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W eight and Capacity of the Dairy Cow. 

Udder in Relation to Producing Ability, 


Age, and Stage of Lactation 1 
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a '. INTRODUCTION
z: .~ 

"" The";ovine ucltlCl', as the ol'gan of milk secretion, justifiably de
HPJ'\'('H ('ollsideJ'able attention ill any attelllpt to estimate a cow's pro~ 
duei ng abi I it,)' by her form Ol' type, or in any study of the possible 
re.latiollships between hel' pJ'odudllg ability and her type and llllaf7 
omy, SCOI:l~ cards for judging clail'y cattle give considerable :impor
tance to the si7.e: shape, and other cl1:u'aderistics of the udder. Yet 
relatively little .research has bpen clone to determine the relationships 
lJ('t \\,(,(,11 these eharactcJ'istil's and PJ'oducing ability. 

H\\'('tt:1 fOlllHl sigll ifkant cUl'l'el:ttions \)('tWl'l'1l producing ability 
llnd uddpl' \\'('iglit alltlutldcl' capaeity ill a group of 11 cows of Y:n'iolls 
brc('tl:::;. 

1 ~nl)lnittNI fOl' (lllllli('atioll Mal'(')! 22, In·!!), 
, S\\'I';'I''I', \V, \V,. ;\rll.J.ICIt•.Il', \V" (:It.\\'gS, 1:, R,. nl1(l C'ltEr:('J[, 0, '1', QUAJ.T'I'Y, SJZJ~, 

• 
C,\P.\CITY, GltuSS AI'.\TO~[Y, .\1'11 HIH'I'OI.()(lY OF ('ow ·t'OJlEHS IN H1~r.A'l'ION '1'0 1I111.K 
PI:OIlUC'I'JON, Jour. Agr, Ues, 4G: G77-007, illUS, 1032 • 
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The purpose of this publication is to report the results of studies 
conducted by the Burean of Dairy Industry to determine the relation
ships uetween udder weight 01' capacity ana producing ability as 
affel.!ted by age, stage of In<:tntion or dry period, and breed. 

SOURCE OF DATA 

:Most of the udders used ill this study were obtained trom Holstein, 
gl'ade Holstein, and Jersey cows that were slaughtered o\'er a 20-yPar 
period at Beltsville, :M<1"in connection with other l'csean:h ou tllP 
dairy cow's anatolllY. Additional udder specimells wel'e obtai IIP<1 
:from autopsy cases amI from some other cows 110t used in the anatoll\
ical research• 

.Altogether,47:3 udder specimens that were slIitablp for 11se in this 
st.udy had been obtained ft'olll tlll'se sources by March 1, 10·1:6. Dat a 
on weight, capacity, and produC"ing ability were complete for ,~-+:2 
lldders. No pl'oduction records wel'e available for the other 3ludclcI's, 
since they weL'e fL'om cows that died or were killpd during the fil'st 
lactation period, bllt these lldderswcre included in the study of the 
effect of ::!re on udder weight and capacity. 

Before the cows Wl'L'e slaughtered, most udders 'were examined 
thoronghly for size, shape, and handling qllnlit-il>s. 'L'he l'esldts wel'e 
reeorded as gmdes fOl' study in cOlllparison with the internal struc
tUL'e of the udder, 

Each cow was milked just before slaughter so thnt the weight of 
the excised udder would be its em ply weight. The udder was r~lIl()ved 
:1'1'0111 the carcaSs with ellollgh hille Trom adjacent:. areas of the body 
to aHo,,' it to be >lIIspendpd froll! a specia lly designed "1Ic\(ler boa I'd~' 
in a nearly 11ot'mal position, Stt'in!!s weL'e attaclwd to the seplum 
between the halves of the IId tiP I' to hold lip the middle paLt. 

Theexeispd Ud<ll'L' waS filled through the teats witll a 5- 01' lO-percent 
fOL'nml i n Bolut ion to fix 01' pt'eSeL'\'e tltp tisslles TOI' flltllre fjhldies 
and to obtain a JIIl'aSure of capacity. The Itll'ger wins alH[ tll't-cl'ips 
extending beyond til£.' bouIHiaL'ies of the ueldel' wel'e tied off to prevent 
UIP escape of the fillillg fluid as it seeped into the vasclIlar systelll 
from the milk duets. 

The earliest lH.ltlel's obtained for this stndy WPI'e filled by means 
of a hand pump. Filling waS l'Olltinllcd ulltil tlte IIdder appeal'pd 
fiL'mly distcndpd OL' lIlainbtined a. IH'CSBlll'e of sevel'al pounds, 011 the 
gage at the punlp, between strokes of the pllntp. Later specilllcns 
\reL'e fined by a. g!'avity system, whidl delivel'P(l flllid at a PI'PSSllre 
of 10 pounds. Filling was continued for 5 minutes, or occasionally 
longpr fOL' Jarge udders. 

Still later, oyer tI period of 12 years, the udders "\H're fill{'d by Ilsing 
10 pounds of air' lH'essul'e tv:fOl'c{' fillid from tallk; illto l'ach quartel' 
of the udder. The tanks wcre weighed at l'eglliar illtervals dlll'ing 
the fi1lin!! process in order to melhillre the !'ate, of fI(",- into ('aeh 
quaL'ter. The basic filling time, waS 5 milllltes; hut if I'lH! fluill was 
flowing at a rapidrntc at the end of tl1(' ii-millute pel'iod, filling was 
continued until the, rate of flow was llefillitely slow{'I', FI'eqn('lltly, 
7,5 to 10 minllt('s was requil'ecl t-o fill lal'!!clactatill!! llt/l1rl's. 'rhe 
filling pressul.'e, whil'h wa~ stan<ial'liiz('(l ilt 10 poulI'ds, ,,'as SCVl'l'a1 

times the pressure ever developed .ill a Ii dng lactatillg udder, but the 

• 

• 

• 
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• 
Uc1(lel'S could be filled more rapidly with this presSure than with 
lowel' pressures. 

_\.t times, when an udder was neecbd for histological studies, one 
side "'as l.'emo\"ed aile! only the t\\"o quarters on the other side were 
fillpcI with fluid. The capacity of the udder was calculated from 
t"""je(' the fill in the tll"O quarters. 

FigUl'P 1 sham.; 1111 udder sw;pelllled fr01l1 nn udder bOtll'Cl being 
filll'{[ with fluid by l1lt'allS of the ail'-pl.'essul'l' apparatus. The filling 
pI'oces5 was pl'adienlly compll'!p{[ when this plioto!:!L'aph was taken. 
_\ nll'tnl teat ph.!!:!, with a tnt'lled shouldl'l' wllidl \\'as \lllsl\(~d in past 
tIll' sphinl'fl'l' 1Il11selp, was ins(,l.tc(l in l'aeh leal to PI'l'\"PII! the escape 
of till' fluid. 

• 


\"lUUI:t,: l.-Il'illillg' all Utltll'l' Willi tlil' all"pl'('''''III'(' appal'alll" to 1111':1';111'1' capacity 
tlllil lli(' ratl' 01' tltlll' into (,:leli f\1I;U'II'I'. 

~rETHODS OF MAKfNG CALCCLATfONS AND ANALYSES 

Thi:-.:-.( IId\' i!;\'(lln·d tlll'('(' 1l1l';tSlll':liJh' ('ilarnl'tl'I'isties of the excised 
Ilddl'I's and'lin· radol'" that apPI.'Hl'pd to han' sOllie etfl'l't 011 these 
('hal'a('tl'l'j"t i('s, Till' 1ll\'aSlll'alJl(, t'hal'adp)'isti('s Wl'I'P l'lllP,ty weight" 

, II 'f ' '1'(' eaPlll'lt V) TIIII(':t Ilttl'l t \ .. tlIH l It' I'tlt)() 0 r,:al)IIl'1 t\' (0 wei!! It mtlO=- 'I "t!Co. . , '" '\'CI!! 1 

Judo)';'; thai IlHl\' illfiul'llt'l' till'Sl' t'hHJ'ad('I'isti{'s of all lld(kt' are: The 
Lr~'('d, tlp:e. ;':ltl,til' of laetati()l1~ 11'Ilgth of dl'Y pC'J'iotl, and producing 
aLii it \' () f t hl' tOW, 

'fhr :;iz(' (elllpty II'eight) 01' l'Heb lldd('I'\\'a~dt·tel'lllilll'd by weigh

• 
ill!! thl' l'xt'isl'd lllldpl', which ill lIlo:-:t ea;.:l's had bN'1l Illilked Ollt jURt 
\Il't'm'p Ilw ['O\\' WIIS sl<tu,!..dltl'l'pd, )lilking \\'as Ilot possible with 
IIII<I(,I'S rmlll anLop:-:y {':1"(':-;, hllt a pl'olllll.!!l'd illllPss llsually clll'eked 
milk s('(')'('!iOlllH,rOl'l' tlL-alh 01'['11 I '1'(' d Hild till' IIddl'l' 1\ a:; lll'tll'!y Clilpty 
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when weighed. Empty wei~ht was not always directly proportional 
lo the Illllount of ~Inndlilar tissue pre::ent, since gl'eatCl' amounts of 
fat were included in the elllpty weight of some lHldel's th:ln others. 

The capacity of e!lch udder "'IlS calC'ulalNL from the quantity of 
fluid retained by each quartel' durin" tIm total fillin!! I:inl(" whether 
it was 5 minutes 01' longer. The (ltHlntity th'} ::cl~i)(>d oilt of t-he 
uddel' tisslles during the lilling proC'css was slIutl'Hded JI'OIll t-he 
quantity injected to detcl'mine tltl' quantity retained. Tlte quantity 
of fluid l'('tainl'd (in liters) was ('ol\\'el'!ed to its llIilk eqllivalcntin 
pound:; hy multiplying t'he lill'l'S u.y the f:lettH' 2,:H2:', whieh \'('IH'esents 
milk w('ighing 8,H02+ pounds \WL' I!!allon, This 1lI(,(ltO(\ of (~xpl'essing 
ndder ('apacity was favOIed :1'01' i'on\'enien('( in (',.lInpal'ing eapacit.y 
with enlpt.y weight and with l'ce(j,'(ts of milk (lI'olll1('tion: .\.etuaUy 
the ('ap:u'ities of tl](> lactating uddl'l'fl, as ddl'I'lllined in Ihis way, far 
('x('('l'dl'd till' lal'gl'sf: alllount of milk recorded fol' a single milking 
fl'OIll a II V of t hes(' ('0\\'::;, 

Thpsc"Il11'aSUI'('s 0 ( ('a paei ty wpre to some ext'eut n,ppl'oxi ma (:(> \'ahws, 
bc(,:tusc fluid fludcl' (J1't'sslll'l' of 10 pounds would continue to /low into 
a f)ual't('t' of a 1:lI'gc uddl'l' at a low mte (:200 to 500 g-Ill, pel' minute) for 
an indefinite !t'ng-th of lillI(', Fot' cxamplc. if the flow into ellch qual'
tN' of a Itu',!.rc IIddC'r was at the l'afl' of ·100 g-m, pel' minute when the 
filling Pl'o('css WIlS tel'minat'l'(I. an additional Illinut'e (If filling at: the 
Snllll' I'atc would ha\'e add('d :tG-I, pounds to HIe yalue fot' the ('apneity 
of that uddl'!', Nl'\'CI,thelpss. inl'xal,tly as nil' aC'lual eapacity of ail 
I\(ldC'I' might bc llll'aSllI'('('l. thes(· tl'l'hniq'H~s g-a\'p ,!.rood l'('lative IlICaSUl'es 
fOl' ('olllpal'ing- Ihe capacity of (lne 1](1<1('1' ",it'h allot'lwl', 

The mtio of capacity to wpig-ht was calclliated hy dividing the milk
('quint\ent e:.pa('ity I),\' the l'ml't,V wPight and pxp\.'es:.;jllg till' l'esllH as 
a pcrccntagc, It was cxped{'(1 that such a mtio might nwasul'c dif
fel'cnces in uddcl' pOl'osity alHl H1CI'cfol'c in the"quality of thl' IItld('I'," 
us indi('ated b~' its degt'('e of loosC'ness aftl'\" milkill~, A hig-\t(,l' r:ltio, 
indieating ,!.rI'('atpl' ('npacit,\' in I'elation to wl'ight,' thus would I'epl'e
sent a highl'I' qnality IIddel', 

Dill\'I'P!H'PS in the wpights and eapaeiti('s of 1I<1(leI'8 fl'om cows of 
diH'('I'('nt In'pl't1s \\'l'l'l' SOOIl appal'ell~, , Compal'ing thl' gl'oup a\'l'I'ages 
waS rhe only wa,\'to 11 H':tSll 1'(' th('sl'ddlpI'PIl(,ps. and SOnll" sppal'at(' br-Pl'd 
stlldil's \\'1.'1'(' madc.' 011 Ildd('I' datn :from :1H7 ('ows (I-Tolsll'ins. gr-ade 
Hols{('ills. alld .Jpr-::I·YS) ill tltl' HIlI'pau's l'Xpel'illlelltal hl'l'l'(\illg IWJ'(ls, 
Thl'S(' stu(\ip:-, \\'PI'(' h:uHlicnp(ll'lI h,v n lilt'k of IIII Ill\)('I'Sin var-iolls a!!"p 
~r-Ollp8 and ill sta~l' of lactation 0\' dr-y-pPI'iod grollps, Also. titPI'(> 
\\'l'r-:' JOG 11(1 11.(' I'S 1'1'0111 ntlwr- \)I'l'P(\ gr-oups. bllt Ilot ell(J\I!!h in anyone 
gl'oup 1'01' a :,;tatisti('ai annl,\':,;is of 11)'(>(>(1 IIi 11",'1'(>1\ (,l'8, ]~'()l' tht'se reaSOllS 
all bl'N'd daln W(~r-(" ('olllbillPd for- thi:,; :,;t nd,\'. on t It(' :ISSlllllptiOll thaI'. 
Ilntil dl'lllollstr-atp<1 nl'lll'I'\\'isp. tIl(' ud\lPl' \\,pigltts alld eapal'itil's of all 
hn'pds \\'PI'(> afl'pl'!t'(1 in tlt(, sallll.' malll1l'r br difl'Pl'Pllces jn a!!l'. sia!!c 
01' lavtatioll 0\' dl',\' pcr-iod. and pl'oducillg allility, ,., 

Age wus eX!)J'('sspd ill thest' stlldies a" the nllllllwl' of months 'fl'Oll1 

birth to HI(' tillll' of last l'ahTing, Agp at last ('aking waS pn'f\'I'I'pd 
to til{' ngl' at !Ipatlt IW('aJls(' it ('ol'l'l':,;poIHls to tlIP ('lIstmllar-.\' basis TOI' 
:-otating tltl' agp at whie\t pr-OdlH't iOIl 1'('('Or-<ls al'p madp, Thl' ('ollfu
:;ioll from usillg two ll\e:tS\lres of agl' thus \\'l\:-i a\'oidNI. li'Ul'lhpr-l1lol'c) 

• 


• 

• 
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while.it is generally obsel'\'ed that oldel' cows have larger udders, it is 
also apparent that udders cIo not increase in size after the first month 
or so followin~. pill-turition, 

The stage of lactation ·was expressed as the number of days from the 
date of la!'t ('ah'ing to the date of death, The length of tJ.e dry pel'iod 
was calculated fL'OIll the date that the cow was last 1!Iilked regularly 
to the date of hel' dpath, with the l'xt'C'ption that lilC'tatillg' cows dying 
after 11 short illnl'Ss \\'pre still classitil'd as laetating cO'.".'S, Undoubt
(·dly. the secreting ('ells of most udders wPI'e st ilL acti \'e -foL' seyeml 
days during' t.he eill'ly part of a dry pl'I'iod defiI1l'd in this mallneL', but 
the\'(~ was 110 way of knowing when the physiological process of lacta
tion had l'eased, 

Thp basic meaSl\l'c of producing ability was each cow's best YMrly 
recol'd of IlIilk and \JUttedat pI'odudion when all re(,ords were C011

\'ertl'd to 1I UllifOl'1lI hasis of a ;iG5-day, thl'ee-milkings-a-day, matlll'e
(·quint1(·nt 1'('('0 I'd , Rl'COI'ds made at G yenl'S of age 01' 0\'('[' were ('on
sidel'pd as matuI't'-age pI'oduction, but tl\(' standard age-('Ol'\'(~ctioll 
factors WPL'e us('(1 011 all oth('rs, )[ost l'e('ol'(ls w(ll'(, IlIU(\l' ina ;lGfJ
day lactation pel'iod on tlll'ee milkings a day; the ;3G5-day L'ec:oI'ds that 
wel'e made 011 twi('p-a-clny milkin,g \\'('1'(' eonn'I'(et! to thl'ee milkings :t 
day by multiplying by 1,20, Sevel'al 30,')-day l'crords W(,I'C made 
on thl'ce milkings a tlay: and they wpre eO\l\'el'ted to a !365-duy ba~is 
by multiplying by 1.15; a few :305-dny l'l'('()l'(h; Wel'C made Oil two 
milkill~s a day. and they were eonV!'L"ted by usin)! the :t'ador 1.;18, 

Fol' this stucly, the best yearly records of milk anel butterfat pro
ductioll wel'e ('onvel'h'd to a milk enel')!y basis by using the fOL'Jl\llht 
F('11/=O,+JI + 158, ill which 8011/ is the milk ellCl'gy yiplc1 in pounds, 
ill is the pounds of milk, and F .is the pounds of buttednt. The lise of 
Illi}k enel'!!y yield as a meaSure of pl'odueing ability in a study il1\"olv
.ing se\"l'l'ltl bl'eeds of ('ows in tIl(> Hanlt' gl'OUpS hall sl'\'eml aclvant:l)!eS 
ovel' thc USe of milk Ilnd butterfat recol'ds, Pl'Oducing ability W!i13 

llWaSUl'e(\ by ont' \'ltillt' instpad (If two, thereby simpl.ifying the calcu
lations and till' illtel'pl'Nations therefl'om, 

It might ha n' beell l'xlwetNI that udder ca pacily would ha \'c been 
ilIon' l'1<lf.;el\, l'(·lared to milk l'ecoI'ds than to buttedat 1'(,l'()l'(ls, and 
that the wt;ights of the lllhh'rs-as ol'gans seel'ering the elll'l'gy ('on
f'titlll'ntR or Illilk-wouid harp b('('n mol'P ('lm:l'l" L'plated to ilutt(>dat 
L'eeonls than to milk re('ol'(ls, Howe\'er, butterfat I'ecords al'e not di
l'edly propOI'tioIlal to thl' (,Ilprgy nilue of milk, 11'01' pxamplp. if one 
!!roup of data induder<l a H()I~t('ill \'('('OI'd of :20,OnO pounds of ;t:'i-ppr
('('n( milk alld a .lPl'S(lY l'i'('Ol'(I of 1:2,;')()() pound~ of ;di-pPI'('('llf n!ilk, the 
Holst('IIl l'N'OI'(1 WOIl\(] ha\'(> bN'n (iO pel't'l'nt b(>ft('l' on a Illilk-I'l'('o\'(l 
basis, just ('(pial to till' .Jpl'SP,Y l'l'('ol'(l 011 a hlllt('I'fat-I'p('ol'd hasis. bnt 
lIetlla II,\" I!),:l:i 1)('\'('(,l1t \)('t t(,I' Oil a mi Ik-l'IlI'I',!!,\'-yil'ld iJa;:is, 

One' of th(' ,!!l'patC'!'t prohlplllS in analyzing thl's\.' dafa for' a st\ldy 
of till' \'clatiollRhips betwC'PIl pl'oduC'illg ability and uddpI' w('i~hf and 
('apacit}' ('Hme from the lack of control (W(II' tite ('onditions 1lll(lcl' which 
the uddel's were obtaiIlN1. Cow::; WPI'P slaughtpI'(>(1 at any time poli('i('s 
in the managPll1ent of the hpr<l dil'ed(,d thpir I'l'montl, As a \'(Islllt. 
ueld.l.'l'S wel'p obtainl'd fl'om ('ows at all ag(l!'; and at all slagl's of laeta
tion or dryness, Iror these rl'aSOllS, a plall of using IUlIllel'OllS group 
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1I\'c('uges and simple alld multiple c'()l'l'elatiolls was adortedin 1111 at
tempt to measure also the effects or these uncontrolled etlvironmental 
factors, • 

The data were not sorted illto breed groups, except for the one study 
of typical lm.>ed eh:ll"Iteteristics, Till' first stpp ill sOlting was to sep
amt(' th~ c1:tia t(ll' ladilting IIddel's il'OIH th(' lIatafor dry lldd('rs~ with 
two groups unde/" e:tch, Sil1(\' it is comllloilly obs('I'\'(,(1 Illat uddt'/'ll 
an' 110ticl'abl." lal'gel' dllrillg the fh'st few w('pl.s of a la(,tation thall 
later 011, tlw dntll fOl' 1/(ld('rs laetatil1g" 2 months 01' It,SS wt.'re plac('(l ill 
Olle W'OII\) and those for u{\(ll'I's lactating morl' than 2 months WN'e 
pl:t(,t'(!ill n s{'coll(l group, Sillee it is qlll'sriolwhll' wlH'i'hm' an IIddN' 
("eases to 1)1' a !:\dat'ing IIdell'r as soon as thl' tOW is no longer milked, 
1J1I' data Ior tlnr udders o\;tainN! 1 month ol'less aItl'l' the co\\' Was last 
lI\i Ih(l were pI:\('e<l in Ollt.' group and th(, (lata. i'OI' udders that were dry 
1Il000t' thall a lIlonth \\"l'I"l~ included in allotIH'l" gl"Oup. 

Data in pneh of the two Indatillg-uddpl' groups and in each of the 
two (ll"),-lId<lel" gl"OUpH W('I'P Hllbdi\"idNI .into five. groups ilt'col'ding to 
age, 'I'll(> fil'sl ngegl"ollp ilwlllded the dahl fl'om cows slanghtl·red 
01' dying (!tll'jng !"IIPjJ' JirB(' ladatiolJs Ol" clnring tllP (ll-y pl'l"io(lr.; imme
diatply followinj.! thPlll, Tllp sec-ond aJ!(> !!I"OUP inclu(\pd the llata from 
("OWl-> jn thpil" sP('ond ladatiolls or in the dry pel'iods following tlIl'JlI. 
TIIP thit'd lig'e !!I'OU pi I\el uded llahl In)tn u 11 cows past their sl'concllae
tatinl\B but llncll'I' (j YPlll"S 01' a,!!l' at the time of last calving, Data 
fl"Oll1 ("o\\"s (j to !) years old at· th£' time of inst cal\'ing: w('rl' placed in 
a fOlll"th gl'Ollp to I"Pln'PBl'llt th('. dltlntd('I'isticf; of mature llddl'I'S, ami 
data ft'OIll e()\\"s 0\'('1" D yean; old \\"('1"(' inelllc1ed in a fifth gmllp to 
detel'mine whether tll(>re wel"e any dlHl'IH:h'risti\~s peculiar to old age, • 

EFFECT OF ACE ON UDDER WEIGHT AND CAPACITY 

AVElt\GE UDDER WE1GIlTSAND C\PAClTIESAT DIFFERENT AGES 

As the \Ilhh>r sp('("in1('ns wer(' aC'(\llired.it was easily recognized that 
Ih(, agl' of tIl(> ('Oil" had (,(llIsid('raulc eft'ed 011 tIll' empty weight and 
l'upaeity 01' tlw Il(ld('r, FUl'tj1l'1'1110I'('. it appeared that some way to 
llIl'lISlIl'P 01' to {"olllp{'ns:tle for the l'li''.'<:t or age should be considl'l'cd 
ill a silldy of th(, relationships between l)l"odncing ability and udder 
,,"pi,!.!"!I! 11 lid caplI{'ity, 

Tahle 1shows the l\\,Hage values fOl' weight·. capacity, allel the ratio 
of capacity to \\"('iglit for tlw data from al! br('{'ds of ("ows gl"OlIped 
nc'('ordill!! to lI!!l', Data Oil ud(ler:: from ;11 first-lactatioll towS without
yPlIrly p'ro<l,J(:liol1 1'('("I)I"(ls W('rt' incllHll'(1 in this stuily of tIl(> pffed 
of a!!e i11 onkl' f 0 ha \'P fit,~,:t-Iada t ion (In t a 1'01." eows Indat'i ng: 2 1l1(lIIths 
or li·};s lind to han' lId!ljtiolllll dnta JOI' cows Jactatillg" IJlOre thall 2 
month5, 

)[ost C'oln parison!'; };how hH'J"l'HSl'B in lIn'rag!' mldl'J" weight and 
capacity fmm OIH' ngl' gl'oup ('0 tI\(· lIPxl oldel' Olle, The inCI"eases 
WHe g)'patel' Iw!wN'1\. grollps of young cows than between groups of 
oldl'l" l"OWS, 1'\"l'1l l'hulIgII di 1I'l'n'net';; ina \'emge age Wl'I'e less for the 
youllg cow groups. 

• 
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TABLE l.-Ll'L'e1'ag(~ ~UldC7' weigltt8, capatitie.s, a1t(l'I'ati08 Of capac.ity to 

• 
'weight for "-lCtating (Llld (b'Y cows in different age gl'lJ'llj>S 

---------:---.----..------_..------;;----
Ud Agp of cow Empty Ratio of
ders UdderAge group at last udder capacitystud- capacitycalvillg weight to weightied 

-----.. , ---1-----1-----1-----1----

Cows laclatill~ 2 mouths N·tllll Per
or lc:'!s: tel' JlfOlllh;; Pl)!tlld.~ POlllld.~ ('I'llt 

First· laclnlioll ______ _ Iii 27. O;l: O. 9 28. ·1 ;l: 1. 9 33. I ;l:2. 8 120;l: II 
Hccond luctutioll ____ _ 11 42.0±1.0 41i. 3±·1. 2 5\). 5;l: li. S 131 ;;1:13 
Third lactntioll to IiYPtlrs ____________ _ 17 59. 5 71:: I.. 7 54.·j ,1:7.7 7·1. ·I;l: H. 5 14\11; III 
G to 9 yPtlrs_________ _ 28 92. 3;l: I. Ii 49. 9;l: 3. ,1 7H. I;l: 5. 1 17.1 l·12 
Oy(~r 9 yenrs________ _ Hi 135. 0±5. 7 55. O;l: G. 1 81. 3;1:8. 'l 154± 13 

CO\l'S lactat.ing oyer 2 
mouths: 

j"il':;!. lact.ulioIL _____ _ 27 25.8±. 4 26. 7±1. 2 41. 7±2. 4 ](j1;l: 9 
Secolld luctlLt iOIl ____ _ 21 42.7±1.2 32. 3±2. 4 4G. 5±4. 3 149;1: 11 
Third .1uctutioll to ()ycars ____________ _ 45 liD. H±1. 1 37.2±1.8 53. 5±2. 8 151± 8 
Ii to 9 years_________ _ 55 89, 2± 1. 4 4J.3±1.G 54. 5±2. 3 137;l: Ii 
Oyer 9 yeurs________ _ 21 12(1. 9±2. 7 37.4:1:;2. -1 5li. G±4. 7 151± 9 

CO\l'S dr'y I month or 
less:

First laclnt.ioll ______ _ 23.1+1.6 34. 3±2. 9 150± 111~ II 25.?;l: . 6 
Second luctaliolL ___ _ 10 40.0±. 8 30. 2±3. 5 4.4. 8±·1. 5 157±14 
'I'h i rd lactutioll to 6 ycnrs ____________ _ 

• 
11 59. 3±3. 2 28.5:1:;2.3 37. 8±3. G 135± to 

G to 9 years_____ -- - -- 6 89. 2±4. 0 32. 0±3. 4 48. 0±7. 5 156±31 
OYer 9 yeurs ________ _ 5 42.4:1:;2.5 54. O±H. 7 142.2±6.8 132 ;l:30 

CO\l'5 dn' O\'cr 1 month: 
. First lactntioIL _____ _ 29 27.3±. 6 18.9:1:; .9 21. 8±1. 9 116± 9 

Sccond lactatioll ____ _ 48 41. 8;l: . 6 22: 4±1. 0 27. 4± 1.. 9 125± 8 
Third lact.utioll to 6 ycars ____________ _ 31 ! (i2. O± 1. 2 24.3±1.3 28. 8± 1. 9 125± 9 
6 to 9 ycnrs_--------- 36 89. 8± 1. 7 27. G± 1. 2 37. 4;l: 2. 9 13H;l: 10 
Over 9 years________ _ 27. 5± 1. G 37. 0±4. 3 138±13171124. 9;l:3. 2 

One featllre of tlwse results was the tremendolls inel'ease in both 
udder weight amI capacity between first- and second-lactation groups 
of udders from cows 1:tctating :2 mOllths 01' less. Second-lactation 
weights and ea paeities for ('OW8 .lactating 2 months 01' less were 63 Iwd 
SO percent greateL', L'('spectively, than those for the first-lactation 
groups, Increases between cOl'l'esponding groups of udders from 
('ows lactating over 2 months were ollly 21 tInd 12 percent, respecti vely, 
The ('olTespoliding figures for cows dry 1 month ol'less are 31 and 31 
pel'eent, and for ('ows dry over 1 month, lV and :.W percent. 

Changes in ratio of capacity to weight from one age group to another 
were val'iable. In the groups fOl' cows laetating :2 1110nths 01.' less, the 
mtios were generally greatel' fOl' t.11C lHlders from olllel' cows. Also, 
for cows (hy over I month. the ratios were gl'l~ater for the older ;XIWS. 

On the othN' hand, in the grollp fOI' cows lactating over.:2 months the 

• 
ratios tended to be somewhat lower for older cows than for the younger 
cows. 
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Some of the val'iat ions (1'01Il th(, gPlwra 1 tT{'IHls towa I,d inCl'(mscs 
in IIlId(,I' wpi·r1l1 alld ('apac'it,)' wilh at!\'alll'ing agl' Illay hI' alt diluted to 
diffl'I'('lIcpsiI7Ihe Pl'Opol'tiom; of Hoblpin:; and JPI'S(',VS ill t.he Yariom; • 
gl'ollpS 1I1111PL' vOllsJ(l(,I'atioll (table 1), Of the fhe (lill'PI'l'lIt age gl'(HIPS 
fot' ('OWH ladal'ing ~ nlollllu:i 01' Il':;:;. the thil'd group (third lactatioll 
to (j y('anl) ilH'lude(\ a I'ela! in'ly hight'l' PI'OllOl.,tioll PI' Holsteins than 
HH~ !-!TOtlpS pl'PC'Nling OL' following it. Of tIl(' fi\'(' agc groups for cows 
hLC'tatilll! ovel' ~ mOllth:;, the s('cond gl'oup (secolld ladatioll) incl11l1ed 
a low pi'o»ol'tion of .h'I'seys alld the\'oltl'tlt and fit'th gl'Oups (ovp\, I) 
J'('al's) ill('ludl'd a high Pl'opoltion of .Jerseys, Of the five groups that 
WPI'P dl',\' I. monl hot, Ipss. the Ii!'th gt'oup (OVet' \) },pal's) contailll,\l 
ollly HolHteills, wl.ieh Jll'obably pxplains tlw highpI' aVl'l'age \1(1<1('1' 
\\'pight and capacity or this gI'O~IP, . Of th(' fin! grot,lps that were lII'Y 
0\'('1' I. IllOnth. the lil'st gTOIlp (Ill'st \aetation) eOlliullled a 10w('\, 1)1'0

pod ion of .J('l's('ys alld a highel' propOI'tioll 01' Holsteins thall allY otht'l' 
group, 

Fl'om till' pl'l'\'ious sllldy. bl'(l('cl ch:II'aetPI'isti('s aplWal'l'Cl to be a 
('ollsidl'l'a bll' fal'tol' iII til'! l'l.'1I1 iII ing IIddl'I' si:'.(', A IIIl'aHUI'C of the 
dill'PI'PIH'l's bpI \\'P(,II 11l'Pl'ds ill \I<ld('I' w(light alld ('apal'ity if; shown by 
IIll' data in tabll':1, Tltis tabll' gin's t hl' a "(,I'agl' ,",dill'S fOl' uddt'\'s 
fl'onl ladat illg alld d ..y ('OWS in Olll' hpl'lI ofl'l'gisit'I'pd Holsteins. olle 
h(,l'll of 1'l'!.!"istl'l'l'd JPI'!"l'VH. alld a ht'I'd of !.!I'adl' Holsteins with a high 
jlt.'opol,tiol\ of illbl'l'd ('o,,'s, A latk of Illllid)l'I'S in sO\lle cases made it 
illadvisable to show all age groups as ill table 1. Avemge data for all 
tht, l:ll'tatillg and dl'Y ('0\1':; that: Wl'l'e ineilldpd in table 1 are presellted • 
in table:2 1'01' compa l'iHOn with the bl'ceel a ,'erages. 

• 




• • • 
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~ TAJlJ,J·l2.-.-hl'}'agc llddf'1' 'toeitlltts, l.'apacities, al1d 1'ati08 0; capacity to 'weight /01' lactating and dry COW8 in diffel'ent o 

o7'e(!(l (fl'01l]J8 

t~ ~ i If:jtnge of Inc- Ratio of t;1 
Cows ill, Age nt; In"it; tution or l'et energy Empty mldeJ Udder cn- udder 

Breed grollp , o
eneh cnlving 1(>llgth of milk yield weight 1)acity capncity :..

grollp • dry period to weight >tj' 

o 

P()lInd.~ POl/ntis Percent >-<Lactating cows' l'thm/lls Dall'~ POlllld.~ 
1I01~t.1:i1l_. __________________________ NUII/II~~·' 8 

:..

i8 ; 74. 2±3. 6 174±16 18,304±425 49. 4±2. 6 67. 9±2. 7 I50±9 
Grade 1I0li;Lcin. __ • ___ . _____________ • ~')9 ' 64.1±6.0 211 ±23 16,314 ±486 31.5±2.2 46.7±3.2 148±5 
,Jel'sey. _ 86 i 84. ·1±3. 3 131i 1;14 15,526±297 38. O± I. 2 55. 0±2. 4 I47:!:;6 

~--------------------All Indnting co\\'~ 1___________________ 41. 7±1. 2 59. 7±1. 6 150±3226 78. 5±2. 1 158± 9 16,454.±230 ~ Dry cows'llol'ltein. ___ .• . _____• ______________ 69 62. 3±4. 2 143±26 17,278±4SS 27. O±l. 0 37. 4±2. 1 142±;1 t;1
Grndl' Hoh;teill .... ____ • __________ ••• 1 35. 4±2. 5 145±93ll : 58. ·l::l:li. {j 84::1:14 J5, i04±4i9 25.0::1: 1. 3 :: 
.Tersey.. _ .- __ • __ • ___ .••• __ "._ (iO : (iO. 5±·1. 0 Hili ± 21 Iii, Oii6±40ij j 24.3::1: .8 28. 8± 1. 7 ]20±.6
All d r,r COI\'S 1 _ _ _ _ _ .. __ _ __ • __ • ____ 32.8±1.1 133±;4 ~ 131::1:11 15,477±290 25. l± .6._.~IO I 60. 4±2. 2 

T""""_~_ ~_._". __~ '-" -,.--..--.... - o C'l 
~ 

1 Avemge data for nil cows with production records that were includeu ill table 1. ~ 

~ 
~ 
!:O 

~ 
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Data on llvernge age of cows Itt last. cah'jng, stage of lactation or 
length of dl'y period. and producing ability are also shown in table 2, 
be('i\l1se thero were somo difl'ol'ences between breed groups in these 
respects. In both the laetating and dry groups, grade Holstein cows •Wl'l'e youngeI.' than the Holstl'ins or Jl'l'seys; the lttct!\tin~ CO'1.'S were 
ful'tht'l' alonginlactation. and the dry cows had been dry for Il shorter 
pel'ioel of time. Both lactatin/! und dry Jersey groups were It ft'w 
months oWer in avel'uge age than the Holstein groups, In producillg 
ability, as meas\ll'cd by l1et CIIC1'/!,Y milk yields. Holstein cows eX(,l'eded 
thl' J l'l'se v cows by 1:") '1)C'rcent fOL' the lactatinlY (yroUI)S and by 18 I)el'

.1 .' '1 t"'I ~ • 
c('nt fOl' the tbT gl'OllpS, (r!'ade Holstein cows exceeded Jersey cows 
ill lIet elleL'gy inilk yields by 5 pel'cent Tor both lactating and dry 
gI'OUj>fi. 

The laetatillg Holstein udders weighed 80 percent more than ll1ctat
ill!.! .lel'se,\' ueld('I':';, and the avel'age capacity was 23 pel'eent greater, 
Di',Y Holsil'ill llddl'I'S weighNll1 percent more than dry Jocrscy mlc1l'rs. 
:ll1d the :\\'l'I'a!.!l' eapa('ity was :30 IWL'Cl'nt greater. The ratios of eupac
it,\' to wl'i~ht '\'l'1'(' h igillil' for Holfltei II uddl'I's than for Jersey uddl'rs
by 6 pl'l'l'('ntfol' laetating uddel'f; and by IH pl'reent fOL' dry udders. 
It'OI' ;;01l1e l'eaflon. lac'tatillg grade Holstein udders were below lactating 
.h·I'fl!''' uddpl'S i n wpi~ht and ca pacity, 

1yj'th adunllllilk and hllUPI'fat t'e('oL'(ls adjusted to age at last caly
in,!!. bot!l thl'lat,tating anll elr,Y Holstein gl'oups PI:OdIlCl'd 46 pel'Cl'llt 
IllOI'P nlllk than ladatlllg and <II',\' .Jel'seys. I ...actahng' and dl',)' gmde 
H(ll:.;tl'ins Pl'odllc'rd ~8 and M pPl'('('nt IIIOl'l' milk. 1'(,Slwdiv('ly, than 
I:lI'l at i 11~ a nel ell',\' .ll'l's(',Ys, JlOW("'(,L'. the bllttedat t'l'cords fo\' he
tIlling ami IlI'Y Holsll'in ('ows \\'('I'P 1 a11d H ])el'('('l11: lower, l'pspedivel,Y. 
thail I host' of the .Jl'I':';(·Y ('o\\'s, 'rhl' ('Ot'l'esponding bllttel'fat I'P(,Ol'lhi 
for gl'Hdl' Holstein cows wetl~ Hi and 1'j pl'L'l'ellt lower than the Jl'l'SPY • 
I'('('onls, 

Frol1l these. a,!!l'-adj usted III ilk recoL'(ls•. it W:lS ea Iculaled thai: fOl' 
l'ndl pound of milk obtained at an aYl'l'age milking. lac'tating Holstein. 
,!!l'tHle Holstl·in, anll J(,I'sey uddel's hall avemge weights of 2.96, 2.17. 
lIl1d a,;3a pounds. l'e:';IH'etiYl'ly, and a"PI'ag'l' l':lpadties of 4.08, B,21, and 
·LS~ pounds, COI'I'l'sponding \'ahws calculated fL'om net l'neI'g,y milk 
"i('I((8 adjusted to age at last calvin,!! we1'(' 8,12,2,:31, and 2,76 pounds 
1'01' ul1<lel' ,\'eights alHI +.20. aAa. nnd B.D9 p011llds for capacities. 

Dry Holstpin. grade Holstein. and Jersey udd('l's had ayel'a~e 
weights of um. un, and ~.a(j pounds, respectively, for each pound of 
milk obtained at an an'rage milking. or :Lyerugl' \\'ci~hts of 1.80, 1.97, 
tllld un poundsfoL' each pound of net enl'I'gy lllilk yield at a milking, 
('o1'L'esponc1ing ('apncitil's of dry udders were 2,50, 2,57, and 2.80 
POlll](15 foL' eaeh pound of milk, or 2.G2, 2.79, and 2.27 pounds Tor each 
ponnd ornl't energymilkyield. 

From thes(' YHitWS it appearS that it took a lal'ger, more capacious 
.Jet'Sl';' uddel' to proclu('c. as llluch milk ns a Holstein udder, but that a 
SlIllllll'I' .JeL'sl'Y udd\~I' with lefls capacity might produce as much milk 
(,Ill'l'gy as a H()l~tl'iu \1(1<1('1'. To some extent this was true of dry 
udc1el's as wl'll as lUl'tating Ildc1l'I'S, The laeiating grade Holstein 
Ildd(,I:S were l'l'l1lar1wbly l'llic:ient prodll('ers for their size in respect to 
both milk production Illid net energy 111 ilk yields. • 



• 
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However, individllals winlin the same brccd din'creel ('onsiderably 
ill the PI'opOl'tiollS bCtWCl'1l IIdder size and producing ubility. Smull 
individuul difl\'rl'I\('es in thh; proportion within R breed gl'OUp would 
htlVl\ becn IIssociulNl with high cOlTellltion coellicients between udder 
size II lld pl'otluci IIg abi lity. Actually, II \'IllIm of only O.a(j5\\,lIs ob
ta i lled as I hI' a VCI'Ul!l' of (j COlTela tiOll cocflk'it'nts fol' till' I't'lationsh ip 
l)l'twl'l~n IIddl'l' wl'ight and lI(·t ('I\('l'gy milk ",it·lds in dala fl'OIl1 :Wi 
udders sOl'ted illio gt'oups for lactating and dry gL'ade Holstein, Hol
stein, und J'ersey cows. 

COUUELATIONS BETWEEN ACE AND UDDEH WEICllT A:'II) CAPACITY 

The results of correlation studies Oil the efred of age on udder 
weight, (,llpucity, and the ratio of capacity to weight are showlI ill 
table :3. III this table data fl'om the five age groups listed in table 1 

TAlIl,t; 3.-001·I'(}lation coefficients bet-ween age of cow at last calving 
(uul 'llddet' 'wei.ght, capacity, a1ld lhe ?'ulio vj oapu()i.ty to 'w('igld 

.... -~---~-.-----.1----1('ll~:·~~:ti~;:-~ocllicicnts I b()~:\.()et~·-
I I agc and-
·ITdrlcl·s; .....----------.....: 

Age group sllldiedi I Halio of 
\rci~ht Capacity l cllplll~iLy 

I to weight 
______________i____l____.____ 

I 
.i\'11 /II1,;'r 

Cows lactaling 2 months 01' less: I 
First Illl(1 second Incttltio118 _______1 27 ; O. {J.l84** O. 5027** 0.0334
ITp to () ycnr:; _________________ _ '14 .5a02** · li7:35** · 2!l42" 
l'p to 9 years. ____ ••• " -- ____ --- 72 · a07:3** .5.J(ia** · 37:3a** AIl ngcs ______________________ _ 

SS .2S75** .20ii!l*• '.11 !)!)**'IOYcr () years _____ ......,. - ---. __ _ ,1,1 .oa!H } -.oun -.190(j' 

('ows lactating Q\'cr 2 month:;: I 


Fir:;t nn<l second lactation::;. ___ "__ 48 · 23tH' .13{)S . -.0730
I) to Ii years_____________ ,, ___ _ 03 · ,,1152** · aI28** -,O{)fi7
I p to 9 yCIIl'H _________________ _ [.18 , aHRii** .2:312** -. i930* 
AlllIl.:es. __ •• ____ .•• _. ___ ._. ___ _ Hi9 .21):11** .2201 ** -.ll()O'
OYcr (i year:; ___________________1 7(j -.2H)!)" I -. (),IS5 .0553 


{'Oil'S dn' 1 1lI011{h 01' le~,,: I , 

First lind second Illl~tllliQns ______ _ 33 , 3SSS* · 327:3" .0204
1lOp to () yenrs ___ • _.______ .' 44, . .21i2'1" 130·' - 13S2 
l"plo 0 ycllrs____ ,, ____ , _________ : 50 · 21i·lii" · 20Mj' -.O.jiiS
All Ilgl':;_ .. " .. __________________ _ 55 , ·171 :1** .32ii2** -.O!l21 
Over (j )"Nlr8_____ ........ ___ ._ 11 J(j70 -.1277· 502L' I 

('Oil'S <In' (j\'l'r 1 month: 

First lind s('colld IIll'llltiOIlS._._ .. _" 77 .20aii* .2357* · 1033 

I) to (j )'('lIr8. __ •. _. __ ... ____ . lOS .2{)lli** . Il1ii·1 * . .07!l2 

I p to!) y(·lIr:; ___ .• _______ ,. __ , .3fiIlS** · :mfltl** 1127'
I-I·' 
All ngl's ________ .• "'" Hi! · al1:';i** ,3ii:j3** 12·13' 

On'r Ii Y('llrs._ . __ • ________ ._ 5:3 I .072-1 .o:ms -, OJ II
I 

2f10a** t.J ... _--,_ 

210 • :3720**! .2\)17** · 0470 
Allltl(:tllting ('ow:; 2 ._". __ ,_,,, __ _ 2fi7 _ • 'J')'J')** .0211 

~\,I~ elry cows ~-------.·-~_==._.:..-l 

I Correlation co('fii<'i('nts III th(' P=O.Ol lel"('1 01' bel (PI' (hi~llly signilj('unt) IU'C 
iltdh'ntl'rI by 2 !I:itl'ri:;ks; tholie frolll 1-'=0.0.) to 1>"",0.01 len'l (signifklllltllll'l' in
dil'lIl!'d by 1. Itsll·risk; lllO~e fl'l)l1\ P",0.10 to lJ;:;;O.O:i I('\'elare iIH.lieal('d by qllo
(n( iou IIllIl'k:'!; and tho;w frulll p.,- 0.20 to P=O.IO lel'el III'C indiclIll'l1 by 1111 

f11.1')~t I'OJlh(', 

~ Hl'rer.~ to 1111 COliS inclulll'd in lahln 1. 
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were combined in different ways in order to have mnges of age great 
enough fOL' the ('ffect of age to be recognized and at the same time to 
illllstmte the differences between yOllllg alld old cows ill the relation
ships uetw('en nge and uddllL' weight and capacity. Datlt from fil'St
[mcl second- ladatioll udcll'rs wet'e eOllluinecl to illustrate the changes in 
this pl'I'io([ when inct'easl's were most rapid, Correlation studies 011 

udc1m' dnta from CO\yS up to (; or D years of age were made in all 
l1t.rempt to meaSllt'e the clullwes occlll'l'il}lr dul'ill" the <rrowinlJ' period

' ]' f (' I' t:> 1 ~,l:'>ll I:'> t:>o . f It cow S . I e, 01'1.'e atlOns on t 1e gl'OtlPS tor H cows over 6 years 
of afre were desiO'ned to stlldv whatever chall<res in udder weight oreo , t:> J t:> 

capacity occur 111 mature COws. 
Mall'y gl'OllpS showed highly significant correlations between uge at 

last calving anll udder weight lind eapacity. However, the correla
tions wet'e not significant between age and udclel' weight and capacity 
for the gronp of fil'st- and second-lactation udders from cows lactating 
over 2 Illont-hs,. The reaSon cannot ue explained tully by the greuter 
proportion o:f .Jel'sey udders in the secol1ti-lnctlltion group 01' by the 
vecllUal' c1istl'iblltioll of specimens in the seC'ond-lllctiltion gt'OUP, by 
which the cows with all OIt1('l' age at last C'a1ving tenlled to ue more 
advlIlleed inladation t-han the yOllnger cows when slaughtered. 

Fewcl' ('orl'l'lations were significant in the gt'oups of ueIdel'sfl'om 
eow" dl'Y 1 month 01'1(.'88, Po:>sibly the number of u(ldel's was smaller 
and the Ullnll'llSlIl'e(j enYit'onnlt'ntal fadm's ·werc more numerous in 
thes(~ groups than in some othel'S, AI"o, there waS considerable varia
tion ill the I'plati \'e proport iOlls of Hob,tein, grade Holstein, and Jersey 
uddl'l's in the indi\ridua1 age groups. 

None. of tlH' gl'OUpS of udlJpl's .from lactatin<r or dry cows over 6 
years of agl' showed sil!nifieant. cOl'l'elntiol1s blfween age nnd udder 
weight and eapacity, The high but not significant correlatiol1 be
tween age :t1ll1 udder ,\'l'ight for cows elry 1 month or less may he ex
plainNl by the aiJsel1el' of Jersey udder from cows over!) yl'llrs of al!e. 

The Ill'gative eOl'l'l'lution coefJicielh between age and udder weight 
for mld!'I';'; :fl'OIIl cows o\'et' (; years old and laC'tating OVCl' 2 months is 
not. explainplJ by a stuel,\' of ('orrpsponcling relationships with breed, 
stage of laetatioll, 01' produC'ing ability, Table 1 showed that udders 
frolll l'OWS 0\'l'1' !) years of al!e weighed slightly less than Ildd~rs from 
cows (; to !) yeal's 01<1, Furthel'more. thl' correlation coefficlents'be
tween agl' 11l1'([ t1(1clel' weight were lIegatire Loth in the groups 6 to 9 
yea rs or al!e a lid in the gl'ou ps O\'cr !) yea rs of age, 

YPIT few of the age I!I'OIlPS illelllc1cd in the data hl table 3 show 
significant correlation coeflicients between age und the ratio of 
eapal'ity to wl'il!ht. There was a significant negative correlntion tor 
lhe frl'OUp or udders fro111 l'OWS IIp to 9 yl'tll'S of al!e and lactnting over 
2 months, On the other hand, udder data ft'om cows bctating 2 
months Ot'less in age 1!1'0UpS up to l) years and all ages showed signifi
(':tnt positive cOl'l'elatiOIls, 

Insignificant correlations between age and the rutio of capacity to 
w('ight r!;'flect the high degree of relationship between udder welght 
II nt1 Il(l(l!~r capac'ity, The cot'l'!;'lation cO!;'fIi('i('nts between weight and 
('apa('ity -rOI' all eows in enl'h group WCl'C 0,(;:38:3 for cows lactating 2 
months 01' less, O':\i)~:l TOt' <,ows lnc-tating o\'l'1' :2 months, 0,5023 for 
('ows dry 11110nlh ol'less, and O,G,i:I(j fOl' cows al'y o\'er 1 month. 

• 


• 


• 




WBrGH'l' AND CAPAdl'l'Y Ol~ 'l'l:lli DAlltY COW UDDER :L3 

When the data -from. all lactating ('"ows were combined into one 

• 
group, and the dlltaft'olll all tlt'Y cows were cOlllbineu into IUlother 
gl'0lUP, th~l'el' were highly. signif!lcant C(f)I~'r~lltiions, between .u~e and 
udc er wel~ It and capacity. rIle COl' lClellh; With capacity were 
sligHly higheL' :ror la('tatilJ~ cows than fOl' <try cows, and the co~ 
(,fIicil'nh; with wPight wem hi~lH'l' for dry ('OWS thnn ~ful' laei:ating 
('ows. The C01'l'eiation eO('fliei(lntsfor age with the l'I1t:io of cnpacity 
to weight W(lre not sign i (iCllnt. 

INCHEASES IN UDDEH WEICHT AND CAPACITY \\'1'1'11 ACE 

A meaSlIl'e of the ilH'!'CIlHl'S in uddt,l' weight and capacity Ilnd the 
ehanges in the l'atio of capacity to weight for ellch yelll' Ilddl~d to n, 
cow':; a~e Ilre shown ill table'1. Natul'I1l1y, these cstimlttes could not 

'l'ABI,1'l ,t-In()1'eaBe.s in udcl('I' 'weight (Oul capaoity and olutJlfle.s ';,'n tlte 
l'alio of cctpaoi.ty to 'weight fOI' ear'h additional yew' of age at last 
calving .L _.

"-~ .-- "'-" 
.---~---- ---- 

TInl,io of 
UddrorR E1IIpty ('npaci I,y cnpuci\,y
sllldi('(\ wrighl, to weight 

NIIIII

('Oil'S l!letal illg 2 lItollth~ 01' Ie:;;::;: /Jer POII'l/.d~ POliltd.~ Percent 
27 12. RIi** 17. un** 2.1First ILlld slIcolld l!lcttLti(1IlH~ ---- -. - 

• 

Gp to U yl'nI'S_~ ____________ · ___ ·_ 44 LO.22** 14,72** 9.3" 

Vp to 9 yenl'::; _________________ --- 72 2. 97** 7,10** 9. 1** 

AIL agO's ____________---------··-- 8S 2.02** 4. 01 ** 3.5* 


17 .3S -1. 33 -5.7'Over (i Y()ILl·S. ___ - -- _ •• -. - -- - --"-
C'O\\'H \ncliLlillg over 2 1110111 h;;: 

First alld :;l'l'onel lactations _____ -. -- 'lS 2.75' 2.81 -4.6 
l:p to (j yeILrs ____________- ___ ._. :3. 42*:~ 4. 13** -2.4 
Up to 9 yoars _______________ • __ _ 

9:3 	
1. !}(i** -4,4*148 2. :30** 

Allagrs. ___________ - -- --- -.-. - -'- IG9 1. a 1 ** 1. 5 t ** -2.0' 
7G -1.53" -.52 1.4

0\'('1' (i yenrs. __ - - - • - ri' _ - - - ri - - - - • 

('o\\'s tltT I. Illonth or I('s;;: 
:3:3 (i. ao* 7. (is'' 1.5First alld Sl~colld InctnLiomL_____ --'

l'p to (j Yl'!Ll'tl _________________ -..• 4·1 2. II''' 1. 57 -5.2 
50 1. -17" 1. 74' -1,3Up to 9 yours______ ------ •• - .. --

All ages _____________ ._._ -- ---- -. 55 1. 70** 1. 79" -l.·6' 
Over 6 Yenrs ____________________ _ 11 1. 7(j' 1. 27 -3, (j 

Cows dry over 1 rnout,h: 
77 2.51* 4. 34* 8.0Fir:it lLlal s('cond lactutions_____ ----Gp to {j year:; ___________________ _ 	 IDS 1. ii:3** I. 99* 3. 5 

l:p 	to 9 Yonrs. _________________ ·_ 14·l 1. -lii** 2, (U** 3. l' 
J(j[ 1. 10** 2.01** 2.6'All ag;('s _ • _ • - _ - - - - - - - - - - - - - - - • - • -.OV('I' (i Y('UI'8 ___________________ •• ii8 .8 t .42 -.4 

Alliaclating; cmn;2______________ .•• 21>7 1. 74** 2.7H** .4 
:\11 dry cows 2 _______ •• _________ .... 210 1. 17** 1. 71** .9 

~ 

t Sec footnote 1, table 3, for ('xpltLtll1Lion of symbols indicnting; difl'erent levels 
of sil!;nificatlc('. . 

2 ]{cfl'rs to all cows included ill table 1. .. 

• 
be calculated :/'1'0111 It set'ies of obsel'rations on thl! same individual. 
Thcy lIl'C I.JllHed on t11(' l'l'gl'('RRion eqllations calc\llated from tho l'OITe
latioll cOl'fliti('nts between age and IIddt'J: weight and capacitypl'~
~ente(l in tablc 3. 'rhe data arc grollped .in the same llutllnCl' as in 
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table 3. .As l'ecrl'cssion coefficients were calculated for aU groups re
garclless of th: significance of the cOl'l'elatioll coefficient, the same 
symbols are used in tauIe '1 to show the level of sign ificance of the 
COl'l'elation Il'oln which tIle l'e!!ression ('o('flicient was calculated. 

The data in table 4: demonstrate that incl'(mses pel' year in udder 
weight and capacity wel'e greater for young ('ows than Jor older ones, 
1Vith the exccpti01l of the !!l'OIlP of Ildllr Li ft'OIl1 ('o\\'s lactating o\,er 
2 11l0ntl1s, the greatest ilJ('l'eases .in uelder weight and capacity were 
in the peri'ld cO\'Pl'l'd by the fil'st and second lac'tations, As the 
groups were extelldell to include uelclel'::; from older cows, tlte increases 
pel' yellr became smaller, 1Vhen the grollps of Ildders from cows 
over G,rears old were separated fl'om the rest, ollly one gl'oup showed 
appreciable increases pel' year in uddet.' weight ,:llId cllpacity, This 
was the group of ueIdel'S from cow::; dry j llIonth 01' less in ·which the 
older cows were all Holst<·ins 01' gl'ade Holsteins, 

The chnnges in the ratio of capaeity to ·weight with the various 
groups are pr('selltecl.in tabl('A, b.llt IIlO::;!" of tllPll1. wPI:e ('akulatcd -from 
correlation coeffieients that \\"el'e not ~jg-Ilifieallt. Nearly alL of them 
were smaller than the stllnda nl errol' or the mean: ill the l'espective 
groups. 

As might ha\'e be(,11 exp('eted, the incl'('as('s in ud<Il'1'\\"eight 01' 
cnpaeity that \\"(,I'e eaieulntp\I f1'01l1 th(' regression l'opftiC'il'nts differed 
from those that might lia\"e ['('('n caklllated by the Flllbtraction of 
group averages ill table 1. BI'('aIlSe the ol'iginal age groups \'"em 
combined in val'iolls ways ill eakulnting thp data tOl' table ,t, lIddpr 
dahl -1'1'0111 co\\'::; ill th(·ir fil'st OJ.' ::>l'l'Olld ]adations fllrllislred the only 
nearly llirect conlpnrisons, 1"'01' tll('se U'rollps illt'l'pases pel' yenr iiI 
uc1del' weight alld capacify eaIelllated fl:oll) rpgrl'!'sioll ('quatioilS were 
VO and Hi) IWI'tent as high. l'espediYely, as those ealtlllated from first
alld second-Iaef"ation !!I'OUj> :L\"(,I'agl'S fOl' cO\\'S laetatillg :2 months 
01' less, GO and Sg pel'l:ent as high fo)' cows lactating over 2 
months, LlO and D.Di pel'('('lIt· as high i'OI' cows lil',)' 1 1II0nth 01' Jess, 
and 87 and D,b jJl'I'(,pnt ns Itiglt :for co\\'s ell'Y O'"e1' llllonth, 

Two ehal'Hl'tet'ist-ies of the effect of nge on udd('1' weight and ca
pacity eompli('ate the problem of mensuI'ing Hs effect through mul
ti pIe cOl'l'elntioll metho(ls in a study of thl' 1'elationsh ips between 
producing abilit,Y nmluddel' weight and c.apac.ity. The effpct of age 
on udcl('l' weight and cn pal'ityis tUl'vi I inear by reason of more l'apid 
increases in llddel' \ycight lind en pacity ill younger cows, Also, age 
liltS little ett'pC't aftpr the sixth year, Since both of these are char
acteristics of the standard age-C'oITedioll fadm',; -for the milk-produc
tion l'eeord::; tltat ""et'P llf;l'CI, i~ seemed pm;sible that a praeticalmeans 
of 1tC'('ounting for the effpct of age coulc]IJ(' aC'('omplislH'll by adjusting 
the net enl'rgy milk yield to the agE' of the cow nt her last calving, 

A. test of this pos~ibilit.Y WaS lllade on udder data from cows up 
to f) ,)'Nl1'S of age within eaeh of till' laetating ancl dl'y-per.iod groups, 
'1'111'(>(, sets of C'ol'l'elatiol1S were ctlkulated on these data: (1) '1'he 
silllple ('ol'l'elntion between the llet l'nE'l'gy milk yield com"erted to 
maturity and llddel' weight and eapaeity: (2) the simple correlation 

. betwcen the net enel'gy milk yielll acljustell to the age of the co\\" at 
. la::;t ('alvin!! and Iltiller weight alld capacity; and (3) the partial 

cOl'l'elation uetween net energy lIIi Ik yipIll converted to nmtlll:ity and 

• 

• 

• 
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udder weight and capacity, independent of the age of the cow: Th~s~ 

• 
comparisons showed . lower standard errors of estimate for both sets, 
taking into account the effects of age, "with slight advantage to the 
set using the partial con'elation coetlicients, However, since this 
advlwtage waS slight in proportion to the amount of unmeasured 
variance, it provided little reaSon for not using net energy milk yield 
adjusted to age at last calving as a simpler way of accounting for the 
effect of age ill studies of the relationships between producing ability 
and udder weight and capacity. 

EFFECT OF STAGE OF LACTATION AND LENGTH OF DRY 
PERIOD ON UDDER WEIGHT AND CAPACITY 

PARTIAL CORRELATION COEFFICIENTS 

• 

In studying the efteet of the stage of lactation ill claYl' OL' tlle number 
of days dry Oil udder weight and capacity and the ratio of capacity 
to weight,multiple ('olTelation studies wel'e used to eliminate the 
cited of producing ability. So attempt was maeJe to eliminate the 
efFed of age: However, it did not appear that this "'olild have made 
much differenee, becallse there \\'ere significant or nearly significant 
correlations between age and the stage of hctation or length of dry 
pel.'iod in ollly two of the gl'oups listed in table 5. There were highly 
::;igllificant lIl'gati\'e COl'relatiolls (-0.2:282 and-0.2[)02) between age 
alld ~tage of la.elation in the ~l"OIlP o:f l~dc1ers from co.\\"s lactatil1l?; over 
:2 IllOllths and .1ll tllC grollp of lIlldel'S frol1l an lactatIng cows. These 
cOITelations showed that 11101'(, older <~ows \Yel'(' killed ea1'lyill lacta
lion than YOlIlIgeL' C()"'s. But this relatiollship was c1crilo11stratcd 
prilleiplllly by data :1'1'0111 cows oyer (j years of age, wlam age had 
little effl'ct on 1It1(lel' weight ancl capacity. 

The partial cOI'l'elation coetlicients between stnge of lactation or 
'lclIgt"h of dl'y period and udder weight, capacity, and the ratio 
or capacity to \,"eight are shown jn table 5. These coefficiell~s nre 

T.\I\Ll'l 5.-PaI'tiaZ cOI'/'e7ation coefficients between the stage of lacta
tion, 01' length of d/'Y 7Ie/'iod, (lnd 'uddcl'weiyht, capaf·ity, and the 
mtio of c(lpacity to 'weight, independent of net enCl'gy 1nilk yields 

-~-

Partial correlation coefficients 1 

Cddf'I'J
Group studiedJ Hatio of 

Weight Capacity capacity 
to weight 

N1tI1IIJerl 
Cows lactating 2 months or less_ - -- 72 --0. 2808* O. 0057 0.2599* 
Cows lactating O\'el' 2 lI1onths ______ 154 -. 3bG 1 ** -. 15(\8* .2151** 
Cows dry 1 month or lcss__________ 55 I -.0099 -.15134 -.0941 
Cows dry over lmonLIL___________ 161 -.167-1* -,1290' -,0398 
All lactating cows 2________________ 2~6 -.409(i** -.3427** .089(i1 
All dry cows 2____________________ 21(i -.2543** -.2586** -: 1048' 

• 
-- ,-.- ---

l See footnote 1, table 3. for explanation of symbols indicating different levels of 
significance. 

2 AVE'rage data fur all cows with productiun records that were included in 
table 1. 
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independeut of the effect of pl'oducing ability as llwasUl'ed by llct 
energy milk yields adjusted to age at last calving, 

There were highly significant negative partial cOI.'L'elntiOlls bpf'w(>en 
advance in lactation and u(1fler weight and capH('ity fO!' all lactating 
cows and between 1(>ngth of dry period and U(lt;~l' ,n'ight and ('ap:teity 
for all dry cows. The group of udders from cows dry 1 111011th 01' less 
conred too ShOl't !t range of time to expeet significant ('ol'l'elations. 
The sall1(' result to a lessel' degl'ee might hnve IJ('('n expeetpd ft'OI11 the 
group of udell'!'s lac'tating 2 months Ot'l('s::, bllt Ihel'(' was a signifieant 
nt:'gatiw cOI'I'('lation b('tween sta!!(' of lactation and lIlIclN' wei!!ht. Tn 
mm;t groups the cOl'l'elations with weight were higlwr than those "with 
capa('ibr 

• 

Pllltiit1 eOl'l'plations behn'(,11 the stage of ladatioll and the ratio of 
capaeity to wl'ight wen' sigllifi('ant and positiVl' 1'01' udders "ft'Onl ('ows 
la('tating 2 months 01' ]('ss and fOL' ,lIth,l(>t's [1'0111 ('ows lactatillg OWL' 

:2 months. although th('y wen' not ::;1!!llIfi('ant when thcse two gl'Oups 
W(·I'(, romhin('{l. Thesp eOl'fIieients with tllP I'at-io of C'apaeit,V to wpight 
indicate that til(' swelling (11' illC'I'eas(' in ucl(1cl' size OC'(' II l'l'i llg at ('ahing 
tinwis not a('C'ompanip(l b," an eqlli\'alent intl'eas(' in 11(1c1l'L' capacity. 

The que::;!:ion arose as to wheth(,t, the declil1e in lIdde'l' "'Pight and 
capaC'ity with adnlll('e in ladaHoD 01' }('ngth of dry ]ll'l'i(J(l was as 
rlta1'actel'istic for young ('o\\'s, whcn Ullc1PI's al'e d('velopin,!!. as it" was 
fo}' old(,I' ('ow!', The data 1'01' all lattatin!! ('O"'S "'PI'e :'odl'd into olle 
group 1'01' cow!' Ilnder 6 ,VPHI'S of ag(' Hlid anothl'I' gl'Ollp -1'01' olcIel' 
co\\'s. Fddl'l' data fl'()111 dry ('O\\'S \\'PI'e sol'tN1 ill the sallle way, 

Thl' silllpll' eOl'l'plation ('()('{lieipnts ht't\\'l'Nl :llh'ance in the st:'lgl' of 
lactation and uddl'I' weight an(1 ('apal'ity Wlll'C -O,~f).12** 3 llll(l 
-0.1;")7:3" fOl' ]:~7 YOIlllglaetatin!! ('ow!'. and -O,:)(i-n** and -().aJ~:!"": 
-fol' 120 old!'I' ('Il":};. Data in bLIp 1 011 ('O"'S in their lil,::;t lattations 
sho\\'t'(i that ll(l<I(,L' "'('ights "'PI'P only !'Iightly high('I' in the fiI-st :2 
month::; of lada/ioll thall latcl' Oil. and that capaeit i(':'; \\'PI'e conRidl'I'
abh' Ipss ill the first 2 1l10nth::;, By omitting data fl'olll tl1(' fil'st-lac(a
tim; ('ows, the COI'l'elHtiollS bpt\\'l~en advHl1ee ill laeratioll and lIddl'L' 
wcight and capacity wel'(~ -O,;HT;,)** and -O,:U21* I'm' 9-~ young Ial'
Latin rr cows. TIll' sil11plp ('OI'1'platiol1 coelli('i('nts bpI \\'('('11 len<rth of 
dL'Y l}el'iod and udder weight and eapaeity, reRpectin'ly."" WCI'P 
-0,2-1-80** and -O,:2!)2-!** for 15:2 young cll'y ('om; and -0.2677* and 
-0.17;tT' fOt, (H oldcr Olles, 

CHANCES IN UI}OElt WEICHT ,\:\1) CAPACITY WITII ,\I}VANCE IN 

LACTATIOX on LEXCTlf OF DHY PEHIQI} 


The ('liangp::; ill 1l(ld('1' wl'i!!ht, eapacity. alld tlie mtio of C'Hpaeity to 
weight :tl't'olllpanying pa(']L :W-day ll10nth of adnllll'e ill la('(atioll or 
Icngth of tll'Y lWl'iod al'(' "howllin table G, Thl'St' valups W(,I'(~ (':11<-11

lat('(l oft-om tIl(' Illllltiplc l'('gn'ssioll ('(IIIat ion;; "1'01' the samc gl'OllpS of 
lIdde'l's that \\'PI'C il1('ltI<lpd in thc d.lta !.!iV('n in table ii. Thc sanw 
symhols al'(, u:-,ed to in<lieate the signifieanec of the ('oL'L'<.'spolI(ling
val't:ial ('olTelation ('oeflieients. 

• Se~' footnote 1, table 3, for expiullation of sYllliJ(lls iJl(ikatillJ; llin't-I'clIt 11'vl'Is 
of sigll i tieu lice, 

• 


• 


• 
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TABLE 6.-0hanges ,in uddel' 'weight, capacity, and 1'ati.o 01 capacitlj to 
1./)eiglLt 10i' (?achBO-day month 0/ ad'vance in lactation OJ' dry pm'lolli 

Hatib ofUdders! EmptyGroup Capacity capacity
stUdied! weight to weight 

! 
---" 

Numberl Pounds POl/lids Percell/.
Cows lactating 2 months or ]ess_____ 72 '-10.97* O. 25 25. 6* 
00ws lactat:ilg O\'cr 2 lIIonths ______ 154 -.1. 01** -.61.* 2. 3**
Co\\'s dry I month or lci's__________ 55 -2.91 -6.58 -15.0
Cows dry, over I month____________ 161 -.21* -.32* -.3
Alllactatlllg cows 2 _______________ 226 -1. 47** -1. 66** .9'All. dry I)OWS 2 ____________________ 216 -.36** -.67** -1. O· 
.., -""" .~-, 

I See footnote 1, table 3, for explanation of symbols indicating dilfcrCllt lcvels of 
significancc. 

2 Avcrage data for aU cows with production records that were included in 
table 1. 

Del.'l'eases 1$ uddel' weight were most rapid during the first 2 months 
of laetation, being neady 11 pounds a month. l.Htel· 2 months, the 
decI'ease waS only 1 pound for each aO-day month. Capacity did ]lot 
dctl'pase with ad\'al1~'e ill lac'tation during t!ll' fin;t 2 months, although 
there waS a decl'ease afteL' 2 months of 0.6 pOllnd f(n' l'ach month of 
advance in lactation. The ratios of capacity to weight increased with 
adnlnce ill lactation, particulady fOl' udders from cows lactating 2 
months or l(~ss. Probably the swollen condition of fresh udderSCllllsed 
weights to be propoltionally highel' early in lactation, but it did not 
have a similaL' effect on capacity, 

Udder weight and capacity decreased with increases in the length of 
cITY period. Decreases \\"('1'(' I!l'eat('st for udders obtained within 1 
month ol'.Iess aftel' the cow turned dr'y. but the correlation coeflieients 
on this group of uddel's Were not significant. For all dry cows there 
wa!,; It monthly decrease of 0.4- pound in weight and 0.7 pound in capac
jty. Changes in the ratio of capacit}, to weight were not significant. 

EFFECT OF PRODUCING ABILITY ON UDDER WEIGHT 

AND CAPACITY 


PARTIAL CORRELATION COEFFICIENTS 

Tn studying the eff('C't of pl'Odlleing ability on udder weight, capac
ity, and the l"atio of eapacitv to wl'il!ht, du(' considemtion was given 
to the possi~ll' effect of age IJy using net l'nel'g,Y milk yield,S adjust.ed 
to the age of the (" iLt her last cal\"lng. ~[llltiple cOTTelatlO1l studies 
were used to account for the e/l'eets of advill1ce in the stage of lactation 
or' in the length of the dry period. The partial correlation coefficients 
from these calculations on six gr'oups of udders are shown in table 7. 

http:adjust.ed
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1'AHLE 7.-Pa'i'tial cOlnl{~tion coejfidents beMIJel!n net energy milk 
yields adju.yted fo}' (tge at /a8t ('alt'ing (Uul 'udder -weigltt, Cllj}(t('i,ty, 
and 'l'(ttio of capafYity to 'toeiglLt 

I~~~rt'ial_ correlation coctlicie'~ts I 

UddcrslGroup 
studied" Hntio of 

Weight Capacity capacity 
to weight 

Number 
Cows lactlLting 2 month:;. or less••• __ 72 O. 2998* O,484Ii** O. 1777' 
Cows Inctating O\'er 2 months•• _ _ _ _ HH .3800** ,4097** ,Oall)
Cow,; dry I .IlIonth or leliS__________ 55 , ·1980** .5975** . 228i" 
COW!; dry o,'er I lIIonth. ____ •• _____ WI ,413! ** . 'HilS** , 2!)7!l** AlIlncllLting cow;; 2________________ 221;
All dry cows 2____________________ 2!{) ,2072** .3701)** .0890' 

. ·llli2** .41;77** ,2321)*+ 

I Rt'l' footnote I , table 3. for explanntion of symbols indicnting different 11'\"('ls
of significance. 

2 Avemge duln for nil cows with production rl)cords that were included in 
tabl(' 1. 

All of the parlin1 COITl'lation ('opf1i!'ientR b(,tw('PI\ net l'IIt'I'gy milk 
yields and udder wpight: and eapaeit y in tablt, "j \\"('I'l' highly ~ignifi
('alit cxcept: OIlP. find 'that OIH' Was ('1()Re to that Ipv(,1 of sigiJifieallce. 
The coet1ici('nts \n'ec a. little highl'l' £01' uddl'l'~ fl'olll dry eOwS. tltall 
1'01.' Ilddpl'S fl'om laciatin.~ ('ow:;, Thus it would appeal' I-hat: the size 
of the utlll('I' .in de,\' ('ows is as 1'('1iabh~ an estimate of producing ability 
as the siz(' of tilt' ulldc'l' in lac:tatill~ ('ows. 

TIl(' pa rt inl ('(H'I'(' I a tion ('(l(>f1il'il~lltS bl't\n'en npt elWI'cry III i Ik yi('1ds 
and tbe ratio of wpjcrhl to elll1ueitv "'PI'P hitrh1v sitrllitf('ant- 1'01' ('OW8

~ .' ~ .1 ~ 
tIl'Y 01'1'1' 11llOlllil and 1'01' Ilip gl'Oup of alt dl')' ('(J\\"S, but 111('." \\'('1'(' not 
si~n.ifi('a nt 1'01' n ny gl'OIlP of lada t.i II,!! {'ow:;. If thl' ~'f1'l'd of pl'Odu('i ng 
abilIty on lIdd('I' ('upaelty was ('los('ly pal'allpl to lIs pfTpet Oil uddcI' 
w('ight, it is (Jllly nat'III'al thai till' ('oIT!'I;!1 iOlls [wi Wpen pl'odllt'ing 
ability and the I'a! io of wpight to ('apa('if,Y wonld b(~. low, Th(' simple 
l'OI'I'l'lntion ('ot'lIil"il'nts lwl \\'(,l'n u<ld('1' \\'pight and ('apal'ily II'PI'C O,fiii H 
t'Ol~ ('0\\"5 Iael'nlill!! ~ IllOnths 01' Ipss, 0.:)-1:;(; frll' C'O"'H lal'ialing OWl' 2 
lllonlhs. anrl (Ui~l(j 1'01' all lal'iating ('owS.. ~imiJal' ('ol'/1i('it:nts for 
IId(JPI'S from dl'.'" ('O\\'S WPl'e O,fi()~:\ 1'01' ('0"':; til',Y I IlH)IIt-h 01' Ipss, 0.:'),11(; 
10I'('o\\'S (lIT O\'l'1' I. month, and O':i(jO.) 1"01' all dl'Y ('ows, 

'l'lIc I'eason for highly si!!nifieallt ('ol'l'(,latiolls ill ell'Y cow ~J'OllpS 
bc'lwPl'1l pl'odll('ing nbill!'\" al,ld litp I'at,io or (,:lpa('il y 10 w(:ight lIl:l)' 
havl' bN'1l due 1:0 a tl'lldl'lle'y 101' lite "'(,Igltts 01: dl'\' udderslTom pOOl' 
Pl'Odlll'illir l'ow", to ineludC' 1al'gl'I' P('I'l'l'lllagl'S ofl'at ill propoltion ttl 
~Jalllllliar. ti~~IIP,. 1'h('I'C'slIll \I'()lIld be' IOWl'I' rat ios t'()I' !IIl'!:ic eow:; a.nd 
highel' mlills foJ' highl't' pl'odlleing cows. 

r.IIA"'C~:S I~ l'DI)EH \VEICtI'l" ANIl C, P" ..ITY WITII INCHE,\iiES IN 
PHOI)l'CISG ABILITY 

Th(' eha ng('S ill \1\1(1('1' wl'ighr n lid 1::lPlI('ily I Ita I ;1('('0111 pan il'!! (,:teh 
1,OOO.ponntl 11ll'I't'n-=c 1n Ill't ell(,I'/!S Ill.ilk .ril'ld nrc :-:110\\'11 in table S, 

• 


• 


• 
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These values were ca1clllated from the mUltiple. l'egl'ession equntions 


• 
£01' the Same. )!I'OUPS of udders that al'e listed ill table 'j. 1~he same 
symbols llre used to indicate the si)!nificance of the corresponding par
bal correlation coefficients for each group. . 

'l'.\IILE S.-ln(,i'ell~e8 i.n ttdder u'f.'igltt, c(tpacit~!, and the 1'atio of ca
pa('ity to weight jO}' each l,oOO-pound -incre(i{$e in 'net energy milk 
yieltl l 

.- -. 
Hatio ofl'ddt'rs. 'Empty

Group Capacity capacityweight to weight 
---' '~'~i~1 --

Number POl/mis POI/lids Percellt 
CO\l'S lactating 2 IllOnths or I('ss ____ 72 2.05* 4,30** 3,0' 
Cows Inctntf!lg o\'('r 2 month:; .. _____ 154 1. 14'** 1. 98** ,4
Cow:; dry 1 month or 11,:);5__ • _______ 55 1. 31 ** 2,41'** 2, 9" 
CO\\'S dry O\'cr I Inonth______ .______ 6-**161 , I 1. 53** 3,3**
Alllactnting cows 2_____________ - __ 22G 1. 19** 2, 38** 1. 2'
All dry GO\\,); 2 _____ • __ .-_-- _______ 2\{j .80** 1. 69** 3,1*· 

I Set:' fontnol!' I, tahle 3, for cxplanation of sYlIlbols indicating different lc\'cls 
of si~nitit-ance. 

2 A\'crage data for nil cows with production records that wpre included in table 1. 

• 
The data in table S show increases of 1.1!) pounds in mltlet' wl·ight 

and ~.:Ii'; pounds in capal'ity for each 1.0GO-pound im:rcase in net enel'gy 
milk yield :for.all lactntil,lg CO:"8. Correspondin~ !l\(,I'ense~ for all 
cll'y cows were O.SO pound In w('lght lllld l.(j!) POU1IU:; 111 Ilipacity. 111
(TeaSeS in m1<1t'r weight and cnpa(,lty for eadl l,OOO-POlll\d increase in 
Ill't rnel').!.)' lllilk yield "'('1'(, ('on:;idl'rlllJly gl'eaterfor cows lactating 2 
month:; 01.' less than 1'01' ('ow:; laetati ng o\'er ~ months. Abo, they wCl'e 
)!J'l'nter ill pl'oportion to tilt:: ;t\'el'age uddcL' ,n·ights and <:apncities of 
(aeh of these t~\·o ).!I'OUpS. In like manner, the increases in udder 
wei).!ht and eapaeityin pOllmls. 01' in proportion to the a \'PI'age weight 
and l'llpae.ity of ('ach group, wel'e greater for cows dry 1 month or less 
than they were fo1' cows (\J'y oyer 1 month. 

SELECTED PHOTOCRAPHS USED TO ILLUSTRATE UDDERS 
OF DIFFERENT SIZES 

Ha\'ing- estalJlbhed rhe l'elatiol1:;hip bptween lwodueing ability and 
udder size a8 JUNISlIl'(,(L by ('mpt)" wei).!ht and capacity, tlll'I'C 1'('JllaiIlCfl 
the nccd :fOL' intel'lln'tin).! thl' dabl in U.'I'ms of udder size on the liying 
('OW, TlwL'P is no pral'tit'al way of 1l1('asllL'ing the weight 01: earatity 
of an ud(i(,t: while it is atra('\\(>(l to the ('ow, The size of an udder 
1l\u:'t b(' jud).!€'d.fl'oll\ its appt':lI':llH:e, '1'h(' pit't\II'es in plntes 1 to 9, 
illdn~.i\·l), are 1)J'ei-il'llted ill ul'(\('r to esmblbh the rclationships between 
t lw wl·i[!hts of udders of (Ii Il'erellt sizes and theil' appearance before 
"lau!!htel', 

~r(l~t of. the .Jj:j lHlclen; us('d in this s(wly we're photo).!l:nphed :l few 
day-.Ill'fol'l' thl' ('ow's t\(·nth. Thl'i-ip pho(o).!raphswPl'(' takpl1 ;:0011 after 

• milking. by a ::-ulIHluL'dized pL'ocedul'(', to show alludlll'1's alike in scale 
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H'I\c1 position,. Pit-tures were selected from three groups of udders 
soded Il('cording- to age unde1' ('ach of thl'l'e grollps sOlted according 
to the stage of lactation 01' length of dry pel'iod, For ('aeh of these 
nine g1'OllpS. examples IIrc shown of thl'('(' Holstl'in Ildders and t h\'ee 
Jer~ey udden. thnt were high, medium, 01' low in wl'ight. No pietures • 
I'll'e shown fOl' udders dr\' 1 month ()t' less. bel'allse tlli;; was a ;;lI1all 
group from wldeh to nlake selections /lud because of its limited 
lI!:ll'fulness, 

No pidu1'c WIIS a.vailuble r01' a large udder from It .Tcrsey cow Inc
tllting:3 months ol'le:;:; in hel' first IlIt'tation. so a pictui',' 1'1:0111 an oldCL' 
cow with an udder of the desil'cd weight was w:ied, Also, because no 
pi~tlH'e WIIS aVililable of any small Jersl'Y udde1' in the Same group, 
one from tl cow of the sume age nearly 6 months in lactation WaS 
substituted, 

The weight of each udder is shown with each pictul'C, ~fol'e data 
on eneh udd('I' arc given in table n, The Ihre(> valu('s for each bn't.'(1 
group IIl1del' the column f01' g-I'OllP w('ig-ht data are the mean elll»ty 
wduht. for ILl.' grollp. the mean pIllS thl' l'tanda.rd d("'iafion, and the 
111(':ln mil1lh tIlP stan<lal'fl d(~Yiatl()I1, Th(>s(' an' data ('alelliated st'p
hratl'ly fol' Holslpin and for .Jersl',Y groups, '1'hesl' ndllN; lI\'(' showII 
in 01'(1('1' to lo('ah' the pxall1plc iIlustl'atl'd in r('lat ion to the ":triation 
Ihat 0('('111'1'('(1 within paeh gl'(H1P, The net energ-'y milk yields ar(' all 
Oil Il. matlll'e basis, No attempt was made to sl'll'ct largp nddp\'s with 
high pl'Otill<'lion I,t'('ol'lls and ;:;mall 011(':'1 with low l'l'('QI'ds, As a 1'(' 

suIt. thl' eXlllllplps :dlOW ll1ul'h d("'iation fl'om the genel'all'elationship 
betwe('ll p1'odul'ing- ability and IIdc1pr 8ize, 

• 

• 
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'j\\III, I:. ll.,·j)ufa on m/d('l'... t 110t 11'/ I't' .'1/ 1/ l'/r(/ to ilhl8t1'(1(1'. h11 pJwtO[l rap/ts (pls. 1 to lJ). tlll' 'I'll ,.iatiol/l; in size bel ween 

lIlI diJl!1'l1l1 !/I'(lIl/I... u('("onLiIl!lto ([{II' alld . .,ta!/l' oj lactation OJ'lellgllt oj dry period 
('ow,", ]"\("1',\'1'11\(; 2 ~1!l"'J'II'" Oil Lgss 

~ 
t'j....Dutil Oil ('11(.,11 lIdd(>r ,;(;I(,~·tl'(1 for iIIllstrutioll o 
~ ..,:

(~'-~! 

Age nwl bn,pd groU]1 :\ I ('llII ~\I('1I1l ~ - ~~ II Ante ~ • l't ,',Il!ply: ('UlllIl'. ' 1ll0rt('1l1VIII" , :\1 PILI I Illiml: ; A~(' lit Time ol'dll!,!' Hi1.(, TillJ(' ('n('rgy ; wmght ,,' f I f('O\\" Illlit in 
dl'YII1- \\('iglil !lP\'iIl :\o. ('111 vinl!, IlIilk 

• ~(nlll]lll'dl ('Ill III r I-talldal'd p;roup dry wilk' i of 'I' I"r 0 gnu I' 0 n 
. I I I' I I I udd(>r utl<l\'r ~ 

tioll lioll ,\'1(' I I ( t ('r ; IfoJ' Hizll ;; 
n- .... 
""/'OIIIIIIR /'O!l/ll[,~ i /'Olllltl,~ • J/'lIIlhili /)II!J.~ j)ays i POlllldS~1 POll:ld.J P/ll~I:;SI; -- ~ 

li'ir.stltH'llIiion: ILlu'p;(' 2!)2 ' 27 ·1::1 44.·1 .4b . .4 _ o 
"'lHols(>ill. :m.1 au; 2,1.;; t,:ll'diUlll ((!.I;~ 'H .!~ 3-1, a 40. 0 Ii 5

~lllllll IhOS 2.~ ;).~ 2:i. 2. 30. 8 5~ ,..::

f LILI'!'(p ,·183 57 22 12, {).I 7 ' 3~i. a I 71. 8 7 lIi 
,Iers(>r :~n, ;j 2i~ 5 Ill, ii l~Ir.'dilllll 1·(:38 2·( 51 ! ; 20. (i! -13. 7 ! ., + tojI j ,>" ,> I ~"O_.J,. _ ,)0. ..),'HIII1II1 1·12:i 20 107 r..1 

Second ItL\'1 nl iOlI to li j'l'lLr,;: LIlI'/.\l' , 8·18 GO 5 . 1-I. 8-Hi ] 65. 7 II 1. 7 9-- ~ 
HOh-lt'ill, !HI. 0 05. ] 30..J {~h~diUIll' ___1 1011, 53 32 I 22,710 5·1. 7 , 108. 7 (i ;; 

...;HilmI! ]()20 4!) 75 24, 588 ' 3 ... 6' (i7.5 4 

Jersey_____________ _ LarP;(' _11476 55 17 18, li5 48.0 47.8 6 n 
51. 8 ·12. J 32. ,I :\!t·dillnl.___ 1·182 5a 31, ] 2, 916 40. 2 49. 1 6 o 

{ SI1IIIII" ~ 6!l7 70 37 , •• , 1(i, 073 2!l. 2 05. 6 6 ~ 
6 yenr., lind ()\'cr: .[Large' 287 135 0 . -1 22,012 1 138. 2 I 70. 8 9 c::• HoJ:.(ciJl_~ __________ J 105. (i 75. Ii 45.5 i1~lcdiulll- ___ ' 802 l1(i Ii __ ., 16,·131 ' 72.4 110.0 8 o 

oI~Slllall - - - - - 255 ] 15 32 ' 13, 59{j 42.7 55.9 5+ 
I{Large ___ 1411 83 20 15, 979 01. ., 95. 3 8 t'j 

:::I 
Jersey_______________ \ 50.5-1 43.0 I 29. .", ~ll'rlitIllL--- ~~~ 185 27 , ]~, 18~ I 40.0 63.5 7 

32.5 66.0 6_~= .." SlIlalL_ --- 6;,3 107 I 40 r'·--- 10, 793 1 

~.



______________ _ 

• • • 

;TAIlI,l~ f).~-D(tfll, on 1Jddl'l's that, were seleded to illu.strate, by p1tOto!lraplu; (lJis• 1 to 9), ti,e 1'llri(ltioJl.s ilL size IH!twun ~ 
the dijf('rl'lIt yrouJls (/('('ording to age ami sta!//! of lactatiotl or lC'1I!}th oj dry 1Jeriod-Coulinued 

>-3 
Cows !.;\l"l'.\1·UW On:" 2 i\!C)="TJlS c 

pj 

~ :.(. 

Empty llcldl'r wl'ight datil DatIL 011 eILch udder selected for iIlu:;iration 
for ellch brcl·d group ~ 

t" 

t::: 
oA~t' IUlll hn.pd ~r()lJP ,Menn " Myun 1 	 I ". Net IEmpt). 'I Ante t"

\ ViliS I Meun f1)IIII1S L-dd('r ,;izl,' ('ow' Age ut I I !IIlC Tim(': el1('r '" wei .. ht,· ~,np/~c- mortem t"rrntlc
stulldllrd clI1p1.y st.audard g' I ". lust, III (Ir", I "llgk' ohf , . Ity of 6 of ~ 

d . I . I t I I' 'rO\l) .\0. I" 'Ik "II II Id

I e."lll- WClg l' I {('.'·IU- cu VlIIgl III' . • vicld udder, II( I cr lJ( ~r ~ 
tlOu 1 ,tlOll • I for size Z 

" 	 I I Q 

~ 

}'ir:lt In-('-i-ul-i-O-ll:-----r~~~:;l/IdS " 1'01lJld.~ , 	 -1---- i M01lths' /)(/11'~ , J){/!I'~ r-;:lI:~~ /~o~~:'~~l!l/'oli;ul" -- /'011111/:; : 	
Q 

I 	 {Lnr~e l 12(;0 20 Iaa :37. ,,1 41. 3 : 5  ~lIolstt.in~ __________ 	 I 3.J.7 27.0 21. 2 :'II ('(lilllJl --J 12!l1 2·1 :371 lR.2S7 27.1 1 50.1 :JI H,'I1lIlI1 J21 R 2·1 21:1a la, 3 I 2 22. 7; 35.!l 2 f/1lJLur~e JOHO 20. 20i) 31. 7; 57.0! 6
e.Jerse ______________ ., 31.!J 27.0 22. J l:'lJedillllL_- 10:35 I 31, 4!J4 i 18, l.Jij. 2R () 47. U I Ii- 11 	 pjy 'l::illlall ... -. 675 	i 25 1 4601--'-. ll,2!J51 17.!J 27.2, .J, 'e 
~ Second lactation to 0 yenrs: \ 	 ,! ., • _ I I. ' 	 I{Lar!-(' _.. 8-1·1 ~ 67 l .319 ____ •• ]8/2::1;), 48.6 76.6 6 

35.8 78. 7 5- olIol"tein_ .. ____~____ .j 52.3' 40.3 28. a ;\I('rlilllll____ sa7' 65, 200 i. _____ 18,054 	 "'l22. 0 59. 8 ai ~lIlall, - ___ 8;)8\ 53. la8 ----- 8,503I rLlirw~ ,.- 1-187 57: 125 ---! 1a/(i02 4!l.a 43. 7 1;+ 
o> 

32.7 67. ,5 6 :::;,Jer~('y_______________ .J2.2 35.5 2S.8, ,l:'l[ellilllll---- 087 70 375' .---_1 16,358 ' 
i ;;lIlall ,_. '"__ 6.J3 70 500 ______ 18,409 24.6 40.3 5 cc: 

,Six yCilr,; and o~Ter: 	 ' I 8.J3 I 278 -1 54.1 7 ...,fLargc. ____ 72 ______ 18,090 75.4 ~ 
45.4 60.4 6+

Holstein_____________ 57.0 '16.0 35. I l:'lICrliUIll----, 831; 88; 25.J 17,677 . 	 c::481111llL _._ 2ii) t lOa 3n 21,242 34.0 52.6 I :::;
[ 

Large ,- .... ; lOHO 78 154 .. , .. 17, aHO 49. i) 1 50.01 7 pj 

3.J.8 i 44.2 7
Jc~cy 35. I! 24. i) • ~lcrlillll1_---i 6~2 8, 220' .• -.. I']2, ~97 :45.7 I . {HlIlalL_ _ 4_6 I 144 I 152 1 ______ 13,620 I 25.41 41. 6 . 7 
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Cows DIt)" O\'Jm ] ?lIOX"I'1i 1 

--~"' ''''------,....---;----.-----
Fin,! Jllctlltioll: 

W. 4 2_ JLII:~~ .. --'-, 1~1O ~4 L---- g~ 1:1.,7481 2]. 1 j
llobtl·ill. '. _________ . 

.~ 

25.0 20.1 In. 1 ; l~IOh\lIll_-_-, 1~] 7 ~~ •• _.. 2.~ 1;;.004, 18.0,> 22.6 2- ~ 
, HIlIllII _ I.Sf> 23 _.. _I lOll! 1/,484 14.4: 21. 2 2- o
'{Lar~C ,]012 27. '" .i ](j] I 12,3·15 23.7 i 21.5 2-- ~ 
,Jer:;cy____ • ___ ._ .. __ _ 211. 9 21.8 ){j. G I ", h·rlilllll •••J 1001 39 '. ____ ,I ]91 12,782 ' 20.7/ l'i.6 3+ 0-::. 


Sllmll.. ": 1003 30 196 14,328 18. 5 20.0 2- > 

$e(~olld l:letlltioJl to (j YCIITS! z 


I£obt<'in. ___ •• ____ ....' 
Ll1f~e _" I 1217 57 70 18,432 1 32.1 I 20. 9 6-

,")" 
:31. (j 25. a In. 0 1 ?llediulI1..... / 1204 39 OJ 20,] 12 ! 24.0 87.0 3{ >
I SlIlall _ .• 211iJ 59 470 14,3·15 ]9.9 : 4 I. 5 2j -= '{Lafge -._ 1498 38 57 13,20·1 20.5 j '10.0 .6 >

{"}
.Tersey. . ._-------  aO.2 2·I.·J ! 18.11 j )lp(\iulI1.___ J.J12 08 300 17, G93 28. 6 423.7l ~ 

"-::SmulL ____ • 1002 30 192 10, 157 18. 3 15.5 2 ~Six .H'ars lind oyer: 
~{LllI.ge .. ,... 800 87 72 ]3,7581 47. 8 49.2 5- "'l 

o 
Holstein_ • ________ • 41. I) 3·1. 0 20.0 i ?llt·lliulIl____ 280 89 . 42 ]G,180 33.0 4(;, 9 4 

I SIIIIIII. " 8l(j I 82 i 55 l3,74a', 22.4 GO. I 34- ~ 
'{Lllf/-(e. ·HO; las 30 10, a:H i 8;}.0 40.3 G+ :.:l,JefS(·y__ ••••• ______.J 3].5 2·1.!J. ]8.2 ?l1(.(lillln ____1 4S0, 1·18 77 I 10, fiH I 2-1.;j 21). 0 G~ ....I ' HlIllllI - -.- 41G I' 109 "j 2.11: H,929 I 18. 6 28. 1 3 :;-; 
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SUMMARY AND CONCLUSIONS 


DatIL 011 the uddcl's from 'ti!3 <'0W5 lHol:;teill~, grade Holstcills, and e. 
Je\'sl'Ys) wcn~ IIsPIl in IlUlllCL'(),IS gl'Ollp alld ('OI'I'(,I,lt;ioll b;lIdipH to 
de(('I'lIlinp the rdation~ltips betwc('n udder SiZl' amI prodll('ing ability, 
and the cH\'('t of agc, bl'pt'(l. stage. of lactation. and lC'ngth 01' (lI',Y IWI'io(\ 
on Ih(l weiorht and capn('ity 01' t'lIl' udder, Ex('('pt in a ~llld'y of bl'Pl'd 
difl'l'I'('l1l'C!, tht' datil I'l.'olli all bL'N.'d~ WPL'C' ('olllbinpd to in~lII'e a snfli
cit'n! 1I11mbel' of lI(idl'I':; in the Vill'iOll:; uge and laetalion-<',Yt'h' gl'OUpS, 

GI'Ollp Hn'l'agps and ('ol'l'elation sludi(';l showl'll ddinitp im'I'l'aS('S in 
uddl'\' weight: and eupaeity with ug(', The inl,'I'eil;l(':; in wpight and 
capaeity \\'CI'P grl'lIll'st bd,\'pen thl' fin;t lind se('ond lae\.ution. I.'unging 
il'om l:U;;,) and 1.7,% pounds :t FlIl', l'l':i\l(,('tin,i,\'. fOl' ('ow:; laetating 
2 monl h:i ()\' ipss to :Ui I a IHI ,L;a POlllHls a ,n-a \' 1'01' l'OW:; dry O\'CI' 1. 
month, 11\(,I'l'a;;('8 \\'('rc qUitl' (Ipfillitc for all young ('OWfi. bllt thpy 
wl'l'l'insigniliellllt 1'01' ('OWS 0\'('1' U ,\'pal's of ngl" Frolll the eadiest ngl' 
at .fil'sl eah-ing lip to (j ),pal's 01' agl'. y(·arly il\(,I'l'a~l'8 in ulI(il-l' wl'ight 
alll! eapaeity wel'c HI.:2:! and 1-1,7:2 pOllll<ls. l'pspN,ti\'l,ly. 1'01' eows ]:1('
tuting:! mont hs 01' Il'~s; ;:',1:2 Hlld -1.1.:\ PUIlItt}:, 1'01' ('o\\'~ laei'ating OvC1' 

2 months; allt! 1.5a nlld L!)() pOllnds 1'01' ('OWS til'), 0\'('1.' 1 month, 
J)abl fl'om Holst('ill lind .}PI'SPY ueldel's wpre sorl('(linl:o s('pamtc 

bl'{'p(! gl'()IIP~' 'l'ltl~ i\\T('I'agc weight: and eapaeityfol' ladating lI\hll'l'S 
waS ~I!),4 alld U7,D poulllls. 1'{'~pet'li\,l'ly, 1'01' 7H Ilohitl'ill eow:; with an 
a \'PI'ageHt!l' 0 f () ypa I'~ ~ lIIonths. and :\H,ll alld 0ii,() JiOU nd~. I.'pspeet ivl' ly, 
fot' HO .Jpl'~(,'y ('ows WIth an an'l'age 1It!l' of 7 Yl'nl's, 'rhl' a\'l'I'agl' 
wpight and eapaeity of dl',\' mhl('l's was :27,0 (HId :11.4 pounds. I'(>:;})('('
tin'lv, fOl' un Hols(('in cows with an aYPl'agp age at last calvin~ of 1) 
YPtll'~:2 months. and ~-L;) alld ~H.,H. pO\llHls. l'l'Sl)(>t'lively, for (i(j Jersey e 
cow!-. wHh an a\'('I.'U!!{' a!!(' at'last ('alvin!! or;) \,pal';; U months, 

.\(I\':llIl'(' in tht' sin!!c' oi' laelation w(is assoc'iat('d with yariable but 
c1pfinire dN'I'C'aSt'::; ill lidd('I' w('ight 1I1\(11C'85 definit(> dC'tl'I'aspsin eapac
it\" 1u(,I.'('as('s ill Ih(' It'nulh of' dn' 1l\'I'iod WC'I'{' asso('iall,(j to son1l' 
(>xtl'llt with d('('I'pa~psin iuldl'l' w{'i'glll' and eapa('it-y, 'YIll'n 1Ic111l'I's 
fl'om (,ow:; lil'Y .1 month 0l'Ies5 \\'PI'P ill('lud('l! with uddl'l's lIl',Y OV(,I' 1 
lI1onth. Ihpl'(' \\'1'1'(' dl't'I'C'lI:;P'; 0 I' O,:;(j 1111(1 (l,U7 pound i II \\,l'i~M a lid 
C'upa('it\' fllt' ('ill'h 1\I011Ih, ~Jollthly c1eC'I'PlIf:(,;'; with advancl' in lacta
tion f()L~ all la('fating ('(l\\',; ('olllhilll:i.l WPI'P 1",,7 poullds in wpighl" alld 
l.UU pouuds in ~'apaeitT. bllt <111l'in,~ the fit-st 2 mOllths of lactation a 
lllonthly d('(,I'l'a~(' of Hun pound~ in wpighl \\'11:; Ob~I'I'\'N1. 

lli~111y "junifiellnt t'ol'l'elalion:; ill'! \\'('('11 pl'Odlll'ing" a1.Iility alllluddcl' 
w('iuht lilld'l'apaejfY\\'l'I'l' found ill both ~I'()UPS of Indatin~ eo\\'s allli 
inbolh gL'OllP~ of lIl',Y ('O\\'~, TIll' C'(lJ,j'('lation:; bl't \Wl'n PI'Odlll'illg 
ability nnd uddl'l' (,lIpa('ity \\'('1'(' a little hi,uh('t' than Ih(l~(' bl'twt'PII \)1'0

(\lI('illlT ability and. IIddl'l' wpig-hL _\;i (hI' l'o('lIkh'lIts fOt, dl')' IIdd('l's 
WPI'P 1~!ittil' hi/ . .dH'I' thnn t host' fot' lal'iaiil\,~ nddel's, it would seem that 
alal't!(' dt'y, 11(1<1('1' i~ a:i good an indieatiOIl of j)l'Oliueillg ability as a 
]tll'l!l' lndallnu IIddl'I', 

th£' inel'l'a~('s ill lItiliPr wl'ight and C'apaeity that accompanied ('a ell 
UIOO-pound illl'I'l'l\;;{' in npt PIIPl'gy milk Yll'ld W(,l't' :2,Ofi and -J.,:m 
pOll It!!". I'l''''!>l'\'! h'I'ly. rOl' ('O\\'S lattal ing- :! 1I101lth:; 01' 1(':is. 1,1-1· ltlllL 

l.m.; pOllnd:> foL' ('ow:> Ia('tating O\'l'I' :2 mOllth", l.;H and :2.!1 POllIHI:-: 

e 
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for cows'clry 1 month ot·less, and 0.67 Ilnd 1.53 pounds fot· cows dl'y 
over 1 month. 

The mUos calculate<l by dividing uddet' capacity by empty weight
• of uddet· had no consistent signific:lIlt relationship wIthin all gt·oups 

with the efreds of age, lactation cycle, or producing ability. HoweveL', 
there wel'e sitrnifkant positive eOt'l'elations between this I'lItio and pro
ducing ability in <II'), ('ows and between this ratio and :ulVllllce in lac
tation fOr co'\\'$ lactaling g months or less and cO\\':$ lactating ovel' 2 
months. 

Gr~llps of llddel'l)icillre;; arc shown to illustrate variations in size 
for ddfel'cnt age all( lactatIOn cycle gl·Oups . 
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