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The .Relationship of Machine Milking to the 

Incidence and Severity of l\1astitis .l 
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• 


FWURE I.-Longitudinal section of teat cup, with teat inserted, showing a, met-a 
cUPi b, rubber cuff; c, side tube, through which pressure in space e is made to • 
alternate bet.wecn atmospheric pressure and vacuum; d, tu!.Je through which 
milk is drawn by means of vacuum; t, space in which vacuum is constantly
maintained; g, teat canal. 

Machine milking differs radically from bund milking in thnt in 
hand milking no vacuum is applied at any time to the end of the teat 
canal. The action of the milking machine simulates as nearly as 
possible the natural withdrawing of milk by the calf during nursing, 
provided that excess vacuum is not employed and that the machine 
is not left working 011 the udder beyond the time when all the milk 
has been withdrRwll. 

l\lETHoDS OF USING THE MACHINE 5 

ROUTINE-lIACHINE lllLJONG 

The method used in milking by machine from October 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 1 inch more thau. claimed by the manufacturer. There were 
48 cycles of change from atmospheric pressure to a vacuum of 16 
inches and back again per minute in space e (fig. 1). The machine 
was left working on the cows' udders for un indeterminate period at 
Mch milking. Numerous observations were made of thE) time that 

• In all methods of using the milking machine described in this bulletin, all the • 
precautions recommended by the manufacturer for keepingLhe equipment clean 
and free of bacteria were followed carefully. 
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the machine was ldt working 011 the uddel', and it was foulld that the 


• 

time val'ied from 5 to 18 minutes, usually avel'aging not morc than 14. 

minutes, depending entirt'ly on the ptu,tieular workel' who was han

dling the mnchine, 


'fhe amounl of milk bt'ing blken out by the r\lachine wns Obscl'ved 
now and then through the glass willdow in the milk tube, but no 
special cnre was tflkell to bring the milking process to a close as soon 
ItS most of the milk had been withdl'a\\rn, When it was obscl'ved that 
the quantity of milk bt'ing dmwn past the window had bl'('ome small, 
Lhe ltddet' Wits mnssllged by hund for a minute 01' morc, while Lhl\ 
Imtehinc was still wOl'king on it, nnd tIl(' milking Pl'OC'I'SS was Lhen 
brought lo It clost, by tnking olr til(' teat cups without any hand 
stripping, 1n the following pnges, this method will be called "l'Outinl'
mu<:hinc milking," 'I'his n1l'thod of milking was discontinued ill 
~'ell1'tlllry 19:~(j 1'01' nil ('O\\'S that freshl'IlNI nftl'l' tlmt tinw, 

SEfEItE-l\lACIlINE l\IlLKING 

• 

Beginllingin~llty 193(j, certain cows Wl'I'l' milked by machine 
fiCCOi'll ing to a tnpthod that d iO'prNI from rou line-machine milking 
only in tltnt tll(' machine wus ldt working 011 the uddel' l'egularly for 
20 milllltc's at eltch milking. After 20 minutes the udder was mas
snged by bnnd for Itnother minute or two .,' ith the machine still work
ing on it, as hud been clone on routine-muchinc milking, and the 
process WitS brought to Il dosc by removing the tellt cups without 
hnlld stripping, In the following dis(,ussion this method will b~ 
callNI "se\'l'('('-mllchint' milking," 

.\11 1.1)-.\1 \ CIII N E )11 LKING 

Expl'rimell ts W('l"l' ('ond uded to dctel'lnin~ how long it took to 
withelmw most of the milk from tilt, udder when the vacuum was 
maintained at l(j incil('s iLllll at vnrious lowel' lcyels. The results 
showed that the udder was l'mptiecl of milk lwudy as quickly with a 
12-inch vacuum us with a I (j-ineh yacuum, and thnt the time required 
fot' gelling the udder nNlrly emptied of milk wus usunlly about 5 
rninut('s, ns Dahll)('rg: (:i) had ('('[loded, 

In vi('w of the ['('slllts of these prt'liminary experiments) a numbet, of 
cows wpre put Oil It modified mt'thod of machinc milking nfter August 
11, 19a(j, The method dilJ'(,I'('(1 from t'outinc-muchine and sevel'C
mncbill(' milking ns follows: '1'h(' umoUlIt of vacuum was l'educed to 
12 inches, Tht' I'('rtlo\'nl of milk from till' ueldt'!, wns observcd care
fully through tlH' glass window in the milking tube. When the 
quantity of milk bpiIlg dmwn pnst the window was small, the teat 
cups w('n~ r~mo\'('d Ilnd lhl' eow was stripped by hand. The time of 
mnchincm\lkillg by this lI1dhod W/1:8 usually about 5 minutes, In 
tIl(' following discussion this nH'thod will be ctllled "mild-machine 
milking," 

~EbECTI():\ OF ·\:"UU LS .\:Xl) .\ I:I.'EHN.\'J'IO:'\S ().~' .\1 E'I'1I0DS OF )IH.KING 

• [11 studying- lhl' rl'su\ts of this innstigatioll it mllst be remembered 
that tlH' lwrd was nlrendy sl'n"'l'{'ly all'pcted with mastitis, nnc! that 
this O(,C'UITl'd on rO\lliJl('-lllll('hilH' milking \Vhill' no dntll from con
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trolled expel'iml1nts were then avuilubIe, the compumtiv<.'ly high inCi

dence of mustitis occurring in the herd on l'outine-mnchinc milking, 

as compat'cd with the previous history OI~ hand milkinO', indicated • 

that hund milking was less likely to produce pathological conditions . 

in the udder than machine milking. Therefore, inordcr to have 

availuble some normal mnstitis-free nnimnls for experimental work, 

most of the cows that freshened during the first 6 months of the 

investign,tion were put on hnnd milking,q~llC'so included some cows 

t,hut had had seVeI~e mnstitis in their previo11s ladation periods, and 

also some th'st-calf Ill'ifcrs. 


In g{'ne1'l11, wben all auimal fre:;hened, she WitS milked by hand for 
about 10 days after the colostrnl period; elUl'iug this time bacterio
logical and chemical analyses of the milk w('ro made to ddOl'mine 
whether or not the chal'Ucter-lstics were thos(' of normal milk, and if 
the chat'actOl'isties of the milk wm'c found to be nOl'Inal the cow was 
selected fm' fUl'ther exper'iments on different types of milking, 

It was desirable to use dift'cr'ent animals as experimental controls 
on hrmd milking, but becausc enough animals were not available 
the same unimitl wus changcd from hand milking to machine milking, 
serving as a control for the drects of mu('hitw milkiug when put back 
on hand milking, This procedure of ultehlll.tion of methods of milking 
was followed with some auimals in the same lnctation and in others 
it was continued in the succeeding lactation, 

There was somc retlS0n to believe, from the prevIOUS history of the 
herd, that rations deficient in vitamin .A and other indispensnblc nu
trients predisposc an animal to masti tic infections and other diseases. 
'l'hcreforc, only anima.ls that were being fed good rations were selected • 
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-I00. to N-199 were prade Holsteins; N-200 to N-299, l'egJ~tered 
HolstelIls; N-300 to N-399, grade Jerseys; and N-400 to 1~-499, 
registered Jerseys. 

TESTING TnE MILK FOR EVIDENCE OF MASTITIS 

Bacteriologic!11 and chl'mical tests on samples of fOI'l'milk from the 
indi\'idunl quftl.'tel's of eadl cow were the pt'inripal means used for 
detecting evidences of mastitis, In some cftses tests wct'e conducted 
each week throughout the lactation period, but in most cases tests 
were conducted once evet'y 2 weeks, The usual procedure was to 
lengthen the interval between tests when thcre wris no evidence of 
change in the milk and, conversely, to make tests morc frequently 
when the milk showed evidence of rapid changes in mustitic charac
tel'istics. Among a number of cow~/ on which detailed studies WOl'e 
made during one lactation, examination of the milk at monthly inter
vals in subsequent lactations wus made to determine the extent of 
permanent injury incut'l'ed ft'om mastitis in thc previous lttctation, 

Pint samples of milk wet'e collected from each quartcr at the bcO"in
ninO" of the mOl'lling milking. The udders and teats were wushed first 
with watcr and then with It disinfcctunt, and wero then wiped pr'ac
ticully dry. The first few stl'enms of milk from ea.cll quartet' were • 
discarded, after which a sterilized pint bottle was. filled and capped 

http:anima.ls
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immedi!ltely, The. samples wel'~ packed in cracked ice. immediately, 

• 


• 


• 


except III extremely coh{ weather, Ilnd were sent to the laboratory. 
'rhe tests wcrc hegun within 5 homs fLfteL' the samples were drawn. 
Part.icular precautions were taken to prevent contamination through
out the pl'Ocess of obtaininO' the samples and during testing, 

EReh snmpie was tested by the following methods: .Microscopic 
detcrmillation of the number of (,(,lis (leucocytes und body cells); 
determillatioll of the numbel' of S(J'ep!ococc'u~ agalact'iac 01' other cttusa
tive bad(,I'in; iwd detl'l'miIHttioll ot' the pl'l'cpntng(~ of chlol'ides (9), 
'fh('se three tests Wel'l\ the pl'illeipnl HH'iUIS IIs('d fOl'\I('tectillg evidence 
of masti tis, 

Additionn.i (:orrelative tests W(>I'(1 uSNI ill l'Xltlllillillg a majoL'ity of the 
samples, but sinee in most em;ps till' l'Psults obtained by them, con
tribute \10 fLu-th('l' infol'll1il tion for lit(' pUl'pose of this ,'eport, they am 
referl'ed to only whcre the diltt1 from thl' aboYl'··mt'llliolled tests WUI'C 
not .sufHeienUy complete, Sueh correlative tt'sts, howG"er, served 
as a useful cheek on the dingno;,;.tic ,'esults, The cOl'l'clntive tests 
used included the, strip-cup test (01' milk clots, a modified Hill curd 
test using rcnnet (10) for the dl'tPl'minl1,tion of cunl tension, the rennet 
cougulnLion time (to), and tht' pH value, The nddity, the percent
ugt' of ensein (by both the Kjddllhl and the fonl1n1dl'liylie titmtion 
methods), ilnd titP pt"'l'ell tuge of totul nitrogen w('I'e also determined 
011 n llumlwr of the silmples, 

'1'11(' strip-cup tl'st was used to determine evidence of mnstitis in all 
the cows in thc he,'d for n number of years preceding this study, and 
its use wus continued as a, routine test during the epidemic. From 
J~~ovembel' 1933 to Decembe.'r 1935 strip-cup tests \\Tpl'e mude on the 
milk of all the cows, usunlly nbout ollee a week, From December 
1935 to Deee.'lllber 1938, the period included in this study, strip-cup 
tests were made l't'gul,arly twice.' n week on aU cows, and the milk of 
!lny cow that conbuned dots wus tested every day, However, 
because the se"crity of mastitis is diffieult to evaluate qUllntitntively 
by this test and beeause it fnils to show aceUl'ateiy inclientions of the 
disease when it is of mild charneter, the strip-cup test was not l'plied 
on as a cri tPl'ion of mastitis ('xcppt ns it corrdnthr(' tpst and in Clises 
of previous mnstitis whN'e oUH'r c1nta were not avuiia,ble. 

LEUCOCYTE COUNTS 

'fhe llumbpr of eells wus determined by i1 direct micros('opie eount 
by the Breed method, Cell eoun ts includNlleucocyt('s and body cells, 
but in the majority of samples more than 90 percent of the c(!lis were 
leucocytes, 


BACTElUAL COUNTS 


The number of StreptococctlS agalactiae and of other buctet'ia was 
determinecl by the following pl'ocedUl'e: The samples were plated in 
approp"iute dilution on a modified Ed\\Tal'c1s' al'i'eulin agar medium. 
having tbl' following comp()~ition: QWl1IlilY 

500 milliliters Distilled wut!"r. _. _.. .- - .---- ------- -.- - - 
10 ~rnmsPeptone (Park!", Da\'i~). - .•• ---------------- --.---  500 milliliters Beef in(ll~iol1 IIn,;\, ..• _ .. _.---------------------- 
5 gramsSodium chloride --------_ .. ------- •.. ---  t5 gl'llrn,;Agar (Bacto-Difco, gmnuintl'(i') ---------- -----.-- - .. -- - - - .. - • 
1 gmmAl'sculin._.. .- .. --.- .---.-----,.- -- .•. - .. 
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FOI' the fh'st fow months of the investigation, Liebig's beef extmct 
was used instend of bed infusion base. Substitution of the latter 
impl'Oved the medium by elllul'ging the size of the colonies and making • 
the studies of hemolysis ensiel' nnd more d('pendn,ble, 

1'0 this mixtuI'e were added ('l'ystal violet (l to 1,000,000, calculated 
on the basis of tOO percent dl'y dye content) and 5 pel'cent of sterile 
defibrinated bovine blood, Th(' pH wns adjusted to 7.4 before auto
dnving; after au toclaviug, it was 'i' ,1 to 7,2. The; pln.tes were in
cubated {Ol' 48 hours at :37 ,5° C, 

'l'he medium descl'ibed abon is flwornble fOl' the growth of Strepto
coccus CL[JCL/actiae and othel' mastitis-producill~ sh'pptoeoeci but less 
fnvol'able for the growth of mnlly oth('I' buet(,l'ia, III nil cascs in 
which a lnrge numb('I' of lpucocytl'f~ nnd 11 high ppl'cplltnge of ehlol'ides 
WCI'e found in the milk, Ilc('ompnllied by few or no stz'eptoeocei, other 
samples {I'om th(' snlll(, cows were plated 011 mNlin without crystal 
violet, sometinH's under both ael'obic nBd nnuprobic conditions, In 
tite gl'ent majOt'ity of thes(' cnscs, no ol'ganisms that could be held 
responsible fOl' mllstitis were found, and in none of these casps were 
organisms of nny kind pl'('spnt in lfirge IlUmbel's, 'rhe lowest dilution 
used was 1 : ] 00, and thel'C'fol'c thp method of plnting d iel not show 
baC'tcl'ia in numbt'l's less thnn 100 per millili tPI', 

The iclentifieation of Streptococcus (laa/artiae wns based Oil the 
following chlll'nct('I'isti<"s: '''eakly bt,tn hemolytic, but lIe\"('1' cOlllplpte 
lysis of all C'l'ythrocytt's; fuilul'e to gtow at 45° C. nnd at 10° C,; 
failure to lwluet' AV(,I'Y's llH'thylent' blue, 1:20,000; nonfi bl'inolytic 
in ox plHSlllll; hytll'{)lysis of sodium hippUl'ate; eoaguln,tioll of litmus 
milk with PUl'tilllr('(ludioll at the ('xtl'pllH.' bottom of the tube within 
48 houl's; fel'llWn tn tion of mnltose, lnctose, sUC'l'ose, find tl'ehnlose; and • 
failure to fel'lllpnt il('s('ulin, Still'ell, inulin, mannitol, I'Hffinose, 01' 

sorbitol. In. addition, SOIlW of lhe ('ultul'ps w(,re test('d with bac
tel'ioplulO'e 6 und \\"('1'(, pl'('C'ipitin-tc'stNI. '('IJ('Y \\,pl'O found to be 
Laneeficlcl group 13 orgnnisms identical with S, a[Jalact'iae. S, uberis 
wus idpntifiC'd by its ability to ft'l'IlH'nt IH'sclrlin, inulin, mannitol, 
sOl'bitol, and sodium hipplII'tl,tc', but not I'HfJinose; S, 'vil'idans, by its 
nbility to fel'll1pnt I'I1f1inose but not sodiulll hippul'I1,te; nnt! S, jecalis, 
pl'imul'ily b.y its n,bility to gl'o,,: nt ·~;3° 0, and nlso by its infl,biiity to 
fet'll1ent sodllim hl(lplIl'ntp I'l'fllirly, 

l'EHCE~TAI: E OP CIJ LOHII>ES 

eblOt'ides were dptc'I'min('d in lIndi<r(lsled samples by the Vollrnrd 
titration method, moclifipd ns 1\. sp('eil1f method fOl'mille It bns been 
sbown by I'esults of ('xhn,ustin', cOll1pnl'Htive n,nnlyses (.9) that the 
method used is q unn ti tulively accul'llte. The pel'cen tage values ob
tnined by it fil'e nbout 0,02 to 0,0'1 10wN than the l'1'I'oneously high 
vnlues obtnill('(i bv dil'cd titmtioll "'ith sih'cl' nitl,tlt(' Ilnd ebromate 
indi('ntol'. ,. 

d Dr. Aliec C. J';nU\$, XntiOllld JII~lillill' of HC'aJth, Iletill'sdll, .\ld" made the 
tests, 

• 




• 


• 


• 
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CRITERIA Q}' ~IASTITIS AND OF NORMALITY 

In order to make a fair interpI'etation of the effects of the different 
methods of milking on udder injUl'Y, as determined by tbe chal'llcter
istics of the foremilk of individual qum'ters (table 11), and in order to 
designate the prcviolls mastitic conditions of the various cows for 
which data arc pr('s('nted,' it was considcl'cd essentinl to propose 
criteria of mnstitis. The l'ritrrin llsed wcre based on the numbcr of 
lcucocytes, the numbel' of infecting bacteria, and the percentage of 
ehlol'ides in the foremilk samples of the individual quarters, In 
addition, in order to ('valuate predous mnstitic conditions in a few 
cows in which othel' infol'lnntioll was not ava.ila.ble, it was desirable to 
propose nlso n tentaLi vo el'itel'ion based on the pI'esencc of clots ob
served in the strip-cup test, 

It is recognized that Lhe designation of fl lIor111nl nnd of n mastitic 
cOlldi tion by numel'ical cia ta, sueh as II tllub('I' of streptococci, uumber 
of leucoeytes, and pel'centnge of chlol'ides, is to some extent an arhi
tl'llry procedure, It is not uncommon for the dntl1 for one of these 
constituents to b{, abnol'mnlly high, either temporn.rily or in some 
instltn('l'S for nn extended pl.'l'iod, without nny othel' I1PPl1rent evidence 
of active infl'dion 01' of iuflnmmntioll of the mnmmnl'y gland, Also, 
the number of \t>ueo('ytes unci the pel'{'entnge of ehlOl'ides increase 
normnlly dllring tht, IIlttC-I' pal'L of the ladn.tion, and arc highcr in 
the milk of oldel' ('ows than in the milk of younger ('OWS, even in normal 
healthy itllimnls, Tn geneml, the pel'el'ntage of ehlol'ides in the milk 
of Holstein ('ows is nOl'lnnlly higher thnn in the milk of J(~I'sey cows, 
Fmthel'more, individllnl ('ows dilre1' in their def£'nse ml,('hanism against 
infection, III spite of the disndvnntnges ill the usc of more or less 
rigid cl'itcria, some simple and quantitn,lin' menns for dcsignating 
the severity of the disl'as(' is l1e('essary ill ord(,I' to pres('nt a summnry 
of rcsults that would be ol)\'iolls werc it possible to I)J'cscnt the dl1tl1 
in complete detail. 

In iormulating (,I'itel'ia to dcsignate lhe s(,Vl'l'ity of mastitis, it was 
considercd tbat the pI'esence of incrensing numbcrs of infe('ting bac
terin and of INlcocytes, nnd high ('hloridc values, are direct indica
tions of incI'('llsing severity of the illIlllmmntol'Y condition, whether 
the dntn reprcsent n lUunbel' of progressivc stages in one quarter 01' 

the high points of se\r('rity nmong n numbcr of qunrtcrs, An increase 
in the pH value of till' milk is n, dil'ect sympt0111 of mnstitis and mny 
oft('n show dose eorrelntion with thc sl'V('['ity of mllstitis, but in this 
study the pH vnlues we['e used chidly ns suppol'ting cvidcnce, 
Thefonowin~ critcl'in w£'re uSNI to pn'sent nn evnluntion of mastitic 

conditions as (I('tc['mineci by tests of sum pies of fon'milk from tbe 
indi\ridunl qUllrlcl's: 

Normal: ),1ilk ('ontl1illing less thun 100 (10\\,(,1' limit of qunntitative 
count ust'd) infeC'ting bnet('l'in ['cgulltl'ly nnd nl'Vl'r 1110re than 1,000 
P('.r milliliter, less thnn 500,000 kllcoeylt's pel' milliliter, and less than 
0,09 p{'reent of ('hlol'i(\('s, 

Mastitis (+): ,Milk ('ontnining 111(11'(' t1wn 100 infecting bacteria 
I'cgui!ll'ly but. not, more titan IO,{)OO per millilit('I', I~\(~I'~~ Omn 500,000 
Ipu('o('vtps but 1'111'('1" 11101'(' thall 1,;jOO,OOD PPI' Illlllllrll'l', and more 
thiln <l.OIl InrI l'nl'('IY'1I101'(' thall 0,12 jWITt'l\[, of ('ltlol'idl's, 

Sj7~1II" w--~ 
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jltlaslitis (+ +) :.Milk containing morc than 1,000 infecting bacteria 
rcgulnl'ly but not morc than 100,000 pel' millili tel', mOl'c thaI. 1,500,000 • 
leu<"Qt~ytes but rarely morc than 3,000,000 per millilitcr, and more 
than 0.11 but not more than 0,14 pel'cent of chloridcs. 

:Mast·itis (+ ++): 1-.Iilk containing more than 10,000 infecting 
bacteria per milliliter regularly, more than 5,000,000 leucocytes per 
milliliter rcgularly, and mOl'C than 0,13 percent of chlorides, 

i\lastitis (+ + + +): Individual qU/l,rtel's that had a mastitic con
dition of ++ or ++ + and tlmt fiS al'esult ceased functioning during 
the lactation or at the beginuing of the next la.ctation. 

Th<.' stl'ip-('UP test, 1'0f(,I'I'('(1 to pl'cyiollsly as a coneiati'Vc test, was 
relied on partieulll1'iy as one of the cl'iteria in d('signn,ling the previous 
mnstiUc ('ondition of som£' ('ows bero1'£' this il1'V£'Stigfltioll was begun, 
In recording the. strip-cup l'('sults, lhe sizc and number of clots are 
designnted by the figul'es 1, 2, 3, and 4, 'rhe Jiglll'e 1 denotes the 
appeal'anee of a few small clots; 4, l1lUm'I'OUS large and small clots; 
and 2 n:nd 3, iIi.tel'medin,te conditions, In cases in which strip-cup 
data were lIsNl as \he cl'itrl'ion for tlC'''lignating the scvel'ity of previous 
maslitis, lh(' figul'(' 2 (\(onot('s rnnstitis +; :3, mastitis ++ i and 4, 
mastilis ++ t, Th(.' figlll'(' 1 was not considered significn,nt except 
that it enlled fol' mOI'(' fIW(It('nt t('sting, 

UDDKR T.ROCBLE ASSOCIATED WITH TH1~ EAm~Y USE OF 
THE M[LKL~G MAC1HNE IN THIS HEUD 

Routine 1l111('hine milking, llS des(,rihed previously, was the usua • 
method of milking in this hPrd from Octob('t, 1933 to August Hl36, 
During this period of :35 months, approximately 50 ('OWS wcre milked 
by this nwthod, rrh(' datfl obtained On mastitis consisted mainly of 
th(' rrslIlts of the sll'ip-cup t('st, This Lrs! was made regularly, at least 
wet'kly on all cows that wpre producing milk; and the results wero 
"t'('ol'Ckd. Although lhe tpst is inndeqlll1tp as I1n nccuratc critcrion of 
mastitis, it giv(ls a fnirly reliable indication, particularly with quarters 
that, are sever'ply abnonnni. ,,\ hen inlerpI'pted according to standard 
{,l'itpI'ia, as des('!'ibed previously, the test provides 11 useful, compal'a
U,re cvnlun,tion of the scvNity of lIlastitis. Stl'ip-cup test datu pre
sentC'd in table 1 show the mnstitic conditions of the individual cows of 
the hCl'd from the time llu\.('hine. milking was bt'glUl in October 1933 
until the routine method of mndrine. milking WllS diseontinued in 
.\.ugllst 1936. Th~', s(',-el'ity designated was the maximum observed 
ill the milk or on(', 01' m01'(I C(lIftl'tl'l"S of eHch cow during each ealendar 
yNll', 'without regard to chauge's in lactation, 

During this pl'I'iod lhel'C' was a general deterioration of the JIerd, 
b('giJming within 2 months netcl' the introduction of machine milking, 
although 14 of the 50 cows were all'ectccl only slightly, Additional 
datil, not possible to prcsent in this lable, l'cvcn,led thn,t 22 of the 50 
cows, or 4,1 p(,l"eel1t. d('vplopC'c[ seypl'(' mas.titis ill two or morc qUf1l'

tel's, wl1ieh in most (,M,pS I'Piild!pcI pitit!'I' in loss of tll(' afrccted quarters 
01' t'omplet:c loss of the auirnn.l 1'01' fULlII'(' milk pI'oduclion. 

• 
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11 'l'HI!l RELA'l'lONSHIP OF MACHINE MILKING 

TABLE l.-Inciclence and severity (d ma,gtitis (£mong cows un l'uut'ine
mach'ine milking, as determined by the strip-cup test, October 1933 
through 1936 

Strip-cup test data, indicative of mastitif' 1 

Cow No. Date of birth 1----_----....,-------- 
1933 1934 1935 1936 

• 


• 


• 


(3 mo.) _.__________I.____ I___~-

t\-106. ______._ Jan. 23,1930
N:"107 _________ .July 29,1930 

N-I08. ______ ._ 1930. __ . -----

N-IIO•• _._. ___ • ,. _. _______ _ 

N-llL________ Aug. 2,1932

:N-113__________ .,. __________ _ 

N-1H_________ 
N-212 _________ 
N-213 __ .--.___
N-215 _________ 
N-216 _________ 
N-218_________ 
N-210 _________ 
N-220.________
N-222 
N-225 
N-226 
N-227 
N-228 
N-220 
N-230 

__ .______ 

N-23L________N-232 

Feb. 9,1933 
Feb. 5,1027 
~Iar. 12, 1027 
Feb. 6,1928
Jan. 26, l!)29 
Aug. 7, l!)20 
Jun. 0, U)31 
Nov. 25, 1031 
.Jun. 17,1931 
I~eb. 23,1931 
Mar. 17,1931 
~Iar. 28, U)31 
May 10,1931 
Muy 10, 1031 
~ray 20, 1031 
May 27,1031 

N-233 _________ 
N-234_ __ ______ 
N-303 _________ 
N-30L ________ 
N-305_ ________ 
~-308----w ... -- 
N~309_______ .. _ 
N-31O_________ 
~-402---------
N-IOL ________ 
N-405_________ 
N-406 _______ . _ 
N-407 _________ 
N-.108_ ________ 
1\'-409_________ 
N_41L . _______ 
N-412_________ 
N-4J4__ ...... _____ 
N-.u5 _________ 
N~n6_________ Jun. 1,1931
N-.U8 _________ 
N-.1.19 __ ..... _____ 

N-o,120 __ ... ______ 

N-42L ________ 
N-422 ___ . _____ 
N-.123 __ • _____ 
N-:12.~-~;:_,;:::.~.~-

... __________ .... __ 
Dec. 15, 1032 
June 0,1920 
Dec. 10,1928 
Apr. 21,1930 
Dec~ 5,1931
Dec. 16,1931 
Apr. 5,1932 
i\Iay 2,1026
.lan. 7,1928 
Oct. 1,1928
Oct. 1, 1028 
Nov. 17,1028 
Feb. 16, 1030 
Mar. 1,19aO 
Aug. 7,1930 
.July 7,1031 
Oct. 1, lD31 
Dec. 16,1930 

Mnr. 11,1931 
:\pr. 2,1931 
.Aug. 3,1931
Aug. 3,1931 
Aug. 9,1931 
Allg. 19,1031 
Dec. 6, Hl~~.l 

+
-I

+++ o 
+ 
+o 

-I

-

0++ 
-
-
-

+++
0 
+++ 
0 
++ 

++++ 
-
+
++ 
-
-
-
- I 
- ; 

+++
+ 
++ 

+++
+++ 

++++ 
++++ 
++
+++++ 

+ 
++++++ 

+++ 
+++++++ 

++++ 
+++++ + 
+++ 

+
+++

+++ 
++++ 
-
+ 
0 

__,_____..... ____ 

-----1----

+++ +-l+ 
+++ ++ 
+++ 

o ++ 
++++ +++ 

++++ 

+++ + 

+++ 

+++ 
++ ++ 

+++ 
++ ++++ +++ 

+++ 
+++++ 
+++ 

+++++ 


++++ 

+++ 


+o 
++++ +++ 

++++ ++++ 
+++ ++++ 

+ 
+++ 

0 
+++++++ 
+++ 
+++ 

f +++++++ 
+++ 
-t-++
++++++

I +++ 
...= +_±.±.:I" 

i Incrl'u"il\~ 11\1!)1hpr of pillS i'i!-\I\s indicatl'll increm;ing I-lc\·cril.y; 0, free of mastitis;
++++. \'l'I'\' sl'\,('I'(, 1I11istiti~ with lo:;r; of fUllction ill olle or morc quarfers. 
A dush intiil'llt.c'l that cow wns Ilot givillg llIilk or wns not milked by routine
IlIl\chine llIethod. 
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CHARACTERISTICS OF THE MILK OF THE COWS ON 

ROUTINE·MACHINE MILKING • 

Early in 1935 in conjunction with studit's of cows in other herds of 

this BUl't'ttu at Bclts,rillc, 1\O[d, thut were affected with mastitis, de

tailed studies were begun of the milk 01' 3 lll'St-culf heifers eN-Ill, 

N-114, and N-227) in this herd shol'tly afte!' they fl'cshenc'd, to 

determine the s('quence of changt·s ('Oilleid('llt with the onset of 

mastitis, Saml)]('s of f01'emilk from the'i!' indiyidnrtl quartet's were 

ohtuiJwd at w{'(·kly int(l!Tnls dt1ring most of th(' Rl'st laetatioll, and 

(h'torrninutions WN'LI made of tlw numbe!' of It'tlcoC'ytes nnd of mastitis

('fillsntiv(' o!'gnnisms, pct'c(,lltnge of chlorides, pIt·valucs, and l'ell1wt

coaglllntioll pl'op(lrties, 


These 3 }wil'('!'s wel'(' among J 1 cows contill1lC'd on 1'011 tine-llu\,chine 
milking dul'ing n pm't of 1930, and tJlC' detitiled dt'Lta obtained from the 
study oj' them 1'00'nwd iUl uddi tiollal bll('kground for /110 comparative 
studit's on difl'(.'J'(,llb nH'thods of milking initiated iu li'ebl'uury 1936, 
During the eXpPl'iIlH'ltts wi tll tllest' 3 animuls on l'olltille-l1luC'hinc 
milking, 2 dev('loppd sev('!'e lnnstitis-N-114 in 3 months, and N-227 
in 6 mont11s. The third (N-lll) dew·loped mild mastitis aftm' 
7 months, 

Wi thin 1 month al'let' ('0\\" N-227 ,,-us p/twNl on rOll (ine-lUnehine 
milking, th<:> milk [,'om tlit' l'ight; front find Idt l'par qllfLl't('I'S b('gun to 
show nn ex('('ssiw'" high llumb('l' of lC'llC'OCyt('s, find Streptococcus 
{lfJalactiae wus 1>l't·si'nf.!~('g,ularl,\T in t11<' milk 'of both front qUfirters, 
'rh('se symptoms of mflstir!s b('{'nl1le contillllnlly more $('Y('!'(', At the • 
same time, t]l(' milk from Ill! the qunrtC'!'s shO\\'('d n gmdllflJ loss of the 
l'Plluet-congulntioll pl'olwrty, and the PC'I'('(,lltagp of chlorides nnd the 
pH value iIwl'('lls('(1. Ai OJ(' bpginning of the sixth month of Incttttion, 
the milk fJ'om both righl qlll1l'tpl'S h('(,fll11(' SeY(,I'e1~T mastitic; there 
were mnny dots, t})(· .IlUmh(,I' of IPlI('o('~r\{IS and the Humber of S, 
aqaiacliae WitS hll'g'<'J' tlInn 50 million, tll(' I)('!'t'entnge of chlorid('s was 
llighel' thlm 0,20, 'nnd thC' milk would not ('ol1gulatc with 1'(,l111e&, 

1'he pH of Uw milk of Ow right l'l'ont qUIlI'lel' (lx(!('rded 6,8 by the 
rnd of the sixth month, and thaL of UIP l'ight!'('ar quartet' exceeded 6,8, 
2 weeks afte/' tIl(' on$('1 of SPVN'e ml'tstilis, 'Ph('se qunrlC'!'s contiulwd 
to be af}'('cted s('nr('ly 1'01' tll(' !'('mnind('t, of tll£' lactation, On the 
other 11l1nd, the l(lft i'l'on! nnd Idt l'PiU' qUIt/tel'S were affected less 
sevcn~IYl nLthough both \\"('1'(' jnfrctNl with S, <faa/actiae, 

A SUIllIl1Hl'V of th!' dNnil{'d dn.ln. on tlH' elrnt'H('!('l'istics of milk from 
tllis (lOW is PI'('sPllted in tuhli' 2, She wns milk('d by hand during the 
slJe('cNling hwtntion, Hili! fl, summnl'}' of the ell'Llfl. on the· ehn.!'fletcl'istics 
of her milk wJH'11 hl11).d milking WitS dOll!' is nlso pl'es(,llt('d ill lilble 2, 
Thes(' datil. show thilt th('l'e wns fl llutl'kNI imp!'O"f'lltellC during the 
period ,\'lll'Jl hl1nll milking WI1S dolV.', 

• 




• • • 
'l\\llLl': 2.-' EJJ(ciS of tout.ine-1T1.achi71e milki'n{J, and of Amul milldng -ilt the following /fU:tatioll, on chara,cteri~t.ics oj the milk 

front indtt'idual quarters of CO1/) N-227 

,----..• ,--w. .1\UIll-!l,eucocy tcs (t hOllsallds S. aguluctiae (thousands per: ChloridesI 
ber of pcr milliliter) milliliter) (percent) 
uddrr- .Days in lactation qUllr- . -~---I--~I---- ,--3;'lct11011 ()f lllilkillg, Ilnd -period coven,d

qUllrter tel' f ;. I I p:juy sample ~Illn-! Maxi- .~ Mini- IAver- l\Illxi- :Milli- Avera 'e Maxi- l\Hni- Aver- t:'J.

plcs JllUJll 1 mum I age Jllum mum g mum! mum age :::f 

tel\t('d I I ; ~ I 1--1 -- . 1--·-- > 
. I ~ 

HOlllill!,'-lIlllrhillc milking: o 
'{11th to 67th ___ _ I) 2, ]31 I 70 628 20.00 0.60 52. 10 O. 108 0.091 0.102 Z 

.1]4. U1 . 81st. to 137th __ _ 8 3,7<11! 418 1, 783 7. 30 .80 39.30 .127 .113 p:jlhght frollL_________ 1 172d to 22bL _. . 122 .1975 103, 000 ;26, 000 85,800 125,000.00 1,600.00 47,940.00 .245 ;t;
234.th to 30uth __ 7 60, MiS I 4, 785 22,817 324.00 10.00 101. 40 .230 .188 
11th to 157th. __ 16 174 6 65 .80 o .10 .]20 .100.092 I' .105 0 

Hight rcl\l' ___________ 1 172d to 206th __ _ 5 100, 000 40, 000 68,000 53,000.00 .10 19,260.00 .335 .153 .265 I:j 

{ 1. 80 o .23 .245 .204 .224 !?221st to 30Uth __ 8 11,658 6J 01)0 8, 103 

l{
lUh to 2Hlth __ _ 21 748 5 117 5. 10 o 1. 29 .119 .01l0 .105 > 

T.pfj CrollL. - -------- 2:Hth to 306th __ 8 2,469 168 895 6. 30 .60 2.93 .133 .094 .107 g 
. lltht067th ___ _ 9 2,759 78 569 .30 o .03 .110 . 090 .103 .... 
].P(t I'cur_ -.-------- {81St. to 306th ___ 20 3,010 64 752 4.00 o .25 .129 .082 .125 Z 

t:'j
linnd milkillg during fol

lowing lactll.tioll:
Hight front__________ 13th to 281st __ _ 21)7 7 53 1.70 o .09 .130 .0908 :Ug ~ Right.renr ___________ 13t.h to 281st___ _ 8 166 8 57 o .04 .140 .090 

.119" ~ L('ft front .• _________ 13th to 281st ___ 8 103 8 46 I:~I' o o .140 .110 
l~en, rcnr___________ ~ 13th to 281st ___ .00 o o .130 .110 .118 Z8 103 6 29 C) 

1 Strcptococci other than S. agulactiae. 

l-' 
CI:l 

http:19,260.00
http:53,000.00
http:47,940.00
http:1,600.00
http:125,000.00
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TABLE 3.-Effects oj'routine-machine milking, and oj subsequent hand milking, on characteristics oj the milk oj cow N-114- 1 ,.... 
~Right front quarter l1ight rear qllRrter ! Left front quarter Left xear quarter 

, . Lcuco-'S. aga- !LeucoJS. aya- I /I.eucoJs. aya- . r.euco-1Is. aga-! ~
. I cytes !Zacliae . I cytes Ilactiae . ... cytes lactiae . cytes iacliae. • ~ 

Lactation, method I Stnp- (thou- (thou- C.hlo- Stnp -I (thou-, (thou- qhl~-I S"np- (thou- (thou- qhlo- Stnp- (thou- (thou-~ C.hlo- Z 


of milking, and I cup sands sands rides cup sands Isands nde~ cup I sunds sands ndes cup sands sands I rides .... 

salllpliug dute ; ~est % per per (per- test. per per I(per- t~si.1 per per (per- test

2 
per 1 per i ~per- ~ 


. data miJli- Illilli- cent) data - Illil!i-/' 1ll111i- cent) data -I milll- ,Illilli- cent) data milli-Imilli- I cent) I:'" 

I liter) liter) liter) liter) • liter) I liter) I f liter) liter)' ~ 

I 1 ,.' '. I I;; q
_______1___________/___1______	•__ ._____.__/______,__,___;___ ... . , ! t !, j t-&I 	 IFirst laC~atiOn:;, 	 Ii! I l t ~ 

RoutIne ma- j I I!'! I-< 

chine--' 1 I,' I I I I Z
I 

Ii' ~ : l t ,1,: I:::>
1985 Ii,' I ~ : :::> 

Aug. 14_______ ; ______ ~ 9; 0 0.14 ____ .•1 56! 0 I 0.12------1 35 0 0.13)______ , 29, 0.20 O. 13 ~~ 
Aug . .17_____ .. · 0, ______ ·____________ . 0:------1------ ------. O------i------!------i 0· ______ ,_ ----. q
Aug..20 _____________ 1 221 0 .12______ 34: 0 .12 ______ ; 11, 0 I .121------ 10: 0 .12· 
~ug. 28 _____________ : 27! 0 .12, ______ ' 29 0 . 12,______ 4~i 0 .12 ______ ; 33; .20 .12 f'L

1Sept.11._____ _____ 287, .20 .11 ______, 17 0 	 .11;______ 430 0 .111------ lH3· 0 .11Sept. 14 . __ --0' 0 __________________ , 01______ :____________ 1 O------l------ ______ 0' ______1._____ g1
Sept. 25 ______ '___ "0 24' 0 .12'______ ' iO 0 : .12'._____ 48! 0 .12,______ : 77 0 .12;; 
Oct. 9_. - _---- 0; 73, 0 ------ 0; 82, .501______ ; 0 92; 0 ------1 0; 671 .80 ------ ~ 

g~~: ~~= ====== ___ ._ ~----55'--6:50 ---:12:_____~;-8:o84h:7oo1l---:16!-----~j7:794h:300i---:21 _____~:25:800~10:300 ---:18 ~ 
o t 2- 3' I 3 I '3'" 	 3 

~~~: i=-======= _____ ~;i~:~66i.=~:~66 ===:i;L____~!ji~:~i~:., ===~661===.=~6~.:_____ ~i!iif:i66!i~:i66:===:~~!-----~;i~:6~6'=i;;~.:==:~i ~ 
~0\.19_____________ 10,824. 000 .14 ______.1,740 LOO 	 .12/______10,260, 680 .10 ______ 14,790, 21.00 .17 0 

~~:: .;~...._====:;--___ ~ -1:653:--2:90:---.-15!_____~'-8:178;--i:201-- -.-16i_____~!-2:4361--8:401-
1 

--:12 _____~-2;15t-i:oo:---'-16 S 
Dec. 12_______ 1 _____ -:______1..____ ' 1:-----+----+-----1 1 _____ -1______:______ 1: ______ !______1______ ci 
Dec. 18 _______ , 0, 2,376; L 40 .15 4.',14,432..201.18; 0/3,115\ 1.00, .16 2.12,1041 .20.,.17:Z 

Jan~9:!_______ 11 1;______ -_____ --____ o:.----J.------L--J 0 '. _____ -'- _____1..____ J-----'------L---- ~ 
Jan.8______________i 744 11.00! .13,______ ; 6351 0 l 	 .14;______ . 2,580; 3.00] .15 ______! 1,932, 2.00i .14 
Jan. 61 _______1 Ol------,--____•______! 0' ______ .______'-_____ : 0'1 ______ 1______1______ 11______ '______ l_____ _ 
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.13 ___ ~ __ !·~, 674 ;.80 .141______i 1,2061 L 801 .15 

l~eb. 3_ 'I___ ~__ \ 950! 9. 2°1 . 12! ______1 613
1 

0 , 
0, 3, 053 ~. 90 .16) 01 4,924\ .30, .17

.30 . 15 0 583, 0 1 .141
I eb. Hl ___ . _, OJ 2,314, 

0 . 13 0; 2,044 11. 90 .16l OJ 4,0421 8. 90 • 15 
~~Ilr. 4___ ._... 0,12, 4~Oj .70 .15 0 461 

3.20 .16j 1!10,701,. 30, .17
.16 0 652\ 0 .141 1,462

).llt. HL_.. __ 1. 4,3aO! .40 0
1 . 17

140 . 1~ 0 533l 0 . 141 0,1,418 18. 20 . 141 0; 3,480; 7& 001
~lar. 30••_-. __ I 0 !l571 

~~~~~~ i~~.::·: =, --- - (l~: :~~L:~~~ .--~:~ -----0 ---=~~I--=--- ___~~:!-----Ol_::~~ --~~~ ---~:=r-'" ~~-~::~l::~~l-- '-:~
I 1 iiI

H nnd- I I 1. 
. 13 0 3f!2 0 . 12 0 1, 009 3. 20 . 141 01 2, 144: 15. 20: • 13

.\pr. 28. __ ,".' _:. 0, 8701 2.10 
0 1,044 6.60 .12\ 01 1, UO' 12. 00 .12 ~

MllY 12._- ....1 01 800, 3.60 .11 0 221 0 .10 
011,322 20.001 .12 t=l

0; 368; 3.20.10 0 235 2.20.11 0; 1,035 12.00 .12 
. 12 _

.10 0 0 .112\lay~(L.... t35 0: 1, lI8 12.00 .11 0, 1,4961 9.601
.June 3..... __ .' 0: 5021 3. 00 

~96 0 .12 _____ .' 565 11.00 .131---- •• ! 870. 3.8ul .13 t;5
.1une 9._., ___ ,______ , 250 1.50 .12 ______ 

.13; 2; 2, 5~6' 6.501 .14 §:1 487 0 .13 0' 2,436 9.80
Jun? 2L. ___ / 0: 9571 4. 90 .12 0

-'oL :~~I__ ~·. ~~ _._._~: --··'O.. __ ~:~ ._~____ .:l:l"----o'- __ ~O~ .:~~~~I-.-~::r-·--o;.~:~~:I--~~~~,.--~:: ~]~:~. ~(C .. --- 1,550 37. 50 . 13,_____ J 1,7231 13.401 . 13 ~
. 101 _____ I 612 0 . 12 __ •• __

.1t.lIY 21:. __ • ____ _ 623\... 12.90 ul
S('cond lactation: l EI I I 

~ 

' 
'1' 

. 12 ~
l{!uul- i; 1 

1936 
.121______ 25 0 1 .11 ----.- 27 0 .11------l 83 0

~ov. 1L____ ~_!______ j 301 0 g----63 --0--- ---.-i31 g;----i~--o---'---.-i2 ~
jj~~~' i.~._:~~=~:I g;.- "sl-' 0--- ---.-12' gl----is --0--- ---.-i2 

{) 16 0 .131 ~ 135 0 .13 0 ~~! 0 I .13 {)D~c.9--.- .. _- 0) 15 0 .12 
.11 ______ 2570 .11 ______ 49;)1 0 i .11 ~

0,. 690 .12. 710DcC.16-_- __ ·l 
1 tii

1937 ! I 0 318 0 .12 0 264 .05.11 0 230 0 .11.,...
JulI.6_______ J 01 66 0 .11 

0 24 0 .11 0 69 0 .11 0 1n91 0 .12 S
Jail. 19 _______' O! 33\ 0 .12 

.11 0 197 0 .12 0 243 0 .11::..
Feb. 2_ .. _.••_ 0, 21 0 .12 0 73 0 

.120 167 0 .11::r
Of 23 0 .11 0 24 0 .12 0 158 0 

ZFeb. 24.. ... ___ 
0 11n 0 . 12 0 711 0 .12 n 179 0 .]2 

0)Iar. 8________ 0) 32 0 .121 0 680 .]2
0, 470 .12 0 !}10 .11 0 830 ,12

.:\Iar.29_______ 0 .13 0, 127 0 .12
G.______ 0 .13 - 0 253i

:\Ia,3________ 0\ 47 0 . :"2. 
1781 0 .12 til 89 0 .12

June 15_______ 0\ 253 0 .12\ ot 158 0 .]2 0 
0 .12

0 .12 otl 280 0 .12 0 45'\ 0 .12 0 ' 550 
.13Sept. 30______ 0\' 57 .13j 0 317______ .13 o[ 28(j,______ .12 0 1,3861-_____

Dec. 6________ 0. 15 ______ .140 4721 0 .13 0 5031 0
Dec. 16_______ Of 150 0 .12 0 415 0 .14 1 .....

, ~, 

1 First lactation-,cal....ed July 31, 1935, dry Aug. 1, 1936; second lactation-calved ~ov. 3, 1936, dry Jhll. I, 1938. 

2 The iigure 0 indicates no clots; 1, a few small clots; 4_ numerous large and small clots; and 2 and 3, intermediate couditjons. 
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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-1l4, She developed mastitis suddenly in all foul' quarters 3 
months after th~\ begilUling of lwr first lacta.tion, Tho infection, whieh 
was due to Sll'eptococC'U8 a[Jlllactiae, subsidpd somewhat a month later, 
but the milk continued to ]w decidedly abnol'mal. 'MIl,chine milking 
was replaced by haud milking dUt'ing the eighth month of lactation, 
and a markl'fl improvement in dw "J1araetC'l'istics of the milk occurred 
after the change, although thL'ee of tlw qmtl'tcrs remained infected 
and th.e milk from all the qUP..l'ters continurd to show an abnormally 
high percentage oi chlorides and an excpssive number of leucocytes 
during the remainder of the lactation, DUl'ing the succeeding lac
tation, this cow was milked by hand for 13 months, and no infection 
or other symptoms of mastitis wer',;. noted except that the percentage 
of chlorides was slightly higher than normal. The detailed results 
obtained in the study of her milk dming the first and second lactations 
are presented in table 3, It is apparent from tlwsC' results that the 
recovC'ry from mastitis made by cow N-114 occllrred largely as a 
result of the change to hand milking. 

Coincident with these results, a similar allC'viating effect as a result 
of hand milking was obset'ved in five othPl' cows that likewise had 
become mastitic 011 machine milkiug. Also, three additional first
calf heifers remained free of musU Lis on hand milking dming this period, 
It was appurent, thel'e[ ore, that lumd milking was the method least 
likely to pt'Ovoke conditions pl'edisposin~ to mastitis and that it ofl'cred 
the best cOl'trol method for use in evaluating the effects of different 
methods of machine milking, 

PLAN @F SUCCEEDING EXPERIMENTS 

The wide prevalence of mastitis among the cows of this herd during 
the pcriod of 35 months when they were milked by the routine
machine method indicated that the milking machine had caused inj ury 
to the teats and uddel's, precliposing the cows to mastitis; and it was 
helieved that this injUl'y was the l'esult eit;het' of excessl\Te vacuum or 
of leaving til(' machine working on the udder too long, Experiments 
wore begun, thC'l'efol'C, in 193() (a few weeks earlier with some cows) 
to determine the comparative injurious effects of machine milking at 
16 incItes of vacuum fot' 20 minutes (severe-machine milking) and 
machine milking at 12 inehes of vacuum 1'01' 5 minutes (milcl-mnchine 
milking), aud to compare lhe cfJ'('cts of machine milking with those of 
hand milking, 

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 preceding and following the poriod on severe
machine milking; 2 wet'e milked by hand preceding severe-machine 
milking; 2 were not milked by hand; 1 was milked by hand after 
the period on sevNC'-machine milking; and 1 cow was milked by 
hand prccedmg, and by the mild-machine method following, the 
period on severe-machine milking, During the same period, 12 cows 
w(,I'e milked by the mild-machine method during !t part 01' all of a 
lactation. Three of the 12 cows wero milked by the mild-machine 
mcthod following rouline-machine milking; 4 were milked by hand 
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preceding mild-machine milking and mild-mllchine milking was con
tinued dm'ing tIle succeeding Illctntioll; :3 were llO~ milked by hand; 
1 was milkc(l by hnnd preceding mild··l11llflhinc milkingi nnd 1 cow 
was milked by the mild-muchine met.hod following severe-machine 
milking. In ndditioll to the use of lumd milking preceding and. fol
lowing muchinc milking on many of the cows, 10 cows WOI'O milked by 
ha1\d for n. complete lnctation dUl'ing this pOl·jod of 30 months. The 
plan of the cxpcl"iml'nt.s on tJ1C 25 cows studied ill detail is prcsonted 
in iigure 2. 

\ 

EXPEIIiMENTAl PE~IOO. 
cow NO. VARIOUS METHODS OF'lILKING 

N-106!! (ROUTINE·····_···········XHANDI (HAND····)(sEVERE t.1;:~)~/

f 


N-IIIY (ROUT!NE···················) (HAND."•••••••••• )••)
I 
N-114Y (ROUTlNE··1•••••••••)(tlAND·' (HANO··········..••••••••••.. ·1 
N- I 16 I I :MllO·······I·······::.:.::.:.:::-l 

N-~ I(;.!I (ROUTINE"" , ••"., -- •••• ~ MILD··· ••) (S:/tHANO'· •• _•••••••••••••) 

N-219.!t ROUTINE•••••••••••••• ,' (HANO••~JILO.............. ) I (MILD····· 
I 

N-222 (ROUTINE·················) (SEVERE····--···········)I 
N-l?27Y IROUTlNE..............'•••••, 	 (HAND···..·!·····················.·· 

N-234.!t ROUTINE·············; Il-:ANDI(SEVEREHMIL?) I 
N-23B2 	 l\i~ND"( SEVER E··· •••• ····KHAfJD·· I 

N -239.'1 	 (H~SEVERE....··XHAND··..!.···.·) 
N-Z40 	 (Mllo······1 

.......................... ..
I 
I

N -30911 ROUTINE·······......·) (HAND·····.··..·······J(MILD··) (".ILO.•••..................) 


N-:310b (ROUTlNE············)(MILOI I (HAND··•• •••••••• • ••L ....) (~..... 
N -402b (ROUTlNE................l............_) (HANo••• •••• •• ••••••••••.....••••L ....., \!:!!IND' 

(
N-404~ (ROUTINE························) (HAND"""'" ••••••••••••••~•••••, 

I
N-4IS.!/ ROUTINE··· .. •••••••••..) (HAND,xSEV£RE) (HANO·· .••...................)
I 

-I 
N-419 2 ROUTINE········-·) (HANO·················!MILO) (MILD..·······················.··) 

N-424 	 'ROUTfNE••••••XMILO•••••~••) 'SEvERe·······L .......... ) ,MILD" 


N-426 Y 	 (HAND··························) IS~(MILD~- ..................~•• , 


N-42r iIJ 	 (HANO=;==•••••••••.) I (H~ll•••• 
N -428» (HAND··················IIMILO·) (MILO······················) 


I

N-429.!/ (HANO.··········.···L···1IMllOI (MILO··'············..·······) 

I I 
N-431.!J (HAND ··············XSsv£REI (SEVERE······················) 

N-432~ 	 IHAND·····.···"'" •••••• ~ ...) 

.!/ THIRTEt:N cows THAT WERE MILKED BY HAND AND BY MACHIIIE O~RING THE SAME LACTATION. 

?/ 	PORTfONS Of LACfATlONS UNDERLINED WITH A HEAVY LINE WEllE THE PERIODS DURING WHICH 
DETAILED STUDIES WERE ".AOE. 

;. EIGHT COWS THAT WERE "'ILKED BY HIINO DURING A COMPLETE LACTATION. 

~ SEVERE-MACHINE MILKING. 

~ HAND MILKI~G. 

!J MILO-MACHINE "'I Lilli. G. 

FlGUIU} 2.-ChrQllologil'nl informnfioll indfcnting plan of experiments. 
S:li\l-IO·-~\}--3 
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CHAnACTEIUSTICS OF THE MILK OF THE COWS ON SEVERE. 
MACHINE MILKING 

As described above, the only difl'en\nce between the usual routine
machine method and the sovero-machine method was thttt in the latter 
method tho machino was op~rated on the udder f01' 20 minutes uni
fOl'lnly, which was a longel' time than WJf;S usod always in routine
machmo .milking, 

Provision was made for adequate controls on hand milking, Some 
cows WPI'C milked by hitlld thl'oug11OUt the lactation, Others woro 
milkpcL by hand for viu'yillg pcriods before thpy were put on sevel'c
machine milking in the same Ine[;ation and, when they dov(·lopcd 
mastitis on sCNC'l'e-m!tdlinc milking, they were put on hnnd milking 
agnin during the same lnctlltion. 

Nine ('ows wel'e millwd by the SPYC'I'c-machine method, Six of 
thC'm d(weloped sC'Ycro mnstitis, two dcn·loped mild cnses of mns!:itis, 
and on(" rC'mninNl I'rC'e of mastitis during the pC'l'iod 011 scvcl'e-l1wchine 
milking, Of thp six ('ows sC'YPt'cly tlfl\\eu.\d with mast.itis, two (N-238 
and N-23~)) W('I'C Jit'st-('nll' hpil'('1's, two (N-234 and N-415) were ill 
theil' sC'conll itwt.ntioll, one (X-lOG) wnsin hcr romI,ll lnetnt.iou, and 
one CN-21 G) WIlS in het' fi I'tll lileltttioll. The lattel' ('oUt' had bcen 
sC'vCt'ely mastitic prC'viollsly on routine-milt'hine milking, null ~\YO of 
thC'se (N-23'1 nnd N....415) had NtCh 10sL two (l'lHl'tC't'S during thnt 
p{·rioel, However, flU theqU!LrtC'I's of lhC'se fout' cows thnt conLinucd 
to give milk hud n.pp:ll'pntly t'C'C'oYN,etl fl'om mastitis dUJ'ing the pr'e
ceding dry I)('t'iods OJ' while Ihr)' \\'('['e milked by haud 01' by the mild
mnchille method, '1'hl'c(\ of the six cows (N-IOG, N-238, and N-2:39) 
with fOllL' fundiolling qUltl'tel'sttnd the {,wo with two functioning 
qunrtcrs (N-·2:H and X--115) We-I'C milked by lUllld for 2 to 4 months •
nt the lwg-inning of the lnctn.tion \)('foro they WCI'C .1Ililked by the 
sC'Yrt'c-ma('ltine tllt'thotl, nltd theiL' milk during this prclimiwll'Y period 
on hnnd milking wus frct\ of lIlnsti.lic dHu'netc'l'isties, 

Followillg- lite Iwg-inning of S(,\TC'I'C-111fl('hilH' milking, fOlll' of the six 
cows (N~10(j, N-2:{4, :\-2:)9, und .:\'-415) showed symptoms of 
mnstitis in tlwit' milk within I month, but signi/ieHllt symptoms did 
not OCCllt' ilt the milk of C'ow ~-238 llntil aftt'L' 5 months. The onsct 
of S('\'('l'e mastitis tlPlwnrNI in th" milk of cow N-2;)4 within 1 month, 
in thn.t of eow X-415 within 2 month~, nnd in th!!!, of cow N-IOG 
within a months; buL symptoms of SeH'l'l\ mnstitis did not Iwcome 
('vid('lIt ill tltp milk of co,,'s X--2:3IJ find X-238 until nflct, ,5 nnd 6 
months, "PSI)(\('lil'ply, The sixth ('OW (X-2l6) wns milked by the 
SPI'pl."l·-mael!ine I1wthod immeditLtely nfU'l' fl'osli(\ning without It 

pn'liminnl''y prriod Oll hnnd milking, nnd ::;,rmptoms of severe tnnstitis 
oc('ul'l'l'd in IH\I' milk within :::0 dnys. 'J'lwsc I'('stllts indieatecl that 
with sl'n\rc-l11ilchilH'milking tht\ OI1:-;C't of S(,\'CI'(, mastitis o('clltTl'd 
t'(\lati\T(\ly quickly in tilt' cows not subjl'drd to H. period of pl'('liminill'y 
hand milking lWei ill the older cows l.hnt lind bel'1l mHstitic pr(,\·iollsly. 

811bsNjUent to tll(' pt'I'iod of s('\'el'e..:mflcltilll' milking, which varicd 
in /Pugtll of time with. till' difl'pl'('nt ('ows, [Olll' ('Oil'S (N-IOG, N-216, 
N-2::lS, iU1d X-2:{O) were ('hungNI to hn.nd milking, cow N-234 was 
put on miid-mn('hinC' milking, and ('oW N-415 "'itS eontinucd on 
severe-machine- milking unlil the pnd of the laelitlion. In nIl of the 
'cows chnngpt/ to hilnd milking tlwt'o was all immC'dillte impt'ovement • 
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in the characteristics of the milk, and the improyement continued 
until ulmost compl0te l'(,COYCl'Y from the mastitic conditions was 
l'enched nt 01' l1ear the end of the lactation period, A similal' but less 
rapid improY('n1C'nt occurred in cow N-234 nfter she. was changed to 
mild-m!lChinp milking, Cow N-415, which was continued on severe
maci::.ine milking, showed continued severity of mastitis ulltil the end 
of tllp laetn.licn, Howeyer, clurillg the succeeding lactaUon when 
she was milkNl by hand, the milk of the h\·o fUllctioning qUlll'ters 
showed only slight abnormality and was free oJ infeetion, 

A summary of the detfLiled datu, on the milk of thl'eo of tho cows 
(N-IOu, N-23S, and N-239) that developcd seYcre mastitis on severe
mflchi[ll' milking is presented in table '.1:, showing the marke(lly 
lllnstitic dHll'netel'istics of their milk that ['esulted f['om st'vel'e
rtltlt'hine milking and the general nlleyiation that occurred on hand 
milking, 

The'two cows (X-2:22 and N-:124) that dC\·elopecl only mild cases 
of mastitip, on sevCt'o-maehine milking were 6 find 4 yen.I's of tLge, 
l'C'speetively, and had l'emnin('(l rl'intiv('ly free of mastitis dudng 
their pl'(wiolls lac!iatiou£ On l'outinl'-maeiline milking, Thc right [l'ont 
quartet' of co"w N-4:2,·l bnd lWCOllll' mildly' mastitic enrly in that lacta
tion (nI(l nJtC'r the third month eca;:;ed to function, The three oLIler 
CrUfll'tCl'S llad I'emainl'd free of mastitis dul'ing 7 months on routinc
mflchine milking nml 6 months on mild-machine Juilking of that I!l.c~ 
tation, Dming the l'l'rioti on :,eYl're-nJnchine milking, the milk of Ule 
Sl'vC'tl functioning C/l.[artl'l's of these two eows frequC'ntly conto:ned 
Streploc(J(,CU8 a[/a!actiac nnd Sl'n,[,ftl ot,her species of stl'Cptococei, but 
the pel'('t'l1lngl' of ('hloridl's rfl[,l'ly eX('t't'llt'tl 0,11, and the lcucocyte 
eOllnt rarely l'x(,(,l'tll'ti ;'jOO,OOO eX('L'pL in tlle left rcn1' quarter' of cow 
N..;.222 , in ,,;1Iieh it l'x(,l'l'ded 5 million in three sentle['eel samples, 
Howl'Y('r, during thl' slIcC'l'l'ding laetittion, the milk of ('ow N-,222 
wns found to be tnreeted with 'P.'1(,llciomonas ael'1I{li1l0I:.tI, whieh was 
later round associatNI with ma:::titie condiLions in the milk of maehi11c
milkt'd tOWS in the herds at Bt'ltsvilk (3), The results iudieMed that 
sonte injury hnd resulted from seyere-1l1uchi.nc milkhlg during Lhis 
period, 

'I'll(' ninth cow (N-43 t) RubjeetNI to scycre-mllchi.nc milking ,ms !l. 
fil'~t-t'(tlf hl'i[pL', Shl' had bl'C'n mill,,('d by hand for 8}:i mOllths from 
th(' lwginnillg of IH.'I' first Inc-tation, Hud on hand milku1g 11('1' milk was 
[J'{'l' or' -;ymptoms of mnstitis, Durin!!: tlw last 4 months or this lilcta
I ion. sh~' \\'[lS milked by the Sl'Y('I'L':'maeliille 111('tllo<1, nnd IlPr milk 
['('lIwinl'd frN' of symptom:; of lllnstiti.::, She was put np1ill on 8(,\'('['C
nHll'hiul' milking tlt th(1 lH'ginning of her ;'.l'cond Inctation nnd was 
continued on this l11l'thod for till' imbiil'([Uent 13 months; during the 
first 9 month::; the ilal\lplps eO)ltninetl Sll'fplo(,o(,cll,~ agalactiae und other 
stl'Pploeol.'ci o('et1Si()[U1H3~, the Il'llcoeytt' count wns ruther ex('('ssh~c but 
I'lll'l'ly {'x(,(,pdl't\ 1 millioll, and 111(\ ]Jl'L'N'lltnge of ehlQl'ides was slightly 
hio'hZ,1' titan nnnnni. FiHl11h' .. liming the hts! 4. months of the IHetaliOIl, 
m~I'i\:l'<l iIl('l'('ns('~ O('('t1ITl't\ 'in tIl(' llUmbt'l, of stl'l'ptoc-oeei other than 
S, ClYlllllct;af ill hcr milk, ('olllimll'd iu('['cu;;;CS o(,(,IllTNI ill the p('['('ent
a:;(' of ehlol'idl'$, and the left rl'ar quarter became infected \rith 
Psnl(l()mona,~ (((ruginosll, 

http:scycre-mllchi.nc
http:seyere-1l1uchi.nc
http:ael'1I{li1l0I:.tI
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'fA llI,g 4..' J~th(,(8 oj Sftl('rf'-ma.cAi'll(' milldl/(J /ollowinfl l/and -milki1I[1, a..nd Qf su.b8equent. luwd milking, on cllara,ctenst'ic8 .~ 
of the mUle oj cows N-f2SS, N-2S9, a,nd N-l06 

I 'NIIUI' Lellc.O\'~·(('s (thousunds ,s. aOrlmrUllt ~thou5nlllls O\h~r5Ir~PiQL'QC.('i (thou.! Chlorides (peroont) ~ 
.' ., I " ID!\ys II1i:wtntioll tw',' ?!. 1'(" IIlllJlllt(!l') , p{'r 1ll1lhJlu~r) snllds jler milliliter) I . tIl 

CO", calling ;llIh, lll\d Illt.rIIJ'lclItl'rtwl .\!Nhod 01 milking \IIlrl~; -_..... , •._-. -- - - ..---------. Z 
qunrttr 'i/. t,' ~qU:lrhr . " ' ); -'1 

II) ~1lI1'ts .5:1111111,'., "It.xi. Mini· ...wr. "Inx\' "lIni· Ayer· Maxi·' Mini· ."yet· I ':'f.ud. I M!fJI· I A\·cr· 0 
, : w~t-c.~d mum :mUul m:c; Ulum lIlum uto.' IUllJU ! mum age,! muUl i mum t age > 

• \ "-~"'''''__ '~_"d.._~_'''''_''_ ' • ...- __ ... __ "'_'__ • _____• ____ • ____ ~___~_' _ __..__ t'" 

CPW ':o<-:!:JS,tllh'('d Aug. 28. lI;lth~77Ih I11:lnd .. ,.. . 2 7S:1 M· ·118 0 0 0 1 0 I 0 0 I O.OM I 0. 084 1 0.09 l;l]tl.11i: , ~ht~2"'\tll ' H~\('rr IUlIchtnr ~H M8 S . )76 .~ 0 .03' 0 : 0 D l.ll I .078: .09 ~ IUgbtfrolll :\2,SVIlHli<ht. do 22 r.9,4~'() 1,Ji!l7 2O,OM ~>OO.(}() () 14.50 .20. 0 .02! .17 .10 .13 tj.'

1aS7t11"I:lIsl H.wl, r. .,'.m \1;12 1.2112 Ir.JKJ l.OtI 5,03 0 0 0 I ,11 1.00 .10 £!Ij 
j ,l1h-77th . do 2!!liH H2 ~15 . .'!S 0 •.12 0 '0 0.' ,Il\) I .086, .011 ,>E'" 

.\ .• Jr~I"-2e:,Zt1 S~\'l<rI'mtlchiJle. a~ :!,!l(~i (.S 401 • .I!; 0 ,Ill .ro I 0 .02 .10 I .0;4 1 .085·M 
Iti;;Jtnar • .. • .. ·····:·I;.~~.3d.:JS.I'~ do I~ 21l.fI!KJ \1:11 1,~2 15S.0!l 0 lO.!4. 1.00, 0 .011 • iii ,OIl I .l~. 2:IuStlh~l1sl Hind ~ a.ls 1.~ ••~~ 1.111 0 .<>J 0 0 0 .00 J .07, .O.S ¢> 

!j7Jlh'"UL . dn...... ' • S • I .Il·~ 0 .03 0 0 0 .0\1 i .0841 .085 
LeU frolll ~1;t·213,1 f'~\'('I"l\h'clllllc. 32 3S~ ;. f.R .M /) .0:1 !/(J,r,o 0 ,£,5 .10 .07! .085 ~ 

........... ' ;l~~ISI-;hl<1 Ill) 24 m.lxJO 31 I 1I1.S40, 18 I)() I' 0 2. fl,;; . .30 a .01 r .IS • till \' .12&_ 
: 3Sith-l:J1>1 , Ibm\ ... fi 2,O!ll1 400 1,234 0.30 .40 .'U13· D 0 0 .11 .08 .098 
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The results showC'd that sevC'l'('-llul{'hiue milkillf: IlPPlll'cutly ('Iluscd 
injury to tIl(' uddC'I', p('('(lisposing it to infe('tion 1ll1l1 to mnslitic ('011

ditions ('or['{'spoll(ling with those that o(,{,UL't'('d with ['outine-mn{'hinC' 
milking, '1'11(' obsC'['vution thllt mol'P rapid 01' 11101'C' s{'['ious injlll'r did 
not O('('lI1' with thc 2 O-milll [ lC' milkin~ tinl(' thnll with l1t{' shO['lcl' 
llli1kin~ lim{' of 1'00.1titw-n1lwh,inc milking mfly bl' l'xplnin('(l in pnrt by 
thl' fll('t lhn,t S(,V(,l1 of Ill(' nm(' ('ow-; 011 til(' s{'vel'l'-Hlnchilw llU'tllod 
had b<'l'!l milkt'd by hn.nd fol' 2 month:'\ Ol' !OllgPI' just priol' tn the 
scvel'('-mnehinc pC'l'iod; mon'o,'!.'!', the' SC'Vl'll funetiolling qunl'tl'!'s of 
the two othC'r cows (N-222 amI X-42-t) hud ShO\\,11 t'('luliy('I~T high 
l'l'sistIllW(\ ngninst milking-milchinc injury during t1iPit' pr'p\'io1ls JneLu
tion...:; on I'outiue-mllehlm' milking. Tlll'':;(' l'l'sult~, tog('tllP!' with thos{' 
obtuin~cl with ('O\\'S milkl,(l by tllP l'outint'-mll('hllw Hwthod, indi('llt('d. 
that. tb{' nmOllJ'lt of YU('\lum It,.:(,d \\,/1';; mon' important tllnn thC'l('nglh 
o( limp the mn('hilll' wns left working on the udder, us u. pril11!tl'Y 
cuuSC' of uddC'L' injm:r, 

CHARACTERISTICS OF TIII~: '[ILK OF THE COWS O~ 
::\ULD-:\[.\(;III:\ I-::\II.I.K "G 

8in('(' it wns l'l'('og-niz(,tl tIUtt n Yn('\lllrn pxi.;tl'<1 ('on;:;tnntly on Ih{' lip 
of tll(' ('Ilt nnt! on tItp 10\\'('1' (,Hd of tlw tl'lll cHnnl during tIl(' OIW['Ulioll 
of t1w milking lIl!ll'hin('. uwl ,.:inc'p it hfHI Ill'('ll dl't(,I'milwd thnt tlH' 
witlulrnwnl of milk look pln('(' hlnlOst n-t rnpidi~- whl'it Ot(' mn('llin('. 
wn~ ('xPI,ting- 12 jnl'llP'; of YfI('llUm n-; wlll'1l it wns C'xl'rting Hi indlP:'l, 
it s(,PIl1('d n'llsoBnh!t, to ~lI[l[l()"P IhM n l'l'tiuctioli. of \'MlIUm to 12 
illelH''': w()uhl p['pnJ) I lnl1l'h of I lip inj1ll'iolls ('fl'('('t. 

TIH'!'l'fon'. in "\llgt1~t lIl;Hi, tIll'\'\, ('OW"; C\" 21 n. X-310, and N'-J24) 
W('n' ('hnn!!l'!i fl'om ('mttilW-ttull'hi.iW to mil(i-lHllehbw milking, nnd in 
No\'pmhl'1' 1!l:~O ('OW X2:{J on ";('\'PI'l'-llht('hill<' milking nml S-219 on 
hmul. milkill.g Wl'I'l' ('htlllgl,d to miltl-mlH'hinp milkin£;, ('ows );"-21(3 
nnd. x-:no hnd Ill'Plt flfT<,(,tpd sl'\'('I't'l~' with mnstili" in onc qllfu'lPL' 
('nell on rOllti!w-nulehiIll' milking- hut liming this 1)(,l'io<l on miltl
mnehillC' mUkill!!: lh(' milk (If nIl (\!pit' qun "ll'I'S Wtl~ 1'1'('l' of inrl'clion, 
('ow X~42·1 bnd had Inn,.;tili,:; nnd io,;! tIll' 11<';(' of Olll' q\llll'('[' (lul'ing 
tlu' fu'st :~ Ilwnths of (lit' Inctati()l1 ",hill' on I'()ulilu'-lll!lt'hin(' milking, 
but tlftpt, llll' ('hllllgt' to mild-mo('hilw milking tIll' milk of th(' tilrp(, 
CU11(' (ioning qllHl'Il'l'''; wn,.; t'1'(,(, of symptom,.:, '('ow X -2;~.j. lUHi PI'('\'i
ously hnd :'<P,'C'l'l' IllU"titi" nnt! lo"t· till' 114P of two qllHl'll'l's whilt' on 
1'0uliJl(l~ma(,ltin{' milking, nml 11Ul'ing t]l(' l'lu{'('('<'llin!!; IfletnlioJt on 
spv('['p-mn('hilU' milking'tlll' two fll1t!'linning Qlltll'[,('l''; hnd. \It'PIt gp
ver('ly Illllgtiti!'..Aftl'l' till' ('hang!' to mild.-1l1:1('hilH' milking. (!t(, symp
tom,:; in th{' milk of till' t\Yo flllll'liolling <junl'I('r;; impro\'('d imllH'tli
[ttpl\'. Cow X-~H) hnd pn'\·iollsly hll(l milslili,.; in nil ['Olll' qWlI'll'l.'B 
whih' on 1'0nlilw-mnc\JillP milking, HO\\"('\'PI', till' milk from nil 11(,[, 
quart('L'f; Wllg f1'l'(' of ~:vmptom;; timing tIlt' fit'~t :1 tnouth-; of Uli" lfletfl
lion on hnnd milking find l'l'tnnim'd fret' of symploms dUl'ing this 
pl'l'iod on. mild-mnehiul' milking. 

Following tlw flwol'nb!t· 1'l',.;pon:'lC' ohlnilwd with tIl(' mild-mnehine 
JnC'thod on'thl' fiYl' (,ow;; t1is(·u,.;,;('(l f1.hon', 5(,\'('11 lldditionnl cow:; \\'('1'(' 

put Oil til(' mild-mnehin(, nlPlhod during lO;)7, Two of Lilt' eows w('['e 
D1on' t11nn 5 yl'itl'S old «'ow X -:lOD ha(l b('(11l [('('(' of mnstitis unci ('ow 
N~!l9 hn<i bCl'll nJl'('ell'd sCVl'rl'iy with mnslilis on l'oulim'-tntlC'hinc 
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milking), and two (N-428 und N-429) were first-calf heifees, These 
foul' cow:;; werc changed from hand miUdng to mild-machine milking 
toward tlll' end of this lactation, nnd l~1l four cows were milked again 
by the miltl-mnchine methocl during the succel'ding lnctalion, A 
sunuuney of the dmmctel'istics of tll(' milk :from ti'll' iudi \T:dunl qunr
tel'S of these foUl' cows during tllis sedes of two lactntions is presented 
in table 5, 

TI.\l' r(':mlts show that the' milk from nll thE' quarters wns prnc:liC'nlly 
not'mnl during th(' period of 10 months or 10ngN of this study in tho 
pl'('liminnlT lndation on Imnd milking, .:\mc.'ng 15C) slllnpies t.ested, 
only a {'ot:ttninC'l1 1110['(' than 500,000 h'u('C'l'yles 1)('1' milliliter and only 
8 ('ontninl'd Strepiococ(,11S agalacti(H;' 01' ollH'!' l'ltllsn.tive orgnnisms; 
thc's(' SY.I11ptoms W(,t'l' Pl'l';;l'l1t in snmph's from ('OWs ~-'1l9 and ~-429, 
and tlH',ydisnp(wlu'pd dming the sallle [wriod on hnnd milking, During 
tl.H' InJ(' pad of lllp first, IndlltiOtl shown in tnbl(' 5 fol' the four cows 
on mild-l11nellhw milking, slight abnormnlities of the milk occurred 
in tl of lIlP I G <\ul1,1'ters, ehlll'net('riz('(1 by itH'r('ilSesin 111(' numbN of 
1('lIt'o('yl('s iLnd sight inel'Plls('S in tllC' \wt:e(\ntl1gp of ('hlol'ides, How
en'l', with tl1<' l'x('('ptioll of tlH' t'ight l'Pftl' qUllrtcl' of eow N-429, the 
Ico('o('yt(' (,Olttlts of lilt' milk from t\I(ISl' 11 qtt:lt't(,t'~ l'lll'('ly ('x('('('(I('(1 
1 milli'otl, nnd thl' high ll'u('ocyt(> ('Olmt WItS not ('()rt'('lnt('d~witb illlec
lion in nny of th('Sl' qun.t'll'l's, 8tt'(,])to('0(.'('i \\"(>1'e present in 1 ot~ 2 
scntt('l'('d si1mpll's from ('i\eh of only oL qUftt'tNs, 

During till' SU('('('('ding la('tiltioll on mild· m!l('hine milking exclusively, 
the milk of tlH' rOlli' eo\\'s l'l'HlftinNi pnll'tic'nJly normnl fot' tll(' first 5 
to lO·lllO(l tlls; till' Ipul'o('yte counls l'nrply ('x('('('d('d 500,000, and the 
occasionnL inf(,(,tions thnt· oe'('lIlTed wpre ObIV' t(>mpornt'Y ftnd tho 
orgnni~nls W('l'l' pl'C's('nt in sl1lflll numbN's, Ho\n','er, toward ttl(' end 
Or'tlll' Illt'tntion, til<' milk fl'om most of the qtHll'tt'l'S showC'cL drfinite 
.itwt'Ptt::ws in till' mtmlH'l' of 1(\lJ('o('yt('S !lilt! in tlll' I)('reentnge of ehlol'ides, 
and ~ of tiH' 1 G q lltll'll'l'S bN'fUlll' mtiH'l' Sl'Yl'l'('iy infected, The Il'ft 
front qU!tl'tI'l' of ('ow ~-1l9 bl'CiUll{' illfrctl'd with Streptococcus (lfJlL

{(lelia( during' lIn' lull' ptut of Ih(' hlt'tlltion, (lnd minor s,ymptoms 
dl'n,loTH'll ill tIll' t'ighl Ct'()JlL qllilrtl'l'. Th!' infN'lion in the ldl .front 
C[lllU'(I'I'IH'<'UlHP rn(ill't, SP\'t't'P by thl' limp she wns dril'd ofI'. 'fIll' \Pft 
1mllt clllurtl'l' of {'o\\" ~ ·12tl bpc'IUI\(' SP\'Pl'l·I," infl'etl'd with S, af}a[adiae 
dllrin~ llll' IMp pnrl or £11(' In('tnlion, Thl' two othl'l' ('OWS bl'('nme 
mildly infl'!'tl'd ~;W\l with S. agalactia/' in tIl(' \(,ft front qunrt(,l', 
flnd. ~ ·12S with ,')'. a[lllltu:tiw in (bp right front qunrtt·t' nnd both 
,I{ ll!Jldlldiw nnd PSI/((/O/(lOJt(1.'; (U'rugiwl8(l in til(' ll'fl ['('UI' qnHI'l('l', 

III nddilion. the' it'w'o('ylp ('Olln(s l'X('I't'l{('(\ :I million ])el'luilliliter 
tLnd tilt' 1)('['('t'lllllgP of ('hlol'idl's ('x('('('d('(L 0,11 ill thC' milk [t'om '1 of t.he 
1() qUIU'lpl'S. Tit" milk from thc's!' qUfll'ti'rS was test('d by sp(>ciaL 
ba('t(,l'jol()~i('lll [ll'()('('tiUl'l'S, r('fptTPd lo t'nrliPt" but organisms that 
mi!::ht haY!' hl'PIl till' ('illlS(' of til(' symptoI1ls <"ollid not be .found, 

thl' milk of two ndditionnl first ;'nlf lH'ift'l'S (~"·llfj :tnt! )l'-240) 
WtlS tp~tl'd whih' lhl'y \\"('['(' Oil mild-lIllWhinl' milking during n (,Olll
plpt!' lllt'lntioll, Tht' dntn nrc prl's('utl'd in tnbl!' n. 'flIP [)l't'cpnlnge 
of ('hlol'idps ill t\wil' milk ,,'ns sOllH'wlint bi~lH't' thnn nOl'tnnl, but this 
sympt01ll W!l~ not n(,(,lll1l[Hlllil'd. by nn p-;lnblislH'd ini'l'('lion nnd there 
wns no othcL' indicn.tiOll of injlll'Y to tllt'ir udd('I'S, 
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'.1\\ Ill. I~ 5.-~'(,I/(/r(1cleristics oj the milk oj 4- cows milked byltand jrom the beginning of one lactation, dw,nged t.o miUl-maclLine ~ 
mil/dny during the smnl lactation, and continued on mild-machine milking durin!1 the next lactation 
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- 1"'16' 1'1 t. '{_~lIlhlO!lIh 11 u11<1 •. .... 11\ tOo S, 0. ,~O. (I .0.1 I) 0 () I .0.6 .05 .001 oApr•• , •. I, r ~ I renr '~IOlh-3Glth.... :,\l1hl'lUllrhln" .... 6 :127 iii! .102 (I I I) (I .10 U .02. .07 .OS .Ot12 '"lI' 

\ug q- IU37'r1ghl.rCllr :{2Glh-24&th ...... do ........... 8, IS2: ~O I 101 .~I(); 0 ,\lI1 7. GO 0 I.~I();.OOII .Ct) .0112 

, .' _I" I ~>{jSth.:IOOth __ • . llo. 3: 7411 . 425 OIH 0 1 0 I) 0 0 0 i .0\15 3.1165 • lisa > 

'j"'I'ftf t I{Wth.:JOIllh Huml... IIi :13() 7: Si .W, I) ,01 I) 0 () I .0J!5 .•00 .Oi C')
\ 711IJ pr., 'I!, c ron .. , :lIOtll':lilllh ..... ,\llId.machlne .... t) :100 142, 21;, 0 J () O. .04, 0 ,01, .07 I .no, .00II :::: 

AuS; 2i !D'17' IrIt fronl 1{~'6th ·21~th ...... do ... ".. •••• S 155 SS : 1:10.. 11. ()() I 0 .8i 0 \l 0 I .081 .00 I .07 c; 
. . . • "I ~'!lSlh·:l\I(jth ..... <10. •.......' :J 21,foOO I. HO. S. :!()O' 1,50 0 .7r. tI II 0 .1221 .113 .Ili c::
\pr - W'W'I'ft reo '{~'Olh-:IO\lth -, ..111\11<1 " ....... j 16 IHl 7', ~'\J :j.~~I .• Q .20 0 0 0 

I" 

.078.05 .oo.~ 

, • I, • '." .lr.· •• :1I0th-~(llth .... l\liId.muchinn. "'j I) 10:1 i 211 [AI 0 IOu 0 j' n 0 I .01. .00 .0Ii ~ 
Au\(.27,IO:I7;lc((,rcnr...12Gth-300tlL ......... 110........... 11 459' 7 123 .10 I 0 .02' ,20 0 .05.O\H.00 .069 c::
:::: 

I"l 

• 


http:If,lth.:II.th


• • • 
('Q\,·N...j~: , , 

01 

Apr. 5, 19:111; right t!:ld'2Il!lt II • 1111111(1 •• ,. :120 33 156 0 II II 0 o 1 .07 .06} .00.1 


() 

M'g. 28, 10;17; rlghl r~th';I(lillh _. do . ~ ~ ~ I:J rl'l2 32 l',I:! 0 (/ (I ,>II} n; °.051 .00 ,065 .Oill
/rl1l1t, 1 :JQ;ld-3SOlh •• ' .• M Ihl.II!lIehlllo 7 sr>4 liS ~2.'i tl 0 0 o! .08 .06 .OTJ 

'" front, I :1381 II '. , . do I l,ll2B ' It~O II : .002
!E '" 	 lIBm\. ~ l~1 0 (/ 0 0 0 0 .Q'\S ···;o.~'"'···:ii72

\ll~ {J !trw rlghlll'"II' ' 21<1 ~'OOth 	 S' .~!'
" , • • • • .,\:\[Wllh·;\SO(1! Mlld'""l(;(lii,~"'" II ,jt\IJ '''' . 102 0 0 0 0 0' o ; •OJ' I .06 •ore'" .015 

rcnr. 
1 Aug. 28, 111:1,: right 25Ih·:I:lSlh ,,10 14 77-1 j:j : IOU 0 !) n .~~I 0 • 02 1 .088\ .06 

HUlli\' 4 2i\.~ , 102 ~'1)(; 0 0 0 (I 0' 0 I ,os ,o.~ , .01.J\ pro 6,1O:l0;lcft frollL f1d.~~H)lh 	
,til (I (J' .07 • Oil>:!flOth·;n'lllh Nlld'JlIachh'~' 8 I. 2'_~1 !..'1:4 ' 71:1 •Or. 0 .OS ' 

Aug. 28, 1\l37; l~fL 25th ·:~18th do 14 774 45 ~)\lS .01 0 .i11 .40 ' 0 .1192 .00 ,Oill er 	 :.~ IJrollt, 
{:tlll.mlh (fuUlI. 4 Va 8, SS ~I 0 f) II 0 .. 072 .05 .06:1 t'l 

11 pr. 5, 1036; Icll reM 	 .(}o,!.300Ih-:\SOlh Mlld·mneliiiic 8 102 I~ 56 0 0 0 II 0 o ! .01 .00 
Aug, 28, 1\l:11: left '{2.'itIHOlst dQ ~ 115 ~'Il 62 (] 0 0 (] i () .07 .t)6 f .OM ::tl 

t'l 
rear... 130t1Hf,1S1 It do 9 2O,2f'A) l,010 i 0,074 .F'!) 0 .14 t 10.00 i 0 ?2.~ l .17 .088 .10:\ t"' 

('ow N-I~~I: 
Mllr. 15, 1036: right {'Ol h·!1 15111 15 ~'25 , S .1:\ 0 0 0 0 (], 0 .00 , ,07

,fl!I9 I
frollt. :152<1-111211 .. 	 6 1.7£,.'1 . 58 4t:1 0 n 0 0 \I o I ,08 .07 , .U7:! ~ 

02111 h";\SHh. 	 I4 HI 24 1M (J II 0 .:.00 01 .01 I .OS .00 .01S~I:~;'1 ~' 19;)7; right 	 . 
Mllr. 15, I\l3G: right {161h-:H8Ih lIund . .. .. I 15 J,137 : 2.~ :\20 ~. iO ' 0 ,1/\ 0 0 0 .os.1 I .0i3 

TCHr.. 3fi2d-t02d ... ., .., 1II11t1·rnnd,111~ ". 6 H.O()O ,102 ;1.678 II 0 0 0' .06 J tI1 
! 	 1 Z 

W 
I) 0 I .tl!l .07 .082 

Sept. I. 1931; rlgll t reur ~'9lh-:l8Uh .. 'j H 1[.0 7 ~ Ill! . 0 0 0 n I) 0 I ,0,\ .00 .000 -"C.!lu 	 .015Mllr. 16, 1031l: Mt f.!6th";I4Sl.h. • Hum!. , "'_' 1[. l~ !i~S H 1 2".!ti ' 0 0 0 II 0 0 ! .tJ\~1 .00 
(ranI. 3!i2d-102d, ... 1>1.J!d·lJIl1l'hfuc. . U' 2,200 2'~' 715 J 0 0 0 () o. 0 .OS .01 ~Oii 0I

do I ]0 , ·ISU ' £>\1 146, .I\< (I .(11 0 0 {) .OS .00 .OOS J>j\J • T'I'th'Z59lh ISupt. I, I 37,Icftlront ~'1~llh-a~llh '. do .•.1 ..J ' 85,0(KI , I:la 27,-~J2i' ~ -4,(lO(1 .!2(11.152 0 0 0 .2:1 ' .005 .128 
MnT. 15, 193G; 1~1t Hith·34SI h ~ HII"'\. 15 216 7 :'0 f () /I 0 U (! 0 .01\(1 .116 .01 ~ 

re:,r. , a52<1-1!1211 Mfhl·"III~hl"e ' (i i f!j2 [,2 i &1 j () 0 IJ \I () o i .OS .01 .072 
ScPt. I, 11137; loll rCllr ! !!Ilth-ilSllh .... <111. 14\ , , .01 i 	 n >'021 , ~ 0 .:10 , .10 0' .OS .00 .on 

1 ,_4~~j [1.00 I 
~----.. -._--- -'~.'",---,-.--"" 

1 P3tlldo11l0lla. atTllginoaa Infcctlon froll! 2<JSth til ;106th dll)' III this quarter. 	 ~ 
t'l 

~ .... 
~ 
Z 
C'l 

'" 
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TADLB 6.~Olwracferistic$ of tlte milk oj 2. first-calf heifers on mild-machine milking during the first lactation ~ 
------~ 

I 	 ~ LeUCOCYLes S. agalaclt'ae Other streptococci 
ChloridesI (thommnds per (tllOuSIli1ds fer (thoUimnc!s per 	 -

Numberl milliliter) (milliliter milliliter) (percent) ~ 
('ow, (;Id\'iu~ dille', 1)IIYs illlndlltion of l'-"~"-'----'" -' .. _~__ _period udder- i I I
IIlId HI/nrter covered by qllllrter 1 § ESE _ 
 c c 

samples slIlI!ples i EEl g}, I S E" §1 I E ::: <:I a § C) ~ 
~ 	 lIlJE 

'I' 	 tCl>tcd I·i'- .- I e 'i'- .: If·:;; .§ f! .~ 
E ..f ::1 Q 	 C)~!£ ,t e l~ f~ I··~ .f.:! ;.:: :- .~ :- ~ ~ I ~ , < ~ I ~ < i ~ "'- I < ;:;: - <i 	 ",,; 

I ' t1 	 ~ 
~ 

('O--W-N-''--J-l-(;,-C-'II-h-'e-d \',"------1--- l 
-\',---'-''- .. _- ~" --~T~ -'I,-'~' 	 ~t:I

1 	 i 
.lllly 16, }f)37: ! j i . I I ~ 
H!iht fronL... i ,lth-3401 II. • '\ l) l 27~ 15 97 0 0 I 0 . 0.40 ; O. (10 0.116 °.10 10. 108 ~ 11J~,rhtn'lIr••••••. io\tJHHOth.,.. 8\ n(j 7 3!J .05".0 ,01 .20 ° o > 03 .. II 1'. 0\)2 I .103 •Left ftonL .. ! ,lth-340tIL.. 8 ·128 7 104 .00 i 0 I

I, 

0 0 o ! . J3 t. O!l " . 10 ~ 
Len remr,." : 41.11-340111 •• , 8, 203, ]5 (;0,,10 I° 1.01 .10 o 

1---!--r-r-"---,·_--- !._- .. ----
° ~~.L~I~I~ ~ 

Co\\' X-240, (::;~:; - ---- ,-,--
AliI-(. 5, W:37: i !: ..' ~ 
Ri!-(hl f!'Out ••..• _ • 103d-418th.____ 10 to 7721 270', 532 .20,; ° 
lli~ht n'lIr .".' 103d-4]8th_____ 10 IUO I 8! fig .20 I 0 .02 . ° 

0 
1o I . 14 i·]O .117 ~,021 0 

0 

1. 10 .OU ::a
i' 08 

Left renr. • l03r1-;jJ8th~____ 10 74. I 1,1 \ 37 0 0 g1.eflfrollL ]03d~j]8t11 •. _.~ 10 i Ury I' 7 i, 50 .00 10 o 0 0 .105 i .085 .098 o . 0 Ig0 .107 ! .087 .096\ 	 , !---,-, E3 
c:: 
::a 
lIlJ 
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THE RELA'rlONSHl~ OF MACHIN~) MILKING 27 

The twelfth ('ow in this group (N-426) hnd beclllllillwd by hand nnd 
wus frce of must.itis during her first luelation, She wus milkNI by tho 
mild-Jllllchine method dUI'ing hoI' s('c'ond h1('tnlion, and the ehnl'll('ter
islics of her milk l'('mained nOl'mal. 

'l'hesc rMults indicnte lhnt, Jl\1l('hine milking with reduced vacuum 
for a short pet'iod of optll'alioll (12 inC'hes of lIlCrcUl'y for abou t 5 
JlliUULeS) genel'l111.r j'NmHed in somcwhnL hlg11l~1' leucocyte counts Illld 
high(ll' chlol'idc values thilI1 hund milkingi but that, nlthough inCccti\ro 
ol'gltnisms WCI'C l)I'eSellt. o(,(~l\sionally in at ICflst sll1l\ll llllll\bct's in tho 
milk of most of lil(l cows studied, any slight injury lhn,t may lutvo 
l'('sulted from tilt' rt'lttlivcly low vllcuum was not suflicient. to nggl'llyato 
(Ul infN:tion seriously, 

CILARAC'I'EHISTLCS OF TUEM1LK 01" THg COWS ON HAND 
~ltLKli\G 

• 

Among 25 (~OWS whose milk W!lS sLudiNI ill dt'luil during morc than 
40 IlletllLiolls 011 dilJ'el'(lnt lIH.'thods of milking, Ia wel'e studied while 
thO)T woro being milked by hi\IHI nnd b)r mnehinc dudn~ the same 
It\clation (£ig, 2, footnote 1), Study of llwil' milk pro\rldcd direct 
compllrisons betWl.'ell Lhe clrects of hUlld milking und those of machine 
milking, ill1d during L\w periods on htUld milking these cows served 
dit'(I('tly lis c01\trols in Hit' study of the eerects of Val'iOllS met.hods of 
mnehiJl!.' JlIjlldng during the sllme Indntions, Additional eontl'ols 
W('I'(' J,)l'Ovi(\ed 11ml nddilionnl infol'lnnlion ('onccming hand milking 
WitS obtnincd fl'om the study of 4 of till'S(' la l'O\\'S and 8 othC1:S (fig, 2, 
f(H)tuott' 2) COl' pnl't or nil of a eOll1plClC In<'lltt.ion dUl'ing !L pCI'iod of 
ao months, 

It WitS not('d from thc' slll(h' of the dUlI'l1('! e['istics of the milk that 
lhl' llmstili(' ('onditions of ('OW X-114 (labk a) nnt! cows N-I06, 
N· 2as, nnd N no (tubk 4) Wt'l'C Hllcvillted gl'l'ntly nfLel' a changc to 
hand milking dW'ing ulltctnlian, III Intel' studies, simillll' improve
ment wns nol('d in the mnslilil~ conditions of ('o\\'s N-:2Hi Ilnd N-I06 
whill.' tllt'\' W('t'C,' milked bv Illtnd, D{~tniled datu On llH\ milk of these 
two cows showing llllu'lte([ Ilnd P['ogt'Nlgiv£1 improveUlent on hllnd 
rnllking, 111'£1 prC's('lll('d ill labl(' 7, 

• 

In till's!:' lWo ('OWS, ns ill olhel's that improved on hnnd milking, 
rompkte l'l'('O\'('I'Y did noL O(,('tl!' lIslIully llllLilllft(,I' the ('ows IWellmc 
dry, This lelldi~IH'Y to l'l'('O\'t'1' fl'om ll1HstitiS during the eIry 01' int('l'
vening petiod bel.wN'n l!letntlons, nUt'l' dcveiopnwnt of JIlngtitis on 
mnphillP milking, Wfis obs('l'n'd in nL 1(llIst H of OJ(' 25 (lOWS, Of 13 
('0\\'8 thnt \\'('n'~ lnilkp(\ by IInnd during It purL 01' nil of It InctnLion 
\lft{'I' It JWI'iod on Illf\(,hil\p milking, 10 r('lUll inNI Pl'l1ct ieully f['('(1 of tn
ft'dion lmel of olll('(' symptollls during tll(' lll'l'iod on hand milking, 
nflf.'I' rt'('ovl'ring, A SlIl1Ill1l1l'y of tho dl'udlC'd data on til(' l'hnrnell'l'
isti('l:j of th(· milk of 2 of tlwse ('OWS (,N-227 lind N-II,j) cllIl'ing theil' 
li{'('ond lnetntions nnll on hand milking, is p['('s('ntNI ill tn,bl('s 2 und 3, 
1'('SPN'tiwly. Detnill'(1 dala on lh(' milk of tht' fo\l[' qunrl.l'I's of 
nnolh('l' of t1H'S(' ('OW5 (.N~41 0) nrC' Pt'('s(lnt('d in ttlb\('~' TIt(l,'(,In.tivc 
fl'PNlom from nbUOl'lllnllty :;howl1 in lh(\s(\ ditln wns lypicnl of the milk 
of tht' younge!' eows on hnnd milking nftel' tlll'Y hnd L'C~O\TCl'cd Il'om 
tIH' d is(;ll.sl.'• 
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TABI.!'; 7.--Effects oj liand milking on bacteriological and chemical c1laracteristics oj the udder-quarter milk oj cow N-216 l\:) 

JollowinfJ a mastitic condition on severe-machine milkillg, and oj cow N-l06, which had liad mastitis on severe-machine 00 
milking earlier and 10as severely ma.sfitic at tAe beginning oj the lactation 

~ 
Right front quarter Right rear quart.er 

~ .... 
flulIlpliJlI-( dute l3. agu- S. aga

l:.trip- Leucocytes iuctiae Chlo- Strip- Leucocvtes 
cup test (thollsands (thousands Zactiae Chlo- ~ 

per (thollsands rides cup test (thousands ridesdaia 1 p('r (percent) data 1 
per

milliliter) milliliter) per (percent) ~ milliliter) milli!iter) t" 
§;j 

Cow X-2W, cah'erl .June 12, 1937: 
Severe-machine milking June 14, 1937-July ~ 

]7, 1937 co.Iune 22 .. _____________________ .______ co1 20,592 500 0.13 0 348June 28___ ' ___________________ ,. ______ 4.8 0.10 ~~ Juno 30 ______________________________ 2 12,609 755 .13 0 158 .9 .09July 6________________________________ -------- 16,445 510 .12 0 56 3.0 .08 ~ 
July 8_________________ .______________ 1 7,7·14 1,785 .12 0 80 3.5 .095 
.llIly 14 ____________________ . __________ 3 22,000 655 .14 O. 46 1.0 .09 :n 

4 10,000 840 .12 0 126 6.8 .10Hunel milking July 18, 1937-July 24, 1938- 1:::1July 22_______________________________ t'.:I 
J Illy 27_______________________________ 2 2. 960 ---------- .11 0 1,825 .08

0 720 2. 0 0 700 ~ -------- 5.3
0 12, 518 18.0 .12 0 24 1.3 .09 

AIIg. 16______________________________ 0 395 8.7 .12 0 237 1.6 .10 ~~~~: 10==============================
H('pt. 14 _______ • ______________________ 0 316 1.7 .11 0 148 54.0 .100 739 2. 5 .11 0 245 8.8 .09 ~ Cow N-106, calved Apr. 25,1938: l':ll

Hand milking- oApr. 28 _______________________________ 
_ __ "a ____ 

~lay 2 _______________________________ -------- 7,579 6,000.0 .16 12, 155 3,000.0 .13 
~Iay 9 ______ . ________________________ 6, 900 886.0 .134 ~0 498 . 90.0 .093
1Iay 16______________________________ 0 4, 263 8.5 .IJ 0 J.O!) 0.4 .097 ~ JUDe 27 ______________________________ 0 2,465 39.0 .103 0 63 5.5 .094 t'.:I0 3,558 45.0 .106Sept. 15 ___________ --_________________ 0 15 1.6 .0790 3,052 70.0 .097 0 56 17.0 .084 
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Left front quarter 	 Left rear quarter 

S agn-	 S. aga-Leucocytei'Sampling date 	 Leucocytes lncline Chlo- Strip- lactiae ChloStrip-	 (thou~ii.nds (thousands ridescup test (tnousands (thousands rides cup t~5t 
data I per per (percent) data 1 

per per (percent)
milliliter) 	 milliliter) ~ 

milliliter) 	 milliliter) l"J 

= l"J 
Cow N-216, culvcd Junc 12, 1937: 

Severe-machinc milking Junc 14, 1937-July ~ 
17, 1937

J~nc 22______________________________ 	 0.07 0 687 6 0.080 154 8.8 	 ~ Jnne 28 ____ • _________________________ 	 .09 0 6,700 104 .090 8,951 48June 30 ______________________________ 	 1 11,672 245 .09 1 4,059 2,500 .08 ~ 
2 17,3S0 10, {lOOJuly 6________________________________ 	 .135 1 20, 540 20,000 .11 ::a

July S ________________________________ 3 30,415 7,450 .19 3 	 30,000 12,500 .09 
July 14 _______________________________ 	 .16 4 12,000 48, 100 .104 19,000 3, 600 ~ 

Hand milking July 18, 1937-July 24, 1938-July 22 _______________________________ 	 .11 2 10,001 .112 10, 585 ----------	 ----------July 27 _______________________________ 	 0 3, 718 31. 0 0 1, 358 1 ----- .. --	 --------
Aug. 4 _______________________________ 	 0 3, 276 17.0 .090 286 1 .10 

0 173 2 .10 0 2,045 4. 9 .09 i
0 Go 3.7 .10 0 2, 664 8.7 .09 l"J 
0 343 0 .09 0 2,530 10.0 .08 

Cow N-I06, calved Apr. 25,. 1938: 6~I~£ \~~~===========================
Hand milking-Apr. 28 _______________________________ 	 16,588 5,000. .17711,797 8,000.0 .14 ------- ;

0 13,286 53.0 .115 0 2,044 123.0 .11 
0 ISO 0.2 .093 0 481 0 .12 Q 

~Iay 16______________________________ 	 .5 .1110 91 1.0 .082 0 505~}~r, ~=============================== June 27 ______________________________ 	 0 29 3. 9 .076 0 30 1.4. .08S 
Sept. 15 ______________________________ 	 0 7 75.0 .075 0 44 6.6 .08 

The figure 0 indicates no clots; 1, a few small clots; 4, numerous large and small clots; and 2 and 3, intermediate conditions. 
~ 
(0 

I 



_____________________ 
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TABLE S.-Complete 1'esults oj the bacteriological and chemical tests oj the udder-Quarter samples jrom a normal c~w 1 on ~ 
hand milking 2 0 

Right front quarter Right rear quarter Left front quarter Left rear quarter 8 
t.".J 

I 

I.cuco- 8. aga-I I.euco- S. aga- Leuco- S. aga- I,cl1co- S. aga- ~ 
Sampling dute cytes iacli(lc I Chlo- cvtcs i(lctiae Chlo- cytcs lactiae Chlo- cytes lactiae Chlo(thon- (thou- (Ihou- (thou- (thou- (thou- (thou- ~ (t hon- I. rides l'ides rides ridessanrls sam:s j (pel'- sands sands sands sands sands sands t:d(per- (per- (perpel' per per per per per perp.el. I cen~\ cent) cent) cent)milli- n1l1l!- J rnilli- milli- milli- milli- milli- milli- ~ liter) liter) liter) liter) liter) liter) liter) liter) t.".J 

.----_ .. ~ 
1936 <0Apr. 27 _____________________ 

20 0 0.07 58 0 O. 07 66 0 0, 07 26 0 0.08 <0
Apr. 29 _____________________ t.?]7 0 .08 35 .2 .08 31 0 .07 9 0 .07 
~ia.y ]3 47 0 .00 72 0 .06 39 0 .06 8 0 .06lVlay 27 .. _____ . ______________ 1 ~30 O' .06 3n 0 .06 7 0 .06 7 0 .06.Tulle R. ____ .________________ oj23 .06 20 0 .00 56 0 .07 19 0 .06,June 22 _____________________ ~ 21 0 .07 28 0 .07 73 0 .07 7 0 .07.July 8 ______________________ t::J30 0 .O(j 18 .3 .06 31 2 .00 62 3. 2 .06.Tuly 22_____________________ t'J]21 0 .07 64 0 .07 ]92 .05 .08 116 0 .07 "dAug. 10 _____________________ 54 -,...------ .07 8 -------- .07 23 .07 7 -------- .06 !? 

25 0 .07 25 0 .07 26 0 .08 9 0 .07g~~1·. ~~-_-~==================____________________ ~8,1 0 .06 34 0 .06 34 0 .07 85 0 .06Sept. 22 55 0 .07 25 .4 .06 152 0 .07 57 0 .06Nov. 3_____________________ 55 0 .07 150 0 .06 20 .05 .07 15 0 .06 ~ 
l:d 

1937 .... 
Feb. 4 ______________________ q a

318 -------- .05 190 --- ... ---- .05 178 -------- .06 62 .05Feb. 8 ______________________ -------
95 0 .06 73 0 .06 130 0 .06 15 0 .06Feb. 10 _____________________ 348 0 .06 150 . 1 .06 330 0 .06 29 0 .05Feb. 11 _____________________ 190 0 ------ 188 0 ------ 132 0 103 0 ------ ~ 

t.".J 

1 Cow N-419; calved Apr. 7, 1936, dry May 1,1937; Jlreviously on routine-machine milking for 539 days, mastitis + to +++, still 
mastitic when previous lactation ended. . 

2 Strip-cup results 011 all samples were negative. 
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THE RELATIONST-:IJP OF ~L\CIIlNE ~nLKING 31 

The remaining 3 of these 13 cows (N-310, N-402, n,nd N-404), 
which wez'c milkcd by hand for a complete lactation after they hud 
been sevcrely nfl'cctrd with mastitis in one or more qUluters while on 
l'outine-mllchinc milking, were the only unimnls that became. severely 
affected with streptococcal mastitis on hand milking, These 3 cows 
showed symptollls of Jl1flstitis, [tnd euell lost one quartez' e:trly in the 
hand-milking laeta,tion. One of thcm (N-310) \\'US 5 YC1Ll'S old, and 
the othr.rs (K-402 !lml N--404) WCl'e 10 and 8 years olel, l'espectiv('ly, 
Oows N-310 find N-404 had becn on rntions rathel' low in vitamin A. 
for lOllg pCl'iodsj and cow N-402, scvcml ycal'S prcviously, had been 
fcd fot' morc than 3 y('urs on a ration cxtl'(\llwly low in vitamin A. 
III spite 01 this unl'avol'!\ble bnckgt'ound, eow N-310 did not become 
m!lstitic in the quarters that continued to l'unetion until tho lilst 2 
w('('ks of ttl(' IRetation, :Similarly, the funetiolling qURrtel'S of cow 
N-'102 did not bN'011l0 sevC'rely mllstitie until aftel' the sixth month; 
and the milk of eow K-M14, ttlthOllgh infl'cted bRdly with Streptococcus 
aqalacliae, exhibited a D..ddly el1l'onie ('ondition only aftel' the sixth 
1l1onth, ami thi::; ('ondition contitltlNI untillbe end of thc lactn,tion, 

A summm'y of lhe fl't'q lleney of tbe presencc of l11tlst1tie symptoms in 
the qua,rtl't's of Lhe l:~ cows on hand milking Rfter pRl'tial or complete 
l'(,('OVl'l'Y fl'om mastitis inCUl'l'l'd dUl'ing thei:r Pl'C\'.lOllS lactations on 
maehinl' mllking, showing l'pln,tiye freedom. from mastitic symptoms 
on hand milking, is pt'esented in table 9. 

Th(' outstn.nding nbnonnn.lity of the milk. of 5 of thc 10 cows thab 
l'('I1lfl.inL'tl l'('ln,tin·ly fl'et' ofinfl,ction 011 hand milking was thab the 
pel'('elltngl\ of ehloddcs wns hip:llel' thnn normal, which indiented per
manent injury to til(' ;?'f'crl'tol','{ tissue as a 1'csult of their pl'cvi'ous 
ffiastitie condition Oll ma('iline milking. The frequcuey of symptoms 
of mastitis in the Jni1k of cows X-alO, K-402, and N-404 present a 
rlHLl'lU'd C'ontrnst to that of the 10 othel' CO'l'S, which were younger 
twimals and ,,'bieb had h('('ll on normal diets nnd had lnrgely recov
ered from thcil' prc\'iolls mastitic condition berote this pcriod on hnnd 
milking.

~ix llC'if(l1's WNC milked by hand fol' the first part or all of their 
fin:;t Iltetntions. Two of tlH'sC (N--428 nnd N-429) werc milked by 
httnd for 10 nnd J2 mOll ths, l'csp0etivcly, nnd were thell ehanged to 
Illild-mnchiIw milkillg durillg ttl(' same lactation, The compal'utive 
(l£rpf'ts of huml nnd mild-mnchilH' milld11g on the mille of these two 
eows nt'(' showll in tnbk 5 nnd upseribcu on pagc 23, Another cow 
(X-l:n) Il'ns ('bnnged to se\'pre-mal'hinc Jnilldng after 9 mon tbs on 
lHtml milking during ll['1' jirst lRelation. '1'h1'ec others (N-42G, 
X--427, nnd .:\'--1:32) wt'l't' mllkC'd by lmnt! during Ril of tbpir first In,c
tittiOTl5. TrIte' l'esults 01" llll' studies of the milk of the indiyidnnl 
qnnrtt'l's of thl'~(' six ('ows, Sll111ll1ltl'lZt'd in table 10, show that in five 
of till' six {'OWS I hl'l'l' WtlS I'PlllLiy01y little evidence of symptoms dm'
illg thl' hUlld-milkillg period, 
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TAllLE 9.-Fl·equency distribution oj mastitic symptoms in 1ldder-'quarter milk oj 13 cows on hand milhli{} ajter partly or ~ 
completely 1'ecovel'ing from mastitis contracted on mac11 ine milking 

--"-"-~---",-,--,-,-,---<-.---...."~ 

S. agalacliae: Chlorides: t;5
Leucocytes:NUlIlber of samples Number of samples Number of samples

contailling- containing containing- ~ 
Days in lactation Number 

CO\\' 1\0. period eO\'ered by of Between ~'iore ~ 
Between Between Moresamples salJlples 100 und thun Between Between More 500,000 1,5QO,000 than]0,000 10,000 0.09 0.11 than and Ilnd 5,000,000

pCT per und 0.11 1l11d 0.14 0.14 1,.500,000 5,000,000 per !III illi- milli- percent percent percent per milli- per milli- milliliter liter liter liter liter 
-""- _.-"-,---- ~ 
N-I06 1 ___________ co4Ih-144Ih ________ 32 4 coN-.J U 1___________ 0 7 3 19Ih-2681h ________ 6 1 1 ..t-:I12N-1l41 ___________ 4 0 1 7 0Oth-415th _____ • __ 0 1 0N-219_____________ 73d ______________ 64 0 0 8 24 0 3 0 0 ~4. 0 0 3N-227 1___________ 3d-28JsL ________ 0 0 0 0 040N-2:H .--__________ 16th-;18th ________ 3 0 12 27 1 2 1 0 ~ 
N-238 1___________ 6 0 0 2 0 03d-Hl41 It. _____ " __ 1 0 0 tj32 2N-30n________ •• __ • 1 10 jj 0 0 0 0 l":l187th-285th.• _. __ 16 1N~J5_____________ 17th-73d_________ 0 3 0 0 0 0 010 0 ~N-4.J!J ________ • ____ 0 0 0 0 021st-310tlL_______ 0 0
1\-310 2 • __________ 64 4 0 0 0 0 015Ih-3(\5Ih. ______ 0 028N-402 2 ___________ 8 10 7 4 3 5 ~ 21st-5271h ________ 3 435 3 10N-40;L 2 _________ "_ lOth-485th _______ 8 5 10 8 5 832 7 19 7 0 ~0 7 20 2 ::c 

-

1 Parcelltuge of chlorides higher than in milk of normal cows, indicating permanent injury to secretory tissue as a result of previous g
mast it if; on machine milking. 

2 Helutively old cows; had been on deficient rations. E3 
c:::::c 
I!'l 

e 
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'l'AIlI.:J;; 1O. ~Bacleriologica( mul chemical dwradt'ri.stics oj the milk oj 6 heifers during the IJerio(l on Iv.mel milki:n!/ from 

the beginnillf/ oj tI/(' jirsllactati.on 

.s. aga/arliae or other in-IN\lrnber Lellcocyte;; !thollsllnds per fe<'li)'e organisms (thou- Chlorides (percent) 
m ill iiit t'r) Dltys in III cla- of Sf.nrls per milliliter)

Cow, c1ut.e of Cldving, tioll 1){'lincl uddpr- -.-..__. .-
ILnd q Hltrter covered by q unrt(~r ""---1 

sllll1plt·s sillllpl('s Aver- l\£axi- Mini- .'\,·er- 1\tllxi- Mini- Aver- ~ 
~1IlXi-l Mini-1tested mum age mum mum age
III IIIII mUIIl age mum ~ 

-
~ , 

~ ~-.--

Cow N-426, calved ~ 
1\Jay2,1936: 

O. 05 0 O. 03 0.09 0.08 0.083 ~ 
Hightfrollt __ ••. 1 87th-340t.h _._ 1,000 108 432 

0 0 0 .083 .08H.ij!;ht rear ____ , \87th-340Lh __ 792 58 3.14 .082 
.07 .08 ~ I.eft. front. _______ ._ 187th-340tlL __ 1,680 53 (jll 0 0 0 .09 

"I:l~ I .08 .07 .08Left rear_______ - - -_ 187th-34Oth ___ 3; 1,2(j0 43 498 0 0 0 

Cow N-427, calved ~ 
Aug. 14,1936:

night frollL ____ ... , 89th-3H7th. __ • 121 4, 160 245 1,576 I 91. 00 1. 00 26, 00 .125 .05 .083 ~ 
0 0 0 .092 .04 .059 >IU!!;ht rear __ • ___ 8!}th-367t.h. ,. _. 12 853 7 165 

.056].eft fronL __________ 8f1lh-367Lh ____ 12 502 7 147 0 0 0 .069 .04 
Left rear______ •• ___ 89t,h-367th ____ 12 695 7 146 0 0 0 .073 .04 .054 £ 

Cow 1'-428, calved ~ 
l\'lav 5 1936' 0 .07 .06 .063RighffrC:nt _~ _____ 24th-297th____ 4 320 33 156 0 0 

0 .088 .05 .072Right rear _________ 24th-297th. ___ 4 63 8 44 0 0 
0 0 .08 .054 .07 


Left rear___________ 24th-297th____ 4 95 8 67 0 0 0 .072 .05 .063

Left fronL _________ 24th-297th____ 4 285 102 206 0 ICow N-429, calved 


Mar. 15, 1936: 

Right front_________ 16th-348th ____ 15 225 8 43 0 0 0 .09 .06 .07 
Right rear__________ 16ih-348Lh ____ 15 1, 137 25 320 8. 70 0 .72 .083 .063 .073 
Left front __________ 16th-348th____ 15 I, 548 8 226 g I 0 0 .093 .06 .075 
Left rear___________ 16th-348th____ 15 216 7 50 0 0 .086 .06 .07 

I Infection with Staphylococcu8 au rem.. ~ 

http:jirsllactati.on
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TABLE lO.-BacterioZo{/iClll antZ chemical clt~l1'(I~tel'isti('s oj the milk. oj (j 7uij(,!,s duri11{) the pertod on ltand1l1illci.1l{j from ~ 
tlte beg17L1H'11fl oj thejirst lactalwn-Contlllucu 

~~	-)'----'..... "j' ~:-Ill-b-o/-].-e-l1:::-tr-.:-c.-t1.I-ol-ls-n-lI-d-s-p-er--,';)-.'-.f-~c-q~~[~~~Il~;~I~~h(~~l~~:=
I ..I)' ~), s 

. I . 1)[ I mllllltter) . " '£'1 ~I'jCow dute of c 11 ri I r 1Il.~lcln-, (Ide'- SUIll.." Jlel 1111 11 IcCI') 

;wd qUlll't~r'J~, ~~o\~~,!.~~rJ:~~~ l, ~1U:lI'\:'J' 1------. -----~ - "~-~I"'--'-'-~!--'-'---
sUlllpled s~~I:l~dS i\Jltxi- i\lini- Ayer- ~r:t:d- :\Hlli-.· A\'(.,r-

S ilIum' nlUlI1 age' mUll} mUIll! age 

Cow K-.J3]'r' ~nl\'ed 	 ----l~---r"-----I --, 
.Aug.1, 103G: 	 I I' .. 

HI/-;hL frQIIL~__ _ IOls\-255th. _ -i 5 103 G 3,1· O. 0,) 0 

Hi!-(ht. rellr._. __ .__ JOIst-25f>th ..._j 51 37 8 21 .05 i 0 

Left front. _____ • ___ ]01:>t255th ,_. I 5 2S 7 ]8 0 0 
Left rear.~ ______ ... i ]OJst,-255lh •• .! 5 I 29 7 I 14 0 0 

Cow N-432, calved I t I I 
.11111. 12, loa7:,! , 


HighLfrollL '.'_' .,1 SOlh-;)05th. 4 I 1,043 15 a12 0 0 0 

Hight rcnr. __ .. __ .•! 80lh--aniith •• _. 4 a50 7 II,j 0 0 0 

Left frollL __ .. _ •. .: 80th305th ... _. 4. ], ,128 22 50;i 0 0 0 
 I
Left.rear... ______ 80lh-3(i;jth 4 i lli8 l,,) sn .10· 0 .02 ' 

-0- __ ._ 
~--~.~-.>--. 	 . -~--",,-,,-~--~, 

2 Temporary infection with streptococci other thun S. agaiacliae, without; other symptoms. 

8 
t.>l 

Chlorides (percent) .~ 
j::l 
C--~--I- ..---'---- ~ 

",.tuxi- l\Iini- Ay(\r
\;xjmum; mUIll uge 

'---, ' 	 ~ 
~ 
ZO. 06 0.005 

.00 .000 <0 

.06 .003 <C 

.00 .OG5 t.;; 

~ 
• OS 065 1 .M ~ 
.07 .OU .OM ~ . on 

.

.oon ,t .~ t.>l 
.07 .07 .M ~! ~ 

~"_~•• __~_. ~~~_-,. 

~ 
;... 
C') 

~ c 
~ 
8c:: 
::0 
l"l 

• 
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'l'HE RELATIONSHIP OF )'IACHINE )'IILKIXG 35 

Cow N-427 (tubl<:' 10) wus thl' only animal in this study in whirl! it 

Sllstuined infl'rtiOll dl"'l'loped during the P('rio(\ Oil llilnd milking 
that could not bl' I.l('rountcd for by any known ('onditions of the ('x
ppl"in1('nts: TIll', c'IUlsatin' ftgent wlis Slaphllloco('('U8 allrcu.S. It 
o('('ulTed 111 Uu' I'lght fwnt qUlU·tt'l' only, nft<'r ill{> speond month of 
tha lnetlltion, lIIld persisll'd until the t'llll of til(' la('tn.(ion. The milk 
('ontair1(ld l>lood itt lIw Iwginning of thl' lactntion, nnd it is likt'ly lllilt 
thl' qUlll'(e'l' had lWl:'n. injlu'pcl.With this ('x('('ptiol1, only 7 of the IU5 
uddl'l'-qUttrt('r slunpl('$ l'I'om these six ('ow" ('ontn.ilH'd stl'(>ptoco('('i 
01' olhcr eflusnth'C' orgn.nisms. nnd only 15 had leu('o(,ytc ('ounts 
gr('at(,I' than 500,000 p~r millilitl'l', l.ikl'\\'isl'. among tiH'SC 165 sa111
pll's, thcI P('J'(,Nllngo of ell101'ide8 l'x(,(,pdNI 0,00 in only 4 samples, 
flnd t1l(' ilV('l'iWt' pt'rrPlllnge for nl! thl' q Ulll't('L'S WIlS less than 
0.084, This vnlul' is ('onsidl't'abh' low('l' than llH' eltlol'id(' vulu(',:; of 
most of till' samph,s from till' (:OWS OIl hand milkin~ tblLt hnd 111\(1 
mustitis pl'p\'iolisly \\'hilt' on 1I11H·hinl' milkitlg (slIrnn1l1ri:wd ill lithic 0), 
flnd it is rnn.r\wdly [O\\'l'L' tllilll till' vulul's of tllt' sanlpl!'s from cows 
on IllI1('hinl\ .milking. ('\'('Il l)'lI1ong lilt' qUHrtl'l'S thnt did not show othet' 
symptollls of mnstilis. 

CO\IPARA'l'In: REL.\.TI.O~SIlIPS OF IHFFERE:\T .METHODS 
<W 'liLt\. I.:\G '1'0'1'111'; SY:\l!',\,OJIS OF l:\JlRY AND TO THE 
L\CI.DE.\CL·: .\.;\ 0 SEY I.~IUTY OF ~fASTIT1S 

TI1(' ('ompill'n(iVl' ('freds of llll' cliH'(,l'l'nt mc'! hods of milking on the 
inei(\PIl(,(, and S('\'l'l'it" of Innstitis in tlll' 11<'1'<1 \\'('1'(' dl'tel'lllilwd di
l'('C'l[y whert ('ows \\'\·t·(, e/tull!!'l'(1 fl'OIl1 I1lfl('hilll' to hand mil kinO' 01' 

froullmnd to 111l1ehine mi[kingtlnd hI SOIl1l' ('uSC'S buck to bund milking, 
dLLl'in~ 011(' ladntiol1. Tht'$l·\,!l\,cls WPl't' dl'111onstrnLd by till' nlmost 
imml'dintp ('hung!':; lhl1t o('('ul'I'pd in tht, twn'l'ily of till' inf('C'liolls nnd 
in thl:' ehll.l·lll'tl'I'islics of lh(' milk or ('ow X-1l4 ttnblp:n ill till' studic'S 
0[1 routilH'-mn('llin(' milking, of ('ows ~~2;~~, ,:\-2:39, llnd X-IOn 
(tnbh' ·0. Hlld ('ow X~2Hi (tablt' 7l on s('\'en'-lllflehiIlP milkin~, flud of 
('ows x--aon. .:\··kU), i\ 12X. alld X42~) (tnbll' 5.) on mild-Illlll'hinc 
milking, Addilionlti dntl). obtHilll'd in til(' slllciips of the milk of 
('o\\'s X~227 (tablp2). X-l1.4 (lablp:3) nnd :\-2;{:'; (tnbh' 0), thnt \\'('re 
millwd {'x('lusin,ly b"r hand during lht' :;1I('c'Pt'ding Indntioll nfter 
Iw('oming S('\'\'I'('ly mnslilie 011 mnebinl' wilking nt Hi inch{'s of vne
uum, illu::;lnltl' furllwl' tllp 1I1111'kp<I. ('ontl'a"t bl'(\\"('('n till' dl'l'ets or 
m!lcilil\(' milking ilt high "IU'III1Hl fU1d thost' of hnnd milking. TI1l'5e 
results Illdie'ill(' [hilt lmnd milking-nnd niSI) mild-111uehinl' mill\ing
hnt! \('<;s [('[Hh'IH"r 1.0 injul't' till' lIddl't' nnd incl'('f\Sl' tilt' slIs('('ptibility 
to mnstitie infpctioll tllnn did routin('- 01' ;:;('\'('I'('-llIa('/lil1(' milking. 

How('\'('I'. tilt' ('ows Wt'I'l' found to difJ'('l' ill tbl'il.' 1'('si:;II"lI1('p to injul'Y 
fro III I1lIH,hill(' milking, p,"pn wh(·n tin' ll1a<"ilino WitS olwmtt'(\ flt high 
VHl'UUm, TI1l'I'(, \\'\'l'l' (our ('O\\':; thut \\'PI'(' i'(,inti\'ply l'l'sist:mt to in
jul'Y by milking III high \'nClItll1l. IWllwly, :\-111 on' l'Outitw-mnl'hinc 
milking flnd ~. ~2:? .:\-4~·L il.nd ~ -!:H 011 :;('wl'p-mn('lJint' milking, 
('ow X-t 11 Wit;:; It fil'st-l'lllf IH'if{'I', nnt!. nllhollgh I\l(' milk from both 
fl'ont qUlll'l!'I'S ('ontainpd 8tref1l()('I1(,(,1l.~ ([!I(f/flctiar \'Pgulill'ly nJtl'I' till' 

third month of til!' ladatioll. npillll'l' of t/I('sp quul'tpl's 1)('('nn1(' sP"PI't'ly 
mnstitie. ~L('!ln\\'hill', both n'lLf' <llluI'Ll'I'S I·Plllilint·d 1'1'('(' of infection 
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and showed no symptoms of mustitis, All het, quarters W('I'O free of 
infection during the sll("('eeding lndation on hund milking, Cows 
N-222 and N-424 (p. 19) were afrected only mildly by machine • 
milking, l'.yen though both wen' milked by the I'outine- and Soyer<~-
machine llH'thods fOl' two successive llletntions, The llddl'l'-qulll'ter 
samples fl'om thps(' two cows frl'qU('ntly {'ontllined variolls kinds of 
stn'ptococei, but S, Clyalacliu(' WIlS found only o{'cusionally, Cow 
N-43l (p, 19), n fi,"~jt-('ulf heif('l', wus milkpd by hand for morc 
thllll S months during tI\(' first ludntion, find thl'n by the seVC'!"l'
lllll{'hinp l11l'thod during thp n'll1itindt'I' of t~tnt Inetntion lind during 
thl' sUt"(,('(·ding Iodation, Injurious l'fl'Pcts of sen'n'-machine milking 
did. [lot npP('ilr ulltil IIftel' til(' nillth month of the' se('ond itH'tation, 
Dul'ing the tellth month, the milk from ('Il('h of tilleo qllu,rters COI1

lait1(,d more thull 10,000 S, (LfJalacliae pel' millilil('r, I1nd the l!'ft rellr 
qunrl('l' WilS inf('('t('d ulso with PSfurl()mO/la\~ aerllfrin08(t,. At the 
SlIme' tim(', othN' symptoms of mastitis o('('uIT('(1 in the infected 
qUitl'tl'rS, 

Yitl'in,tiol1s in l't'sisll1ll('(' to injul'y nnd to infl'diOIl on the difl'C'l'ent 
methods of milking WPI'(' ObS('ITl,d I1m(lng tIll' indi\'idunl qUIII't;(,I'S of 
elleb ('OW, p!ll'linilurIy of till' ('0,,"8 ll1ilhd by mfleilill(' nt It) ine\l('s of 
Yil(,uurn, Of 12 ('ows 8tudic'd thus thnt d('\'('lop('(1 !;('\'('I'e Illnstitis and 
Oil which lh(' lISlIill dn,til W('I'l' oblilim·d on till' milk of fo\ll' qllllrtt.'rs, 
se\'('I'(' lllaslicis OC('lIITed in only Olll', two, 01' thl'l'l' of the qlll1l-tel'S 
among 1 L !lnimals, nnd th(' remaining qUill'tl'l' Ot' qUlIl'tel's eithe!' 
W('I'(' unitfl\'<'lNI 01' \1'('1'(' itfrl'etl'll only mildly, TIl(' 01H' ('x('('ption wns 
cow X -114, whic,lt \\'US nfrp('tNI sl'Yl'n,ly in 1111 q llil rl('I'S 011 l'outine
ll1i1e\lilll' milking (tnbl(, a ill1d fig, 4), 

Dalil showing tilt' iueid('Il(,(' nnd 1'('lnliyl' sl'\'l'rity of mnstitis ill the • 
indh'idunl. qunl'tl'I'S of ('neh of thl' 25 ('ows studied during this in
Y('sliglLtion umlt'1' difl't'I'('nt 1l1('lhods of milking, wilh the mastitic 
conditiolls t' ...·tdllittNI /I('('ol'(ling to till' ('I'it('rin. d('s(,l'iiwd ubo\'o, nrc 
pI'('sl'ntl'<\ in tabl(' I. L, tog('llH'l' with histori('lll infol'll1fltion ('on('el'l1ing 
all. lh{' ('OWS in til(' in\'(i~rigl1tioll, 

It will lH' obsl'I'\'('l1 (tnbh' 11) thn.t thl' largest propoI,tion of cas('s 
of S('\'('rp mnstitis (++ +) O(,('UIT(,(\ in ttl<' I'ight front quartet's, Of 
tin' sc\'el'p ('n5('S thnt O('('uITl'l1 on S('\'c't'l'-mnchil1(l milkillg, a7,5 percent 
\\'t'l'(' in thl' right front, 17,5 pl'I'Cpnt in til(' right rPIII', 27,5 pC'f'cent in 
tlH' I('ft front, Ilnd 17,5 ppr('('nt ill the' !t,ft I'l'/H' quartPI's, The only 
q U!1.l't('[' thnt dp\'('lopt'd s('n'r(' mnsli tis (-l- + +) 011 mild-mnchillC 
lUilking wns tll(' lc'fl front qlll1l't(,I' of cO\l'K-429, Tho cviliPllec in 
the$(' inn'stigntions points in most ('as('s dir('('liy to uddel' injury 
cilllsed by till' fiction of thc' (nilking mnl'bint, ns bl'ing un impol'lllllt 
fndor in the O(,(,UITl'Il('e of mastitis, lind it; .is npPllrent thut su('h 
e{reels of injury \\'('1'(' lllorC' pl'C'ynlc'nt and more S('HI'C in the front 
tbnn .in tbC' rt'Ut' q unrll'l'S, 'l'Il('se' studi('s do noL olrl'l' nlly ('xplnnn.lion 
US to w11('lhl'1' or not th(' front qUll.l't('I'S W(,I'C IllOrl' nllne'I'n.bl(, to injury 
by the milking Il1l1ehinc beC'ause' of difI'PI'cn('('S in the sizes Ilnd lengths 
of the, tents, \\'lllCh Cl1l1S(, the tc'at cups to fit impropedy; beellusc the 
fron t q11l1rtl'rs usuully prod lIC'C less milk and tht' mu('hine works on 
tlH'm for a 10110'(,1' p<'riod whilp llH'.Y urc ['Illply; 01' b('('l1u5(' the front 
tCIl.LS Ilrc mortsubjecL to inj lJl''y during the mOVCIlll'uts of the cow_ • 

http:nllne'I'n.bl
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'1'.-\ IlLE ] 1,,··lJi,~t(),.i('(/l 'information on 25 co'Ws, 1vith de(a7'ls oj met/lOtls (1j milking alld of tILe inculence oj ma.sliti8 for tlte 

period oj the e:rperiments 

Degree of mastit.is in each quarter 

el)\\, ~o., (\tIle of birth, lind <;lIlving 
 l'ldhod of lIlilkilll;;, lind datedille 

night Right J..eft. J.Alft ~ 
, ~front rellrL::~t rcar 	 ~ __I~___..-. __.,..1 '.. 
I 

;::j 
~N-10u, IHlI'n .Jull, 28, JU80: l:'" 

Cuh'l'(l Apr. 20, .I9:i5 I ..... _... ~ Houtin(' !llachine, Apr, 2il, 1085, to Apr. 22, 19:30 ;.. 
~11 lind, Apr. 23, 1036, to .Iuly 31, 193(; 	 II ++"\; ++"\; g! +++++ oHIIJJd, De!', 4, 19a(i, to Apr. 12, 1937 .... _.... _•• _ o 0 o • 0 zCah'C'c! D('\:. <\, 193(L 	 l'lC\'l'r(~ !n/whinll, Apr. 13, 1937, to Aug. 5, 1937. __ .... _ -l-++ + ++ ; +++ (J'; 

Hand, Aug, fi, )037,10 Feb, 1,1938. '" ..... . t- -j + + j + eC'uh·(·d ,\ pl'. 25, I (jBS 	 Halld, Apr. 25, 1!)38 2 __ - _______ ,. ___ •• ~~_., •• '._. + to 	 ~14 	; to + {o I+ to . +++ ++ ++ ++ oN-n I, born Aug. 2, 11)82: 
('nl\'!'(1 ,/u'" 29, 1935. Houthw lIIuchirw, .Iuly 29, 1931), to I\Ug'. J4, J936. 1 ++ 1 0 + + ""~('III v('d 1'1 1Ill'. 27, 11137 Hand, 1\'lnr. 27, 1\J37, to .11l1l. 21, 1938 .. 	 o ! 0 :;:

~-I 	14, horn Fdl, Il, HJ3B: 
Calved .July 31, 1935 llollUnc lIJuchiJl<', .Iull' 31, 1035, to Apr. 20, 1930. +++ +++ 

n 
f!:I++-/~ 1-/ +: 

HnJld, Apr. 21, J!)3G, to Aug. 1, 1936. . . ,+ + ++ ++ ZCnh'ed N'OY. 3, ]93(; Hlllld, No\', 3,1930, (0 .Inll. 1, 1938... ._ 	 0 0 0 \.")+
N 110, bOl'n Oct. 9, HI8·J; C'lIlvcd Mild mnchinc, .Tuly 19, 1937, to .-\ug. I, HISS .•. _____ • __ 0 0 0 0 

JUly 16, 1987. ? 
:::

N ~2Ili, bom .Jan. 26, 1929: 	 t"Halld, dates IIlIknown_______________________________ _ 	 ;>1(':llved (dlLte \lJ\know!l)_~~~_~~ __ _ 0 0 0 01)0. ___ • ____ •..• ___ • ______ _ llOlltillC machinc, dates llllkIlOWII _______ •• ____________ _ +++ 0 0 0 ~ ('alrC'd .July 25, 1I}35. __ • _______ _ Routille machinc, Jul~' 25, 1935, to Aug. 10, 1936. ______ _ 0 0 0 A+l\lild machine, Aug. 11, ]936, to Feb. I, 1931- ____ •• ___ • 0 0 0 0C'ulvecl .June 12, ) 937 ... ________ _ Severe JlIaehinc, .J unc ] 4, 1937, to.Tllly 17, 1937._. _. __ ._ +++ + +++ +++Hand, July 18,1937, to July 24,1938_________________ _ ++ + + + to 0 
Sh' fOhtllot"li nLpn!! or ('lble. 

CI:. 
'-l 
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TABU~ 11.-,lJistorical injormation on £5 cows, 111ith det(Lils oj met/HuTs of milking and oj tlteincidence oj mustit.is jor the ~ 
1Jcriod oj tlte eXJ1erimcnIB-Continucd 

~.-------------.--.-..,--"~-~.-." . -------_._..... _-	 ;.:;
r-5

• Degree of mastitis in each quarter p 

Cow So., dUH' of hirlh, nnd cuh-ing 	 :;,:Method of milking, and dute I-~ . . I F, 
dale 	 n.,. Right Right; J..('ft I.cft 

::< ______,~__._ ..._____.... __ _.. ~I:t, re:lr -' front I reur 
;; 

t::l 
d 
::<

:\'-210, born .JUIl. 0, H131: 	 ! I t" 
('ul\'(:'d OcL 7, 193·1 ~ _ ... IlOlltinc machin(" Ol't. 9, 193·J, to Dee, 31,1935.... +++ ++ t=; 

l 'ul vcd Allg. 30, ] 03(L . , Hand, Aug'. 30, .1936, to :Xo\,. .14,J93(j - o ++o 1+++0 o d 
Mild mllehintl, Nov, 15, 1036, Lo&>pL!:I, J!)37 .•• ----._ o o 0 o z
Mild nlachiuc, ./uly IU, .1!:138 2____________ •• __________ •('ah'cd .July HI, 1038•.. _____ .. __ _ 	 o o <,;)0 0 I 

1'·222, born .11\11. 17, 1031: 	 1 
C'nh'cd Feb. J2, J!)35... -•• , _.. _ RouliIl()lIIl1chine, Feb. ]5, 1935, to "Jill'. ]5, 198(i. ____ •. ++ 01 ++ I + 

¢ 
t.;> 

Calved May 26,1937_•. ______ .- Se\-ere mllehine, l\'!IlY 28,1937, to .Julle 1, ]938. ________ _ + ++ to I + . +++; j ~ 
N-227, born Mar. 8, HI3]: 	 !" 

('ah·cdFl'b. Hi, 1035 ... rtouUnp; machine, Feb. 19, 1935, to Feb. 28, 1036.___ .; +++ +++: + + 

('1\1\'1.'<1 ./lIly '10, 10:17 2 Hand, .July 10,1937 _.' .•. -.---- .•••: 

~ 

o 0 o o .1::1 

N 23·1, born ))re. 15} lna2; '1::Routine machine, aJlproximately 1 yelll·________ .• _____ \ ++('aln'dl035 ~exllcL dille UIl	 ++ ++++ ++++ ~ 
\WOWIl). (3) (3) oHand, Apr. 29, ]936 to .Tune 16, 1936 ... _.. _ .......... , 0 0 

('alwd Apr. 29,1936_____ • ___ ._. Severe IIlllchinc, June 17,1936 to OcL 30, 1936_. ___ ..... l +++ +++ (3) (3) '=:l 

J.lild l11uchillC, OcL. 3.1,1036, to Dcc. 10,1936___________ 1 ++ Pl (3) ;; 
C 

N-238, bol'll Mill'. 8, \934.: 	 I i 
++ 

0 
::0 
Hl}und, Aug. ~8, 1~3(j La _No\'; 14, 1936 •• _:.... :_. ________ 0 i 0 0 n('l1h'('(1 Aug. 28, 1936 ___________ _ s.('vere II1IlChlll~., N?~. 1.0' 1936 to ~eJlt. 10,1937_________ 1 , +++ , ++ +++ + c: 

nuud, Sept. 16, 193, to .JUIl. 7,1938___ .----_ ... ---.-.- + ! 0 + 0 :::: 
~('nlvcd Apr. 5, 1938_____ •.• ___ _ Halld, Apr. 5,1938 2••..•••• ______________ • ____.. ____. 0 ; 0 0 0 c::HIUld, Dec. 7,1936, to .Iall. 29,1937______ • ___________ •. 0 o. 0 0 ::0N--230, born Apr. S, 1034: ('ulvedDcc. 7, 1036__ .... _______________ _ 	 Seyere machine, .Inll. 30,1937 to July 28,1937______ • ___ 1 +++ + i+++ + m 

Hand, July 29,1937, to Mar. I, ]938. ___ .. __ ..... ·----1 +t to o ' ++ to; 0 
+ 

• 
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:\Ii\d machinc, Aug. Is, 1937 , ________________________ _ 

N ·2·\0, horn .June 27, 1934.: Clllvcd + o ! G o 
A \11{. f), Jn:n.. 

~ .. 30n, horn D(·,·. 1(;, 1931: 
('(th'\'d lI)a·!. ____ " _"'" 'Routine Il1I\cliiuC', npproxilJ1nlcly 1 )'cnf__ •••________ ••• o 01 + + 
('nh,t'd April 30, 1936. __ .• _ Haud, Apr. 30, 1936 to ]~('b. JO, 1937 __ , - -, ____ • ____ ~_. o 01 0 o 

:\lild lliachim" 'Feb. 11, 1937, to .Junc 1, 1937. _____ ._ ... o o : 0 o 
('Ilh'p(\ A01-\, 23, 19:17,.••• _.. - _. - __ ~Iild machine, Aug. 27, 1937 to Sept. 2,1938___ ... ____ • o to + o to + 10 to ++ o to + 

l' 310, l)()rn Apr. 5, 1\)32; .:> 

{'nlwd ~.·O\" 12, 1935~~ __ ._, __ .•• \.no.utlnc machine, Nov. 15, 1935 to Aug. 10,1936 o +++ 0 o ~ 
Mild !!luchinI', Aug. 11, 1936 to Oct. 27,1936_ , o O. + + t:J 

('ulved :'IluT. 1, 1937. ________ ... , Hund, .?llar. 1,1937 to :\[ar. 7, ]938____ •• _••• ( + (0 40to'~OW ~ ++ .....+++ +++-\+++ ~ 

Cllh'pd .June 10,1938._. __ .. __ .. 	 Hund, JUlle 19, 1938 2 ..... _ , (a) o + t·+ ++ t"
> 

~ ·102, horn l\lllY 2, 1!)2(): 	 --3 
('td\('d JUII. 19, 1935 I. BouUnl' mllchine, .Iutl. 22, 1935, to .llllle 15, 1936. ___ . :+ ++ + ++4- ++ (3 
Cnl \'l'd Oct. 22, 11)36.. _.. __ .... Jiand, Oct.. 22,1936, to April. I, 1938___ ., -,,_ .,'16 + + to ++ +++ ++ Z 

+++ m 
....'"' K·.JO.t. 1>0r.1I .Jall. 7, I1l28: 	 I 

('aln'd :\Iuy 29, ]{135 1 _________ , 
I

Houtine muchine, .Junc I, H)35, t.o Aug. H, 193(L. --.j +++ 0'++++' +++ ..,
Culn!d No\'. J5, J936 ________ . __ 	 llUIld, No". 15, 1936 to Mur. J5, 1938____ ,-. ""'-" ++ ++ !++ \0, ++ o

;++++. ~ 

N ·115, horn nec. 1\), lllaO: 
C'llh,,'d n,·c. 21, 1!)3{., ..... _ .. _ 	 ROlltinl' rnuchilll.', !->~c. 21,193-., to ~J.u.y 4,1935____ 1++++: +++ I +++ 1++3++ ~ 

3('111\'t~d l\lllr. 28, 1!)3tL __ ~. __ 	 lIunel, MaT. 28, IIl36, to .June )6, I!'l3b.. .". . ( ( 0 , 0: (J q 
Severe machine, .lImo 17,J. 1936 ~o Oct. 5, 1936._____ I (3) + ++ I +++ t (3j e 

('nl\'ed Aug. 10, 1937 _______ • __ Hand, Aug. 10, 1937 to l:lept. Iv, 11l38_________ •. -i (3) + to 0 I 0 lo + J3) ~ 
t t ,-",X.. 41H, horn Apr. 2,1931:

('llh·N.l Apr. 9, 1934._ , ____ .. __ Houtinc machine, Apr. 9,1934 to Sept. 30, 1935 •• _ "'~ +++ + i ++ I ++ !;o' 
Cah'cd Apr. 7, 1936 ... ". ___ • __ _ Hund, Apr. 7, 19:36 to l~eb. 11,1931._-.. __ ",_,_, _ 0 O· 0, 0 ~ 

Mild machine, lccb. 11,1937 to i\[ay I, 1937... ___ ". __ .} 0 0 ' 0 t 0 ~ 
("aln·(\ Aug. 27, 19a7.___ • ______ _ l\Iild machine, Aug. 29, 1937 to No\,. 21,1938____ .-._,,,1 + 0 10 to ++1 0"':; . , , .z1\,-·j24, Born Dee. 6,11);32:
C'nh'cd .Jan. 11, 1936__ ••• ,, _____ _ lloutinc machine, .Jull. )4, )936, to AUI{. 10, ]936•. ____ ...'++++; 0 I 0 I 0 0 

Mild machine, Aug. 11, 1936 to.}?cb. 11, 1937.,,,_ .. ____1 (3)! 0 I 0 ! 0 
.. C:llh'cd :'ITa.\' 24, 19~7____________ Sc\'crc machinc, l\la~.' 26,19.37, to JUIlC 1, 1938 __________ '.· (3) I + +: + 
~·429,born.lllly21,1.9~3: I I I 

(nlyed ~rllY 2, 193tL ___________ Halld, May 2,1936 to July 1,1937.-------------------; 0 I 0 I 0 I 0 
('uh'ed Oct. 6, 1937. .... _ . _....... SC~'CfC lllU(~hinct Oct. Il, 1937 to Oct. 30, 1937_ .. __ .. '" --I 0 0 I 0 ! 0 

• l\hld machmc, Oct. 31, 1937, to Nov. 21,1938__ " _____ ' 0 . 0 O· 0 ~ 
~pp root n()t.·~ ut PUt} of tt1blt~. 	 ::> 
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'l'AllLB 11.-IIistorical injormation on 25 cows, with details oj met/wds oj milking and oj the: incidence oj m.(Nitis jor tlte 5 
period oj tlte e.:cperiments-Continucd 

8 
Dcgree of Itlastitis iu each quarter t"l 

Cow X~., datc of birth, and clll\'ing o
::;date Method of milkillg, alld date 
~ 

Right Rigllt Left Left 
front rear front !?rear t:'" 

~.--~..~-... ----+- t::j 

N 427, born Oct. 22, ]933: Cllh'ed IJIand, Aug. 14, 1936, toScp~.IJ 1937__ • __ • _____ .~. 
Au~. 14, J936. ,++ 0 0 0 ~ 

);"--J28, born Oct. 27, 1933: ~ 
CaJ\'cd l\Ial' 5, 1936_"" I Ifand, l\Iay 5, J 936 to l~eb. 27, 1937 _____ .. _ ... _ _ ~ 0 0 0 0 ZI ).fild Illaehine, ]~eb. 28, 1937 to .J ulle I, 1937.. __ 
C'aJn'c! Aug. 28, 1937_. __ ...., ~[ild lila chine, Aug. 31, 1937 to Sept. I, ]938. __ 0 0 o. 0 <:IN-129, born No\,. I, H133: + 0 ,++ -<:Io j
Calved Mar. ]5, l03f; _____ , Hand, )'far. 15,1936 to Feb. 27,1937.-.. _____ ••.-_ •.. I;) 

0 0 o I 0 ,... I ?\1!ld 1\1IIl·h!lle, I;eb. ~8, 1~3! to ,\pr. 21, 1~37_. __ ~ _
Cal\'(~d Sept. I, 1931- .... '''' ___ 1 ~lJld macillne, Sept. 3,1931, to No\,. I, J938. ___ • 0 + O! 0 .""'0- 0 »0 to I 0 ':1';

X~431, born Apr. 29, 11)34: ++
Cuh'cd, Aug. 1, 1936_. ____ , Hand, AII~. I, 1936 to Apr. 12, 1937. __________ t::l

0 0 0 0 to:He\'cre IIlllcitill(', Apr. 13, 1937, t.o Aug • .I, 19:37.__C'al\'(>(1 OeL. 27, 1931- _______ ., __ . 0 0 0 0 ~ 
Se\'ere lIlachiJ\(', Oct. 31,1937,1.0 Dec. 1,1938. :::4X--I32, born Nov.. (j 1934: Cllh'cd 0 + +Huud, .Juu. 12, 1937, to Feb. 1, 1!):38••• ~ _. O·Jan. 12, J937. 0 o ! 0 o 

"'1 

>J Tnten'clling luctation omitted. o 
2 ~till milking Dec. 31, J 938. S Severe SYlIlptolllS did IIOt appear until Fcb. 1938. ~ 
~ XonfulJctiollillg quarter. ~ QUllrtcr stillllbnormal; it WClll dry "Illr. 1937. o 

7 I-itaphylococcus infection. d• Severe ::;ymptOIIH; did !lot appear until No\". 1937; l) ullrter , PSCudolllOllas i nfcctiOIl. ~ went dry Xov. 17, 1937. .." 
~ Acute cOllditioll, Jlos~ible injury. d 

;:::I 
t"j 
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'l'UE lU~LA'rlONS1l1P OF ".:'.JACflINE l\llLKING 

In spitc. of the, Yllrlntions ill the s('writy of mnstitis found among 
the cows and the quarters of ench cow, it is evidcnt from the detailed 
data presented enrlicr on the chemieal aod bllcteriologicn.l charn.cter
isticsof the milk that in these studies both the incidence and severity 
of mnstitis wcre much grenteJ' uncleI' conditions of machine milking 
at n vacuum of 16 il1ches than at reduced vacuum) and thnt hand 
milking I'esulted gC-I1C'rally in the smnllest ellanges in the composition 
of the milk and thl' least nggl'!wation of udder infections, These con
clusions are l)tought out mOl'e dC'Il!'ly nnd the efl'ects of machine 
milking nt 16 inehes of VllCUUl11 on the severity of mnstitis arc empha
sized furthel' by til(' datu in figuI'e 3, whieh show the relationships of 
the diti'el'(mt methods of milking to thC' severity of mnstilis in indi
viduul qulll'lel:S, These dl1Ju l'epI'C'sent !'esults obtni'ned (hiring 
extended periods of eompll,tp IneluliOlls for 21 cows on which the 

T I 

FREE OF MAsnTIS 

1

1

"-
HAil::! MILKING, MILD-MACHINE ROUTINE-MACHINE SEVERE-MACHINE 
62; QUARTERS MILKING, MILKING, MILKING, 

J5 QUARTERS 12 QUARTERS 27 QUARTERS 

In('idenl'c and sen'rity of mastitis among 21 cows that were on 
specified mcthod:; of milking for rclatiycly long periods, 

iHlll1C' method of milkin~ wns uSNl 1'01' a long period and no frequent 
dlllngc·g WC'I'P mn<il' lhn t mj~h t tt'nd to distort thc efreels of the method 
in llSt' at th(' timp, 'I'll(' dn til sho\\' that the perccntnge of quarters 
thnt W('1'C I'l'ec of symptoms wns Inrgl.'st on hand milking) slightly less 
on mild-ll1nchin(' milking, and less than 10 perccnt on routine- and on 
sl'\'el'('-mllehil1e milking, Th(' Iwrcentuge of qutl!'ters that were 
mildly mnstitic' (+) itwrC'nsed on machine milking uniformly with the 
in('['('nsl' in tlH' Hmonnt of vuc'uumund thl.' length of timc the vacuum 
wns tlppliNI. LikC'wis(', th(' proportion of qunl'tc!'s thut developcd 
St'\'P!'(' Illnstitis (+ ++) Oil hUIld milking wns zel'O, on mild-mllehine 
milking !p::;s· Ihnn :3 1H'I'cpnt, on l'oulinC'-mn('hiIle milking 50 1)(,I'C('11l, 
nIld OIl Sl'\'l'!'l'-ll1H('h ill(' 111 ilking :~7 Pl·L'('('nl. 
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El"'.I!~ECTS ON DlF.I!~ERENT METHODS O}' MILKING AND 01" 
MASTITIS ON THE YIELD Ol~ MILK 

Completo records of milk yields show thnt the method of milking 
hnd a significant effect on milk production in the cows thl1t became 
mastitic, In determining the efl'ect of the method of milking 011 
milk yield,it is desirable to compare results only on cows tlll1t were 
kept 011 tbe particular method of milking for a large part or preferably 
all of a Incttl,tion, 

Them wern eight cows that completed two lactations each in which, 
dul'ing the ma,jo[' part of the first illctntion, they were put 011 routille
or sevel'c-macbinc, milking and became mastiticj during the second 
lactatioll, six of these cows were on hunc,i milking exclusivdy for the 
entire laetntion, the seventh cow was 011 hand milking fOl' 11 months 
und on mild-machine milking fOl' 1 month, and the eighth cow was 
on hand milkin~ fOl' 2)~ months n;nd on mild-machine milking for 
9~ months, All of the eight cows recovered eithe!' partly or com
pletely during the second period, Thn yields of the eight cows for 
these two llLctations are shown in tnble 12, 

'fhe periods during which the ditl'el'en t methods of milking ,,..ero 
used with thcse cows nre shown ill tnble 12 and also are give') in detail 
in tuble 11. Routine-machine milking or sevel'e-machine milking 
was the predominant method in the first experimentallact,ntion, and 
hand milking wns the predominnnt method in the second expm'imcnLn.l 
lnctation, execpt fo[' cow N-219, in whose cnse mild-machine milldllg 
predominnted, 

In every cnse the yield of milk was greater nnd the decrense f['om 
the first to the t.welfth month was less ,vhen the cows were milked 
chiefly by ham!. 'fhe incl'C'nscs in yield in the second lact,at,ions 
vaI:ied from 1 percent to 160 percen t, nnd the nvel'llge increase was 60 
pm'cent, 

Cow N-I14 was a first-calf heifer when on 1'0uLine-mnchine milking, 
nnd some increase in yirld wOllld be expected nOl'mnlly in tl:te second 
Inctntion on hand milking, But her greater maturity when on hand 
milking fails to expln,ip either the very great diffOl'ellce in yield or the 
grentcr persistence of yield, In the cases of the seven o the I' cows, 
udvnncos in ngo oxplnin even less adequately the grenter yield nnd 
persistence in the sQcollcllnctation, There seems to be no explaua,Lion 
for these difl'el'cnces in yield and persistence except the injury and 
bnctel'ial gl'Owth that developed on routine- and severe-mnchine 
milkillg and the tendency to recover from these conditions on hand 
milking, and nlso, in the cnse of cow N-219, on mild-mnchille milking, 

It should be pointed out thnt in cows N-31O, N-402, nnd N-404, 
the. yields for the second lactntiolls (hand milking) were obtained 
from only three functioning qunrtcrs in ench ease, sillce each of these 
cows had lost the lise. of one qunrtOl' because of mastitis during the 
cnrlim' pcriod on Illnchine milking, In ('ow N-415, the yield fOl' t,he 
seeond lnctation wits ohl niJlC'd Jrom only two fUllctioning qual'(,el's, 
Ilnd yoL it wns pl'ncli(onlly (,wlee ns 1Il1ieh ns during the Clll'liol' period 
when she conll'ltclctl HIHsLit.is on lUill.'hille milking, Thus, tho ill

• 


• 

• 
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creases in yiPlds in the s{)eond lneLn,tions of these cows are even more 
striking than is appat'cnt from the data, 

In addition to the eight cows whoso yields of milk were compared 
fo!' wholo lactation periods (table 12), there were thl'ee other cows 
(N-IOG, N-238, find N-239) whoso yields WCI'O studied while they 
were changed from sovcl'c-machine milking to hand milking within a 
single lactation pcriod, In these cows, also, there was a slight 
tondency toward improvement in milk yield When the change to hand 
milking was Illado, 

T A.DLE 12, -lHillc yields, in 1'ehttion to the i?lCidence and severity oj 
mastit18, oj 8 cows that wen ma~nly on 1'ollhne-machine 'milhng jor 1 
com.plete lactation and then ma~nly o?~ hand m.ilking jor a subsequent 
/actal'ion 1- .."... _-----;------------..,----;----,---

I 
Yield in 

Inci· t,welIth 
dence month 

Cow, und ~lclh(Jd of milking nud monLhs mId Tot,ILI us com· 
calving cilltes on C!u;:h mothod scvcri!.y yield purcd

of . 
Iwith that 

ltmsLiLis ~ I of first 
month

I 


---~---~,.-....---. ... -... ~.-.,... ..--........---- -",. - - . _.<-'- ...... '---,'...... -- ----..... _- ~------ .. - ......- .
-
Cowi\"-114: POl/nds PaceTtt 

,July 3 t, 1935~. Routine machinc (7 tnonlhli) and i +++ 6,20(j 10.0 
hand (5 mon tlu;). t 

Nov, 3, 1936._ Hand (12 111 on ths) ....... -. - . ""J + 16,142 47. 7 
Cow N-227: 

Feb. 16, 1 935.~ Houtine !Ilachine (12 lllonth:;L . I.l, 039 7.2++-10IJllly 10, 193L. Ilt\lld (12 months) __ .•• " _. __ .... 19,432 6G, 8 
Cow N~310: 

Nov. 12, 1935 .. Houtit\c machine (9 months) and +++. 5,362 o 
mild umehinc (2)~ lIlouths), 

I\Jat. 1, 1937~. !lum\ (12 monLhs) _____ .. _._ 35,448 39. fi-++++
Cow N-402: 

Jan. 19, 1935 __ Ront.ine machino (12 months). 1++ -I- + 4,088 24.3 
Oct. 22, 1936_ !fund (12 months) ___ •• .-._ •• _. ++++ J 5, 104 50.4 

Cow N-404: 
:\lay 29, 1935_ Hou tine machinc (12 n)onlhs). ++++ 6,706 4,0. 3 
Nov, 15, 1936. 3 8,392 49. 3IIm'(\ (12 mo"th') ..•••••••• " "I t t++

Cow N-415: 
IlIaI', 28, 1\')36 Hand (3,l-f mOll ths) and severe + -I- + 1,785 o 

machine (3)~ months),
Aug. 10, 1937_ Hl\nd (12 months)_. ___ ." •••• _; j 3,552 34.2+

Cow N-,119: 
Apr. 9, 1934._ Routinc lIlnchinc(12 months) ".1 +++ 5,320 28. 3 
Apr. 7, 1936•. Hnnd (11 months) and mild i 7, 672 40.9 

machine (1 month), I oI 
Cow N-219: 

Oct. 7, .I 934___ 11,079 2G. 5Ron'''" maohi", (12 mon"").""1 ++-t IAug. 30, 1936~ lInnd (2:~ mOllths) I1nd mild 16,842 66. 0 
muchine (9H months). 

I 
1 Figures are for 12·month lnctnt ion pcrioc1i;, except for cows N-31O nnd N-4L5, 

whosc yields wo<c rcduced to zero by muslitis beforc Lhe cnd of tho Olu'licr luctation 
pe<iod. 

: 0, 110 lllnsti!h;; incrcnsing humbcr of ptlls Sigl\f\ indicatl's illCrClU3ing scverit,,\'. 
:l Onl~' 3 fully functioning qunrkrs, sir1('C 1 quurter went dry c(~rly ill the IncLa

tion bel'auHc of )11!l..__ Utis jn !lw prt'\'i(JlI~ JtH~tlLtion. 
\ Only :2 funl,'tioning ([muler:; bccl\uSU of previous IllIlHLitis. 
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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 a shorter period, and 
by the mild-machine method exclusively during all of the next. lacta- • 
tion, are shown in table 13. Both the yield and the persistence of 
yield tended to be greater, on the average, in t,he first lactation thau 
in the second. However, the persistence of yield in one cow (N-429) 
was greater OIl milJ-machine milking thnn on hand milking, and cows 
N-4J9 and N-429 both gave slightly more milk on mild-machine 
milking. These results tend to corrobornte the result,s of data given 
earlier, namely, that mild-machine milking is much less injurious than 
either l'outine- or severe-machine milking. 

TABLE 13,-jl.1ilk yields, in 1'elation to the incidence and se'verity oj 
mastitis, oj .iow' cows that were mainly on hand milking during one 
lactation lleriod a.nd then on mild machine milking during a subsequent 
lacta.l'im/. 1 

Yield in 
twelfth 

Incidence month 
and as com-Cow, and Mcthod of milking and Totalsevcrity paredcalving dates ilion ths on cach method yieldof with 

lllastitis 2 that of 
first 

month 
~-.o~' ~--..,._.~ _._."._~_. ~"_~.''''''''''''''_ -

COIl' N-309: I Pounds Percent 
Apr. 30, 1936_J Hand 11 O!,~ months) and 0 6. 162 40. 8 

milclllllLchinc (1}f Ulon ths). •
Allg. 23, 1937 __ flTild machine (12 months)_ ++ 4,227 13.7 

Cow N-419: 
Apr. 7, 1936 ___ Hand (10 mon ths) nnd mild 0 7, 672 46.9 

machinc (2 months).
Aug. 26, 1937 __ Mild machinc (12 months) __ ++ 7, 852 33. 8 

Oow N-42S: 
May 5, 1986 __ Hand (10 monbhs) and mild 30 8,007 54. 9 

machinc (2 mon ths). 
Aup;. 28, 1937 __ Mild machinc (12 months)_, ++ 6,151 53.1 

Cow K-429: 
~rar. 15, 1936_1 Hand 01 month~) and mild o to + 8,917 50. 5 

i machine (1 month). 

Scpt. 1, 1937__ 1 Mild Illachillc (12 mont.hs) __ o to +++ 9,285 64.3 


I 
1 Cows wcre p;cllcrally normal at end of first lactation on hltne! and mild-machine 

milking, but gradually deyelQ[JccI symptoms of mastitis in the suhscquent lactatioll 
on mild-machine milking. 

~ 0, no mastitis; incrcasing number of plus signs indicates incrcllsing severity. 

~ High leucocyte counts bllt no other symptoms on mild-1l1achine milking. 


CHANGES TN TUE .MILK THAT ACCQ)IPANIED THE UECOYERY IN YIELD 

'VHEN COWSWEHE CHANGED .FUO)1 i\fACfllNE :MILK.ING TO HAND 

l\<lILK.ING 

H!'C'Ol'ds of hueteriologicn.J und clH'micul tests of numerOllS udcle!'
q\Hu·tl'l' ~nllljJl('s of the milk of Lwo of the cows (N-l14 and N-227) 
\vhose milk 1'('(,01'([5 fin' f;]IOWJl in [ohio 12. wel'G ob(,nilled dlll'ing bo(,h 
1l1cllLtion p~l'iod:5. Tl\('s{~ dttllL on eow );"--227 tll'C presenLcd in table • 
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2 for the earliel' mastitic period on routiue-maehinc milking and the 
latcr period on lumd milkil1g, find eOl'responding: data on cow N-114 
al'e presented in table 3, These l'ecords show that marked reductions 
in the number of leucocytes and streptococci and in the percentage 
of chlorides accompanied the gl'efitly increased yields on hand milking, 

Similar bacteriological UI~d chemicalrecol'ds on the milk of the four 
cows changed fl'om hand to mild-machine mil1dng (yields shown in 
table 13) are presented in table 5, The smalll'eduction in milk yield 
of two of these cows and the small illcI'ease in yield of the two others 
on mild-machine milking indicate that there was lit.tle 01' no pffeeL 
OIl milk yield accompanying the symptoms of masliitis that devel
oped-which were relo.t;ivcly slight alld which did not occur Ilntil 
netl,l' the end of the second Of the two lactntions, 

Figure 4 shows graphicfiUy the milk yield find t.he average chloride 
value of tho milk of cow N-114 for the two lactations refcl'l'ed to in table 
12, She developed a sovere case of mastitis while on routine-machine 
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LACTATION PERIOOIMONTHI 

li'IGURE 4.-A verage yield of milk and percelltage of ehlorides in the milk of cow 
N-U·l during two su('cessive lactations, showing recovery from mastitis on 
hand milking. 

milking during her first lactation. '1'he acute, infective stage of the 
discase began dul'ing the third month and pel'sisted in ull quarters 
until the ond of the fomth month, The milk fl'om aU quarters con
tained millions of StreplOCOCl:?lS a.ga.la.ctilte pel' millili tel' and tens of 
millions of leucoeyles; and the pcrcentage of chlorides was highel' 
than 0.17 in nll qunrtPl's nnd itS high as 0.24 in one quarter, During 
this period the milk yield del'l'lmsed vcry abruptly to only 15 pOl'cent 
of the original yield . 

.Mastitic condit.ions romnillecl severo in three of the foUl' quarters 
until the cow WitS chunged to hand milking in the ninth month, In 

http:1--10.08
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only one qunltrl' did thc elinm('lpristi('s of Llie milk improve during 
this time; lhis imprOYClllt'nL o('('lIITrd during the fifth month, Dming 
this pel'iod of t1. mOt'C 01' It'ss ehl'onie {'ondition on mu('hine milking, 
the rate of d('en'ltsr in yield wns IUT('slrd sOIll('wlml, hu t thet'e wns no 
recovcry in yirld, 

Immediately nft<.'l' tilt' cow "'liS put On hnnd milking t.1\E.'I'C wns a 
(\pfini to imp,'o\TPllIrnt in tlw IllHS! iti<' ehnrilC'[rris[ ks of the milk from 
the lIm'(' qual'tf>rs in whidt thp symptotll.'> 1111d brpn most 8(,\,prp, 
The milk from. the 011(' qllltrll'1' thnt imIH'O\'NI d1ll'ing the fifth mont.h 
showNl SOI11(, slight, fmtllPl' iIllPI'O\'PIIll'nt, [Jlu,tielll11l'ly ill ehlol'ide 
vnlllt's, 'I'lw I'l'('O\'l'I'Y in nil l'OUI' qUIU'!PI'S pl'ogr'psspd ilT(lgulnl'lv, bU!i 
!h(l 11l iIk from till' Ih I'('(~ qUnJ'!.PI':'; mpnLil)lh'd n.l )two ('onlimipd t,o 
('ontaill s('v('1'!l1 !.h01lsnnd stl'('pltw()(I('i 1ll'1: millililpl' until Ihe PHd of 
lIw Indn tion, 

At lh(' beginnillg of t.1I(' ,1l'('ond lndn1iOIt this ('ow hnd I'('('o\'prpd 
prn('til'ully eompln((·ly I'I'0m hCI' pnlhologieul ('ondition, 'l'lu'Ollgholl\; 
Lhe st'eond lacltllion, Whl'lt she wus on hltlHl miLking ex('\usive\y, the 
milk yipld was ltOl'l1lnl nnd wt'll sllsl,ninNI. No mnstitis stmptoeocci 
01' OOtN' (,llllsal oq~illti::;ms Wt'l'P fOllne! in Ute samp\('s of het, milk, The 
only sib'1tifiennt Ilhnorlll:tlily was 11, high ch1ol'idn conl<\nt, whieh in
('('('nsNI to an nv('mgp of slighOy mOl'e 1Il[1II O,la IH'I'('('nt dlll'ing the 
lnst month of the Illeitll ion, 

'rhe chloride vulues shown in figure -l illusll'lltp in gcnt'1'n1 the high 
range i1' the p('rcPlltug(' of chlol'ic\p:; tlUll. wus found in nlmol'mnl. milk, 
the n~mnrkable fluctuation thnt oceurred in the p('l'ccntage of ehlorides 
ns the ueutCItPSS of the mnstitic eondition chungpd, unci the uniformity 
of elllot'ide valups in the milk of cows WhNl thpir milk was normal in 
other respects, Om results nrc in Ilct'ol'd with thosc of Davies (6), 
jn which it wus pointpd out that mastitis is aceompnnipd by a con
siderablc incl'pase ill the per(,l'ntnge of ehlori(\('s ill the milk, and also 
that the ehlol'idp n1lues tend to incn'ase slightly timing the late part. 
of a nOl'mal lacLntion, 

DISCUSSION 

'1'ht' pl'inei pal musH tis-('nllsnti v(' ol'ganism f01I11(1 was StrI'Jitol'OCCU,~ 
(l.(falacliae, All lhe ('0\\'5 that \\'('re sludipd dUl'ing the c\etailpcl cx
PPI'illH'nls that wpre lwgult in 19:3(; wPl'e (>xpos(>d to this ol'gnni:;m, nncI 
il WIlS found in tltl' lIlilk of all Ihe (,O\\'S at OIlP timn or nnot.hel:, Like
wisp, this orgnnism px('\usi\yply \\'IlS I'PRponsible for ncal'ly nil the 
I11llstitic infl't'tiolls t111lt o('t'U1Ted in L1tC' cows d1ll'ing most of 1935, 
1930, and 19:.37, HO\\'P\'l'I', during PUl't of 19:)7 mul nil of 11)'38, when 
the cxpl'rimcntal tl'Sts \\,pre 1('I'minn tcd, sll'eplo('occi other than 
S, agalacti(£e, pseudomonades, nml slaphyloeo('ci wel'e the significnnt 
causative orgnnisms in the infections in 11 numbcr of cows, 

In spite of the fnct thnt no n.ttt'mpt was 111n(\p at that time to rid 
the herd of Sll'eptococc1ls al/alacliae by tll('rapputie trpatmcnts or by 
disposnl of ini'pcled nl1imn15, the pl'f'vnIPl1cc o[ this organism dimin
ishpd grpatly ill the milk of most o[ the ('ows during til(' last 15 months 
of this study, and the number of sel'ious ('ascs of mnstitis \\'us l'educNI 
greatly. Although it is diflicult to pxplnin dC'finitely til(' reduction 
of S, a{)aZacliae infeetions and the gPl1Nnl impI'OVPllIl'nt. of mastitic 
('ouditions in tll(1 1H'l'd dlll'ing the' lust pttl'l. of this study. it is n.ppnl'('nt 
that lhe substitution of hitnel milking and mnehine milking at a 
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reduced vacuum for machine milking at 16 ioehes of vacuum 
allevillted greatly the mastitic condition of the eows thnt w(,I'e infected 
scl'iously, Furthermore, it will be noted (fig, 2) thllt routillc-mllchinc 
milking WIlS discontinued in August 1936, Ilnd thut, with the exception 
of its use on 3 cows, severe-machine milking was discontinued in 
September 1937, Thus all but 3 in this hN'd of more thlln 40 cows, 
thllt frcshened Ilfter Scptembet, 1937, wcre milked piUtO!, by hand 01' 

by the mild-ma('hine mpthod, 1::lin('e it was shown thnt milkiug by 
huud-and similiu'ly milking by milch inc tlt 12 inches of vtl.('uum
pmdlll'('d only slight 01' no aggmvlltion of lll(' inf'(lct(ld gltllld, it is not 
sUI'JH'ising thaI; thr mnstitie ('onditions improvpd und thilt th!' ('han(,NI 
of ('XpOSUl'O to S, a!Jallldiae W('l'e I'('(lu(,pd gl'(,H Uy dllI'iIlg Uw lilst 15 
months of th£'. expl'I'imruts, 

Strepto('o('ei oth"I' than Strt'ptococc'us a{lalaetiltt', l'ollsisting of S, 
uberis, speei('s pl'odueing alphil h(>fuolysis, find S, .iecalis, wem the 
initill.lly causative ngents in seveml of th(\ cows on sevcrc- nnd mild
mllchino milking, and were present prominently with S, a.yalactiae 
in the milk of eows N-I06, N-222, N-238, N-424, and N-4:31 on 
slwere-mu('hinl~ milking, 'flwy Wl'I'e thl' IH'edominant infl'cting organ
isms in cows N-424 Iwd N-431 towanl the end of theil' lnettttions on 
S(Wen'-lllllchinc milking, It WitS found also thn,!, the predominant 
ol'gnnism causing mastitis in cows N-106 Ilnd N-2~~8 formed colonies 
thnt nppelll'c<! yisunlly to difl'('I' from the uslItll colony of S, aYltlact'iae, 
However, pbysiologicnl studies of the .isoltttions from these atypical 
colonies showed them to be indistinguishilble from S, a{/ahwliae. 

Other forms of bacterin. wcrt} the ctluses of infection in the quarters 
of a few of the cows, PSt::lulomonas aeruginosa was the cause in the 
right front and right renr qunrters of cow N-222 nnd in the left rcar 
qunrt!!r of cow N-431 on slwere-mfl('hine milking, nnd it was the 
CIlU$e in the left l'euI' qUllrtpl' of cow N-428 on mild-mtlchine milking, 
Staphylococcus aureus wns the cause in the right front quarter of cow 
N-427 011 hUlld milking, She wns the only heifer that developed It 

sustained infection on hnnd milking, and this infection disappeared 
during the dry period, Also, nt the beginning of the second lacttltion, 
this cow wns infeeted with Staph. aureus in the right l'elU' quarter 
and with pseudolllonndes in the left ren1' quarter, 

The colon-llC'I'og('nes group of bactel'ia was not found as a cause of 
infection in nny of the quarters of the cows studied, 'rhe fact that 
Uwse ol'gllnisllls, whieh nre found commonly in manure nnd dirt, 
occurred in only one udder-qunrter sample of milk among more thnn 
2,000 that Wt're studied in detail indicates thnt the precautions taken 
to prev('nt cOllbuuinlttion of snmples were followed vigiltlntly and 
were cfl'ectivc, 

'Yith the exception of tho mixed streptococcal infections that 
occlllTed in the milk of severnl of the cows Oil sevcre-machine milking 
and the ps('udomonadal infections in two other cows on sev"ero
muebine milking, no correlation was found in these studies between 
methods of milking and types of infection. 

There WIlS n definite relationship between the metbods of milking 
nud the frequency of OCCUl'l'CnCe of Streptococcus agalactiae in the 
milk, It WIlS found in 56 perccnt of the samples from cows olll'outine
mnehine milking, in 35 P('l'('('nt of those from cows on severe-mnehine 
milking, in 10 percent of lhosl' from cows on mild-machine milking, 
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find in 7 pC'!'('('nt of thos(' fl'om eOW5 on hund milking. Lihwisc, 
t!w!'c was It lellc\('fl('Y Ilmong' till' cows on ron tilll'- n nd s('V('I'(Hnuehinc 
milking fOl' tll(l n\lmb(,I' of S, (l.!lct[(lcliae to .inel'l'lISl' in ('11(,11 sU(,l'essiyc 
sample tested 11Ild fOl' the mfistitiC' ~olldition to be("oll1l' Pl'og'!'csaively 
WOI'S(, until the number of stl't'plo('o('('i l't'fi('I1£'d n lIIt1ximull1, Sub
sequt'ntly, til(' infeetion find til(' 111l1Stiti(' condition bN'l1me mOl'e 01' 

I('ss eh!'onie, but tht' pH of lhl' milk ('onlinu('d to inel'pus(', In 
q lHU-tPI'S showing n mild inf('etion (+), till' maximum num!H'I' of 
stl'C'plo('o('ei gC'lIPl'nlly I'('uehed S('\'(,l'nl Lhollsnnd P(,I' millilitpl' of mill" 
Tn. llll' milk of IHilny of thl' ql1H!'t('I'S lhnt bp('l1mp s(,\'PI'('ly Hf\'t,('tpd 
(+ ++) j th(' nllmlwl' of stl'pplo('o{'('i 1'('I1('IH'd S('\'(ll'nl million, On 
the Otllt'1' hflnd, in tll(, milk: of mOf\t of the' ('ows 011 mild-mu('hilll' 
milking lind on h!llld milking, thes(' f\tl'pp()('o('('i O('('uI'j'pd only 
o(,CHSiOllilll,r, tllld UJ('I'C' WN(' I'Hl'l'ly mOI'(' UIHI\ 11. l'r,w UlollRHnd pI'!' 
millilitel', 

Among the 20 ('o\\'s lhnt \\'('1'(' llIilkpd nt son1(' tim(' by hllnd, nil 
but 3 n'mrtinpd 1'1'('0 of symplonui 01' stl'rpto('o('C'ui mnslitis dl\l'ing til(' 
pt'!'io(\s on IHlIId milking, ('x('('pt fol' smnll nll111b('I'S of S, (l,!lalactiae 
thnt \\'rl'(' foulld oc'('usionnlly. Th(' thl'N' ('xc'pptions (N-:3\ O,N-402, 
nne! N-40·l) W{,I'P ('OW::; in which stl'pptoC'o('C'nl infC'dions hnd pt'I'sistrd 
fl'om infr('tions in('UITNI in pl'("'iolls Indntions on routill<'-mn('hinc 
milking, LL mny bt' signifi<-nnt thnt th('~(' thl'('e rx('('ptionnl ('US('S, in 
whi{'h SCY('!,(\ stl'rplo('o'('vnl 1l1tlstili8 O('('Ul'I'('(1 on hUlld milking, wrl'O 
old cows lhnt hnd bN111 011 d('(ieil'lIt mtions fOl' sev('nll yt'lu's·-mtions 
thnt W('I'O pn.l'tieulndy low in vitnmin A, 

As miglt t be (lXI)('('ted I tlH' PI'PS('Ht'(' ftnd in('I\'I1::;(' in the' nu mbc'l' of 
('nuSltti\'(' (ll'gullisms in d(,,'C'loping infl'dions IIsunlly pl'('('('(led nnd 
Irss fl'rq uelltly n('('omprl1li('C\ nn ill('I'('nsc' in till' lIumbC'I' of I('ut'ocyt('s 
Ilnd in th(' P('I'('(lntng(' of dtlol'i(\('s in t11(' milk, An inel'('nse in thr 
pH ntllll' of tltt' milk to it yulue highr!' thnn 0,8 uSlIitlly Oeelll'1'cd 
aftel' thr peuk of thr infcelion 01' nft('1' the' appl'lLl'UIU'C' of Ul(' ml1Ximllm 
nllmbC'I' of stn'pto('o('ei. 'How(,y('l', in 60n1(' enstlS UlPI'('. wus n mlU'kcd 
d('('I'('ns(' I'nth('1' thnn. an in('I't'HSl' in the' pH vnlue' du1'ing the onset. 
of n(,lltc mnstilis, It is ob"iollS, th('1'dol'(" thllt the pH of the milk, 
wht'lhrl' detN'minNI by till' bl'orn-thymol-bltw h'st 01' poLrntiometl'i
('nlly, is the h'ast d('p('ndabh, of these. ('rit('I'in, of symptoms in the 
pa!'!)' diagnosis of Illnslitis. 

Th(' milk of it numbrl' of ('o\\'s C'onlainNI an ('X('('ssiy('ly high PC'I'
Cl'1ltngt' of chlorides wi thou t the PI'(,S('}l('l' of inf('('li n' ol'glutisms or 
othC'r symptoms of mnstitis. This oteulT('(1 ('itl\PI' tUl10ng ('OWS lhnt. 
hnd 1'('('0\'('1'('<1 from IUt infpdion ill(,UI'I'NI ",hill' titc'v W('l'e on mn('hillc 
milking 01' among (,o\\'s whose' mamillitry tissues may hnve been 
injuI'pd slightl,\- by mfl('hine milking but in which im'nsioll of micl'o
organisms lind not 0('('111'1'('<1, It. is appnr('nl" tlH'I'(,fol'o, that IUl 

abno1'1lutlly high ()(II'('rntngt' of ehlol'idt's in milk ('nn be ducI undel' 
SOIllC' ('onditions to I'n('[or5 not I'plilt('tl din'ellv to inf('cLioll and thnt. 
til(' ehlorid(, U'sl hns I('ss signifienlll'p in tht" d<'l(,(,tioll of inf(,C'tiollR 
Ilulslitis than rithl'I' tilp It'lIl'o('ytc' ('OUllt Ot' tilt' PI'PSf'IH'C' of (,ltlIsl1tin~ 
ol'ganisms, 

.ExC'Ppt lIltd<'l' t('mllol'n!'), ('olt<iitions, numl.)('I's of Il'lI<!O('yt('S gl'el1ter 
than 500,000 pc'!' millilill'l' "'('1'(' nssot"iatNI with III(' PI'('f\('uC'e of nn 
infp('tion in most rnnstitie ('115('S, 011 till' ot]1('1' lInnd, thp PI'(,S('Il('(' of 
('UlIsnt i"C' ol'gnnisms'· Sll('1t ns 8/1'1' II/()CO('('118 (/.{ju{lIclhll'-Wa,., not in 
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all instnntes indiC'llliv(' of nn l'stnbtishC'd inf(l('lion, It witS found in 
numb!.'!'s gl'eatel' thun 1,000 pel' miUiliter in Ul!.' milk of some of the 
eows severnl weeks before· other symptoms of mastitis nppeared.
In other ens!.'s it was present. frequently in the milk in numbers grenter 
than 1,000 pel' milliliter without the development of othel' abnormali
ties. 'fhese ob::3l'l'vations indieate that the time and conditions re
quired for tIw pstablishment of Joei of infection vary in different 
qual'ters and in diffPL'l'nt animals. 'fh(' failU1'e of S. agalactiae, when 
prpsent, to iUC'L'ea::.p prog'l'pssivdy in nllmbC'l'S or to beeo1l1e established 
undeL' suell fn\'Ol'nbll' conditions of nutriment and tempemtUl'e as 
C'xists in the bovin(' udell'L' mn.y be exphlined eith('r by the (H'CSence of 
ulhibiting fneto!'s in tht, milk and in Ih(' blood of manunnry tissue or 
by a lack of Vil'lllpuec of the o!'gnnisll1 pL'psent. It has bN.'n well 
estflblish('([ Ulnt milk exhibits a bllclC'L'icidnl p!'oPC'L'ty (7, 4, 1), nnd 
the p!'('sl'n('(' or sllch u [H'OIH'!'tyin bO\'in(' blood Sl'l.'UIll hns beC'n 1'e
porll'tl (I) 0 

'fhC' ilH'rPfls('(L pn'val(,lH'l' o[ I1l1ls1itis nlld of sC'W'riLy of illfC'etion 
thllt OCCUITl'd among th(' ('o\\"s milkpel by mnchiu(' at, 1U inches of 
vacuum, ns (,OIllIJH.I"('tl with til(' l"l,lalin fto('(,(lolll from mn~titis nmong 
tJl(' ('ows milkC'd hy hund 01" by machine at 12 indws of vacuum, 
iudieittl's lhnL lh{'l'p O('c'uITPd pi lIlt'r nn inj my, sueh as a physicnl 
impllirm('nl of tlu' glandulal' lissu(' whkh IWt"l1litted L"elntively ensy 
invnsion by bn('l('I'iiL into tlH~ secretory tiSSlll'S, or a eleet'C'ase in the 
1"('sistnu('(' of Uw S('('t:C'lorv tissuC' which ('auspd It bt'enk-down of the 
prolet'ti\'(' m('chnnislll, nfter which t11(' inynding orgnnisms WN'C 
nbk to multiply and {'ilUS(' inf('rtious mastitis. 

'I'll(' ctttls('s of mnslitis in g('n('rn.illlld of spC'cific uddC'r infections nl'C 
subj(,(,t Lo difT('l'PIV'PS of opinion and iUOP not ('ompktely understood. 
It is not lh(' illlC'llL of this rl'port, tJlPrdol'P, to indict machine milking 
!l:; tiLl' C'IUlS(' of ilJl mastitis in muehinC'-miJkC'd heL'dso However, the 
viC'ws widl'ly pn'\'nINtL that mnstitis is ('ssC'ntially n, eonlngious disensc 
ancl that thC' dtid prohkms nrc thosC' of C'liminMing StreptocoCC1lS 
Cl{Jalacliae or of pn'vl'nting its sprNld nr(' inndcqunte, in the light of 
thl'sC' I'csulls, as It busis for control of tlH' disC'llse: Injuries to the 
(cats lind udd('t"s undotlbu'dly pln,y it significant role in the invnsion 
by bact('ria nnd in in('t'cased slls('pptibility to infection, and to that 
extpul tht, lise of til(' milking tnll('hiuc nt 16 inches or more of vacuum 
i~ itPPllrt'ully a rador in pro\'oking sllsbl'quent inrt'clion in a lnrge 
proportion of cows that nrc milkPd under conditions similar to those 
dcscribed he1'C'o 

SL~l'rARY 

In n 1I('1'{1 of cows thHt had bt'(,11 on routine-machine milking for 
SC'Yl'rnl yt'nrs and among which lhe inddE'llc(' of mastitis had become 
vpry high, expt'l"in1Pnts wet'l' conductpd to df,terminC' the efrect of 
difYpr('nt mt'lilods of milking on lilt' illeidt'lH"e of mastitis, as deter
mined by till' lJiologi('ni n.l\d c\INt1ienl dmngl's of the milk, and on the 
yield of mille 

RoutinC' tests were made at frl'quent intt'rvals throughout each 
lactntion on uddel'-C[ llartel' snmples of .foremilk .from all the cows 
included ill this sLu(\v. The t('sls inelucled dctermination of the num
bC'r of leut'ocytl':=; Il!l(l of SIJ"(;plococc'us agalactiae and other causal, in



[('ctive, buetl'I'ill, and detl'l'millulion of the pel'ccntng(' of ('hlorides, 
Howc\'et', stL'ip-cup t('sts and otlll'L' cOL't'obot'fitive tests WCt'o used as 
Illl nid in the diagnoses, 

Twcnty-tivc cows wcre studied periodically Oil foul' diffcretl t methods 
of milking, nom('ly, I'outinr-marhine milking, sevct'c-Ilulchinc milking, 
mild-machine milking, Hnd hund milldtlg, 

'I'll(' incide'lle(' of' tl1nstitis, the d('('I'euse ill milk yiC'ld I'csulLing 
thrrefrQlll, nnd the Itceornpllllying ('hunges in duu'actcI'istics of the 
milk were III gel1C'I'ol Pt'opot'tionnl to the alllount of vaeuutl1 in the 
machilit' and til(' length of tillle it wns left wOI'king on 1IH' udder, 

COllsldt,t'ablC' impI'O\'clllt'nt l'esultt'Ci ",he'll ('0\1'8 with IIllLstitis weI'll 

dlOnged ft'om l'ontitH'- or 8('\'el'e- La mild-mlle-hine milking; imd pat'
ticularly mlu'ked impI'O\'('JlH~nl 01' almost ('omplde l'('coyery I'('sulted 
in IllOst of t!l(' ('oW's wlH'n tll(\' \\'('1'(' ehangt'd to hillld milking. 'Yhen 
pt'(·\·iously llHtsti tic (,O\\'S 011 good rations milkpd by tlH' rOll 1:1ne- or: the 
S('\'('l'{'-mll('binl' nwthod. \\'('1'(' ('hangl'd to mild-n1llchilH' 01' hand milk
ing-· particularly t!Jp luHpl'·-·-thp milk yil'lcl t('IHI('(1 to l'etllTn to the 
nOl'llInl IPn'!; th(, I1llfllhl'I' ()f ll'lleot',vLps in till' milk deel'('llSNIIl1!lI'kNlIy; 
HlP mnstitis strt'pto('o('('i dl'('l't'nsl'd in numl)('r but usunlly (lid not 
disltPPNU' imllll'diatdy nor sOllH'tinH's pntirl'ly; nne! the' pPI'C'('ntngt' of 
cblorit\('s dl'C'I'Pn.Sl'd to a h'n'l almost, but not quill', as low ns thllt 
found in till' milk of tlll' stirnI.' ('ows before tlH'Y hnd mastitis. On 
applu'{'llt rt'('oYery, llll'l:(~ uSlmUy rem!linl'd some t'vidl'llce of changes 
in tht' milk which might indicatc remaining injury Or induJ'lLtion of 
SN'I't'tOI'Y ti::;,;ut' . 

•\1\ aL)uorllllllly high p('rcentage of chlorides was lIs11ll11y prcsent in 
HI\' udd.l'l'-qulwll't' milk of nOt'lnal co\\'s on I'oulinc- or !WYt'I'('-mnchine 
milking l'\'('1\ thollgh lhl' qUlll'tl'l' 1\(,\'('1' I,w(,Hme ll11lstitic, ).)ikewise, 
this wa::> It dHu'lldl'rislie of till' milk from (,OW5 which hn.d recovered 
frol11 Sl'\'('!'l' nlll"titis ill a. pn'dous 11lt'lIt.tion. 

X UllWl'OllS ('W:iPS or llw:;lilh:i Wl'n' ob";('t'\'cd ill whi('h Sire piOCOCC1l-S 
CL[Jalacli<u ('itlll'r \\'us nhsl'n[ from tI\{' milk OJ' did not nppNll' in signifi
('ttnt IHIIll hpl's ('\'l'n thlltl~h ol hl'I' indi('lt[ iOlls of inj UI')' hnd be('ome 
\'('IT ('"itll'IlL On tll!' nthl'r hand, Oil' milk f!'Om appar('ntly 1\0I'/11!11 
('O\;S frNllll'ntly ('(!lltnin('d s('v('nlL thousllnd of this organism peL' milli
1i1!'I' wilhout showing lilly othl't' ('\'l<1('I(('{' of uddt'I' injury. 

This n'[Jol't (,{llpliusiz('s thl' signifknnn' o( tht' degrl'o of udder illjul',)' 
(,IUl8('d by dif[(,l't'nl llH'thods of milkillg, e\'nlull,led b,Y d(,tprminillg 
till' Chtlllg('S OC('lIlTing in tll(' l'iJILl'!Lcll'l'isti<:s of till' milk, and (ht' effect 
of' mastitis in dl'('n'n;-;ing milk yide! and in C'tlusing the ('ompletc loss 
of the :;l'tTl'lory function in indi\'idunl qUIll'tl'l'S of the udder. 
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