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ARTMENT OF AGRICULTURE

Weight and Capacity of the Dairy Cow
Udder in Relation to Producing Ability,
Age, and Stage of Lactation’

By oA MarrHews, duivy hnsbandman, W, W, Bwerr, gexior dairy Tesbanidman,
uhd M. H, Fouusax, head, Division of Dairy Cutife Breeding, Feeding, ond
Manugement, Burcuw of Dairyg Industry, Agricaitiurat Reseirele Agurinistration

-

The Bovine udider, as the organ of millk secretion, justifiably de-
serves considerable aitention in any attempt to estinute a cow’s pro-
ducing ability by her form or type, or in any study of the possible
relutionships between her prodncing ability and her type and anat-
omy. Score cards for judging dairy cattle give considerable impor-
tance to the size, shape, and ather characteristics of the udder, Yet
relntively little research has been done to determine the relationships
Letween these characteristies and producing ability.

Swett* fonnd significant cut-re‘ntiuns between producing ability
und uddler weight and udder capacity in o group of 11 cows of various
Lreeds.
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The purpose of this publication is to veport the results of studies
conducted by the Bureau of Dairy Industry to determine the relation-
ships between udder weight ov capacity and producing ability as
affected by age, stage of lnetution or dry period, and breed.

SOURCE OF DATA

Most of the udders used in this stidy were obtained from Holstein,
orade Holsteln, and Jersey cows that werve slaughlered over a 20-year
period at Beltsville, Mld,, in connection with other vesenreh on the
duiry cow’s anatomy. Additional udder specimens were obbialned
from autopsy cuses and from some other cows nof used in the anatom-
1cal research.

Altogether, 473 udder specimens that were suifable for use in this
study had been obtained from these sources by March 1, 1946, Duta
on weight, capacity, and producing ability were complete for 42
ndders, No production records were availabie for the ol her 31 udders,
since they were from cows that died or were killed during the first
lactation peried, but these ndders were ineluded in the study of the
effect of ure on udder weight and eupacity.

Before the cows were slanghtered, most ndders were examined
thoroughly for size, shape, and handling qualities.  The resulls were
vecorded as grades for study in comparison with the internal strue-
ture of the udder.

Each cow was milked just before slaughter so that the weight of
{he excised udder would be its enupty weight.  The udder was removed
Trom the carcass with enough lnde from adjseent areas of the body
to allow it to be suspended from a specinlly designed “udder bourd”
i a nearly normal position.  Strings were attuchied fo the septum
between the halves of the udder to hold up the middle part.

The exeised udder was ftled Ehoough the feats witha 5- or 10-percent
Fformalin solution to Ax or preserve the tissues tor fonfure studies
and to obtain a measure of cupacity, The larger veing aud arteries
extending beyond the boundaries of the udder were tied off to prevent
the eseape of the filling fluld as it seeped into the vaseular system
from the milk ducts.

The earliest udders obtained for this study were filled by means
of a hand pump. Iilling wus coutinued until the wdder appeared
firmly distended or maintained a pressure of several pounds, on the
gage ab the pump, between strokes of the pump.  Later spechuens
were filled by w gravity system, which delivered fluid at a pressure
of 10 pounds. IFilling wus continued for 5 minites, or occusionally
longer for lurge udders.

Still later, over a period of 12 years, the udders were filled by nsing
10 pourds of air pressure tu force thad from tunks into each quarier
of the ndder. The tanky were weighed at regulnr infervals during
the filling |l)r0{-ess in order to measure the rate of flow inte cuch
quarter. The basic fitling time was 3 minntes; but £ ¢he fluid was
flowing at a rapid vate at the end of the H-mimate period, filling was
continued uneil the rate of flow was definitely slower. Krequenily,
7.5 to 10 minutes was required to fill Targe lactating udders. The
filling pressure, which was standardized aé 10 pounds, was several
times the pressure ever developed in u living lactating wdder, but the
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udders could be filled more rapidly with this pressure than with
lower pressures,

At times, when an udder was needed for histologicear] studies, ole
side was removed and only the two quariers on the other side were
filled with fluid. The eapacity of the udder was caleulated from
twice the fill in the two quariers,

Figmre 1 shows an udder suspended from an udder boanrd being
filledd with Nuid by means of the nir-pressure appuratus,  Lhe filling
provess was praclicadly completed when this photograph wus taken.
A metal teat plug, with a turned shoulder which was pushed in past
the sphincter musele, was inserted in each teat to prevent the escape
of the thid.

Fiooul L—Filllng an wdder with (e gdb-presanre apjarralus o neasure eapkieity
il the rte of How into cacly qiarter,

METHODS OF MAKING CALCULATIONS AND ANALYSES

This stuedy ivalved three mensueable churacteristics of (e exeised
pidders amd five factors that appeared 1o have some elfect on these
ehavactevistioe. The neasurable chavieteristics were cipty weight,
h(.d!)..lL!F:\_ . The
weight
factors Hlu may infinence these charnctovisties of an ndder are: The
Lreed, age. stage of lactation, length of dry period, wnd producing
ability of the cow,

The size (empey weighi ) of enel ndder was determined by weigh-
ing Lhe excised mdder. whiel in most eases had beenr mitied ont just
before the vow was slonghtered. Milking was ot possible with
tlders Trom anitopsy eaxes, buy o prolowred illnes: nsually checked
mik seeretion before deatly oecarred sind the ndder was peariy enipty

capueity, and the ratio of capueity to weiglt (mtio:
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when weighed. Empty weight was not always directly proportional
Lo the amount of glandular tissue present, since greater amounts of
fat were included in the cmpty weight of some wdders thun others.

The capacity of each udder was ealeulated from the quantity of
fluid vetained by eaeh quarter during the total filling time, whether
it was 5 minutes or longer. The quantity th-f seeped oul of The
ndder tissues during the silling process was subtracted from the
quantity injected to determine the quantity retained. 'The quaniity
of fluid retained {in liters) was canverled fo s milk equivalent in
pounds by mutéiplying the fiters by the fucior 22735, which represents
milk weighing 844124 pounds per zallon,  This methed of expressing
udder capacity was favored for convenienec in comparing capaeity
with emply weight and with records of wilk production.  Actually
the eapacities of the lactating udders, as determined in this way, far
execeeded the lavzest mmount of milk recorded for a single nilking
from any of these cows,

These measures of eapacity were to some extent approximate values,
because Muid ander pressure of 10 peunds would continue to flow inle
nquarter of n large wdder at 2 low rate (200 to 500 gm, per minube) for
an indefinite length of time,  For example, if the flow into cach quar-
ter of a large uddor was at the rate of 480 pm, per minuke when the
filling process was rerminated. an additional minute of filling at the
sume rate would have added 3.0 pounds to the value for the capncity
of that ndder. Nevertheless, inexnctly as the actual capacity of an
udder inight be measnred. these techniques gave goad relnfive measureg
for comparing the capacity of one udder with another.

The ratio of capacity to weight was caleulated by dividing the milk-
cquivalent capaeily by the empty weight and exprossing the result as
a percentage. Tt was expecied that such a ratio might mensure dif-
ferences in uidder porosity and therefore in the “guality of the udder,”
as indicated by s degree of looseness after milking, A higher ratio,
mclicating greater eapaecity in relation to weight, thus would vepre-
sent a higher quality ndder,

Differences in the weiphts and capacifies of udders from cows of
different breeds were soon apparent.  Comparing the gvoup averages
was the only way to mensire these diffesenees, and some separte hreed
studies were made on wider duta from 367 cows (Holsteins, peade
Holsteins. and dJersevs) in the Thireaw's experimontal bireeding herds.
These studies were handicapped by a laelk of ninbers i various age
eroups and inostare of lactation ov dry-perind groups.  Also, {here
wers 1006 nddders from other breed gronps. bat not enough in any one
group for a statistical analvsis of hreed differences. Vor these reasons
abl breed data were combined for (his study. on (he assmnptlion that.
nntil demonsteated ofherwise, the ndder weights and enpacities of ail
hreeds were affocted in the =ame manner by differences in age. stage
of lactation or dry period. and producing ability.

Age was expressed in these stndies ax the number of months from
birth te the e of last ealving,  Age af dast calving was prefeered
to the age nt death beeanse it eorresponds (o the customary basis for
stating the age at which production recards are made.  The confu-
gion from using (wo measures of age thus was aveided.  Furthermore,
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while it is generally observed that older cows have larger udders, it is
also appavent that udders do not inerease in size after the first month
or so following parturition.

‘I'hie stage of lactation was expressed as the number of days from the
date of lnst ealving to the dute of death.  The length of the dry period
was caleulated from the date that the cow was Iast milked regulariy
to the date of her death, with the exception that lnctating cows dying
after a short illness were still classified as lactating cows. Undoubt-
edly. the secreting cells of most udders were still active for several
days during the early part of a dry perviod defined in this manner, but
there was no way of knowing when the physiological process of lacta-
tion had veased.

The basic measure of producing ability was each cow’s best yearly
record of mill and botterfat production when all records were con-
verted fo a uniform hasis of a 363-day, three-milkings-u-day, mature-
equivalent record,  Records made at 6§ years of age or over were con-
gidered ag mature-age production, but the skandard age-corrvection
factors were used on all others.  Most records were nnde in a 363-
day hwtation period on three milkings aday ; the 363-day vecords that
were made on twice-a-day milking were converted to three milltings a
day by multiplying by 1.20. Several 303-day records were made
on three milkings a day, and they were converted to a 365-day basis
by multiplying Ly 1.15; a few 303-tlay records were made on two
milkings a day, and they were converted by using the factor 1.38.

For this stndy. the best yearly records of milk and butterfat pro-
duction were converted to a milk eneray basis by using the formula
FOM =01+ 15F, in which FONM is the milk energy vield in pounds,
A is the pounds of milk, and F is the pounds of buttertat. The use of
milk energy yield as a measure of producing ability in a study involy-
ing several breeds of cows in the snme gronps had several advantages
over the use of milk and butterfat records. Producing ability was
measnred by one value instead of two. thereby shmplifving the caleu-
tations and the interpretations therefron.

It might have heen expected that ndder capacity would huve been
more closely relafed to milk records than to butterfat records, and
that the weights of the udders—us orguns secrefing the energy con-
stituents of mitk—would have heen more closely related to huiterfat
records than to milk records. However. butterfat records ave not di-
rectly proportional to the encrgy vilue of milk,  For example, it one
grou) 6t data included w Holstein record of 20,000 pounds of 3.5-per-
cent uilk and a Jersey record of 12,500 pounds of 5.G-percent milk, the
Holstein record would have been G0 percent beiter on a mitk-record
hagig, just eqnal to the Jersey vecord on g latierfat-record hasis. but,
actually 1933 percent better on a milk-enerev-viehl hasis,

One of the greatest problems in analyzing these duta for a study
of the relutionships between producing ability and ndder weight and
capacity came from the lack of control over the conditions under which
the udders were obtained.  Cows were slaughtered at any time policies
in the muniigement of the herd directed their removal.  As a result.
ndders were obtained from cows af all ages anel ai all stagres of lacla-
tion or dryness. TFor these reasons, a plan of using numcrous group
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averages and simple and multiple correlations was sdopted in an at-
tenmipt to measure also the eifects of these uncontrolled environmental
factors,

The data were not sorted into breed groups, except for the one study
ot typical breed elinvucteristies, The fivst step in sorting was to sep-
aitte the data Tor Tactating wdders from the data for dey udders, with
two groups under each.  Nince it is commonly observed that udders
are noticenbly lavger during {he first few weeks of u lactation than
later on, the duta for udders lactating 2 months or less were placed in
one wroup and those for udders fnctating more than 2 months were
placed in a second group.  Since it Is questionable whether an ndder
ceases to be a lactating ndder as soon us the cow is no lonrer milked,
the data for dvy ndders obtained 1 month or less after the cow was last
milked were placed in one group and the datu for udders that were dry
more than s month were included in another gronp.

rita in each of the two lactating-udder groups and in each of the
twao dry-ndder groups were subdivided into five groups aceording to
nge. The first age group included the data from cows slanghteved
ot dyving doring their fiest Jaetations or doring the dey periods innne-
dintely following them.  The second nge mroup inchuled the data from
cows 1h their second lactations or in the dry periods following them.
The third age group included data £ron all cows past their second lae-
tations but under 6 venrs of awge nt the time of Tast calving, Data
Teomn enws 6 (o § years old al the time of st calving were placed m
a fonrth group to represent the characteristies of mature udders, wul
tata Mrom cows over § yemrs old were included in a fifth gronp to
determine whether there were uny characteristics peculiar to old age.

EFFECT OF AGE ON UDDER WEIGHT AND CAPACITY
Avesace Upber WEIG1ITS axD CArACITIES AT DIFFERENT AGES

As the udder specimens were acquired. it was easily recognized that
the age of the cow had cousiderable effect on the empty weight and
capacity of the udder. Furthermore, it appeared that somne way to
measure or to compensitle for the effect of age should be considered
in a study of the relutionships between producing ability sand udder
weight el capavity.

Table 1 shows the avernge values for weight, capueity, and the ratio
of enpaeity 1o weight for the data From all breeds of cows grouped
nccortline toage,  Data an wdders from 31 Hest-lactation cows without
yearly produetion reeords were inelndisl in fhis study of the effecl
of age in order 1o have ficst-lnetation data for cows lactating 2 months
or less and to have wdditional dadn For cows Jactating more than 2
monihs,

Most comparisons show increases in average ndder weight and
capacily from one age group to the next older one. The increases
were rreater hetween gronps of young cows than between groups of
older cows. even thuugh differences in average age were less for the
FOUNZ COW groups. .
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TaBLE 1.—dverage udder weights, capacities, and ratios of capacity to
welght for Lactating and dry cows in different age groups

Td- .
. Age of cow Emply < Ratio of
Age group S[f].tl];?- at last udder c}; (Ké?f capacity
fed calving weight PASLY  lto weight
Cows laclating 2 monihs | Muw- _ Per-
ur less: Ler Aonihs Pounds Pounds cent
Pirsl lnetnlion o o oo — 16 | 272.0£0.9 | 28, 04£1.9 | 33. 1£2.8 | 12011
Seeond lnetation_ .. 11 1 42,0410 [ 40,34 2 | 9. 5406. 8 | 131113
Third laciation to §

L E ALY o S 171680517 54 4:7. 7] TS| 49 L1D
Gto 9 yvears o aaao 28 [ 92, 44+ 1.6 L A0 9434 T b LS L] U712
Over 9 years. ... 16 [185. 046567 ] 35. 061 § 813484 | I164-£13

Cows lactaling over 2

months:

First lactation. o ____ 27 1258+ .4 26,7412 | 41724 | 1614 9
Second lactation_ . . 2] | 4272012 | 3234+2.4 | 465443 | 140411
‘Third lactation Lo 6 _

VOATS o o nmmmmm e - 45 69,9411 1 37.2+1. 8| 53.5+2.8 1 15l 8
BLlo9 veard - 5 { 80,2414 | 41,316 | 54023 | 137 O
Over @ years oo 21 (124,922 7 | 37. 442 4 | 56 6447 | 151+ B

Cows dry 1 mouih or

less:

First lnetation. ..o ___ 182571 .6 231416 | 34.3+£2.9 ] 15011
Second lnetationo oL __ 15§ 40. 54 .8 | 30.2x£3.5 | 4L 845 ) 167214
Third luctation to 6

NCATS o o ammea o 11§ 59.343.2 [ 28.54+2.3 [ 37.8+3. 6 | 13510
609 yenrS. oo oo 618024401 52.0£3. 4| 48 0£7.5 | 150431
Over 9 yearsooooo .. 51422268 § 42,4425 | 540287 | 132430

Cows dry over 1 month:
First lnctation_______ 20 [ 27. 3% .6 | 15,9+ .0 | 21.8£1.9 | 1164 9
SBocond lactution . ____ 48 | 41. 84+ .6 | 227421.0 | 2T 410 | 1254 8
Third lactaiion to 6

NCIDS o o e eeemmm e 31| 62.0%1.2 24,3121 3 28.8£1.0 ¢ 125 9
Gto Qyears, - 36 ,89.8+1.7] 276121 37.44£2.0 | 13620
Over 9 yvears_______._ 17 [124.94+3.2 | 27. 506 { 37.0+£4. 3 | 138413

One feature of these results was the tremendous increase in both
udder weight and capacity between first- and second-lactation groups
of udders from cows lactating 2 months or less. Becond-lactation
weights and eapacities for rows lactating 2 months or less were 63 and
80 percent greater, respectively, than those for the first-lactation
wroups. Increases between corresponding groups of udders from
cows lactating over 2 monthis were only 21 and 12 percent. respectively.
The corresponding figures for cows dry 1 month or less are 31 and 31
percent. and for cows dry over 1 month, 19 and 20 percent.

Changes in ratio of cupacity to weight from one age group to anvther
were variable.  1n the groups for cows lactating 2 months or less, the
ratios were generally greater for the udders from older cows.  Also,
for cows dry over 1 month. the ratios were greater for the older cows.
On the other hand, in the group for cows lactating over 2 months the
rativs tended €o be somewhat lower for older cows than for the younger
COWS,
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Some of the varintions from the general frends toward increases
in wdder weight and enpaeity with advancing age may be sttvibuted to
differences s the proportions of Holdeins and Jersevs in the various
groups under consideration (table 1}, Of the five diflevent age groups
for cows lnetating 2 months or less, the third group (third lactation
to 6 years) included & relatively higher propovtion of Holsteins than
the groups preceding or following it.  OF the five age groups for cows
lactating over 2 months, the second group {second tactation) included
a low proporvtion of Jerseys and the fouwrth and fifth groups (over ¢
years) included « high proportion of Jerseys.  Of the five groups that
were dey L month or less, the fitth group {over $ years) contained
only Holsteins, which probubly explaing the higher average udder
weight and eapacity of this group.  Of the five groups that were dry
aver Lmonth, the first group (fisst lnetution) contained u lower pro-
portion of Jerseys and a higher proportion of Holsteins thao any other
£ronm,

Baesn Dirreresers 18 Unseie WEIchT anp CaraciTy

From the previeus study, breed charactoristics appeared to be a
considerable factor in determining adder size. A measure of the
differcnces between breeds In wddee weight amd capacity is shown by
the data in table 2.0 This table wives the average vdues for udders
froni lactating and drey cows in one herd of registered Hlolsteins, one
herd of registered derseys, aind a herd of grade Holsteins with a high
proportion of inbred ecows, A laek of numbers in some cases made it
nadvisable to show all age groups as in table 1. Average data for all
the Inctating and dry cows that were included in table 1 are presented
in tuble 2 for comparison with the breed averages,
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’1 ABLE o—dwverage udder weights, eapacztu’s and ratios of capacity to weight for lactating and dr y cows in different
breed groups

1 Average data for all cows \\1th productlon ru.orda that were mclmh.d in table 1,

‘ Stage of lac- Net « ] rder Tdad Ralt(iio of

el i Age at last tation or Net energy smpty udder dder ca- udder
Breed group i ealving length of milk vield weight pacity capacity
; dry period to weight

Lactating cows* Months Days Pounds Pounds Pounds Percent
Holstein. . . v on e iic i 74, 24+3. 6 174416 | 18,3044£425 | 49.4£2.6 | 67.9:2.73 156149
Srade Holstein. oo ooeeeens ———m 64.146.0 211423 | 16,314-4486 1 31.54+£2.2 ) 46.71+3.2 | 1485
Jersey. ... L i Ll 84 4+3.3 136414 15,526+207 § 38.04+12 | 55.0+2 4} 14746
b All-lag tntmg COWS oo 78. 5421 158% 9} 16,454£230 | 4L 741.2| 59.74+1,6 | 15043

Dry cows-

Holstein, o v st i e 62.34+4. 2 143426 | 17,2784:488 1 27.04+1.0| 37.4+2.1 14247
Grade Holstein. o, oo mcmmo v e 58 . 445.6 84414 15, 7644479 25.04+1. 3 35.4£2.5 - 14549
Jersey .. L eeimmeamae i 66. 54-+1. 0 165+ 21 15,056:405 {  24.3% .8} 28.8+1 7] 12046
Al dry Cows o oo e 60. 422 131411 154774290 2514 .6 32.8+1L1} 13344

TAAAD MO XWIVA THIL Jd0 ALIDVIVD ANV LHOIIM
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Data on average age of cows at last calving, stage of lactation or
length of dry period. and producing ability arc alse shown in table 2,
because there were some differences between breed groups in these
respects.  In both the lactating and dry groups, grude Holsteins cows
were younger thun the Holsteins or Jerseys; the lactating cows were
further along in lactation, and the dry cows had been dry for a shorter
period of time. Both lactating and dry Jersey groups were a few
months older in average nge than the Holstein groups. In producing
ability. ns measnved by net energy milk yields, Holstein cows exceedesd
tiie Jersey cows by 13 pereent for the Tactating groups and by 18 per-
cent for the dry gronps.  Grade Holstein cows exceeded Jersey cows
i net energy milk yields by 5 percent for both lactating und dry
Sroups.

The Tactating Holstein udders weighed 30 percent more than lnctat-
ing Jersey udders, and the average capacity was 23 percent greater.
Dry Holstein udders weighed 11 percent more than dey Jersey ndders,
ard the average eapaeity was 30 percent greater.  The ratios of capace-
ity fo weight were higher for Holstein udders than for Jersey udders—
by 6 percent for lactating udders and by 18 percent for dry wdders.
For some reason, Inctating grade Holstein udders were below lactating
Jersey udders in weight and eapacity.

With actunl milk and hutterfat records adjusted to age at lust calv-
ing, both the Inctuting and dey Holstein groups produced 46 percent
more mitk than Jactating and dry Jerseys, Laetating and dey grade
Holsteins produced 28 and 34 pereent more milk, respectively, than
lielaling and dey Jerseys.  However, the butterfat records for lae-
tating and dry Holstein cows were 1 and 3 percent lower, vespectively,
than those of the Jersey cows,  The corvesponding butterfut records
for grade Holstein cows were 15 and 17 percent lower than the Jersey
records,

From these age-ndjusted millk vecords. it was ealeulated that for
each pound of millk obtnined af an average milking, lactating Holstein,
feade Holslein, and Jersey udders had avernge weights of 2.96, 2,17,
and 3.33 pounds. respectively, and average capacities of 4.08, 3.21, nn
+.82 pounds.  Corresponding values ealeulated from net energy milk
vields adjusted to age at Inst calving were 3.12, 2.31, and 2.76 pounds
For wdder weights and 129, 3.483, and 3.99 pounds for capacities.

Dry Holstein, grade Holstein, and Jersey ndders had average
weights of 180, 1.81, and 2.36 pounds, respectively, for each pound of
milk obtained at an uverage milking, or average weights of 1.89, 1.97,
and 191 pounds Tor each pound of net energy milk yvield af a milking.
Corresponding enpacities of dry udders were 2450, 2.57, und 2.80
pounds for each pound of milk, ov 2.62, 2,79, and 2.27 pounds for each
pound of net energy wilk vield.

From these values it appears that it took a larger, more capacious
Jerse: udder to produce as nuch milk as n Holstein udder, but that
smaller Jersey udder with less capacity might produce as much milk
energry as a Holstein udder. To some extent this was true of dry
udders as well as lactating udders.  The lactating grade Holstein
uelders were remarkably eflicient producers for their size in respect to
both milk production and net encrgy milk yields.
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However, individuals within the same breced differed considerably
in the proportions between udder size and producing ability. Smail
individuna] differences in this proportion within a breed group would
have been assoeinled with high correlation covilicients bet ween udder
size and producing ubility.  Actually, a value ot only 0.3G5 was ob-
fained ns the avernge of 6 corvelation cocflivionts for the velationship
Bebweet dder weight and net cuergy mille yields in dala from 367
udders sorted into groups for lactating and dry grade Holstein, Hol-
stein, und Jersey cows,

ConrneLaions BerwseN Ack ano Uppea Weicire axo Capacery

The results of corvelation studies on the effect of age on undder
weight, capucity, and the ratio of eapacity to weight are shown in
table 3. In this table duta from the five age groups listed in fnble 1
TanLe 3—Correlation coefficients Delween age of cow ab lust calving

and wdder weight, capacity, and the rutio of capucity to weight

I | Currelation cocthicients ! between
} tge ntpgde--
: !
- Ldders, -
Agge group studied: [ Hatio of
Weight | Capueity  enpacily
;Lo weight
. i : .
Number : t
Clows inctaling 2 months or less: } . ! I
i"irst. and second laetations. .. i 27 1N f;lgSé:: G 52271: 18 g334 ,
Blob years L _ivaan q . 5362 C738%% 2042
l':: o9 3;eur; __________________ i 72 CsoTee si-m:i** . 37’33**
Ablrges] e o e | 88 . . 287pRx  _HO0%% | 2056%
Over 6 yeurs, oo s s 44 0 L0388 ] —, DUTL —. 19986
Cows laclating over 2 months: | : :
:"irst and second Inclativhs ... ' 48 . 23(5[":* L1368 0 —. 0730
DI B MRS . e am - 43 L4152 L 3128%%  — QBAT
1';; Lo & years. oo IIITIIII 118 Laosnwr L ogiosk 1030+
Al RS - eeaaas e e man 169 C2031EK 290 1RE — 1160
Over 6 Senren oo LTI ae ) — 2ager | — 0483 0553
Cows dry | imenth or tess: i !
First and sceond lactations. .. ’ 33 . g?ﬁ{?* . 373" . 0204
UploByearsoo_ . ... .o 4 L2624 1304 —. 1382
Uplodyears .. .--- amm - ! 50 L2645 . 20547 453
Al ages L oo e vmemm——— ' 55 CATEREF L 32a2eR — 0021
Owver 6 yoears_ .. . m e enmam———— 11 NEIGN 167G —., 1277
C'ows dry over L month:
tirst aned second lactations., .-« gg . g??g:* . ‘2357; . 1033
Up Lo yenrm. oo eimar s ceee e 1 L2616 L1 # L0792
i':s 1O D YOS oo e e e e 1 H . 3f;i':8** L BGH0F L2y
A BECS. o e e e T IT I (¢ E N+ V-V S [ NF:
Over B YoRis. . .o o i imemae 53 i 072 . 9388 —. 011
AL lnetntinme cows ® Lo e weon-. 257 , L OGOgEE 3332y 021
Al ey coWs T e em e e l qays - . 372{5**i LERLTHE . D470

I Correlation eoeflicients ol the P=0,01 level or better (highly significant) are
indicated by 2 asterisks; those from P=003 to P 0.01 leve! (signifiennt) wre in-
dientod by T asterisks those from P o010 to P2=0005 Jovel are indicated by quo-
tation marks: and those from P20 to P=0.10 tevel mic indieated by an
apostroph,

1 Hoefers to nll eows Inctuded in table 1,
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were combined in different ways in order to have ranges of age great
enough for the effect of nge to be vecognized and at the same time to
illustrate the differences between young and old cows in the relation-
ships between age and udder weight and capacity. Data from fAest-
and second-lactation wilders were combined to illustrate the changes in
this period when inerenses were most rapid.  Correlation studies on
udder data from cows up fo 6 or § vears of age were made in an
atfempt to measure the chunges oceurring during the growing period
of a cow’s life. Correlations on the gronps for all cows over 6 years
of age were designed to study whatever changes in udder weight or
capacity oceur in mature cows,

Many prroups showed highly significant correlations between nge at
last calving and udder weight and capacity. However, the correla-
tions were not significant between age and udder weight and capaeity
for the group of frst- and second-lactation udders from cows lactuting
over 2 months.  The reason cannot be explained fully by the greater
proportion of Jersey udders in the second-lactation group or by the
peculiny distribution of specimens in the second-lactation group, by
which the cows with an older age at last calving tended to be mote
ndvanced in hactation than the younger cows when slaughtered.

Fower corvelations weve significant in the groups of udders from
cows dry 1 month or less.  Possibly the number of wdders was sinuller
and the unmeasured environmental factors were more numerous in
these groups than iu some others.  Also. there wus considernble varia-
tion in the velative proportions of Holstein, grade Holstein, and Jersey
udders in the individual age groups.

None of the groups of vdders from lactating or dry cows over 6
youwrs of age showed significant corvelutions between age nnd udder
weight and capaeity. The high but not significant correlation be-
tween age and wdder weight for cows dry 1 month or less may be ex-
plained by the absence of Jersey udder from cows over 9 years of age.

The negative correlation coclicien. between age and ndder weight
for udders from cows over 6 years otd and lactating over 2 months is
not explained by a study of corresponding velationships with breed,
stage of lactation, or producing ability. Tuable 1 showed that ndders
trom cows over & yvears of age weighed stightly less than udders from
cows § to O years old.  Furthermore, the correlation coefficients be-
tween age and udder weight were negative both in the groups 6 to 9
years of age and in the groups over 9 years of age.

Very few of the nge groups inclnded in the data in table 3 show
signilicant correlation cocfiicients between age and the mtio of
capacity to weight,  There was o significunt negative correlation for
the group of udders from cows up t0 9 vears of age and lactating over
2 months. On the other hand, udder data from cows lactating 2
months or less in age groups up to 9 years and all ages showed signifi-
ant positive corrvelations.

Insymificant correlations between age and the rvatio of capacity to
weight reflect the high degree of relutionship beiween udder weight
amd udder capacity.  'The correlation coeflicients between weight and
capacity for all cows in each gronp were 0.6383 for cows lactating 2
months or legs, 0.5523 for eows Inctating over 2 months, 0.5023 for
cows dry Lmonth or less, and 0.5:416 for cows dry over 1 month,
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When the data from all lactating cows wore combined into one
aroup, and the data from all dry cows were combined into nnother
group, there were highly siguificant correlations between uge und
wdder weight and enpacity. The coeflicients with capacity were
slightly higher for lactating cows than for dry cows, nnd the co-
officients with weight were higher for dry cows than for lactating
cows. The correlntion coellicients for age with the ratio of capneity
to weight were not significant.

Ixcireases 18 Upper WEGar axp Capacrry WiTH AGE

A mensure of (he increases in udder weight und capucity and the
changes in the vatio of eapacity to weight for cach year added to a
cow’s nge are shown in table & Naturally, these estimates could not

Mantas d—Increases in udder weight and capacity and changes in the
ratio of capacity Lo weight for eacd, additional year of age at last
culving '

| .
& e Nalio of
R Udders]  Tmpiy il | e h
Age group | studicd]  weighl C'apacily l:]n‘x\)'::;:-,b:{,l};
Nitm-

Cows Inetating 2 months or less: ber Pouutys Pounds | Pereend
Wirst and sceond laclations. . — ar 192, Bio%* 17, Uk 2.
Upbo 8 yonrs o mveecmcemaemmaes 44 14}, 22%* 14, TR%* g, 3"
TPo 0 Fenrs.  caommm e camm e o 72 2 (7 7. 10%* 9, 1**
AL S o e e 88 2, 2k 4, DL*H 3. 5%
OVer &) ¥ u o oo o emm e mmrmm o 17 .38 —1.33% | —a7

(‘ows laclating over 2 months:

Fizat nnd seeond laelationsooo . oo 45 2,75 2. 51 —4. 6
Uploh yemrs oo aamamanan - 93 3. 2EE 4, 13%% —2. 4
Upto O YOUrS.  wamcanomccmcmm e 148 3, 3k I, HikH —d, d*
AN 08 e 162 1, d1#* L. Gl¥¥ —2.0°
Over § yeurs. oo cmam s 76 | —L 083" —, 52 L4
Cows dry 1 month or tes:
IMirst and second Inelations_ ... 33 0. 36 7. 68" L5
Up Lo B y¥ears . oo 41 2. 18" 1. 57 -5 2
Up ko Q@ YOArS_ - o oaeemeae o vmmm e H 1. 47" L -1 3
AMEAEES o e ak 1, 70** 1,79 | — L4
Over 6 YOATS . C oo acmnnm 11 1. 76’ 1.27 | —3. 0

Cows dry over 1 monih: )
First and sccond lactations... - 77 2 51% o4, Jd* 8 0
Up ko G FORM. L o immcsmm e s 106 1. ad#* 1. 09* 3.5
Uplo 9 YEATS . o oo cme e - L4 1, dp** o GL¥4 &1
AL AEES . e 161 1, 1#* 2. D% 2.4
Over § YeRIS . oo oo am e m o &3 L3l L2 —. 4

Al lnelating cows 2o aaae o 257 1, Tuk* 2. Tk "

Al dry Cows ™ L nmam o 216 1, 17 1,7 1% .90

t Seo footuoie 1, table 3, for explanation of symbols indienting different levels
of signilicnnes, :
2 1{efers to all eows included in table 1.

be ealeulated from w series of observations on the sume individual,
They are based on the regression ec untions caleulated from the corre-
fation coeflicients between age unt[ ndder weight and cupacity pre-
cented in fable 8. The datw are grouped in the same manner as in
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table 3.  As regression coeflicients were caleulated for all fgroups re-
gavdless of the significance of the corvelution coeflicient, the same
symbols are used in table & to show the level of significunce of the
correlation from which the regression coefficient was caleuluted.

The data in table £ demonstrate that increases per year in udder
weight and capacity were greater for youngs cows than for older ones.
With the exception of the group of vdders from cows lactuting over
2 months, the greatest inereases in udder weight and capacity were
in the perind covered by the first and second lactations. As the
groups were extended to inelude ndders from older cows, the increnses
per year became smaller. When the groups of udders from cows
over G years old were sepavated from the vest, only one group showed
appreciable inereases per year in uddes weight and capacity. This
was the group of udders from cows dry i month or less in which the
older cows were nll Holsteins or grade Flolsteins,

The changes in the ratio of capacity to weight with the various
groups are presented in table-h but most of them were ealeulated from
correlation coefficients that were not siguificant. Nearly all of them
were smaller than the standard error of the meun in the respective
groups.

As might have been expected, the increnses in udder weight or
apacity that were caleulated from the regression coeficionts differed
from those that might have been ealenlated by the subteuction of
group averages in table 1. Because the original age groups were
combined in various ways in ealenlating the data for table 4, udder
data from cows in their first or second Tactations furnished the only
nenrly direct comparisens.  For these aronps increases per year in
udder weight and eapacity ealenlated from regression efuations were
00 and 85 percent as high. respectively, as those caleulated from first-
and_second-lactution gronp averages for cows lactating 2 months
or less, 69 aud 83 percent as high for cows lactating over 2
months, 1.10 and 0.91 percent as Ligh for cows dry I month or Jess,
and 87 and &4 percent ns high for cows dry over I month,

Two characteristies of the offect of age on udder weight and ca-
pacity complicate the problem of measuring its effect through mul-
tiple coreelation methods in u study of the relationships between
producing ability and udder weight and eapacity. The effect of nge
on udder weight and capavity is curvilinear by reason of more rupid
increases in udder weight and eapaeity in younger cows. Also, age
has little effect after the sixth year. "Since both of these are chap-
actevistics of the standard age-correction factors for the milk-produc-
tion records that were used, it seemed possible that a practical means
ot accounting for the effect of age could be accomplished by adjusting
the net energy milk yield to the age of the cow at her last calving.

A test of this possibility was made on udder data from cows up
to 9 years of age within each of the lactating and dry-period Lroups,
Three sets of corvelations were caleulutedd on these datw: (1} The
simple correlation between the net enevgy milk yield converted to
maturity and udder weight and capacity: (2) the'simple corvelation
- between the net energy wilk yield adjusted to the age of the cow at
< Just ealving and adder weight and capacity; and (3) the partial
correlation between nel energy milk yield converted o maturity and
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udder weight and eapacity, independent of the age of the cow, These
comparisons showed lower standard errors of estimute for both sets,
taking into account the effects of age, with slight advantage to the
set using the partial correlution cectlicients. However, since this
advantage was slight in proportion to the wmount of unmeasured
variauce. it provided little reason for not asing net energy milk yield
adjusted to age at last caiving as a simpler way of accounting for the
effect of age in 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

Tn studying the offect of the stage of lactation I duyr or the number
of days dry on udder weight and capacity and the ratio of capacity
to weight, multiple covrelution studies were used to eliminale the
effect of producing ability. No attempt was mude to eliminate the
effect of age. However, it did not appear that this would have made
mueh difference, becanse there were significant or nearly significant
correlations between age and the stage of lactation or length of dry
period in only two of the groups listed in table 5. There were highly
significant negulive correlations (—0.2282 and—0.2502) between age
and stage of luctation in the group of udders from cows lactating over
2 months and in the group of udders from all lacfating cows. These
correlntions showed thut more elder gows were killed enrly in Tacta-
tion than younger cows. But this relationship was demonstrated
principally by data Trom cows over 6 years of age, when age had
littie effect on mdder weight and capacity.

The purtial correlation coeflicients between stage of lactation or
length of dry period and udder weight, capucity, and the ratio
of capacity to weight are shown in table 5. These coefficients are
Tanik 5.—Partial corvelation coefficients betwoen the stuge of lacta-

tion, or length of dry period, and udder weiyht, capacity, and the

ratio of capacity to weight, independent of net energy il yields

Partinl correlation coefficients!
Tddors,
Group studicd; Ratio of
i Weight | Capacity | capaeity
to weight
Number
Cows lactating 2 months or less____ 52 |--0. 2808% | 0. 0057 0. 2599%
C'ows Jactating over 2 months_ . __ 154 ¢ —, S561%% —. 1568% L2151 %*
Cows dey 1 month or lesso. ...~ 55 | —. 0099 —. 1564 —. 0941
Cows dry over t monthoo . 160 | —. 1674 | — 12007 | —, 0398
Al lactating eows oo anG | —. 08— 342THH | D806’
All dry €OWS 2 L - Ti6 | —. 2543%F — 238G%* —, 1048’

t See footnote 1, table 8, for explanation of symbols indicaling differcut levels of
significance.

* Average data for all cows with production records Lhat were included in
table 1,
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independent of the effect of producing ability as meusured by net
energzy milk yields adjusted to nge at last calving,

There were highly significant negative partial correlations bofween
advance in tactation and ndder weight and capaeity for all lactating
cows and between length of dry period and udear weight and ca pacity
for all dry cows. The group of udders from cows dry 1 month or less
covered too short a vange of time to expect significant correlutions,
The same result to a lesser degree might have been expected from the
group of udders lactating 2 months or less. but there was sighificant
negative correlation between stuge of lactation wud wdder weight. Tn
most groups the corvelations with weight were higher than those with
eapacity,

Partial correlations between the stage of lactation and the ratio of
capacity to weight weve significant and positive for udders from cows
Inetating 2 months or less and for udders from cows Tnctating over
2 months, although they were not significant when these two Qroups
were combined. These coeflicients with the ratio of capueity to weight
indicate that the swelling or increase in udder size ocenrving alving
time is not accompanied by an equivalent inerease in uddor capacity,

The question avose as_to whether the decline in udder weight and
capacity with advance in lactation or length of d ry period was as
characteristic for voune cows. when udders are developing, ns it was
Tor older cows. The data for all lactating cows were sorted into one
group For cows nnder 6 years of age and another group Tor older
cows. Udder data from dry cows were sorted in the same why.,

The simple corvelation cocflicients between advance in the stare of
Jactation and udder weight and capacity were —0.2052%%3
— 015737 for 157 young Tnetating cows, and — 036415 ynd —0.3]09%
for 120 older cows. Data in table 1 on cows in their first lactations
showed (hat ndder weights were only slightly higher in the fivst 2
months of Tactafion than later ow. and that enpucitios were consider-
ably less in the first 2 months, By emitting data From the first-lucfa-
tion cows, the corvelations belwoen advance in lactation and welder
weight and capacity were —0.3175%% and —0.2121* for 94 young lue-
tuting cows. The simple correlation coeflicionts between length ot
dry period and udder weight and capacity. respectively, were
—O2480** and —0.2924% for 152 young dry cows and —0.2677% and
— 61747 for (4 older unes,

Chances v Unper Welcnt axo Caracry Werh Apvance ix
LacearioN or Lexers oF Dry Pemon

The changes in udder weight, capaciiy. and he ratio of caprcity to
weight accompanying cach 3t-duy month of wlvinee in lactation op
length of dry period are shown in table 6. These values were culen-
lited from the nmitiple regression cguations for the same groups of
udders that were inciuded in the data civen in table 5. The sanwe
symbols are used to indicate the significance of the corresponding
partinl correlution cooflicients,

?See footnote 1, tabip 3, for explumdion of syboly ingdivating diferent lovels
ef sigaiticnnve,
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TasLe 6.—Changes in udder weight, capacity, and rvatio of capucity to
weight for cach 30-day month of advance in luctation or dry period*

o Ratio of
Udderzt Empty . .
Group o it Cuapaeity | eapacity
studied;  weight to woight
ANum brr} Pornds Pounds Percent
Cows luctating 2 months or less_____ 72 10, D7% 0. 25 25. 6*
Clows lnctatiog over 2 months______ 134 i — 1 01%* —. 61%* 2. 3**
Cows drey § month or Jesso .. o______ 55 | —2.91 —&. 58 —15.0
Cows dry over t month, .. _.____. 161 —, 21* —, 32* —. 3
All laetating cows 3o ________. 228 | —-1.47%*F | —1, G6*¥ .9
All dry eows * .. 214 —. 3(i** —. BT** -1

1 Bee foolnote 1, table 2, for explunation of symbols indieating ditfervat levels of
significance,

* Average data for all cowa wilth preduction records that were included in
table 1,

Decreases is ndder weight were most rapid during the first 2 months
of lactation, being nearly 11 pounds a month,  After 2 months, the
decrease was only 1 pound for each 30-day month. Capacity did not
decrense with advance in lnetation during the first 2 months; although
there was a decrease after 2 months of 0.6 pound for each month of
advance in lactation.  The ratios of capacity to weight increased with
advance in Lictation, particularly for udders from cows lactating 2
months orless,  Probubly the swollen condition of fresh udders enused
weizhts to be proportionally higher early in lactation, but it did not
Tave a similar effect on capacity,

Tdder weight and enpacity decreased with increases in the length of
dry period. Decreases were greatest for udders obtained within 1
month or less after the cow turned dry. but the correlation coeflicients
on this group of ndders were not significant.  For all dry cows there
was a monthly decrease of 0.4 pound in weight and 0.7 pound in capuac-
ity. Chunges in the ratio of capacity to weight were not significant,

EFFECT OF PRODUCING ABILITY ON UDDER WEIGHT
AND CAPACITY

PARTIAL CORRELATION COEFFICIENTS

In studying the eifect of producing ability on udder weight. capae-
ity, and the ratio of capacity to weight, due consideration was given
to. the possible effect of age by using net encrgy milk yiells adjusted
to the age of the = at her last eaiving.  Multiple correlation studies
were used to account for the effects of advance in the stage of lactation
or in the length of the dry period.  The partial corvelation coeflicients
from these calculations on six groups of udders ave shown in table 7.

83776 AD- —3
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Tanve 7.—Partial corvelution coefficients between net energy milk
yields adjusted for age at lagt calving and wdder weight, capacity,
and vatio of capacity to weight

Partial corrclation coefficients !
Udders ! i
Group studicd Ratio af
Weight 1 Capacity | eapneily
ta weight
Number
Cows Inctuting 2 months or tess. ... 72 1 0.2008*% | 0.4816%% 0, 1777
Cows Inetnting over 2 months. . ___ 154 L3800%F)  _40U7*E 0319
Cows dry ! month or less_ . _____. 55 AO80%F  ROT5wE | 2087
Caws dry over ¥ wontl, oo oone 1431 L4131+ L AGLR** . BHTURY
All Inetsling eows 2 __._. 233 YA . 3TOY** . DSHY
Al dry cows 2 e 216 HLG2** AGTTrE . 2329%+

I Bee footnole 1, table 3, for explanation of symbols indieating differenl lovely
of signiticance.

* Average dala Tor ail cows with praduction records that were included in
table 1.

All of the partial correlation coeficients between net energy wilk
yields and udder weight and eapacity in table 7 were highly Signifi-
cant except ones and that one was cloge to that level of significance.
The coeflicients were a little higher for udders from dry cows than
for wdders from lactating cows.  Thus it would appear thar the size
of the ndder in dry cows is as relinble an estimate of producing ability
as the size of the udder in Iactating cows,

The partial correlation eoeflicients Letween net energy milk yields
and the ratio of weight 1o capacity were highly significant for cows
dry over L month and for the gronp of all dry cows, but they wove not
sicnificant for any group of letuting cows. T the effect of producing
ability on udder eapaneity was closely parallel to its effect on wlder
weight, it is only narural chat the correlalions between producing
ability and the ratio of weight to capacity would be low,  The stmple
corvelation coellicients bet ween udder weight and capacity were (L3514
for cows lactating 2 monthys or less, 15136 for cows lactating over 2
months, and 0.6216 for all lsctating cows.  Similar coellicients For
nidders from ey cows were 0.5023 Tor cows dry 1 manth or less, 0.5416
for cows dry over Lmonth, and 05605 for all dry cows,

The reason for highly significant correlations in dry cow groups
between prodocing ability and the ratio of capacity (o weight may
have been due to a tendeney for the weights of l!l‘\\‘ wlders from puor
producing cows to include Tavger percentuges of fat in proportion to
vlandular tissne. The result wonld be lower ratios for these cows and
r\igher ratios for higher producing cows.

Cuaxces v Upver Werenr axo Caracrry Wern INCREASES iN
ProbreiNe Astoreey
The ehanges in udder weight and capacity that accompanied ench
LO-pound inerease in new energy milk yield arve shown in table 8.
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These values were calenlated from the multiple regression equations
for the same groups of udders that ave listed in table 7. The same
symbols are used to indicate the sigmificance of the corresponding par-
t1l correlation coeflicients for ench group. '

Tanne S.—[nerenses in udder weight, capacity, and the ratio of ca-
pacity to weight for each 1000-pound incregse in net energy il
yield?

. e Hatio of
Vdders  Empty : .
Group studied!  weight Capacity t(é;a’\)\:;gg t
Number, Founds Pounds Percent
Cows Iactating 2 months or less, ... 2 2. 053* 4. 30+ 3.0
Cows Inctating over 2 months. o 154 1 4%+ i, g%+ .1
Cows dry U month erfess. o ... 55 1. 3i** 2 4% 2, 9v
Cows dry over § montho_________._ 161 N 1. B3** 3. 3**
Al Taclating cows o icaoaao. 226 1194+ 3. 3%+ 12
Al dey cows? . e 246 . 8> 1. GO** 3. 1**

1 8ee fontnote 1, tuble 3, for explanation of symbols indicating different levels
of significance.
7 Aversge data for nlt cows with production records thut were ineluded in tabie .

The data in table § shew increases of 119 pounds in wdder weight
and 238 pounds in capacity for ench 1.000-pound increase in net energy
milk yield for all lactating cows. Corresponding increases for all
dry cows were 080 pound in weight and 1.6Y poumﬁ; invapaeiky.  lus-
ereases in udder weight and capueity for each 1,000-pound increase in
net energy witk yield were considerally greater for cows lactating 2
months or less than for cows lnctating over 2 months.  Also, they were
ereater in proportion to the average udder weights and capacities of
tach of these two wroups. In like manner, the increases in udder
weirht and capaieity in pounds. or in proportion to the average weight
and capacity of each group. were greater for cows dry 1 month or less
than they were for cows dry over 1 month.

SELECTED PHOTOGRAPHS USED TO ILLUSTRATE UDDERS
OF DIFFERENT SIZES

Having established the relationship between producing ability and
udder size as measurad by emipty weight and eapacity. there rensained
the need for interpreting the data in termz of udder size on the hving
eonw.  Thers 3= no practical way of measuring the weight or capacity
of an wdider while it is atinched to the cow. The size of an udder
must be judged from its appearance.  ‘The pietures in plates T to 9,
inclnsive, ave preseated in order to establish the relationships between
the weighis of udders of different sizes and their appearance before
slavuhter,

Most of the 475 udders nsed in this study were photographed a few
duy~ before Lhe cow’s death.  These photographs were tuken soon after
milking. by o standardized procedure, to show all udders alike in scale
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and position. Pictures were selected from three groups of udders
sorted according to nye under each of three vroups soried according
Lo the stage of lactation or length of dry period. For cach of these
nine groups. exiwunples ure shown of three Holstein ndders and three
Jercey ndders that were high, medium, or low in weight. No pictures
are shown for ndders dry | month or less, becanse (his was a snull
group from which to make selections and because of its Hnited
use fulness,

No picture was availzble for a large udder from a Jersey cow lae-
tating 2 months or less in her first lactation, go a picture from an older
cow with an udder of the desived weirht wus used.  Alzo, beeause no
picture was available of any snmll Jersey udder in the same group.
one from n cow of the same age nearly 6 months in lactation was
substituted.

The weight of each ndder is shown with each picture. Move data
on cach udder are given in table 9. The three values for each breed
group under the column for group weight data are the mean empty
weizht for the group, the mean plus the standard deviation. and the
mean minus Lhe standard devintion.  These are data ealeulated sep-
arntely for Holstein and for Jersey mroups.  These vilues are shown
in order to loeate the eximple iHustrated in relation to the variation
that occurred within cach group.  ‘The net energy milk yields ave all
on a mature basis. No attempt was made to select large nddors with
high production records und =mall ones with low records.  As a re-
sult. the examples show muel deviation from the general relutionship
between producing ability and wdder size.
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Tasty - ~Data on wdders that were seleeted o illustrate. by photographs (pls. 1 (o 9). the variations in size belween
Lhe different groups uccording to age and stage of lactution or length o/' dry period

Cows J,\« TATING

2 Moxris on Liss

! l’“;(‘;;‘wt:_'ll:l;:‘;v‘(‘:;lt{‘(‘n:};"“ ! Data on ench udder selected for illusiration
! 1 ! ? ; ‘ ‘
Age nnd hreed group Mean Mean ¢ . Noi E i Ante-
. { : g g Net' Emptyte o oy
g Do i Cadersize Qo LMESU T e encnge | weight | AP monen
fi devin- - w (-u.,ln tdovine group No. I'(.\I\m" inilk dry :';'_]ll(‘l m?«ger +udder . udder
tion tion é ! Y i for size
; ; | B} St B e ‘ , B et B4
i Pownds Pounds * Pounds. i ,\Iunlhx Days Days-{ Pounds | Pounds' Pounds
First lactation: : i 11;:\1;,0 2092 ° 43 . A4 40, 4 S,
Holstein. v iammonana RAS| 318 L3 \l(‘(ll\llll 1643 27 A48 34. 3 40:. 9 5~
, bllmll 1608 23 53 P 23,2 . 30.8 5w
! [ anrge. 1183 a7 22 12, 047 © 346.3 71, 8 7
Jersey Lol i 35,9 27.5 1 105 cMedium L. 1438 2. 51 426,67 43,7 44
< l.snmn H 1423 2 167 23,21 58.0 54
Second laetation to 6 years: ! Large 2 848 69 5 14,846 1 165.7 1 111. 7 9.~
Holstein . P 99. 6 65. 1 Medium....f 1611 ¢ 53 32 22,7101 54.7 1 108. 7 6
Sm il . 1620 49 75 24, 588 34.6 . 675 4
Large M76; 55 17 18,175 | 48.0 , 47.8 6
Jersey.  Lideacoeoiooa 51. 8 42,1 \lv(lnun‘.-_ 1482 ¢ 5 31 - 112,916 40.2 5 49.1 6
: \nmll R 697 } 70 37 . L1 36,073 1 29 Z2 65. 6 6
6 years and over: mrg.,o 287 © 135 6 22, 012 ] 138. 2! 1708 9
Hol%un ........... -] 1056 75.6 45, 5 | \lulmm_..__ 802 © 116 6] 16,431 0 72.4 1 110.6 8
; Small ... 255 115« 32 L. . 13, 596 42.7 55.:9 5+
ifLarge ~ T 1411 83 20 . | 15,979  6L4 953 8
Jersey oo ooooiiool 56, 5 43.0 29. 4 S Medium_.... 444 185 27 ... ...116,182 40.0 63. 5 7
f Small .. ... 653 ; 107 ; 40 ' ______ 16, 793 32.5 66.0 6

YIAAN MOD AMIVA FHIL JO ALIDVAVD ANV LHHTEAL




TapLe 9.—Data on udders that were selected to illust
the different groups according to age and stage o

rate, by photographs (pls. 1 to 9),
of luctation or length of dry pert

(‘0\\.5 L\m ATING ()\Hc 2 MoxTis

Empty udder woeight data
for each breed group

1

I

B

the rariations in size belween

iod—Continued

Datu on each udder selected for illustration

Age wnd breed group

i

Mean | '

plus- § Mean |

standard. emply
devia- | weight
tion | ‘g

Mean
minus
~gtandard
devia-
tion

Udder size
group

Cow
No.

Age ut% Time

First lnclation:

Holstein

JOrBeY me o c e

Second lactation 1o 6 years:

Holstein

Jersey e n i e
Six vears and over:

Holstein

I'muuls Pounds

34,7

Pounds |

27.9,:,

27,

.3

Large
\l(-(lmm
Small

J Arge
Medinm. ..~
lbm.xll e

Large . ..
{\chnun_,._
2 8

Stall
Large
\[cdmm-___
Small ...

[Lurz.,t,
Medium._.-.
Small .. ...

"
{Lur;,(, o,

\ledunn-_,_z

Small. . .

i
* £

last in

“calvingi milk

4
i

IS

: x\l(mlh.s‘ l)m/s'

206 133
24 371
24 283
26,
31
25

494 |
460

319
290
138
125 -
375
506
278

254
373

154

8% .. 220
144 |

Time

152 |.

Net
energy |
milk

dry |
vield

Da us' ¢ ]’mmds

118, 287
113,312

205 i . ... .

4 18 145
11,295

18, 255
18, 054 ¢
8 503 .
' 13, 602

16 358
1 18, 469

18, 095
17, 677
21’ 242
17, 360
]2 297 ¢
13 620 i

I Empty

fweight |
of
udder

I’ou nids

~
Capac-

. udder

Pownds.
41.3 |
.)0 1
35.9
57.0
47. 6
27.2

76. 6
78.7
59, 8
43.
67.
40.

75.

Ante-
mortem

ity of igradeof

udd(,r
for size

AUOALIADINOY 40 “T4Ed °S N ‘686 NILATIOH TVOINHOAL &F
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Cows Dury Over 1 MoxrTn ?

First Inetation: i ‘
Jf.urg,c ceeney 1210 24 o 63 14,7481 211 16.4 2—
Holstein, oncemmaana.] 25,0 20.1 15.1 oy Medium___; 1617 | 28 1o, 225 | 15,004 1-18.0} 22,6 2~
{Small .77 1286 23 111l 105 | 17,484 © 14,4 212 2
Large. i 1012 27 ... 1611 12,345 0 23,7 21, 5 2-x
JOrsey o vicannnia 26,9 21,8 16. 6 (s Mediim.... 1001 39 f.nnn. 41911 12,782 20.7 17.6 3+
Smiall. . . .7 1003 30 ... 196 | 14,328 18.5° 20.0 2
Second lucintion to 6 years: :
; Large. ... 1217 57 jein.id 761 18,432 | 3211 29.9 6—
Tlolstein, «wevw e, 3.6 25:31 19,0 K Medinm....i 1204 390 ... G4 1 20,112 24,0 37.0 3—
; Snmll P 264 59 . .. 4701 14,3450 19,91 415 | 2
i Large. ... 1498 38 ... B5T113,204: 20.5; 40.0 6
Jersey. CoLiiliaaoo. 30.2 24, 4 18. 6 {4 Medium..-_| - 1412 08 ioanna 3901 17,0693 . 2371 286 4
; Small. ... 1002 36 |vwnnns 192 119,157 | 183} 155 2—
Six years and over:
' | i HLarge......} 800 87 |eeme 721 13,758 | 47.81 49.2 5
Holstein. . mviceamann 41. 9 34,01 26 0 Medinm.. .. 280 891 . .. 42 1 16,180 . 33. 6 i 46, 9 4
, ASman 7770 8160 820 551 18,743 1 22,41 60,1 34
: lmrgc E 440 7 138 36 219,334, 35,0 40.3 G+
JOrsey o i vaimmmania 3.5 240 182 {Medinio..d 480 148 . P77 110, 614 24,57 200 [ G-
% } Small . .. 410 ] 109 ... ; 211 7 .14, 929 i8. 6 23.1 3
{

3 The three values for empty udder weight of the bxch groups are for all dry cows, but none of the sclected udders were from cows that
were dry fess than 1 mouth. .

YUAAN. M09 AUVIVE HILL 0 LIDYAYYD ANV LEDITAL
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SUMMARY AND CONCLUSIONS

Duia on the udders from 473 cows { Holsteing, grade Haolsteins, and
Jerseys) were used it punerads group wul corvelation silios to
determine the relationships between wdder size and producing ability,
and the effect of age. breed. stage of lactation, and length of dry per 104
on the weight and capaeity of The udder. Except in a siudy of breed
differenves, the dala from all breeds were combined to insure o sufii-
cient mnnber of udders in the various uge and lactation-eycle growps.

Group nverages and corvelation studies showed delinife increnses o
udder weight andl eapreity with age. The increases in weight and
capueity were grealest between the first und seeond luctation, 1 ranging
from B85 and 1096 pounds a year, respectively, for cows lactating
2 months or less to 251 and 43 pounds a vear for cows diry over |
moenth. Increases were guite definite for 2il young cows. but tey
were insignificant for cows over 6 years of age.  From the enrliost age
af first calving up to 6 years of zwv yeurly increases in udder weight
and capaeity were 1022 :uul L2 pmmds respectively, for cows lae-
tutm" 2 onlhs o Jessy a0 and L13 punuda for cows laci: 1[|u«r over
9 months: and 153 wnd 1.99 pounds for cows dry over 1 month,

Data from Holstein and Jersey udders were soried into separate
breed groups. The average weight and ('d})d(‘li\ for lactating wdders
was 9.4 and 61.9 pounds. vespectively, for 78 Holstein cows “with an
uverage age of 6 vears 2 months, and 35.0 .uul.m(} poungds. respeetively,
for 86 Jersey cows with an average age of T years, The average
weight and capacity of dry ndders was 27.0 '*Hd 374 pounds, respec-
tively, for 60 Holstein cows \\Hh an average nme at Iast calving of 5
yeurs 2 months, and 243 and 28.% pounds, mspv(tn'elv for 66 Jer sey
cows with an avernge age af last ealving of 5 yees § months,

Advance in ihe stage of laciation way assecinted with variable but
definite decreases in udder weleht and less definite decreases in capac-
ity.  Lnereases in the length of dry period were associated to some
extent with decreases in ndder weight and capacity.  When udders
from cows dry 1 month or Tess were Vincluded with udders diry over 1
month, there were decveases of 036 and 667 pound in weight and
capaciiy {or cach month.  Monthly decreases with sdvince in lacta-
tion for all Inctating cows combined were 147 pounds in weight and
166 pounds in mp'wm bt during the first 2 months of Tactation a
monthiy deerease of 1097 pounds I weight was observed,

Highly significant corrvelations between producing ability and udder
\wllrhl andd vnpacity were found in both groups of Tact: ting cows amd
in both groups of dry cows. The correlations Letween pm(luuwr
abitity and udder cupaeity were a dtile higher than those between pro-
ducing ability and ndder weight., Az ilu- coellicients for dry udders
were a little higher than those for lactating wdders, it would seem that
a large dyy udder is as wood an indication of producing ability us a
Jarge lactating udder,

The inereases in wcder weight and eapacity that aeccompanied each
1400-pound inerense in net energy wilk yield were 2.05 and 430
pounds, vespectively, for cows lactating 2 nonibs or less, 114 and

198 pounds for cows luetating over 2 months, 131 and 241 pounds
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for cows dry 1 month or less, and 0.67 and 1.53 pounds for cows dry
over 1 month.

‘The ralios caleulated by dividing udder capacity by emptr weight
of udder had no consistent swmhmnt relationship within all groups
with the effects of age, 1 .l(.t.ttlonvycle_ or producing ability. However,
there were significant positive corvelations between this ratio and pro-
ducing ability in dvy cows and between this ratio and advanee in lue-
tation for cows luctaling 2 months or less und cows lactuting over 2
months,

Groups of udder pictures are shown to illustrate varintions in size
for different age nnd lactation eycle groups.
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