY MACHINE DURING THE SAME LAGTATION.

% PORTIONS OF LAGTATIONS UNDERLINED WITH A HEAVY LINE WERE THE PERIODS DURING WHIGH
GETAILED STUDIES WERE MaDE.

3/ EIGHT COWS THAT WEAE MILKED BY HAND DURING A COMPLETE LACTATION,
% SEVERE~MACHINE MILKING.
HAND MILKING.

e @
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Fioune 2.—Chronolopgical informuntion indicating plan of experiinents.
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CHARACTERISTICS OF THE MILK OF THE COWS ON SEVERE-
MACHINE MILKING

As described above, the only difference between the usual routine-
machine method and the severc-machine method was that in the latter
method the machine was operated on the udder for 20 minutes uni-
formly, which was & longer time than wis used always in routine-
machine milking.

Provision was made for adeguate controls on hand milking. Some
cows were milked by hand throughout the lactation. Others were
milked by hand for varying pericds before they were put on severe-
machine mitking in the same lactation and, when they developed
mastitis on severe-machine milking, they were put on hand milking
again during the same lactation.

Nine cows were milked by the severe-machine method. Six of
them developed severe mastitis, two developed mild cases of mastitis,
and one remained [ree of mastitis during the period on severc-machine
milking. OF the six cows severely affected with mastitis, two (N-238
and N-239) woere (irst-call heifers, two (N=234 and N—15) were in
their second laclation, one (N=106) was in her fourth lactation, and
one (N-216) was in her filth lactation. The latler four had been
severely mastitie previously on routine-machine milking, and two of
these (N-234 and N-415) had each losl two quarters during that
period.  However, all the quarters of these four cows that conlinued
to give milk had apparently vecovered from mastitis during the pre-
ceding dry periods or while (hey were milked by hand or by the mild-
machine method.  Three of the six cows (N-106, N-238, and N-239)
with Tour Tunelioning quurters and the twe with two functioning
quarters (N-234 and N-£13) were miliced by hand for 2 to 4 months
at the beginming ol the lactation before they were wilked by the
severe-machine method, nwl their mitk duving ‘this preliminary period
on hand milking was free of mastitic eharacteristics.

Following Lhe beginning of severe-machine mitking, four of the six
cows (N-106, N-234, N-230, and N—415) showed symploms of
mistitls in their mill within 1 menth, but significant symptoms did
not oceur in the milk of cow N=238 until alter 5 months.  Fhe onsoet
of seveve mastitis appeared in the milk of cow N~234 within 1 month,
i thal of cow N-415 within 2 months, and in that of cow N—-106
within 3 mentha; bul symploms of severe mastitis did not become
evident in the milk of cows N-239 and N-238 uutil after 5 and 6
months, respectively, “The sixth cow (N-216) was milked by the
severe-machine  metbod immediately  after freshening without a
preliminary period on hand milking, and symptoms of severe mastitis
occurred in her millk within 30 days.  These results indicated that
wilh severe-machine milking the onset of severe mastitis ocenrred
relatively quickly in Lthe cows not subjected to & period of preliminary
hand milking and in the elder cows that had been mastitic previously.

Subseguent to the peried of severe-machine milking, which varied
in length of Lime with the different cows, lour cows (N—106, N-216,
N-238, and N-239) were changed to hand milking, cow N-234 was
put on mild-machine milking, and cow N-415 wis continued on
severe-machine mitking until the end of the lnctation. In all of the
cows changed to hand milking there was an immedinte improvement
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in the characteristics of the milk, and the improvement continued
untit almost complete recovery from the mastitic conditions was
reached at or near the end of the lactation period. A similar but less
rapid improvement occurred in cow N—234 after she was changed to
mild-machine milking. Cow N—415, which was continued on severe-
macline milking, showed continued severity of mastitis until the cnd
of the lactaticn. However, during the succeeding lactation when
she was milked by hand, the milk of the two functioning quarters
showed only slight abnormality and was free of infection.

A summary of the detriled data on the milk of three of the cows
(N-106, N-238, and N-239) that developed severe mastitis on severe-
machine milking is presented in table 4, showing the markedly
mastilic characteristics of their milk that resulted from severe-
machine milking and the general alleviation that occurred on hand
milking. .

The two cows (N-222 and N—t24) that developed only mild cnses
of mastitis on severe-machine mitking were 6 and 4 years of ago,
respectively, and had vemained relatively [ree of mastitis during
their previous laclations on routine-machine milking.  The right front
quarter of cow N—424 had become mildly mastitic early in that lacta-
tion aud after the third month ceased to function. The theee other
quarters had vemained [ree of mastitis during 7 months on routine-
mnchine milking and 6 months on mild-machine milking ol that lac~
tation. During the period on severe-machine milking, the milk of the
seven functioning quarters of these two cows [requently contained
Streptococcus agufectice and several other species of streptococci, but
(he pereentage of chlovides rarely exceeded 011, and the leucoeyte
count rarely oxceeded 500,000 except in the left rear quarter of cow
N-222, in which it exceeded 5 million in three scatlered samples.
However, during the succceding laetation, the milk of cow N-222
was found Lo Le infected with Pseudomonas aeruginosa, which was
Iater found associated with mastitie conditions in the milk of machine-
milked cows in the Twerds at Beltsville (3).  The vesults indicated that
gsome injury had resulted from severe-machine milking during this
period.

Thie ninth cow (N—31) subjected to severe-machine milking was a
first-eall heifer.  She had been milked by hand for 8 months from
the heginning of her first lactation, and on hand milking her milk was
free of syrmptoms of mastitis. During the last 4 months of this lacta-
tion, she wis mitked by the severe-machine methed, and her milk
remained free of symptoms of mastitis. She was put again on severe-
mavchine milking at the beginning of her second luetation and was
continued on Gis method for the subsequent 13 months; during the
fivst 0 months the samples contaimed Stre ptocoecus agalactive and other
steeplococet oceasionally, the Teucoeyte count was rather exeessive bug
ravely exceeded ! million, and the percentage of chlovides was slightly
higher tha normal. Finally, during the last 4 months of the lactation,
marked inereases oeeirved in the number of streptococei other than
S, agaleetiae in her milk, continued inereases ocewrred in the pereent-
ace of chlorides, and the left rear quarter beeame infected with
Dsendomonas weruginose.
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The results showed that severe-machine mitking apparently caused
injury to ihe udder, predisposing it to infection and fe mastitic con-
ditions corresponding with those that oceurred with routine-machine
milking. ‘The abservation that more rapid or move serious injury did
not occur with the 20-minute mitkineg time than withy the shorter
milking time of routine-machine milking may be explained in part by
the fact that seven of the nine cows on the severe-machine method
had been milked by hand for 2 mondha or longer just prior to the
severe-machine period; morcover, (he seven funclioning quarters of
the two other cows (N-222 and N—124) had shown relatively high
resistance against milking-machine injuey during thetr previous lacta-
tions on routine-machine milking.  These results, together with those
obtained with cows milked by (he voutine-machine method, indicated
that (he amount of vacuum u=ed was more important than the lengtl
of time the machine was left working on the udder, as o primary
cause of vdder injury.

CHARACTERISTICS OF THE MITK OF THE COWS ON
MILD-MACHHENDE MELKING

Sinee it was reeognized thaf a vacuum existed constantly on the lip
of the feat and on the lower ond of the teat canal during the operation
of the milking machine, and since it had heen determined that (he
withdrawal of milk ook place ultuost a4 rapidly when the maching
was exerting 12 inches of vaecuum as when iU was exerling 16 inches,
it seemed reasonable o suppose that a reduetion of vacuum to 12
imches would prevent mueh of the injurious effeer.

Therefore, i August 193G, Huee cows (N 2185, N=-310, and N-124)
were chaneed from routine-machine to mild-machine mitking, and n
November 1936 cow N 234 on severe-machine nuilking and N-219 on
hand milking were chanmd o mikb-machine milking.,  Cows N-216
and N-310 had been aliected severely with mastits in one quarter
pach on routine-machine milkine but during this period on mild-
machine milkine the mills of all thele quarters was [ree of infeetion,
Cow N-424 hid had mastitis and tost the wse of one quarter during
the st 3 months of the lactation while on rontine-machine milking,
but after the change to mild-machine milking the milk of e three
functioning quarters was free of symptoms,  Cow N-234 had previ-
ously had severe mastitis wiul lost the use of two quarters wiile on
rouline-machine milking, and during the sueeceding lnetation on
gpvere-machine milking (he two funwciioninge quarters had been se-
verely mastitie.  After the vhange to mild-machine mitking, the symp-
toms in the milk of the two [unetioning quacters improved immedi-
ately, Cow N-219 had previously had mastits inall four quariers
while on routine-machine milking.  However, the milke from all her
quarters was free of symptoms dluring the fivst 3 months ol this Incta-
tion on hand milkinge and vemained free of svimptoms during (his
period on mild-machine milking.

Following the favorable respense obtained with (he mild-machine
method on the five eows discussed above, seven additional cows were
put on the mild-machine method during 1937, Two of the cows were
more than 3 years old (eow N -300 had been free of mastitis and cow
N—+19 had been alfected severely with mastitis en rouline-machine



http:mttilW-ttull'hi.iW

'HE RELATIONSEIP OF JMACHINE MILEING 23

milking), and two (N-—428 and N-428) were first-calf heifers. These
four cows were changed from hand milking to mild-machine milking
townrd Lhe end of this lactation, and all four cows were milked again
by the mild-machine method thum_, ihe succeeding lactation. A
summary of the characteristics of the milk from the individual quar-
tees of these four cows during this series of two lactations is presented
in table 5

The l'{-sulls show that the milk from all the quarters was practically
normal during the period of 10 months or longer of this stwdy in the
preliminary lactation on hand milking,  Among 156 samples tested,
only 3 contained more than 500,000 leuceestes per milliliter and only
8 contained Streptococcus agalactiae or other causative organisims;
these symptoms were present in samples from cows N—410 and N-429,
and they disappeared during the same period on hand milking, During
the late parl of the first lactation shown in tieble d lor the lour cows
on mild-machine milking, slicht abnormalities of the milk oceurred
in 11 of the 16 quarters, characterized by inereases in the number of
leaeoeyvies and slight inereases in the percentage ol chlarides. How-
ever, with the exeeption of the right rear quarier of vow N-429, the
leveoeyte counts of the milk from these 11 quarters rarely excecded
1 million, and the high leuecocyle count was not coreclated with inlee-
Lion in any of these. quarters.  Streptococvet were present in 1 or 2
seaticred samples [rom each of only 4 quarters.

During the suceeedinglactation on mikl machine milking exclusively,
the milk of the four cows remained practieally normal for the firsl 3
to 10 months: the lencoeyle connts rarely exeeoded 500,000, and the
oceasional inlections tlmt oceurred wore only Lompmmv and the
organisnts were present in small numbers.  However, toward the end
of the lactation, the milk from most of the ¢uarters showed definite
inereases in Lhe number of leweorytes andin the percentage of ehlorides,
and 2 of the 16 guarters beecame rather severely infected.  The lelt
front quartee of cow N-£10 heeame infected with Stre plococeus agu-
tactiue during the late part of the lactntion, and mingr symploms
developed 1n the vight front quarier. The infeetion in the left Tront
gquarter became rathee severe by the Ume she was deied off. The left
front (amrter of cow N 429 beeane severely infected with S. agelactioe
during the late parct of the lactadon, The two other cows beeame
mildly infeeted  N-308 with 8. agalaetioe in the left lront quarter,
and N 425 with S, agefactiar in the right front quarter and both
S, owgalaetine ] Psondomonay qeruginosa in the lelt rear quarter.

In addition, the leucoeyte covnts execeded 1 omillion pec milliliter
andd the pereentaze of ehlorides exceeded 0,11 it the milic from 4 of the
15 quavters. The milik from these quarters was tested by special
haeleriological procedures, referred to earlier, hut organisms that
might have been the eatse ol the syniproms could not be found.

The milk of two additional frst eall heifers (N-116 and N-240)
wig tested while they wore on mitd-machine milking during o com-
plete lactation. The data are preseated in table 6, The pereentage
ol cldorides in their milk was sumewhat hicher than normal, but this
syinpiom was not aceompanivd by an established infection and there
wis 00 other indieation ol injury to their udders.,
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TasLe 5.-—Characleristics oj the milk of 4 cows milked by hand from the beqmmng of one lactation, changed to mild-machine
nillzing during the same lactatwn and conhnued on mzld—maclmm mi Inng during the next lactatwn

S s e PRS- —

; \umn { Leucocyies (thousands S agalacline thousunds Othier streptococel - ]
Days tn lacta- i { her of per millilitery | per millﬁlller) { (thousands per miililiter); Ghiorides (percent)

H |

! tion period cova § Method of milking "“"‘\‘r"{" - e - ; -

¢ ered by samples S fuarter . Ll N ) L
isamptes. Maxi- | Mini-  Aver- . Maxi- © Mini- ¢ Aver- @ Maxf- | Minl- ¢ Aver- Mnxi- Mini- | Aver-
{lested | mum [ mum o age . mum o onum ' oage mum. | mum:; age | mewm ; mum | age
§ N g ! L *
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Cow N-428:
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TABLE 6 ;.m('*lmraclerw!zcs of the milk: of 2 ﬁrsl—ca(j he'zjers on mzld-machzne mzllcmg durmg the first lactation

s 5 .,.g i i i i PR - g e et

Leucocytes 8. agalactiae - Other streptogocei .
' {thousands per (Lhoumnds er . (thousands per ?hlorldg)s
i : Number milliliter) | (milliliter i milliliter) pereen

{ Daysin lactation . of T e ‘ o
Cow,-calving date, - period ¢ udder- i
and (juarter i covered by | quarter ;
1 samples samples
. tested

i
i

R e g e S

i
i

v 3

H i

Maximum
Minimum
Maximum
Minimum
Maximum
Minimum
Maximum
Minimum

Cow N=116, enlved
July 16, 1937:
Right front. ey Ath=340th .
Right rearc.o.oo 8 =340t .
Lelt front.. o Adthe340th L.
Left rear... . 41h~340th :

JETTa. S e

Cow N=240, ealved
Aug, b, 1037: .
Right front. ... | 103d-418¢h. ..
Right rear . .. .7 103d-418th
Left front. . et 103d-418th. .
Left rear. ... T 103d-418th. .-~
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The twelfth cow in this group (N—426) had been milked by hand and
was free of mastitis during her first lnctation.  She was milked by the
miid-machine method during hier second lactation, and the character-
istics of her milk remained normal.

These resulls indicate that machine milking with reduced vacuum
for n short period of operation (12 inches of mercury for about 5
srinutes) generally resulted in somewliat higher Jencocyle counts amd
higher chloride values than hand milking; but that, although infective
oreanisms were present oceasionally in at least small numbers in the
milk of most of the cows studied, any slight injury that may have
resulied from the relatively low vacuum was not suflicient to aggravate
a1t infection seriously.

CHARACTERISTICS OF TUE MILK OF THE COWS ON HAND
MILKING

Among 25 cows whose milk was studied in detail during more than
40 lactalions on different methods of milking, 13 were studied while
they wore being milked by hand and by machine during {he same
laclation (fig. 2, footnote 1). Study of their milk provided direct
comparisons between the effects of hand milking and those of machine
milking, and during the periods on hand milking these cows served
directly as controls in the stwdy of the effects of various methods of
mmachine milking during (he smune Iactations.  Additional confrols
were provided and additional information concerning hand milking
wus obtained from the study of 4 of these 13 cows and 8 others (fig. 2,
foothote 2) for part or all of a complete Inclation during a period of
30 months.

1t was noted from the study of the charncieristics of the milk that
the mastitic conditions of vow N-114 (lable 3) and cows N-106,
N-238, and N 239 {table 4) were alleviated greatly after o change to
linnd milking during o lactation.  In later studies, similar improve-
ment was noled in the mastitie conditions of cows N-216 and N-106
while they were milked by hand.  Detailed data on the milk of these
two cows showing marked and progressive improvement on hand
milking, are presented in table 7,

In these two cows, as in others that improved on hand milking,
complete recovery did nol occur usually until after the cows became
dry,  This tendeney to recover from mastitis during the dry or inter-
vening period between lactations, after development of mastitis on
machine milking, was observed in at leasl 14 of the 25 cows. Of 13
cows 1hat were milked by hand during o part or all of o lactation
after o period on machine wilking, 10 remaimed practically free of in-
feelion and of other symptoms during (he period on hand milking,
alter recovering, A summary of the detailed dain on the charaeter-
istiey of the milk of 2 of these cows (N-227 and N-114} during their
second laciations and on hand milking, is presented in tables 2 and 3,
respectively.  Detoiled dafa on the milk of the four querters of
another of these cows (N-410} are presented in table 8. The relative
frecdom [rom abnormality shown in these data was typical ol the milk
of the younger cows on hand milking after they had recovered Trom
the disease,
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TavsLe 7.~Effects of hand milking on bacteriological and chemical characteristics of the udder-quarter milk of cow N-216
Jollowing a mastitic condition on sevcre-machine milking, and of cow N-106, which had had ‘mastitis on severe-machine
milking earlier and was severely mastitic at the beginning of the lactation

Right front quarter Right rear quarter

?‘. aga- Ch
actiae lo-
(thousands (thousands| rides

. per er ercent;
milliliter) milgliter) P )

S. aga-
lactiae Chlo- | Strip-

(thousands| rides |cup test
per (percent)] data?

milliliter)

Sampling date Leucocytes Leucocytes
(thousands
per
milliliter)

‘Cow N=216, calved June 12, 1937
Seyerc-machine milking June 14, 1937-July
17, 1937—

Hand milking July 18, 1937-July 24, 1938—
July 22

COOOOO Coooood

00y 1=t O
womw

Sept. 1
Cow N-104, calved Apr. 25, 1938:
Hand milking—
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Sampling date

Left front quarter

Left Tear quarter

Leucocytes
{tnousands!

per
milliliter)

S agn-
lactiae
{thousands

per
milliliter)

Chlo-~
rides
(percent)

Leuvcocytes
(theusands

per
millilier)

8. aga-
laciiae
(thousands,

per
milliliter)

Cow N-216, calved June 12, 1937:
Se\erc nmclnne mllkmg June 14 1937-July

pt.
Cow N-106, calved Apr. 25, 1938
‘Hand mllkmg

0
0
1
3
3
4
2
0
0
0
0
0

COLOON = OO
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1 The figure 0 indieates no clots; 1, a few small clots; 4, numerous large and small clots; and 2 and 3, intermediate conditions.




TanLe 8.—Complete results of the bacteriological and chemical tests of the udder-quarter samples from a normal cow* on
hand milking ,

Right front quarter Right rear quarter Left front quarter Left rear quarter

Leuco- | S. aga- Teuco-'1 S. aga- Leuco- | 8. aga- Leuco- | S. aga-
cytes laclice cytes laciine cytes lacliae cytes lactiae
(thou- | (thou- (thou- | (thou- (thou- | (thou- (thou- | (thou-
sands sands sands sands sands sands | sands sands |
per per per per per per per per
milli- milli- milli- milli- milli- milli- milli- milli-
liter) liter) | liter) liter) liter) liter) liter) liter)

Sampling date

34

DOODODO0
T, o000, ©
LCWOOCOOO

150

190 ) 178

73 .
. 150 1 330
190 188 132
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! Cow N-419; calved Apr. 7, 1936, dry May 1, 1937; previously on routine-machine milking for 539 days, mastitis 4 to 4, still
mastitic. when previous lactation ‘ended. )
# Strip-cup results on all samples were negative.
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The remaining 3 of these 13 cows {N-310, N-402, and N-404),
which were milked by hand for a complete lactation after they had
been severely alferted with mastitis in one or mere quarters while on
routine-machine milking, were the only animals that became severely
affected with streptococeal mastitis on hiand milking. ‘Fhese 3 cows
showed symptoms of mastitis, and cach lost one quarter carly in the
hand-milking lactation. Onc of them (N-310) was 5 years old, and
the others (N-402 and N-404) weve 10 and § years old, respecoively.
Clows N-310 and N—404 had been ou rations rather low in vitanin A
for Jong periods; and cow N-402, several years previously, had been
fed Tor more than § vears on a ration extremely low in vitamin A.
In spite of this unfavorable background, cow N-310 did not become
mastitic in the guarters that continued to function until the last 2
wocks of the lactation, Similarly, the functioning quarters ol cow
N-402 dit! not beeome seversly mastitic until after the sixth mouth;
and the mitk of cow N-40d, although infected badly with Streptococcus
agaluctice, exhibited a naldly chronie condition only after the sixth
month, and this condition continued until the end of the lactation.

A sunmary ol the Iraquency of the presence of mastitic symptors in
the quarters of the 13 vows on hand milking aflter partial or complete
recovery from mastitis inceurred during their previous Inctations on
machine milking, showing relative frecdom from mastitic symptoms
on Land milking, is presented in table 8.

The outstanding abnormality of the milk of & of the 10 cows that
remained relatively free of infection on hand milking was that the
percentage of chiorides was higher than normal, which indicated per-
manent injury to the seeretory tissue as a vesult of their previous
mastitic condition on machine milking.  The frequency of symptoms
of mastitis in the milk of cows N-310, N—402, and N—~404 present &
marked conteast to that of the 10 other cows, which were younger
animals and which had been on norwal diets and had largely recov-
erett from their previous mastitic condition belove this period on hand
milking.

Rix heifers weire milked by hand for the fist part or all of their
fivst lactations. Two of these (N—428 and N-429) were milled by
hand for 10 and 12 mouths, respectively, and were then changed to
mild-machine mitking during the same lactation.  The comparative
ofloets of hand and mild-machine milking ob the wnilk of these two
cows are shown in table 5 and deseribed on page 23, Anotlher cow
(N—431) was changed to severe-machine milking after 9 months on
hand milking during ner first lactation.  Three others {IN—42G,
N7, and N-132) were milked by hand during all of their first lac-
intions. The results of the studies of the milk of the individual
quarters of these sis cows, summarized in table 10, show that in five
of the six cows there was relatively little evidence of symptoms dur-
ing the hand-milking period.




TapLe 9.—Frequency distribution of mastitic symptoms in udder-quarter milk of 13 cows on hand milking after partly or
completely recovering from mastitis contracted on machine milking

- 8. agalaciiae: Chlorides: Leucocytes:
Number of samples Number of samples Number of samples
containing— containing— containing—

| -Days in lactation | Number § :

Cow No. period covered by | - -of Between More Between | Between | More

- samples samples | 100 and than Between | Between More 500,000 |1,500,000| than

10,000 10,000 0.09 0.11 than and and 15,000,000
per per and 0.11 | and 0.14 0.14 11,500,000 | 5,000,000 per
milli- milli- percent | percent ! percent | per milli-| per milli-| -~ milli-
liter liter liter liter liter

N-106 oo 4th-144¢h
N-1111¢ 9th-268th
9th-415th

ISP )
YOS Ay

T

—
NOJO OO IS 00 b=t =y

17 15th=365th_ _.___ }
21st-527th

b )
COoOWOROCOOHOOD

WO R OO OO b ik
[y
VOCOOOROOOOCO
SRS OOTO
NOMOOOOHNSLOS
CORODOCO OO i
N OCOOCOOOOOO

]

! Percentage of chlorides higher than in milk of normal cows, indicating permanent injury to secretory tissue as a result of previous
mastitis on machine milking. : .
* Relatively old cows; had been on deficient rations.
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Tapue 10.- -Bacteriological and chemical characteristics of the milk of 6 heifers during the period on hand milking from
the beginning of the first lactation

S. agalactice or other in-

Davs in lacta- 1\“'(')?})” Lc"“wyfﬁ‘?]l(itﬁ’t%‘r?a"d& per feetiveorganisms (thou- Chlorides (percent)
Cow, date of calving, tion perind udder- . sands per milliliter)
and quarter covered by quarter -
samples 5’("_”1"35 Muxi- | Mini-. | Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- | Aver-
este muni mun age mum mum age mun mum age
Cow N-426, calved
My 2, 19362 | .
Right front  ...... | 187th-340th_.. 31 1,000 108 432 0. 05 0 0.03| 0.09 0. 08 0. 083
Right rear  ____...] 187th-340th .. 3 792 H8 314 0 0 0 . 083 .08 . 082
Left front. ..o 187th-340th. . . 31 1,680 53 611 0 0 0 .09 .07 .08
Left rear  .coovoann 187th—340th ..~ 3 1, 260 43 4908 0 0 0 .08 .07 .08
Cow N-~427, -calved :
Aug. 14, 1936: ]
Right front Z......| 89th-367th____ 121 4,160 245 | 1,576 | 191.00 1,00} 26.00 . 125 . 05 . 083
Right rear  ._.....| 89Lh-367ih. .. 12 853 7 165 0 0 0 . 092 .04 . 059
Leftfront. . .. .- 80th-367th. ..~ 12 502 7 147 0 0 0 . 069 .04 . 056
Left rear_o__L....c. 891th-367th . . ._ 12 695 7 146 0 0 0 . 073 .04 . 054
Cow N-428, calved ~
May 5, 1936:
Right front _ ... 24th-297th. . ._ 4 320 33 156 0 0 0 .07 .06 . 063
Right rear _...___. 24th~297¢h .- 4 63 8 44 0 0 0 . 088 . 05 . 072
Left front. ... 24th-297th__ . 4 285 102 206 0 0 0 .08 . 054 .07
Left rear_ ...~ 24th-297th_ ___ 4 95 8 67 0 0 0 .072 .05 . 063
Cow N-429, calved o
Mar. 15, 1936:
Right front_______._| 16th-348th..__ 15 225 8 43 0 0 0 .09 .06 .07
Right. rear.___.._.__ 16th=348th____ 15 + 1,137 25 320 8.70 0 .72 . 083 . 063 073
Left front-_ oo .. 16th—348th.___. 15 |- 1,548 8 226 0 0 0 . 093 .06 . 075
Left rear. ... .. . 16th-348th - ___ 15 216 7 50 0 0 0 . 086 . 06 . 07

! Infection with Staphylococcus aureus.
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TasLe 10.—Bacteriological and chemical characteristics of the milk of 6 heifers during the period on hand milking from
the beginning of the first lactation—Continued

i
Number, Leucocytes (thousands per
of milliliter)
udder-

QUATLER (e o s o

S. agaluetiage or other in-
feetive organisms (thou- Chlorides (pereent)
Bays in lncla- | sands per milliliter) i
tion po;-i;)d
covered by : - : .
samples sﬁégggéd Maxi~ - Mini- Maxi- § Mini- | Aver- ] Maxi- t Mini- 1 Aver-
‘ mwwm 1o mum age mum - | mum age

i

Cow, date of ealving,
and quarter

Cow N-431, ealved
Aung. 1, 1936: :
Right fronto..... ... 101st~255th. . .
Right rear......_ . . 101st-255th, ...
Left front._ ... .. - 101st-2551h. .
Left roar, .o oo ... .t 1010st~255th.. .
Cow N-432, calved :
Jan, 12, 1937:

34 . 0 ) . 0. 065
2] . 0 ) - 06 . 066
18 , . . . 063
i , . . . 065

cver vt

Right front. .......1 80th-365th. __! ; P31 ] . . .07
Right-rear, . . L. 80th-36ath. ... 356 ‘ 114 i . . 067
Left front. . ... .- P 1,428 : 505 ! .09 .08
Leftrear. oo . ~. 80th-3G5th. . -t 158 15 89 .10 L0200 . . .07

i

2 Temporary infection with sireptocoeei other than S. agalactiae, without other symptoms.

FUALTAOINOY d0 “ILdHd ‘S ‘N ‘566 NILATINE TVOINHDIL g




THE RELATIONSHIP OF MACHINE MILKING 35

Cow N—427 (table 10) was the only animal in this study in which a
sustained infection developed during the period on hand milking
that could not be aceounicd for by any known conditions of the ex-
periments.  Che causative agent was Staphylococeus aureus. 1t
oceurred in the vight front quarter only, alter the second monih of
the lactation, and persisted unti! the end of the lactadion. The milk
rontained bloed ai the beginning of the lactation, and it is likely that
the quarcer had beentinjured.  With this exception, only 7 of the 163
udder-quarter samples from these six cows contained streptococci
or other causative organisms, and only 15 had leucoeyte counts
greater than 500,000 per milliliter.  Tikewise, among {hese 1065 sam-
ples, the percentago of chlorides exeeeded 0.09 e only 4 samples,
and the avernge percentage for all the quarters was less Lhan
0.08L. This value is considlerably lower (han the chloride values of
most of the samples from the cows on hand milking that had had
mastilis previously while en machine milkivg (surmmarized in table 9),
and il s markedly lower than the values of the samples rom cows
on machine milking, even amang the quarters that did not show other
symploms of nmastilis.

COMPARATIVE RELATIONSIHIPS OF DIFFERENT METHODS
OF MILEKING TO ' THE SYMPTOMS OF INJURY AND TO THE
INCIDENCE AND SEVERITY OF MASTITIS

The compitrative offeets of the different methods of milking en the
incidence and severity of mastitis in the herd were determined di-
eetly wheit cows were changed from machine to hand milking, or
from hand Lo machine milking and in some cases back to hand milking,
during ane lactation.  These effects were demonsteal.d by the alinost
immediate changes that oceurred in the severity of the infections and
i the chameteristies of (he mitk of cow N-114 (table 3) in the studies
on routine-machine milking, of cows N-238, N-239, and N-106
(table 43, aml cow N- 216 (table 71 on severe-machine milking, and of
cows N-300, N-419. N 128, and N—29 ((zble §) on mild-machine
mitking.  Additional data obtained in the studies of the milk of
cows N=227 tlable 21, N-11+4 (table 3) and N-238 (table 93, that were
mitked exclusively by hand duving the suceceding lactation aiter
becoming severely mastitic on machine milking at 16 inches of vae-
wutn, illustrate Turther the macked contrast between the eflects of
machine milking at high vacuum and those of hand milking.  These
resulls ndieate thal hand milking—and also mild-mochine milking—
had less tendeney W injure the ndder and increase the suseeptibility
to mastitic infeetion than did rouline- or severe-tachine milkiogr,

Howoever, the cows were Ffound (o dilTer in iheir vesiztance to injury
from machine milking, even when the machine was opernted at high
vacuum. There were four cows that were refatively resistant Lo in-
jury by milking at high vacuum, namely, N-111 on routine-machine
milking and N 222, N-424 and N—31 on severe-machine milking,
Cow N—111 was a lirst-calf heiler, and, although the milk from both
Mront quarters contained Streplococeus agulnetice regulacly after the
third manth of the lactation, neither of these quarciers beeame severely
mastilic,  Meanwhile, both rear quarters remained [ree of infection
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and showed no symptoms of mastitis. All her quarters were free of
infection during the succeeding lactation on hand milking. Cows
N-222 and N-424 (p. 19) were affected only mildly by machine
milking, even though both were milked by the routine- and severe-
machine methods for two successive lactations. The udder-quarter
samples from these two cows frequently vontuined various kinds of
streptococei, but S egelactice was found only occasionally., Cow
N3l (p. 19}, o fiest-calf heifer, was milked by hand for more
than 8§ months during the first laetation, and then by the severe-
machine method during the remainder of that Inc¢tation and during
the succecding lactation.  Injurious effects of severe-machine milking
did not appear until after the ninth month of the second iactation.
During the tenth month, the milk from each of thiee quarters con-
tained more than 10,000 8. agaluctiae per milliliter, and the left renr
quarter was infected also with Pseudomonas aeruginosa. At the
same time, other symptoms of masLitis occwrred in the infeeted
quarters,

Variations in resistance to injury and to infection on the diiferent
methods of milking were observed among the individual quarters of
cich cow, particularly of the cows milked by machine at 16 inches of
vacuun., O 12 cows studied thus that developed severe mastitis and
on which the usual data were obtained on the milk af four quarters,
severe anaslitis oceurred in only one, twe, or three of the quarters
among 11 animals, and the remaining quarter or quarters either
were unaffeeted or wore alleeted only mildly,  The one exception was
cow N-114, which was affecied severely in all quarters on routine-
miehine milking (table 3 and fig. 4).

Data showing the incidence and relative severity of nmstitis in the
individual quarters of ecach of the 25 cows sludied during this in-
vestigntion under different methods of miiking, with the mastitic
conditions evaluated according to the criteria described above, are
presented in table 11, together with historieal information concerning
all the vows in the investigation.

Lt will be observed (table 11) that the largest proportion of cases
of severe mastitis {(-F + -} occurred in the right front quarters.  OfF
the severe cases that oceurred on severe-machine milking, 37.5 pereent
were in the right front, 17.5 percent in the right rear, 27.5 percent in
the left frent, and 17.5 pereent in (he left rear quarters.  The only
quarter that developed severe mastitis (-4 +4) on mild-machine
milking was the left Tront quarter of cow N—29. The evidence in
these investigations points in most cases directly (o udder injury
caused by ihe action of the milking machine as being an important
firctor in the occurrence of mastitis, and it is apparent that such
eflects of injury were more prevalent and more severe in the front
than in the rear quarters.  These studies do not offer any explanation
as to whether or not the front quarters were more vulnerabie to injury
by the milking machine because of differences in the sizes and lengths
of the teats, which cause the teat cups te fit improperly; beeause the
front quarters usually produce less milk and the machine works on
them for a longer period while they nre emply; or because the front,
tents are more subject to injury duriug the movements of the cow.
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Tansri 11.-~Historical information on 25 cows, with details of methods of milking and of the incidence of mastitis for the

st | T St S e i

Cow No., date of birth, and calving
: diste

:
i

period of zlm e.rperunents

L i i e i S

Degree of mastitis in each quarter

J e o

=106, l)m nJan, 23, 19.50.

Calved Apr, ’!?, 19364 oo
Calved Dee, 4, 1036 o0 ie
Colved Apr, 25,1938, .. ...oooan

N-111, horn Aug. 2, 1932:
Calved Juty 29 10935, . vounis .
Calved Mar. 27 1937 . i a
N-114, born Fueh, 9, 1933:
( nlvcd July 31 1936, .. nin ..

. Calved Nov, 3,1936 .. _......
- 116, born Qect. "9, 1934: “Calved
Juh 16, 1937.
N-216, l)mu Jun. 26, 1929:
(‘-il\'od ((lul(, unl\nown) ..........

See footnotes at end of table.

Method of milking, and date ) :
Right | Right | Lefl | Teft
front rear front ' . rear
i
e e et e ” =
H
Rontine machine, Apr, 29,1935, to Apr, 22, 1936 . B e i B n ke 0 % 44
and, Apr, 23, 1936, to Julv 31,1036 A 0 0 0 4+
Hand, Dee. 4, 1()5() 'to Apr. 12, 93Tl 0 0 0 0
he\vro m:\('hmc Apl 13,1937, "ta \ug 5, 1937 cevin i n ++ - 4 o S O S0 2
Hand, Aug. 6, ]937 1o TFeb, 1, 1938. JECIT U S S | 4 + 4
Hund Apr. 2a, 1‘)38 PR RSUPRIGUC PRI SPIRCIIE Sb° S S Vs 3 SR MR 1) 4 {6 : -+ o
+ 4+ + -+ 4+ ++
Routine machine, July 29, 1935, to Aug. 14, 19% T A 0 -4- 4~
Hand, Mar. 27, 937 to Jan, 21 1938 ] 0 0 0 0
Routine machine; July 31, 193.), to Apr. 20,1936, ... A 4+ 440 R RS
Hand, Apr. 21, 1936, to’ Aug 1936. . .. . . - -+ e + 4
Ilund Nov. 3, 193() to. Jan. 1, 1938 RS PN 0 0 0 +
Mild mnchm(, July 19 19387, t.oAug l‘?db i 0 0 0 0
Hand, dates unknown_ . oo i pe 0 0 0 0
Routine machine, dates UNKNOWI__ ..o v oiwrnesmmmmm s + A 0 0 0
Routine machine; July 25, 1935, to Aug. 10, 1936. .. ... + 0 0 0
Mild machine, Au;> 11, ]936 to Feb. 1, 1987__ . C10C 0 0 0 6
Severe mu(.hme, June 14 1937 to July ]7 1937 .o wt + 4+ + b e ol ol R B o B
Hand, July 18, 1937, (o July 24 1938, i i aen + 4 + + 4+ to 0

DNIMNTIW @NIHDVIE J0 JIHSNOLLVYTAY 9HL
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Tasre 11.~~Historical information on 25 cows, with details of methods of milking and of the wculcme of mastitis for the &3

per fod of the exper un(’nts-—-Conhnu(,d

Cow No., date-of hirth, and ealving

date

Method of milking, and date

© Degree of mastitis in each quarfer

Right | Left

TCar

Right
front

Left
front

N=219, born Jan. 9, 1931;
Calved Ot 7, 1034 000 . .0
Calved Aug. 30, 1936.. ... .. .

. Culved July 19, 1938

N--222, iorn Jan. 17 1931:
Calved Feb, 12, 1936, . cvovann. .
Calved May 26 1937 i

N-227, born Mar, 8, 1931:
Calved Feb, lb 1935...
Calved July IO 1037 2
N-234, born ])('(. 5, 1932
Culved 1935 ((,\n(.l, date un-
knownj, :

Calved Apr. 29, 1936
N=238, born Mar. 8, 1934:

Calved Aug. 28, 1936, oinnne
Calved Apr. 5

N--239, born \pr

938
8, 1934: Calved
Dee. 7, 1936 ‘

Routiné machine, Oect. 9, 1934, to Dec. 31, 1935... . .
Hand, Aug. 30, l")dﬁ to Nov. M 1936
Mild mu(hmc .\\o\' 5, 1936, to bopt 9, 1037, el
Mild muchm(,, July 19, 19382

Routine machine, Feb. 15, 1935, to Mar. 15, 1936. ..-...
Severe machine, May 28, 1937, to June 1, 1038

Routing machine, Feb, 19, 193.>, to Feh, 28, 1936......
Hand, July 10, 1937 oL .

Routine machine, approximately 1

Hand, Apr. ‘) 1936 to June 16, 1936. ... ...
Severe mu(,lnnc June 17, 1936 {o Oct. 30, 1986 oo .
Mild machine, Oct. 31, 19.3() to Dee. 10, 036 . ...

Hand, Aug. 28, 1936 to Nov. 14, 1936

Severe mm,hme Nov. 15, 1936 to Sept. 15, 1937.
Hand, Sept. ]() 1937 to Jan. 7, 1938 ...
]Iand Apr. 5, 19382

]szd Dec. 7, 1936, to Jan. 29, 1937

Severe mu(.hmc Jan. 30, 1937 to July 28, 1937
Hand, July 29, 1937 to Mar. 1, 1938

year

+E |

-+
++

R
o 0. 0
FA At b
o
o
®

+
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N ;’!0 boru3 June 27, 10341 Calved | Mild machine, Aug. 8, 1937 2o i pmnn -+ 0 ; G g
Ang. 5, 1937,
N-309, born Dee, 16, 1931;
C‘xﬂwd 1984 ..o e Routine machine, approximately 1 Year. o v cacneinx 0 | 0 - +
Calwd Aprit 80, 19860 ... Hand, Apr, 30, 1036 to Fob. 10,1937 . i 0 0 0. 0
Mild mnchme Feb. 11, 1937, 6 June 1, 1937 _conivn.n 0 0 0 0
) (ulwd Aug, 23,1987 vl e Mild nmdune Aug. ’7 1937 to Sept. 2 1938 e cn s Oto+{0to -+ {0to4++ 0to 4
N- 810, born Apr. 5, "1932; ;
Calved Nov. 1" 1935, vnio ... Routine machine, Nov. 15, 1935 to Aug. 10, 1936 ... ...|" 0} +++ 0 0
Mild machine, Aug. 11, 1936 to Oct. 27, 1936. S 0 07 4+ - A+
Calved Mar, 3, 1937 ool Hand, Mar. 1, 1937 to Mar. 7, 1938 . L. fFt0ls0ote F0 w34+
e e i ot R e 3 T S o
Catved June 19, 1938_. .. .owo.| Hand, June 19, 19382 ... ..ot o b B [VIRE % S B ol ¢
N-402, horn \lu\") 1926: ‘ ‘ )
Cidved Jar, 19, 1935 1. . _...__ | Routine machine, Jan. 22, 1939 to-June 15, 1936...... 4 ++ 4+ 4 R s R e o
Calved Oct, 22, 1936 . ... 1 Hand, Oct. 22, 1036, to April. 1, 1938.._.. ... . _..f ++ o] 4+ + +++ ++
, +
N--404, born Jan. 7, 1928: :
Calved May 29 1035 . Routine machine, June 1, 1935, to Aug. 14, 1036.. . ...} +++ 0 4otk Attt
Calved Nov. 15, 1936 ocore.o. Iland, Nov. 15, 1936 to Mar. 15, 1038, . o el b + ‘4':}-_;%‘_}_13_; +4
N-=115, bora Dee. 16, 1930: )
: Cadved Dee. 21, 1934 .. ... ... .| Routine machine, Dee. 21, 1034, to \Im 4, 3085, ... e ey et i s o o b 28 i o
Calved Mar, 28 19360 e .| Hand, Mar. 28 1‘)5() to June J(i 193¢ PP (3¢ 0. 0 )
Severe mm,hmc June 17, 1936 to Oct -), 1936, ... AR G W S S e o e SR 0.
Calved Aug. 10, 1937_._. .. .....| Hand, Aug. 10, '1937 to Sept. 15, 1938 ... ... f &y 14 te0i0te + D]
N-419, born Apr, 2, 1931 ! ‘
Calved Apr. 9, 1934 _.......| Routine machine, Apr. 9, 1934 to Sept. 30, 1935... .- . .1 ++ 4 MR ok o 44
Calved Apr. 7 1936, .o ..] Hand, Apr. 7, 1936 to Feob. 11, 1987 e iviim e am 0 0= 0 )
Mild machine, Feb. 11, 1937 to May 1, 1937 . .. ..... ] 0! 0 0
Calved Aug, 27, 1937 oonon s Mild machmc Aug: 29 1937 to Nov. 21 1938 ... e + 0 0to 4+ 0
N-24, Born Dec. G 1932: ; ; :
Calved Jan, i1, ]936 ......... - -1 Routine macbine, Jan. 14, 1936, to Aug. 10, 1936.. ... ++++ 0, 0 0
. Mild machine, .\ug 11, 1‘)36 to-Feb. 11, 1937_,, _________ (3) 0 0 0
Calved May 24, 1937 .ol . Severe machine, May 26 1937, to June 1 1938 e (3) + -+ +
N-426, born Jul\ "1 1933:
Calved May 2, 1986 Hand, May 2, 1936 to July 1, 1937 i 0 0 0 0
Calved Qet. 8, "1937_" - "__72777) Severe machine, Oct. 9, 1937 "to Oct. 30, 1937_.. ... ...~ 0 0 ﬁ 0, 0
Mild machine, Oct. 31, 1937, to Nov. 21 1938 ... coaaa 0 0 0 0

Soeo footnotes ntend of table.

[ELds

kA
W

INIMALW UNTHOVIY J0 dIASNOLLVISU

¥
.

68


http:26,19.37

TasrLe 11.—Historical information on 25 cows, with details of methods of

Cow Xu,, date of birth, and calving
date

o S g i

N 427, born® Oct. 22, 1933: Calved
Aug. 14,71036.
N-428, born Oct. 27, 1033: ,
Culved May 5, 1936_. ... -

. Calved Aug. 28, 1037..._. .
N~429, born Nov. -1, 1933:
Calved Mar. 15, 1036

Calved Sept. 1, 1037, ...

N~431, born Apr, 29, 1934
Calved, Aug. 1, 1986..... .

Calved Oct. 27, 1937
N-432, - born Now, 6 1934: Calved
Jan. 12, 1937.

period of the experiments—Continued

milking and of the incidence of ma~

titis for the

Hand, Aug. 14, 1936, ¢

Method of milking, and date

s e S R s s b o s

oSept. 1, 1987 .. ... ... ...

Hand, May 5, 1036 to Feb. 27,1937 ... ...

Mild machine, Feb. 28, 1937 {0 June 1,1937 0 00T
Mild machine, Aug. 31,1937 to Sept. 1,1938_ . ... ...

Hand, Mar. 15, 1936 to Feb. 27,1937 ...
Mild machine, Feb, 28, 1937 to Apr. 21,1987 ..

Mild machine, Sept. 8, 1937, to Nov. 1,'1038___ ..

Hand, Aug. 1, 1936 to-Apr, 12, 1937 e
Severe machine, Apr. 13, 1937, to Aug. 1, 1937.. _
Severe machine, Oct. 31, 1937, to Dec. 1, 1938

Hand, Jan. 12, 1937, to Feb. L,1938. . ..

1
z Degree of mastitis in each quarter

Left
front

Left
rear

Right

. Rig Right
¢ front

rear

e

-

+o
[

RS g

—

4

.S
¥

+tao

]
L= =

U Intervening lactation omiited,

284l milking Dee. 31, 1038,

& Nonfunetioning quarter,

4 Severe symptoms did ot appear until Nov,
went dry Nov. 17, 1937.

1937; quarter

5 8evere symptoms did not appear until Feb, 1938.
“ Quarter still abnormal; it went. dry Mar. 1937.

# Staphylococeus infeetion,

¥ Pseudomonas infection. )

? Acute condition, possible injury.

B R

0

O+QO

or

QUARINDINYY d0 “LAdAd ‘S 40 ‘€66 NLATINg AVIINHIUL



http:toScp~.IJ

TELE RELATIONSIIIY OF AMACHINE MILKING 41

In spite of the variations in the severity of mastitis found amon
the cows and the quarters of exch cow, it is evident from the detailed
data presented earlier on the chemical and bacteriological character-
istics of the milk that in these studies both the incidence and severity
of mastitis were much greater under cornditions of maching milkin
al a vacuum of 16 inches than at reduced vacuum, and that hanﬁ
milking resuited generally in the smallest ehanges in the composition
of the milk and the least aggravation of udder infeetions, These con-
clusions are biought oul more ¢learly and the effects of machine
milking at 16 inches of vacuum on the severity of mastitis are empha-
sized further by the data in figure 3, which show the relationships of
the difierent methods of milking to the severity of mastitis in indi-
vidual quarters. These data represent resulls obtained during
extended periods of complete lnclations for 21 cows on which the

100 e -~ - I I
F
00 3 e Mo raze ormasmmis
30 * 1
: e }mn»:a.uamnrs SYMPTOMS
T

I
]

o
[=]
I
1
L}
1
!
i
H
i

b
o
T
1
i
1
'

QUARTERS {PEREENTAGE]
w
=]
1

30 - [ i =
2q — - . . e i
10 al - b - |:. - —
o = ey _:' A4 !-l 1 ] (\\\ ™M :
HaND MILRING, MILD-RAGHINE ROUTINE-MAGHINE SEVERE-MACHINE
62 QUARTERS MILKING, MILKING, MILKING,
35 QUARTERS 12 QUARTERS 27 QUARTERS

Fiarre 3. lneidenee and severily of mastilis among 21 cows that were on
speeified wethods of milking for refatively long periods.

same method of milking was used lor a long period and no frequent
changes were made thel might tend o distort the effects of the method
in use at the time, The data show that the percentage of quarters
that were free of symptoms was largest on hand milking, slightly less
on mild-machine milking, and less than 10 percent on routine- and on
severe-machine milking. The percentage of quarters that were
mildly mastitic (--) increased on machine milking uniformly with the
inerease in the amount of vacuum and the length of time the vacuum
wns applicd.  Likewise, the proportion of quarters that developed
severe mastitis (+4--4) on hand milking was zere, on mild-machine
milking less than 3 percent, on routine-machine milking 50 pereent,
and on severe-machine milking 37 pereent.




42  PECHNICAL BULLETIN 992, U. 5. DEPY. OF AGRICULTURE

EFFECTS ON DIFFERENT METHODS OF MILKING AND OF
MASTITIS ON THE YIELD OF MILK

Complete records of milk yiclds show that the method of milking
had a significant effect on milk production in the cows that beeame
mastitic, In determining the cffect of the method of milking on
milk yicld, it is desirable to compare results only on cows that were
kept on the particular method of milking for a large part or preferably
all of & lactation.

Frrecrs oN THE YIELD oF Miik

There were eight cows that completed twe lactations each in which,
during the 'mai'm‘ part of the first lnctation, they were pub on routine-
or severc-machine milking and beeame mastitic; during the second
lactation, six of thess cows were on hand milking exclusively for the
eantire lactation, the seventh cow was on hand mﬁking for 11 months
and on mild-imachine milking for 1 moath, and the cighth cow was
on hand milking for 2} mouths and on mild-machine milking for
94 months. All of the cight cows recovered elther partly or com-
pletely during the second period. The yields of the cight cows for
these bwo lactabions are shown in table 12,

The periods during which the different methods of milking were
used with these cows are shown in tabla 12 and also are giver in detail
in table 11. Routine-machine milking or severe-machine milking
was the predominané method in the first expertmental lactation, and
hand mitking wag the predominant method in the seeond experimental
Inctation, except for cow N-219, in whose case mild-machine milking
predominated.

In every case the yield of milkk was grealer and the decrease from
the first Lo lhe twellth month was less when the cows were milked
chiefly by hand. The inerenses in yield in the second lactations
varied [tom 1 percent to 160 percent, and the average inercase was 60
pereent.

Cow N--114 was a first-calf heifer when on routine-machine milking,
and some increase in vield would be expected normally in bhe sccond
lactation on hand milking., But her greater maturity when on hand
milking fails to explaie either the very great difference in yield or the
greater persistence of vield. In the cases of the seven other cows,
advances in age explain oven less adequately the greater yield and
persistence in the second lactation,  There seems to be no explanation
for these differences in yield and persisience excepd the injury and
bacterinl growth that developed on routine- and sovere-machine
mitking and the tendency o reeover from these eonditions on hand
milking, and also, in thc ense of cow N—219, on mild-machine milking,

It should be poiuted out that in cows N-310, N-402, and N-404,
the yields {or the second lactations (hand milking) were obtained
from only three functioning querters in cach case, since ench of these
cows had lost the use of one quarter because of mastitis during the
carlier period on machine milking.,  In cow N-415, the yield for the
second lactation was obinined [rom only two [unclioning quariurs,
and yet it was practivally bwice as much as duving the carlier period
when she contracted mustitis on machine mitking. Thus, the in-
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crenses i yields in the seeond lactations of these cows are even more
striking than is apparent from the data.

In addition to the eight cows whose yields of milk were compared
for whole Iactation periods (fable 12), there were three other cows
(N-106, N-238, and N-239) whose yiclds were studied while they
were changed from severe-machine milking to hand milking within a
single laciation period. In these cows, also, there was a slight
tendeney toward improvement in milk yield when the change to hand
milking was madao.

TaBLE 12,—7lk yields, an rvelution to the ingidence ond severity of
mastihis, of S cows that were meanly on roubte-mackine milking for 1
complete luctation and then mawnly on hand milking for @ subsequent
fnclation !

r Yietd in
| Inei- tavelfth
i denee montd
Clow, andd ¢ Method of milking and months sl Total §us com-
calving dates o1l ench method soverity | vield pared
of pwith thag
masbitis 4 of first
r i month
_ .r -
Cow N-114: : Pounds | Percent
July 31, 1035.) Routine machine (7 imonthes) and ! e 1, 2006 10,0
hand (5 maonths), :
Nov, 3, 1936..] Mand (12 monihs). .. ... ... + 16, 142 47. 7
Cow N-227: 1
I'eb, 16, 1985_.] Routine machine (12 monthsy. ¢ b 3 11,039 7.2
July 10, 1937_ ] Hund (12 montbhs)_. ... ... . ] 01 10,432 66, 8
Cow N-310: '
Now, 12, 1835 Houtine machine {0 mouthsy aud { 4 + 4 5, 302 L]
mild mechine {213 monkhs).
Nar. 1, 19371 Uand (12 months) ... ... ... .. -k 4185, 448 39. 5
Cow N-402: . 1
Jan, 10, 1935__{ Routine maching (12 months}_. j+ -+ 4+ 4,088 24. 3
Get, 22, 1836, { Hand {12 manths) ... ... ..... + 444135 104 50, 4
Cow N-4D4: i
May 29, 18935.| Noutine machine (12 monthg). . -4+ -+ 4+ 6, 7006 406, 3
Nov. 15, 15306, Iland {12 months) .. .. ... ... &4+ -1]38, 302 49. 3
Cow N-415:
dar. 28, 1936 | Hangd (34 months) and severg | -k 1, 785 1]
maching (314 months).
Amg. 10, 1937, | Hand (12 menghs) .. ... .. o+ + 3, 552 34,2
Cow N—-419: |
Apr. 9, 1834, ¢ Routine machine (12 months) .- + 4+ 5, 320 28, 3
Apr. 7, 1936 ] Mand (1) months) and mild ! V] l 7, 672 46. 9
machine (1 month). i i
Cow N-210: ! '
Qect. 7, 1934___| Routine machine (12 months). ! -+ { 1], 079 26. 5
Aug. 30, 1936, land (214 months) and mild 0} 14, 842 GG, @
machine (914 nmonths), 1

! Figures are for 12-manih inglation periods, exeept for cows N-310 and N-415,
whpsci yields were reduced to zero by inastilis before the end of the earlier 1actation
pesiod.

Pe 0, no mastitis; nereasing number of plus signs indieates inereasing severity,

3 Only 3 fully funetioning quarlers, sinve L quarier wend dry carly in the lngta-
tipm beennse of pmaslitls in (he provious laefation, :

Only 2 Tunetioning quarlers beeause of previous mastitis,
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The yields of four cows that were milked by hand for most of one
lactation and by the mild-machine method for & shorter period, and
by the mild-machine method exclusively during all of the next lacta-
tion, ave shown in table 13. Both the yield and the persistence of
weld tended to be greater, on the average, in the first lactation thav
in the second. Howevel the persistence of yield in one cow (N-429)
was greater on mild -machine milking than on hand milking, and cows
N-419 and N-429 both gave slightly more milk on mild-machine
milking, These vesults tend to corroborate the results of data given
earlier, namely, that mild-machine milking is much less injurious “than
either routine- or severe-machine milking.

TasLs 13.—Milk yields, in relation to the incidence and severity of
mastitis, of four cows that were mainly on hand milking during one
lactation period and then on mild machine milking during a subsequent
lactation '

: Yield in
1 twellth
Incidence month
and a5 com-
severiby : pared
of with
mastitis * that of
first
month

Cow, and Method of milking and
calving ddates | months on each inethod

Cow N~30¢: Pounds | Pereent
Apr. 30, 1936__ Hand 110% mnutim) and 6, 162 40.
mild machine (124 months).
Awr. 23,1937 Mild machineg (I‘? months) _ 4, 227 13.
Cow N-:t19:
Apr, 7, 1936_._| Yand (10 months) and mild 7, 672 46,
machine {2 months),
Au;., 26, 1937__1 dlitd maehine (Y2 months) __ + 4 7,852 33.
Cow N—428:
May 5, 19361 Hand (10 monihs) and mild 10 8, 007 54.
machine (2 months).
Aug, 28, 19371 Mild machine {12 months).. + 4+ 6, 151 53.
Cow N—-420; +
Mar. 15, 19361 Hand (11 months) and mild Jto 4- 8, 017 50. 5
machine {1 month).

SBept. 1, l!]d:-_E Mild mnackine {12 months)__| 0 to 4+ 4 g, 285 64. 3
i

! Cows were generally normal at end of first Inefation on hand and mild-macehine
milking, but gradually developed syinpioms of mastitis in the subsequent laetation
on miid-machine mitking.

30, no mastitis; inereasing number of phlus signs indieates increasing severity.

i .I'[igh ch!cocyte counts but noe other sympfoms on mild-machine milking.

CHANGES 1IN TiE MILK Tiat AccoMpaxien TnE RECOVERY IN YIELD
When Cows Were Cuaxcep From dMacimse Mickine 1o llasp
MiLkine

Records of bneteriological and chemical tests of numerous udder-
guarter samjles of the milk of two of the cows (N—114 and N-227)
whose milk ceeords are shown o able 12, weore obinined dnumr hoth
Lactution periods.  These daln on cow N-227 are presented i table
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2 for the enrlier mastitic period on routine-machine milking and the
later period on hand milliapg, and corresponding date on cow N-114
are presented in table 3. These records show shint marked reduciions
e the number of leucocytes and streptococel and in the percentage
of chlorides accompanied the greatly increased yields on hand milking,

Similar bacterielogical ard chemieal records on the milk of the four
cows changed from hand o mild-machine milking (yields shown in
table 13) are presented in table 5. The small reduction in milk yield
of two of these cows and the sinall inerease in yield of the two olhers
on mild-machine milking indicate that there was hittle or no ceffecl,
on mitk yield accompanying the sympioms of mastitis that devel-
oped—which were relatively slight and which did not oeccur uniil
near the end of the second 6f the two lactations,

Figure 4 shows graphically the milk yield and the average chleride
value of the mill of cow N-114 for the two lnctations refereed to in table
12, 8Bhe developed a severe case of mastitis while on routine-machine

n

50 | | | 022
{
‘f.lELD. SECOMD LACTATION
é‘ 52 H 0.20
> g
g S
=44 018 &
z 3
o 5
5 36 [raanne -\ Y —L— | PERCENT GHLORIDES, FiasT 016 &
[+ .
o MItKING ll Y& iLAch‘T'O”,»O""‘o\ e
3 v s b g
> 28 1 T T \o-'i T ala ;
x ! PEAGENT GRLORIDLS, i
3 ! SEGONG LACTATIONT 5 | } A e
o
320 [~ "bn‘?{ui{'_' ""-L”’ \“"-—I""""*—_"—-\""_ ":-—-* Q12 g
g - et - Y //7! - ‘6‘
= ] o <X
1) [+ 4
= w
<L

AGUTE MASTITIS™

, YIELD, FIRST LACTATION 2 s
M I [
| /1/__% 008

CHANGED TQ HANG MILKING R'Ec—ovizn*r |
1 1 [ i ] ]

10 i 12 3 ig

i 2 3 L & 6 ? 8 9
LAGCTATION PERIOD{I4ONTH]

Figore 4-—Average yield of milk and pereentage of chlorides in the milk of cow
N-1l4 during two snecessive lactations, showing reeovery from masiitis on
hand wmilking.

mitking during her first lactation. The acute, infective stage of the
disrase began during the third month and pessisied in all quarters
until the end of the fourth month. The mill [rom all quarters eon-
tained millions of Streplococcus agelaciiae per milliliker and tens of
millions of leucoeyies; and the percentage ol chlorides was higher
than 0.17 in all quarters and as high as 0.24 in one quarter. During
this period the milk yield decreased very abruptly to only 15 perceni
of the original yield.

Mastitic conditions remained severe in three of the four quarters
until the cow was changed to hand milking in the ninth month. In
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only onc quarter did the chaaeteristies of the milk improve during
this time; this improvemenl ocomrred during the fifth menth.  During
this period of a more or less chronie condition on machine milking,
the rate of deerease in yield was arresied somewbat, but there was no
recovery in yield.

Immediately after the cow was put on hand milking there was a
definite improvenment in the maslitic characteristies of the mitk from
the three gquarters in which the symptoms had been most severe,
The milk rom the one quarler that improved during the fifth month
shiowesd some slight, furtber bnprovement, particularly m chloride
valuea.  The recovery in all four quarlers progressed irregularly, bui
the milk from Lhe three quarters mentioned ahove eonlinued to
conlain several thousand steoploeocel per milliliter until the end of
the lactation.

At the beginning of Lhe second lactation this cow had recovered
practicaily completely from hee pathologienl condition.  Througheut
the second lactation, when she was on hand milking exclusively, the
milk yield was normal and well sustained.  No nastitis streptococci
or other cousal organisms were foundd in the samples of her mitk. The
only sigmificant abnormality was a high chioride conlent, which in-
erensedd to an average of slightly more than 0.13 pereent during the
last month of the lnetation,

The ehloride values shown in figure 4 itlustrate in general the high
range i the pereentage of chlorides that was found in abnormal milk,
the remarkable fluctuation that occurred in the percentage of elilorides
as the acutencess of the mastitic condition changed, and the uniformity
of chioride values in the milk of cows when their milk was normal in

other respeets.  Our results are in accord with those of Davies (6),
in which it was pointed oul that mastitis is accompanied by a con-
siderable increase in the percentage of chlorides in the milk, and also
that the clidoride values tend to inerease slightly during the late part
of a normal lacianlion.

DISCUSSION

The prineipal mastilis-causative organism found was Streplococcus
agulactive,  All the cows that were studied during the detailed ex-
periments that were begun in 1936 were exposed (o this organism, and
il was found in the milk of all the cows at onue Uime or another.  Like-
wise, this organism exclusively was reaponsible for nearly all the
mastitie infections that oceurred in the cows during most of 1935,
1936, and 1037,  However, during part of 1937 and all of 1988, when
the oxperimental tests were teeminated, slreplococei other than
S. agalactice, pseudomonades, and staphylococei were the significant
causative organisms in the infections in 2 number of cows.

In spite of the fact that no atlempt was made at that time to rid
the herd of Sireplococcus ayalactive by therapeutic treatments or by
disposal of infected animals, the prevalence of this organism dimin-
ished greatly in the milk of most of the cows during the fast 15 months
of this study, and the number of serious eases of mastitis was reduced
areatly.  Although it is diflicult to explain definitely the reduetion
of 8. ayalactice nfoclions and the general improvement of mastitic
conditions in the herd during the last part of this study, it s apparent
that the substitution of hand milking and machine mitking at o
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reduced vacuum for machine milking at 16 inches of vacuum
allevinted greatly the mastific condition of the cows that were infected
seriously.  Furthermore, it will be noted (fig. 2) that routine-machine
milking was discontinued in August 1936, and thut, with the exception
of its use on 8 cows, severe-machine milking was discontinued in
September 1937. Thus all but 3 in this herd of more than 40 cows,
that freshened after September 1937, were miiked either by hand or
by the mild-machine method. Since it was shown that milking by
hand—and simitarly milking by machine at 12 inches of varuum-—
produced only slight or no aggravation of the infected gland, it is not
surprising that the mastitic conditions improved and that the chanees
of exposure to &. agaluctiae were reduced greatly duving the last 15
months of the experiments.

Streptococci other than Streplococcus agulactiae, consisting of S.
uberis, species producing alpha henmolysis, and 8. fecalis, were the
initially causative agents in several of the cows on severe- and mild-
machine milking, and were present prominently with 8. agelectice
in the milk of cows N-—106, N-222, N-23§, N—424, and N-431 on
severc-machine milking, They were the predominant infecting organ-
isms in cows N-424 and N-431 toward the end of their lactations on
severe-machine milking. It was found also that the predominant
organism causing mastitis in cows N-106 and N-238 formed colonics
that appeared visually to differ from the usual colony of 8. agaluctiae.
However, physiotogical studies of the isolntions from these atypical
colonics showed them to be indistinguishable from 8. egaluctiae.

Other forms of bacteria were the causes of infection in the quarters
of a lew of the cows. Pseudomonus aeruginose was the cause in the
right. front and right rear quarters of cow N—-222 and in the left rear
quarter of cow N-43! on severc-machine milking, and it was the
cause in the left renr quarter of cow N—-428 on milc%—machine milking.
Staphylococcus aureus was the cause in the right front quarter of cow
N-427 on hand milking. She was the only heifer that developed &
sustnined infection on hand milking, and this infection disappeared
during the dry period.  Also, at the beginning of the second lactation,
this cow was infected with Steph. aureus in the right rear quarter
and with pseudomonades in the left rear quarter.

The colon-acrogenes group of bacterin was not found as a cause of
infeetion in any of the quarters of the cows studied. The fact that
these organisms, which are found commonly in manure and dirt,
occurred in only one udder-quarter sample of milk among more than
2,000 that were studicd in defail indicates that the precautions taken
to prevent contamination of samples were followed vigilantly and
were effective.

With the cxception of the mixed streptococcal infections that
occurred in the mitk of several of the cows on severe-machine milking
and the pscudomonadal infections in twe ofher cows on_ scvere-
machine milking, no correlation was found in these studies between
methods of milking and types of infection.

S . . . -

Fhere was & definite relationship between the methods of milking
and the frequency of occurrence of Streplococcus agalactice in the
milk. 1t was found in 56 percent of the samples from cows on routine-
machine milking, in 35 percent of these from cows on severe-machine
milking, in 10 percent of those from cows on mild-machine milking,
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and in 7 pereenit of these from cows on hand milking.,  Likewise,
there was a tendency among the cows on routine- snd severe-nachine
milking for the number of S. agaluetiae 1o increase in ench suceessive
sample tested and for the mastitic condition o become progressively
worse until the number of streplocoeei reached & maximum. Sub-
sequently, the infection and the mastitie condition became move or
less chironie, but the ptl of the milk conlinued {o inerense. In
quarters showing =2 :nilld infection {4}, the amximum number of
streplococel gencenlly reached several thousand per milliiter of milk.
(o the mitk of many of the quariers that beeame severely affected
{(++-), the number of streplocovet reachied several million,  On
the other hand, m the milk of most of the cows on mild-machine
milking and on hand milking, these stveplococel eccurred only
acensionally, and there were earely more than a fuvw theusand per
anllilitor.

Among the 20 cows that were milked af some iime by hand, all
but 3 remained free of symploms of streplococeal mastitis during the
periods on hand miltking, exeept foe small anmbers of 8. agelaciice
that were found ocensionnlly,  ‘The three exeoplions (N-310, N-4062,
and N-404) were eows in which streptococceal infections had persisted
from infections incureed 1 previous lactations on roufine-machine
milking., 1L may be significant that these three exeeplional cases, in
which severe %tmptm'(}(‘t al mostitis occenrred on hand milking, were
old cows that hnd been on deliciont rations [or several years-—rations
that were particularly low in vitamin AL

As might be expected, the presenve and inerease in the number of
cpusative organisims in developing infecions usually preceded and
tess frequently accompanied an inerease in the munber of leucoceytes
and in the perceniage of chlorides in the millk.  An inerease in the
pll value of the milk to a value higher than 6.8 usually oceurred
after the peak of the infection or afler the appearince of the maximum
number of streptocoeci.  However, in some cases there was a marked
decrease rather than an inercase in the pH value during the onset
of acute mastitis. kb is obvious, thorefore, thut the pil of the milk,
whether determined by the brom-thymol- blue test or polentiomedri-
cally, is the least dependable of these eriteria of symploms in the
enrly dingnosis of mastitis,

The milk of a number of cows conlained an excessively high per-
centagre of chlovides without the presence of infective orguiusms or
other symptoms of mastitis,  Thig oceurred cither among cows that
had reeovered from an infeetion ineurred while they were on machine
milking or among cows whose mammary tissues may have been
injured slightly by machine milking but in which invasion of miero-
organisms had not oceurred. Lt i3 apparent, therefore, that an
abnormally high pereentage of cldorides in milk ean be due under
some comdlitions to factors not related directly lo infretion and that
the chlovide Lest has less significanee in the detection of infectious
gnastitis than cither the lewcoeyie count or the presence of crusative
OrEARIRINS,

Except under temporary conditions, numboers of leucocyies greater
than 500,000 per mulliliter were associnled with the presence of an
infeetion in nost mastitic eases.  On the other hawd, the presence of
eausative orgnmsows such as Steeplococeus aguloeliae —wus hot m
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all instances indicative of a&n established infection. Tt was found in
numbers greater than 1,000 per milliliter in the milk of some of the
cows several weeks before other symptoms of mastitis appeared.
In other eases it was present frequently in the milk in numbers greater
than 1,000 per milliliter without the development of other abnormali-
ties. ‘These observations indieate that the time and conditions ve-
quired for the cstablishment of foci of infection vary in different
quarters and in different animals,  The failure of 8. agelactiae, when
present, 1o increase progressively in numbers or to become established
under such favorable condlitions of nutriment and temperature as
exists in the bovine udder may be explained either by the presetce of
inhibitineg factors in the milk and in the blood of mammary tissue or
by a luck of virulence of the organism present. It has been well
established that milk exhibits a bactericidal property (7, 4, 1), and
the presence of such a properly in bovine blood serum has been re-
porled {1).

The increasel prevalence of mastitis and of severity of infection
that occwrred among the cows milked by machine at 16 inches of
vacuem, as compared with the relative [reedom from mastitis among
the cows nilked by hand er by machine 2t 12 inches of vacuum,
iclicates (hat there occurred either an injury, such as a physical
impatrment of the glandular Gissue which permitted relatively easy
invasion by bacteria into the secrceiory tissues, or a decrease in the
resistunce of the seerelory tissue which caused & break-down of the
prolective mechanism, after which the invading organisms wete
able to multiply and enuse infeetious mastitis,

The causes of mastitis in zeneral and of speeifie wdder infections are
subject to dillerences ol opinien and are not completely undersiood.
It is not the intent of this report, therefore, to indict machine milking
as the eause of all mastitis in machine-milked herds.  However, the
views widely prevalent that mastitis is essentially o contagious disease
and that the ehiel problems are those of eliminating Streplococcus
agalactive or of preventing its spread are inadequate, in the light of
these results, as 2 busis for control of the disease. Injuries to the
teals mul udders undoubtedly play a significant role in the invasion
by bacterin and in increased susceptibility to infection, and to that
extent the use of the milking machine at 16 inches or more of vacuum
is apparently & [actor in provoking susbequent infection in a large
proportion of cows that are milked under conditions similar to those
deseribed here,

SLMMARY

In a herd of cows that had been on routine-machine milking for
several yvears and among which the incidence of mastitis had become
very high, experiments were conducted to determine the effect of
different meihods of milking on the ineidence of mastitis, as deter-
mined by the biological and chemical changes of the wilk, and on the
yield ol millk.

Routine tests were made at [requent intervals throughout each
lactation on udder-quarter samples of foremilk from all the cows
included in this study, The tests inceluded determination of the num-
ber of leucoeytes and of Streplococeus agalaciive and other causal, in-
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{eetive bacterin, and determination of the pereentage of chlorides.
However, strip-cup tests and other corroborative tests were used as
an aid in the disgnoses.

Tweaty-five cows were studied periodically on four different methods
of milking, namely, routine-machine milking, severe-machine milking,
mild-machine milking, and hand milking,

The incidence of mastitis, the deerease in milk yield resulling
therefrom, and the accompauying changes in characteristics of the
milk were in general proportional to the amount of vacuum in the
machine and the length of time it was left working on the ndder.

Counsiderable unp:ovmnont resulted when cows with mastitis were
changed from routine- or severe- lo mikd-machine milking; and par-
twularlv marked Improvement or slmost complete iecovmy resulted
in most of the cows when they woere changed to hand mitking, When
previously mastitic cows on good rations milked by the voutine- or the
Severe- —machine method were ehmnged to mild-machine or hand milk-
ing- partie ui.u'n the latter—the milk vield tended to retwrn bo the
noraal level; the nummber of foucoey teg in the milk decreased markediy;
the mastitis streplococet deereased in number but wsually did not
disappenr immediately nor sometinmes entively; and the percentage of
chlorides deereased Lo a level almost, but not guite, as low as That
found in the miltk of the same cows before they had mastitis. On
apparent vecovery, there usually remained some evidence of changes
in the mill which might indicate remaining injury or induration of
secretory Ussuo,

An abnorimally high percentage of chiorides was usunlly present in
(e udder-quarter niilk of normal cows on routine- or severe-machine
milking even though the guarter never beenme mastitic,  Likewise,
this wus & charactevistie of the milk rom cows which had recovered
from severe mastilis in o previous lactation,

Nunerons cases of mastitis were abserved i which Streptococeus
agalectiac vither was absent from the milk or did not appear in signifi-
eant numbers even though other indientions of injury had become

very evident.  On the other band, the milk from apparently normal
cows Drequently contained severad (housand of this organism per milli-
liter without showing any other evidenee of udder injury.

This report cmplirsizes the signiticnnce of the degree of udder injury
eaused by dillerent methods of milking, evaluaied by determining
the changes oceurrmg in the eharscteristies of the milk, and the effccl
of mastitis in dvuvaamtr milk yvield unl 0 causing the complete loss
of the seeretory function in individual quariers of The udder,
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