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ABSTRACT 
With the aid of a specially designed milking machine unit capable of deliver

ing into separa~e containers the milk secreted) by each of the four glands or 
quarters of the cow's udder, a study was made of the yield and composition of 
milk secreted. It was found that the two front quarters, on the average, each 
produced slightly more than 20 per cent of the total milk yield and the two rear 
quarters each produced slightly less than 30 per cent. The milk production from 
the right and left halves was practic;;.lIy uniform. 

The lactation curves of a group of Holsteins; and Jerseys showed that the 
general trend in the rate of milk secretion by quarters was quite uniform through
out the entire lactation period. A comparison of the average quarter production 
in the first lactation with that of the ·second and third lactation!!. revealed no 
significant change in the relatiye production of :he four quarters. 

Considering the average of each breed separately or the average of all breed5 
together, no tendency was observed for ,either the front or rear quarters to 
secrete milk richer in fat than the other even though there was considerabl~ 
difference in the average yield of milk. Itt appears that the normal condition 
in each quarter is to yield milk of uniform composiitioIL when secreting. to the 
limit of the gland tissue present. \\'hen, however, due to abnormal environ
mental conditions one or more glands decline in the rate of secretion mor~ 
rapidly than the others then the fat test may increase to a certain extent. 



The Functional Individuality of the 
Mammary Glands of the Udder 

of the Dairy Cow 
c. W. TURNER 

The yield and the composition of the milk of dairy cattle has 
been widely studied. These studies h<i've shown that there aTe 
great variations in the yield and composition of the milk from 
different individuals and from the same individual with changes in 
the stage of lactation, gestation, <i'nd various environmental condi
tions. The causes of these variations have been ascribed to a 
number of factors including inheritance, environment (feed and 
management, etc.), certain physiologica:l conditions such as preg
nancy, and abnormal or pathological conditions. In these studies 
the entire production of each individual animal has been: consider
ed as a unit. Yet from <i'n anatomical and functional point of view 
each quarter of the cow's udder is a distinctly separate gland 
structure. 

It is possible, therefore, to study the variation in the yield and 
composition of milk from each quarter of the cow's udder. The 
causes of any varia:tion either in yield or composition of the milk 
which might be found would be quite different from those cited 
above. In the first place the general inheritance would be constant 
for the four quarters. That is to say the influence of the general 
body size, the digestive capacity, the blood composition and volume 
would be uniform in their influence on a:ll quarters. Any stimulus 
to growth of the mammary gland or secretion in the nature of a 
hormone or hormones would be expected to act upon all quarters 

similarly since they are carried by the blood. Thus all factors of 
inheritance having a: part in the milk capacity of the dairy cow of a 
general nature should be similar in all four quarters. It would ap
pear that any factors of inheritance which could act specifically 
on the individua:l glands of the udder must of necessity be localized 
in the anlage of that particular gland or related to the form or 
structure of the udder. 

It has been shown by the writer (1930-31) that the individual 
glands of the udder of cattle arise from two parallel ma:mmary 
lines. Two distinct mammary buds soon develop from either line 
forming the anlage of the front and rear quarters. From the mam
mary buds, the primary a:nd secondary sprouts develop into the 
glandular structure of the quarter. The non-glandular parts of 
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the udder ~lso arise very . early in embryonic life. It was shown 
that the form of the udder is well outlined in 12 to 20 cm. embryos. 
From these observations it may be concluded that the development 
of the form of the udder is independent from the development of 
the glandular parts. Yet this is not entirely true for the form of 
the udder may limit the extent of growth of the individual glands. 
Thus a fetal udder may show a deficiency in the fore parts as com
pared to the rea:r. The laek of space in the fore udder may inhibit 
the growth of the fore glands while at the same time permitting 
the rapid growth of the rear glands. In this way the form of the 
udder m<l:Y govern to some extent the relative size of the four 
glands. 

The question of the ultimate size of each gland being limited 
by the capa:city of the non-glandular parts of the udder to grow is 
of great interest in its bearing on the causes of the difference in 
quarter production. It has been observed that the udder tissue is 
separated into fat lobules long befo·re the gland begins extensive 
growth. It is possible that the number and size of these compart
ments into which the glands extend eventua:lly limits the growth 
of the glands. The w alls of the lobes and lobul es are composed of 
connective tissue septa which are extensible to a certain degree, but 
undoubtedly have upper limits of extension. 

On the other hand, the stimulus to growth of the mammary 
glands in some cases ma:y be limited, thus resulting in the failure 
of the gland to utilize all the space available in the lobule compart
m ents. This condition could be determined Dy the amount of fatty 
tissue present in the udder when the growth o·f the glands had been 
completed. As far as is known, studies of this type ha've not been 
made, although the udder sections showing the ncvelopmlO'nt of the 
udder during pregnancy presented by Hammond (1927) show 
variations in this regard. 

Turnin~ next to the question of ;:he relation between the en
vironment and the relative production of the four glands, a second 
striking difference may be noted in compa:rison with total produc
tion. While proper nutrition is an important cause of va:riation 
in total milk production, it would not be expected to alter the 
relative yield by quarters. The arterial blood passes freely to all 
quarters and each gland has approximaely the same opportunity 
to remove the precursors of milk from the blood. Similarly, the 
external environment such as temperature, humidity, etc. influences 
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the four glands equally in so far as it influences the functional activ
ity. 

The management of dairy cattle which includes such factors 
as the frequency of milking would affect all quarters alike. How
ever, the mode of milking might influence the relative yield. Thus 
it ha's been shown that the order of milking the quarters has an 
influence on the relative production hy quarters. In the present 
study, however, the four quarters were milked simultaneously by 
the milking machine, consequently that bctor could not alter the 
relative yield. 

/\ny pathological condition of a general nature would also af
fect all quarters equally, while a condition localized in one or more 
gl,.nds naturally would directly affect the functional activity of the 
individual gland. 

In the above discussion there has been briefly outlined some 
of the unique differences in the causes of variation in the total 
yield of milk as compared with the rela:tive production of the glands 
of the cow's udder. Because of these differences it was believed 
of importance to investigate the variation in yield and composition 
of milk from the individual quarters of a group of cows, noting the 
changes during entire lactations, and from la:ctation to lactation. 

REVIEW OF LITERATURE 

I t is probahle that observing milkers of dairy cattle very early 
noted differences in the yield of milk from the four quarters of the 
udder. Little importance appeared to be attached to these differ
ences because references in the ea:rly literature to these differences 
are limited. One of the earliest studies reported from an American 
agricultural experiment station was made by Dr. S. M, Ba:bcock 
of Wisconsin in 1889. This report was followed by the studies of 
Plumb (1896) at the Purdue Station, Ingle (1902) in Scotland, 
Beach and Clark (1904) at the Storrs (Conn.) Station, anc! others 
in many countries during more recent years. 

The early studies were concerned chiefly with the yield of 
Ulilk by halves and quarters as well as the effect on the yield hy 
Ulilking the quarters one at a time in different orders. At the time 
these early studies were made, knowledge of the anatomy of th.e 
'L1.dder and the physiology of milk secretion was rather meager. As 
a consequence, the interpreta:tion of the observations made in some 
e:ases are not in accord with more recent obs.ervations and con
e: I tlsions. 
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The Order of Milking the Quarters 
While the four glands are now known to be entirely separate 

and distinct structures, the early observations that the order of 
milking the quarters influenced the yield and composition of the 
milk obtained suggested the possibility of a connection between 
the quarters. Without a connection of some type, how could the 
removal of milk from one quarter alter the yield and composition of 
the other quarters? Because of its relation to the yield and com
position of the milk observed in other experiments the present ex
planation of the cause 'will be presented first. 

Sturtevant of the New York Station is cited by Babcock (1889) 
as having noted a considerable variation in the fat content of the 
milk of a' cow when the teats were milked one at a time. Babcock 
also found similar variations, the gland milked second in order 
producing the most and the richest milk, the others ranking in the 
following order: first, third, and fourth. 

Plumb (1896) repeated Babcock's experiment without obtain
ing as striking results. A very slight decrease in milk and fat pro
duction wa:s observed in proce·eding from the first to the last teat. 
Beach (1904) also observed a decreasing yield of milk and Van 
Slyke (1908) a decreasing fat content under the same conditions. 
Crowthers (1915) found almost invariably that the milk drawn 
from the quarter milked first was richest in fat and that drawn from 
the last quarter was the poorest in fat. From these observations 
he concluded that the time factor mnst be of considerable impor
tance in milking. This was confirmed by very quick and very slow 
milking by the usual methods which showed a difference of ten per 
cent in milk yield and 40 per cent in fat yield in favor of quick 
milking. When two milkers milked the four teats at once the milk 
yield was increased 2 per cent and the fat yield 6 per cent over the 
normal milking. 

These results are believed to be explained by the observations 
of Tgetgel (1926) and others that following the initial stimulation 
of the teats at milking- time there is an increase in the pressure 
within the udder which forces the milk into the cistern. If the milk 
is not quickly removed the pressure soon decreases a:nd the last 
milk is difficult if not impossible to remove. 

The experiments indicate the importance of uniformity in the 
milking act in an experiment designed to obtain the functional 
capacity of each quarter. Because the four quarters may he milk
ed simultaneously by means of a milking machine, it would ap-
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pear that mach ine milking would be most satisfactory for this 
purpose. 

The Quarters Compared 

The variation in the milk production of the four quarters of 
the cow's udder has been briefly studied by Babcock (1889), Plumb 
(1896), Ingle (1902), Beach and Clark (1904), Hanne (1905), and 
many others during rccent years. The results obtained by these 
workers are summarized in Table 1. In general, the front quar
ters were found to be less productive than th e rear quarters a·l
though occasionally the opposite condition was observed. 

Svoboda (1905) studied the productive capacity of the four 
quarters of a llumher of Co\VS, finding the rear quarters more pro
ductive than the front. Hanne (1905) similarly found the rear 
quarters more productive although exceptions were observed. He 
believed that the right half was more productive than the left due 
to the more intcnsive manipulat ion of th e milker sitting on the right 
side. Klinkmiiller (l!HHJ) compared the milk yield of 12 cows 
secreted by the right half of the udder with the yield of the left ha1f. 

Leather and Dobbs (1914) compared the production of milk 
from one-half of the udder while the calf was removing the milk 
from the other half. By reversing the process the yield on either 
side was obtained. While in a few cases one half showea a larger 
yield than the other. in general the tv\'o halves were quite similar in 
capacity. 

Goldoni (1914) is reported to have concluded from his ob
servations that the fluctuations of the quantity and quality of milk 
from the four quarters was unimportant. 

Levine and Koo (1923) compared the composition and yields 
of milk from the qua·rters of the udder of the water buffalo, finding 
the variation in the quarters similar to that observed in cattle. 

Scholz (1929) noted that the rear quarters were more produc
tive than the fnre quarters in seven out of eight cows included in 
his observations. 

Mezgar, Umbrecht and Fischer (1929) studied the yield and 
composition of the milk from six cows, divided into the front and 
rear halves, to determine if such samples could be considered as 
representative of the entire yield of the cow. 

Of the more recent studies Filipovic's (1932) is of special in
terest. In 100 individual milkings by quarters, the difference in 
the production of milk of the right and left rear quarters was shown 



TABLE' I.-COMPARISON OF THE YIELD AND COMPOSITION OF MILK BY QUARTERS REPORTED IN LITERATURE 

Quarter Production Production by Halves Fat Test 
----- ------------Number Right Left Right Left Right Left Ri~ht 

Authority of COIVS Front Front Rear Rear Front Rear Right Left Front Front Rear 

% % % % % % % 41~66 % % % 
Sttirtevant (1889) 1st ___ 1 33.33 20.83 25 .00 20.83 54.16 45.83 58.33 5 .59 4.43 4.39 

2nd ___ I 23.43 23.43 25.47 27 .67 46.86 53 . 14 48.90 51.10 2.32 3.00 2 . 73 

Babcock (1889) __ ~ __ _____ 23.28 22.00 23.07 31 .65 45 . 28 54.72 46 . 35 53 .65 3.76 3.69 3 .93 

ngle (902)_- ___ -------- 10 (4)* 25.68 17.22 30 .57 26 .52 42.90 57.10 56 .25 43.75 3. q3 3.87 t.24 

Beach & Clark (1904) __ __ 15 (2)* 22.10 20.20 28.30 29.40 42 . 30 57 . 70 50 .40 49.60 5.35 5.H 5 . 35 

Beach & Clark (1904) ____ 15 (1)* 18 .30 20.50 29.50 31. 70 38 .80 61.20 4c7 . 80 52 .20 4 .58 4.56 4 .55 

Fitch & Copeland (1924) _ 5 (40)* 18.85 21.15 32.55 27 .45 40.00 60.00 51.40 48.60 4 .66 5.18 5.12 

Scholz .<1929) ____ _______ 19 .93 22.54 27.36 30.17 42.57 57 .53 47.29 52.71 3.92 3.85 4 .00 

Filipovic (1932) __ _______ 49 (2)* 20.40 20040 28 .50 30.50 40.80 59.00 48.90 50.90 
-- --

*The numbers in the parenthesis indicate the numb .. of ,am ole •. 
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to be without significance statistically. Similarly the difference in 
production of the two fore quarters was not significant. In com
paring the production of the two front quarters with the two rear 
quarters a ratio of about 40 to GO was observed, or a ratio of 100 
to 143 as expressed by Filipovic. As will he shuwn later, this ratio 
agrees well with observa tions of the writer. In an earlier study 
Filipovic (1930) observed a ratio of lOO to 1 ;2·.) between the produc
tion of the front and rear quarters. 

Composition of the Milk of the Individual Quarters 

In many of the ('arly studies of the variation ill the yield of 
milk by quarters, the percentage fat content was also· determined. 
In most of th ese studies there is a question whether the variati()11 
when observed \vas due to the method of milking the individual 
quarters or to real differences in the composition of the milk. Thus 
Babcock (1889) showed that the variahility in th e composition of 
milk \-vhen the quarters were milked in rotation was due to the 
rotation in the order of milking rath <'r than due to any inheren t 
difference in the composition (If milk s('cretcd in th e four quarters . 
. \ Jarg-e number of investigators iwlucling Ingle (lH02), Beach 
and Clark (1 90-1-) , Svoboda (HJO;») , Hanne (100;»), Van Slyke 
(1908), Klinkmi.i.ll cr (1909), Leather and Dobbs (Hll-i), Scholz 
(1929), and Mezga-r, Umhrecht and Fischer (U)29) have compared 
the composition of the milk obtained from individual quarters or 
halves. 

In the more recent studi(~s the variati011 in other constituents 
of the milk as well as certain physical :lnd chemical properties have 
been investigated . . Proks (l!l .~28) ddermined the yield, specific 
gravity, fat, protein, lactose, ash and solids-Jl o t-fat from the four 
qnartel'sof six cows. He concluded that while the milk from the 
four quarters was similar in composition it was not identical and 
the differences were often pronounced. The composition of the 
milk from 18 individual cows was analyzed by Nottbohm (19~~8) 

showing similar results. Scholz (1929) investigated the fat, spe
cific gravity, dry matter and the ntllnb '': r of hacteria. 

The milk from the individual quarters ()f a single cow during 
a lactation period of eleven nlonths was investigated by Mattick 
and Hallett (1929). They observed distinct variations in certa in 
properties of the milk, particularly in the amount yielded, the acid
ity, the time of coagulation with rennet and the percentage of but
terfat. On the \\'hole the properities of the milk from the two· front 
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quarters seemed to be similar, and also those from the two hind 
quarters, although there are distinct (lifferences between the milk 
from the fore and hind quarters. On occa:sions strikingly different 
values were obtained for the milk from anyone quarter which 
seemed to bear no relationship to the values for the remaining 

three. 
Benton (1929) reported briefly on the variation in the thermo

stability, the hydrogen ion concentration, etc. of milk obtained from 
the four quarters of a: single cow during a period of two weeks. 

Frequency of Pathological Conditions in the Four Quarters of 
the Udder 

It has been pointed out that each quarter is a separate gland 
structure. Individual quarters may be the seat of a pathologica:l 
condition without the others necessarily becoming infected. Due 
to the location of the front and rear quarters it is possible that cer
tain glands would be more susceptible to pathologica'l conditions 
than other quarters. N ottbohn (1928) recently reviewed the litera
ture in this field. He quoted Franck to the effect that glandular 
(parenchymatose) inflammation more frequently affects the hinel 
qua:rters than the fore quarters and that tuberculosis of the udder 
occurred most frequently in the hind quarters. 

Wall (1918) reported that the left half of the udder became 
infected with tuberculosis more frequently than the right and that 
the rear quarters were affected more often than the front. Of 115 
cases of udder infection, 105 or 91 per cent were located in one or 
both · rear q ua'rters. 

Nottbohn examined the chlorine and sugar content of the milk 
from each quarter of 18 cows having mastitis. He observed 61.11 
per cent of all cases in the left rear quarter, the right rear quarter 
was second with 22.22 per cent of the ca:ses, and 16.67 per cent 
in the two fore quarters. Only one case of infection was observed 
in the right front quarter, so that the conclusion was drawn that 
this quarter was protected by its position. He suggested the fol
lowing factors which might have a bearing on the results obta:ined. 
1. Rear glands more exposed to uncleanliness. 2. Greater pres

sure exerted on rear quarters when the animal lays down. 3. Cows 
prefer to lie down on left side after eating due to a:rrangement of 
internal organs. 4. More frequent pregnancy in the right horn 

of the uterus (causing cow to lie on left side). 5. Lying on left 
sides interferes with the circulation of blood. 
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Symmetry of the Udder 
A study of the inheritance of udder shape has been pres,ented 

by I vanova (1931). In this work the udder was divided into an 
anterior and a posterior half. She formulated a "symmetry index", 
the formula for which is as follows: 

Symmetry Yield Rear Half for 24 hrs.-Yield Front Half for 24 hrs. · 
Index = . Total Yield for 24 Hours 

The more symmetrical the udder, the nearer to 0 is the index figure 
obtained. Therefore, an asymmetrical udder would ha've a high 
index figure. 

From results of pedigree analysis, which demonstrated the 
dominance of high index figures, Ivanova concluded that the asym
metry of udder development was hereditary and based upon a 
single dominant gene D. She stated that udder development may 
influence milk yield in three ways-(l) asymmetry may be due 
to overdevelopment of the hind quarters, thereby producing a 
higher yield; (2) asymmetry may be due to under-development of 
hind quarters thereby reducing their yield; and (3) asymmetry may 
be due to development of hind quarters at the expense of the fore 
quarters. 

Anatomy of the Cow's Udder 

The mammary glands of cattle are grouped together in a 
structure called the udder. The individual glands are arranged in 
two rbws on opposite sides of the median line of the body. There 
are two normal functional glands on each side (the quarters) and in 
addition there may be from one to two supernumerary teats with 
or without small functional glands. 

The right and left halves of the udder are separated by a dis
tinct median suspensory ligament which helps to support the ud
der. The individual glands in each half of the udder are not as 
distinctly separated as are the halves. However, as indicated by 
embryological evidence and the injection of var'ied colored dyes 
into the quarters of each half, it has been demonstrated that the 
quarters also are distinctly separated. The line of division, how
ever, appears to be only a very thin connective tissue septum, ir
regular in outline, but permitting no mingling of the secretion of 
the two glands. It therefore follows that all milk drawn from 
each quarter is produced in that quarter. 

The blood supply to the udder is also of interest. There are 
two large arteries bringing blood to the udder, the right and left 
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Fig. I.-Cross section of th~ rear quarters of a cow's udder. 

external pudic arteries. These arteries usually pass into either 
rear quarter and then send branches into the front quarters. The 
important point to note is that the front and rear quarters are sup
plied by the same artery. The venous system is further developed. 
The · blood may return by anyone of several courses. Upward 
through the corresponding vein; forward by "vay of the milk vein; 
or to the rear and upward by way ·Jf the perineal vein. It may 
also pass from one-half t o the other by large anastomosing veins. 
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Fig. 2.-Section of the front and rear quarters of :1 cow's udder. The extent of the quarters is 
shown by the injection of varied colored solutions . 
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Fig . 3.-Sche m.tic circulatory system of the dairy cow. A single large .rtery (the externa l pudic) supplies blood 
to hoth rear and front quarter. Three distinct veins carry the blood back to the hearl 
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Plan of the Experiment 
In outlining the plan of the experiment an effort was made to 

simplify the procedure as much as possible and yet obtain the max
imum amount of data. The method of securing the yield of milk 
by quarters first required solution. As the cows in the Station 
herd \vhich would be available for the experiment were being milk
ed by a milking machine, it seemed desirable that a milking ma
chine be used during the experiment. There was the added ad
vantage of the simultaneous removal of milk from all quarters and 
greater uniformity in milking than would be possible with hand 
milking. 

I , 

I, 
.. ___ ,IIdotCYllndo", 

~ ~ 
II ' 

II 

I '.::; -. ~- -- ---:--,.-~ ~-

~-----_ ».:-------1 r_cvl' 
rPM! VI ... 

QUAIZT£IZ. MIWNG MACHINE 

Fig. 4.-The constructio n of a De La.val milking ma'Chine designed to determin'e the yield of milk 
from each of the four glands. 

So far as the writer was aware a milking machine unit which 
would make it possible to deliver the milk from each gland into a 
separate container was not available. The problem was taken up 
with the late H . C. Beckman, Resea'rch Engineer of the De Laval 
Separator Company. Mr. Beckman became interested in the prob
lem and succeeded admirably in designing a compact unit of the De 
Laval milker which would deliver the milk from each quarter into 
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Fig. 5.-The quarter milking m:t chi ne in operation. 

a separate container (Figs. 4 and 5). I desire to expn~ss my in
debtedness to the DeLaval Company for this machine without 
which the experiment would have been impossible. 

With a "quarter milking machine" available it was p6)ssible to 
proceed with the experiment. To increase the numher of animals 
which could be tested simultaneously, it was decided to secure the 
yield and composition of the milk from groups of cows for periods 
of one week. To determine changes due to the advance of lacta
tion the tests were repeated each fourth week. Thus each cow was 
milked one week during each four weeks by the "quarter milking 
machine", and the other three weeks with the regular milker. 

As far as possible the cows were started at the beginning of 
the lactation period, but this was not always feasible due to the time 
of calving. In order to keep the groups filled at all times a few 
cows were tested temporarily until other animals freshened. 

Each week a group of five cows was milked three times per 
day with the "quarter milker". After milking each animal, the 
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MONTH OF LAcTATION 

Fig. 6.-The average production of milk by individua l quarters of the 
udder of cows of the Holstein and Jersey breeds. Each point represents 
the production during a 7-day test period each 28-day month. In the 
case of the Holstein re.cords, it will be noted thdt the right and left rear 
quarters change places in the rate of secretion between the third and 
fourth months. The remainder of the lactation as well as the entire 
lactation of the Jersey cows is characterized by uniformity in the 
production of milk by quarters. 

milk from each container was poured into a marked pail. 'l'he 
remaining milk from each quarter was then stripped into the prop
er pail. The milk in each pail was weighed a·nd an aliquot sample 
taken by means of a sampling tube. Composite samples of the 
milk from each quarter was preserved with corrosive sublimate 
and tested each week. All samples ,,,"'ere tested for fat in duplicate 
by means of the Babcock test. 

For .the careful supervision of the experimental work at the 
dairy barn the writer is indebted to Mr. H. A. Ball, Dairy Herds
ll1an. 

PRESENTATION OF EXPERIMENTAL DATA 

In the presentation of the data, there will be considered first 
the va:riation in the relative production of milk by quarters, fo1-
lowedby the study of the variation in the percentage fat conteilt 
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of the cow's udde r. The more nearly the lines approach the parallel, the mo re 
closel y do they indic ate the maintena.nce of a uniform rate of secretion in 
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19 

of the milk. There are included in the study 74 la:ctation records 
varying from one to 20 months in lengthl by 45 cows of the four 
dairy breeds. Two lactation tests were made on a total of 22 cows, 
while three tests were made on seven animals in the above group. 
In aU 663 monthly tests (seven days each 28 days) were made aver
aging approximately 9 months in length for each lacta:tion record. 

Change in Quarter Production During the Lactation 

In all of the studies previously reported concerned with the 
rela'tive production of milk by quarters relatively short tests have 
been made. In some of the experiments reported single milkings 
were considered. In other tests one or two days production were 
averaged together to obtain the percentage of the milk' producti6n 
secreted by each gland. The question arises as to the permanency 
of the relative yield by quarters during an entire lactation period. 
Does ea:ch quarter give the same p,ercentage yield as long as milk 
secretion continues or are there changes in the relative yield 'with 
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Fig. 8.-A few individual curves Df the milk yield Df Jersey CDWS are presented Dn the left side. 
On the opposite side the curves are presented of the relative production of each quarter. In the case 
Df cow ND. 154, it will be DDted that the right front quarter declined markedly while the left rear 
Quarter increased in proportion. The other quarters remained relatively con"Stant. No. 163 is char
acterized by uniform production in the four quarters. No. 190 shows high production in the f .ear 
quarters , very low production in the froDt Quarters. No. 803 illustrates the exceptional udder with 
high production in the front Quarters but all uniform in relative production. 

the advance of lactation? If changes are observed is there any reg
ularity as to the quarters which increase and those that decrease 111 

relative production? 

In a previous study the writer (1931) determined the per
centage production of milk yield by quarters in a group of heifers 
before and after the first parturition. Great variation was noted 
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in the yield of secretion during the recurrence of estrum and dur
ing the major part of pregnancy. With the gradual rise in the 
rate of secretion at the approach of parturition, the relative yield 
came to approximate very closely the post-partum production . . It 
was concluded that the yield of secretion from the quarters does 
not mea'sure the amount of growth of secretory tissue in the {luar
ter during the major part of pregnancy. Only with the increasing 
yield of milk at the approach of parturition are the potentialities 
of the four quarters fully realized. 

Studies of the hormones stimulating the growth of the mam
mary gland and the initiation of milk secretion during pregnancy in 
experimental animals indicate that the growth of the gla'nd occurs 
during the first half of pregnancy and a slight stimulus to secretory 
activity during the larger part of the second half of pregnancy but 
the great secretory activation of the gland is produced by galactin, 
a hormone produced by the anterior pituitary at the approach of 
and following parturition (see Turner, (1932), and Gardner and 
Turner, (1933) for a review of literature). 

It is well known that total milk secretion increases for a pe
riod after parturition, reaches a maximum and then begins to de
cline gradually. During the period of maximum production thc 
secretory tissue of the udder is in a ma'ximum functional state. It 
might be considered that at this time the relative yield of milk 
by quarters would most accurately represent the relative amount 
of secretory tissue in each quarter. With the gradual decline in 
milk yield the individual cells may secrete milk less intensely or 
part of the cells may cease to secrete cntirely. The observations of 
Lenfers (1907) clearly indicated that with the advance of lactation 
parts of the udder around the periphery cease secretion. The in
tensity of the secretory activity of the cells is difficult to measure 
and therefore, little is known in regard to changes in the activity 
of the cells. It :3eems probable, however, that cells gradually de
cline in activity before the final cessation of secretion. 

These data have a bearing also, on the physiological explana
tion of persistency of lactation. What causes the differences in the 
rate of decline of milk secretion in differenf ' cows? If the dif~ : 
ference were due to stimuli in the nature of hormones it would be 
expected that the four quarters of the udder being under the same 
stimuli would decline at a: uniform rate. If the anatomy of the 
quarter played a part in the persistency through differences ill the 
size of the storage space in relation to the mass of secretory tis-
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sue, it might be expected that each quarter would have a different 
rate of decline of secretion. This being the case, the relative rate 
of milk secretion might be expected to be fairly constant during 
a period when secretion was at a: maximum but with the declining 
phase of milk secretion more and more irregularity would appear 
in the relative production of each quarter due to the individua:lity 
of the quarters. 

In a study of these data, the average rate of decline in milk 
secretion by quarters will first be considered. Of the records 
available it was found that there were 18 Ja:ctations of Holstein cat
tle covering a period of 12 months. Similarly in the Jersey breed, 
the records of 20 animals for a period of 9 months were available. 

The tabulation of these data· indicate that the general trend in 
the rate of milk secretion by quarters is quite uniform, on the aver
age, throughout the entire lactation period. As will be noted in 
Table 2 and Figs. 6 and 7, in the case of the Holstein records, the 
right and left rear quarters cha:nged places in the rate of secretion 
between the third and fourth months. Following this change the 
remainder of the lactation was characterized by uniformity in the 
r.elative production by quarters. The average quarter milk pro
duction of the Jersey cows also showed great uniformity during the 
period under observation. The uniformity in the decline of milk 
secretion by the four quarters may be further demonstrated. by de
termining the average persistency of milk secretion in each of the 
four quarters as compared to the average persistency of the total 
production. A simple quantitative form of expressing persistency 
of milk secretion has been suggested by the writer (Turner, 1926). 
It ,vas shown that when all other conditions were uniform the 
monthly milk production during the lactation period after the max
imum is pa:ssed, is a constant percentage of the preceding month's 
production. By dividing ea:ch month's production by the produc
tion of the preceding month and then determining the average of 
these values, an average index of persistency may be obtained. It 
will be noted that in the case of the Holstein cows, the average 
persistency was 93.12 per cent. In comparison with this th.e aver
age persistency of the right front quarter was 93.34 per cent, left 
front quarter 93.05 per cent, right rear quarter 94.10 per cent, and 
left rear quarter 91.96 per cent. The average persistency of the 
Jersey cows was 89.45 per cent. The right front quarter was 89.15 
per cent, the left front quarter 89.09 per cent, the right rear quar-
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TABLE 2.-THE RATE OF DECLINE OF MILK SECRETION BY QUARTERS 

Holsteins-18 Lactation Records 

Average Milk Production by Per-
Quarters. 7 Days Each Month sist- Per Cent of Total Production 

(28 days) encyof Secreted by Each Quarter ------------ Lac- ---------
Month of Right Left Right Len 'a- Right Lelt Right Left 
Lactation Front Front Rear Rear Total tion Front Front Rear Rear 

------------------------
I 75.0 72.4 91.6 92.7 331. 7 22.61 21. 83 27 . 61 27.95 
2 79 .8 75 .4 95.3 98 .0 348.5 22 .90 21.64 27.34 28.12 
3 77 .2 73 .2 91.0 93 .7 335.1 96 . 15 23.04 21.84 27.16 27.96 

'<l 74.6 70.3 87 . 2 81.5 313.6 93 .58 23 . 79 22.42 27.80 25 .99 
5 69.9 65.9 82.6 76 . 1 294 .5 93.91 23.73 22.38 28.05 25.84 
6 69.0 63.8 79.5 72 .9 285.2 96 .84 24 . 19 22 . 37 27 .88 25.56 
7 67.3 62.6 77.7 72.4 280.0 98.18 24.03 22.36 27.75 25.86 
8 66.8 60.1 77.1 69.7 273.7 97.75 24.41 21.96 28. 17 25.46 
9 60.9 55.5 71.0 64.9 252.3 92.18 24.14 22.0 28.14 25.72 

10 55.5 50.5 66.3 60.1 232.4 92.11 23 . 88 21. 73 28.53 25 . 86 
11 46.7 43 . 1 58.8 4'1.5 198.1 85 .24 23 . 57 21. 76 29 .68 24.°9 
12 39.4 36.2 51.5 +1.7 168.8 85.21 23.34 21.45 30.51 24.70 

Average 93 . 12 23.63 21.98 28.22 26.17 

]erseys-20 Lactation Records 
1 46.1 44.5 57.4 60 .8 208.8 . 22 .08 21.31 ~Ug I ~U6 2 50.9 45.6 64.4 66.7 227.6 22.36 20.04 
3 45.6 40.0 5°.3 60.7 205 .6 90 . 33 22.18 19 .46 28 . 84 29.52 
4 40.5 35.5 53.3 54.5 183.8 89.40 22 .04 1'1.31 29 .00 29 .65 
5 35.1 30 .0 46.0 47.3 158.4 86.18 22 . 16 18.94 2'1.04 29 . 86 
6 33.4 30 . 1 43.5 44.7 151. 7 95 . 77 22 .02 19.84 28.67 29.47 
7 30.1 26 . 7 38.7 41.7 137.2 90.H 21.94 19.46 28.21 30.39 
8 25.7 24.1 32.1 36.1 118 .0 86.01 21.78 20.42 27.20 30 .60 
9 22.7 20.1 28.7 32.2 103.7 87.88 21.89 19.38 27 .68 31.05 

Average 89.43 22.05 19.80 28.27 29.88 

ter 89.16 per cent, and left rear quarter 90.16 per cent. It will be 
noted that the two rear quarters of the Holstein cows vary some
what from the average ·persistency. The quarters of the Jersey 
cows compare very favorably with the average persistency. These 
data would appear to indicate that, on the average, the secretion 
of milk in the four quarters during a large part of the lactation pe
riod at least follows a similar course of decline. 

There are, however, numerous individual exceptions which 
cannot be ignored. It is true that many individual animals have 
lactation curves in which the production of the four quarters close
ly parallel each other, indicating a uniform rate of decline in the 
four glands. Yet in other individuals, the relative yield of milk 
in one or more quarters markedly declined with a corresponding 
rise in one or more of the other quarters. 

Several methods are available to show these individual varia
tions. The individual lactation curves might be presented giving 
pictures of the trend and persistency of milk secretion in each quar
ter. Space will not permit such a presentation. Instead, a few 
typical curves are presented inF.igs. 8 arid 9. When the lines rep
resenting the percentage yield for each quarter are parallel through
mit the entire lactation it means that the' persistency of each ' quar
ter is constant. If a line rises, it indic;ttes that the milk production 
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.. Fig. 9.-A· few individual curves of the quarter m il k production of Holstein cows. No. 266 record 
is characTerized by uniform lactation produc-t ion for a period followed by a decline in the rir:ht frollt 
a~d a. corresponding rise in the left rear quarter. No. 509 shows a tendency for t he fcar quarters to 
in:creasc slightly as the front 'quarters d"ecline. No. S11 is an example of uniform production with the 
front and re ar halves showing .a satisfactory symmetry in dex. 

of the quarter represented has increased in relation to the other 
q.uarte!"s. 

1'0 show the individual variation in persistency of each quar
ter, the method previously described may be applied. For pur
p_oses :of comp.lrison, the 'peFistency of milk secretion for the first 
eight' mtmths of the lactation per.iod was computed and then where 
lactation was continued, the persistency for the entire period. As 
the': first eight months may be considered as the period of greatesf 

~ ,..andu'l!lost , u:nifotm production, the average persistency during' this 
period may' be corisidered as 'representative of the activity of the' 
individual quarters. Chahgesin : persistency of the individual 



RESEARCH Bl'LLETIN 211 25 

TABLE 3.- PERSISTENCY IN MILK PRODUCTION OF THE I NDIVIDUAL QUARTERS 
OF THE COW'S UDDER 

Jersey Breed 

Average Persistency 
-
Right Front Left Front Right Rear Left Rear Number of 

Herd No. Quarter Quarter Quarter Quarter Total Months Included 
-

% % % % % 
125 83.70 91.08 88.03 '11.57 87.55 8 
125 78.46 84.20 84.24 88 . 18 83.40 Entire Lactation (<J) 
128 88.83 88.58 92 .08 92 .70 91.13 8 
128 86.79 86 .56 89.87 92.75 90.00 Entire Lactation (10) 
154 73.05 9~.07 95.80 97 .42 93. 17 8 
154 79.37 90.11 92.20 92.61 89 .91 Entire Lactation (10) 
163 90.62 91.27 91.37 90.45 90.90 8 
163 89.20 '10 . 34 88.74 86.43 88.23 Entire Lactation (12) 
164 86. 12 84.82 89.06 86.58 86.58 8 
164 83.72 83 . 71 90 .50 85 .68 86.20 Entire Lactat ion (10) 
165 02.28 ~2.62 92.73 93 . 38 92.76 8 
165 90.56 90.01 88.90 89.57 89 .87 Entire L.ctotion (13) 
167 90.44 89.20 87: 75 88.71 89 .00 8 
167 93 . 93 91. 87 89.80 90.92 91.68 Entirc Lactation (9) 
177 87.30 89.48 94.31 97 .9~ 93.47 8 
177 94.27 95.39 94.84 98.18 95.39 Entire Lactation (10) 
190 107.75 119 . 20 90 .06 91.81 93.71 8 
190 79.16 83 . 16 68.35 75.66 69.94 Entire Lactation (10) 
191 92.62 91.56 88.42 92.72 90.75 8 
10 1 91. 39 89.73 87.02 91.53 89 .45 Entire Lactation (9) 
198 96.16 98.44 97.48 98.62 97 .52 8 
198 91.38 91.05 93.33 93 .63 91.80 En tire Lactation '(14) 
199 95.71 92.00 97.11 96.03 95.82 8 
803 93.65 93.85 92 . 97 94.78 93.80 8 
803 95 .53 96.27 94.39 94.58 96.26 Entire Lactation (13) 
806 87.61 80.72 92.70 91 .. 90 88.94 8 
806 86.62 81.44 90.68 90. 13 87.76 Entire Lactation (11) 

Holstein Breed 
266 90.87 94.79 90.23 97 .43 93.97 8 
266 78.87 85 .16 82 . 30 87.99 84.20 Entire lactation (10) 
279 96.43 92 .1 7 9<1.30 96 .05 95.37 8 
279 91. 77 83 . 78 9~.55 92.05 90 .66 Entire lact·,tion (17) 
290 (1)* 94.64 9.5 . 72 93 . 58 89.78 93.30 8 
290 (1)* 89 .06 89.13 90.05 85 .80 88.43 Entire bcta tion (17) 
290 (2) 95.84 98.58 98.00 96 .49 97 .04 8 
290 (2) 95.33 97.11 96.10 93.50 95.30 Entire lactation (H) 
508 100 .1;3 100 .92 100 .95 82.40 97.35 8 
508 94 .80 93.82 97.13 84.74 9~.24 Entire lactation (20) 
509 (I) 95.47 95 .98 98 . 22 97.92 98.12 8 
509 (I) 86 . 72 87.30 93.35 92.34 71. 55 Entire lactation (11) 
509 (2) 98.14 °4.32 95 . 50 94.53 95.49 8 
509 (2) 97.77 94.95 95.74 94.74 95 .66 Entire lactation (15) 
510 (I) 98.30 96.18 95.84 95.84 96.48 8 
510 (I) 91.15 89.78 90.87 92.08 90.44 Enpire lac~ation (13) 
510 (2) 85.15 84.10 85 .88 82.06 81.47 
510 (2) 81.32 78.98 87.88 80.57 81.14 Entire lactation (II) 
511 (I) 97.08 94.27 95.64 95.40 95.44 8 
511 (l) 89.98 87.26 89.41 89.18 88.89 Entire lactation (H) 
511 (2) 90.42 88.81 92.75 92.29 91.80 8 
512 (I) 92.31 90.44 92.24 90.89 91.99 8 
512 (I) 88.88 86 . 66 87.21 86.40 87.36 Entire lactation (10) 
512 (2) 97.01 96.42 91. 49 92.02 93 . 66 8 
512 (2) 94.92 93.72 89 .97 89.79 93.49 Entire lactation (20) 
515 96.61 96.10 '17.46 97.54 96.76 8 
515 94.95 94.95 94.46 95.36 94.85 Entire lactation (20) 
521 (I) 95.65 97.19 '14.98 95.91 95 .H 8 
521 (I) 80 .43 90.49 90.94 93.92 91. 79 Enti" lactatio n (13) 
521 (2) 94 . 16 95.03 96.94 98.99 96 .65 Entire lactation (8) 
521 (3) 96.38 93.08 96.26 91.84 96 . 38 8 
521 (3) 93 .60 90.97 93.83 91.57 94.02 Entire ·lact.tion (10) 
530 92.77 94.46 93 .96 95.37 94.33 8 
530 91.61 92.77 91.87 94.46 92.97 Entire l.ct.tio·n 19) 
537 (1) 77 .92 80.69 82 .22 83 .5 7 81.40 Entire lactation 8) 
537 (2) 95.59 . 95.52 , 95.38 86.14 . 93 .21 8 
537' (2) 85.86 8"4 .25 91.12 83.42 . 86.94 Entire lacution, o4i 
537 . ., (3) 95.72 9.6.86 96.91 96 . 21 ZU~,;, •. .. 8 . . 
537 . (3) . .. ;: 92.78 93.60 94'.90 . 93.39 Entire lactatio n (10) 

m (IS' , lOD e 10 §U~; , · · 99.78 §Ui 99 .3Q 8 . 
n···· , . :95: 7/; , 

''16.13 95 ·. of3·'· E,\tire hil:'iaHon (9) 
549 (2) 99.65 97.50 99 .49 98 . 57 98.67 , . 8 
549 (2J. 97 . 23 96.47 99': 48 ". 97 .17 ' '97"; 9U' ,j! ·"Ei\~ih l:ii:b~iOn' (9) 
571 98.96 99 .25 9° .30 99.87 99.34 8 
571 94.15 93.63 95.29 95.43 94.71 Entire lactation (12) 

*Indicate the first of 2 or more l"actations where the yield by Quarters was obtained. 
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quarters quring the latter part of the lactation period will be shown 
by the difference in the persistency of the quarters in the two figures 
(Table 3). 

In order to secure some idea of the variation in the persistency 
of the individual quarters, a tabulation of the varia-tion in persis
tency for the first eigh~ months production was made. Of the 38 
lactation recorids ' i~duded, a total of six animals showed a va-ria
tion of less thim one per cent between individual quarters and the 
average of all quarters, 15 varied less than 2 per cent, 23 varied 
less than 3 per cent, and 34 less than 4 per cent. Only four varied 
more than 5 per cent in persistency in individual quarters from 
the average. 

The quarter showing the greatest deviation from the average 
persistency was noted in each case. In 12 cases the right front 
quarter either increased or decreased most markedly, in 9 cases 
the left front in 8 the right rear, and in 9 cases the left rear. It 
would thus appear that there is little tendency for one quarter to 
deviate more from the average than another. 

These data have a bearing on the problem of the mechanism 
maintaining the intensity of secretory activity of the gland tissue 
of the individua-l quarters. The fact that there is a general tend~ 
ency for the quarters to decline uniformly is taken to indicate that 
the lactogenic hormone not only stimulates the initial secretory 
activity of gland tissu.e but tends to maintain uniform secretion 
except 'as influenced by external environmental factors. This idea 
is further supported by the fortuitous variation in the decline of se
c·f~tion in the various quarters in successive lactation periods. 

Milk Yield by Quarters 

Asummaty of the 74 lactation records of the quarter milk se
cretion was obtained in the form of the average percentage milk 
yield shown in: Table 4~ These data show that the two front quar
ters each produced slightly more than 20 per cent of the total milk 
yield, wherea~ the two rear quarters each produced slightly less 
than 30 per ceht. Considered together, the front quarters produc
ed4l.90 per cent arid the rear quarters 58.10 per cent of the total 
milk. . The mllk production from the right and left halves was 
practically uniform ·49.93 per cent and 50.07 per cent, respectively. 

These data may be treated statistically by determining the 
frequencydistributi:on of the average percentage of the quarter 
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TABLE 4.-THE MILK YIELD OF THE INDIVlDUAL QUARTERS OF THE UDDER OF DAIRY CATTLE 

Jersey Breed 

Yield of Mill< by Quarters Yield of Milk by Halve. - Numb~r of Right Left Right Left Front Rear Right Left 
Herd Front Front Rear Rear Half Half Half Half Months 
No. % % % % % % % % Included 

------
108 P) 8 . 32 14.58 38A9 38.61 22.QO 77 .10 46 , 81 53.19 5 
108 2) 11.63 13 .58 ·11.90 32.89 25.21 74.79 53.53 +6.47 6 
125 (1) 16.<)7 20.21 28.23 34.59 37.18 62 . 82 45.20 54 . 80 9 
125 (2) 19 .01 15 .26 33.03 32.70 34.27 65 . 73 52.04 47 .96 4 
126 32.76 23.25 16.45 27.54 56.01 43.99 49.21 50.79 7 
128 (1) 20 . 18 9.91 2Q.86 40.05 30.09 69 .QI 50.04 49 .96 10 
128 (2) 18.31 15 .32 31.69 H.68 33.63 66.37 50.00 50.00 7 
IS I 5.70 16.20 22.40 55.70 21.90 78.10 28.10 71.90 7 
154 II. 74 22.63 30.24 35.39 H.37 65.63 41.98 58.02 10 
163 (1) 26.81 26.01 23.86 23 .32 52.82 47.18 50.67 49.33 12 
163 (2) 23.20 24.10 26.06 26.M H.30 52 . 70 49 .26 50.74 1* 
164 (1) 16.11 28 .98 27.54 27.37 45 .09 54.QI 43.65 56.35 10 
1M (2) 15.24 29.49 27 .08 28 . 19 44.73 55.27 42.32 57 , 68 4· 
165 (1) 37 . 81 25.90 22.95 13 .34 63.71 36.29 60.76 39.24 13 
165 (2) 27.45 27 . 19 22.36 23 .00 54.64 45.36 49 . 81 50.19 10 
165 (3) 26.95 27.55 24.62 20 . 88 54.50 45.50 51.57 48.43 4* 
167 25.88 31. 71 21.02 21.39 57 .-59 42.41 46. QO 53 . 10 9 
177 15 .05 11.14 35.03 38.78 26 . 19 73 . 81 50 .08 49.92 10 
190 7.09 7 .27 41.61 44.03 14 . 36 85.64 48 . 70 51. 30 10 
191 (1) 18 .95 17 .83 31. 18 32 .04 36.78 63.22 50 . 13 49.87 9 
191 (2) 26 . 74 22 .76 27.48 23.02 49.50 50 . 50 54 .22 45.78 6* 
195 31.H 22.43 Blind q . 46.13 53 .87 46.13 31.44 68.56 1* 
197 (I) 15 .98 17.85 33.29 32 .88 33.83 66.17 49.27 50.73 7 
197 (2) 18.85 18.58 32.54 30.03 37.43 62.57 51. 39 48 .61 8 
197 (3) 19 .63 5.30 36.68 38.39 24.93 75.07 56 .31 43.69 8 
198 24.39 26.70 26.27 22.64 51.09 48.91 50.66 49.H 14 
199 19 .48 18.16 27.26 35.10 37.64 62.36 46.74 53.26 8 
803 (1) 29.11 20.33 24.08 26.48 49.44 50.56 53.1') 46.81 H 
803 (2) 41.09 30.2& . 24.63 4.00 71. 37 28.63 .65 :72 34.28 T3 
804 19.56 16.61 30 .29 33.5-1 36.17 63.83 49.85 50.15 5 
805 3,42 H.52 9.54 52 .52 37.94 62 .06 12.96 87.04 2* 
806 U.55 13 . 35 29.06 33.04 37.90 62. JO 53.61 46 . 39 II 
_Average 20 ,60 20 .H 

--
27.40 31.53 41.07 -_. 58.93 

--
48 .00 

- --
52.00 

- - - -- -- - - - -

*1 ncomplete lactation records. 
(1) indicates the first of 2 or more lactations where the yield by quarters was obta ined. 

Symmetry 
Index 

+34.20 
+29.58 
+ 5.64 
+11.06 
- 7.98 
+ 9.~2 
+12.74 
+36.20 
+11. 26 
-25.64 
-\4.60 
-10 .18 
- Q.46 
-H ,42 
-29.28 
-29.00 
-35.18 
+27.62 
+51. 28 
+ 6.44 
-19.00 
-27 . 74 
+12.34 + 5 . 14 
+30.14 
-22 . 18 
+ 4.72 
-18.88 
-62.74 
+ 7.66 
+ 4 . 1l 
+ 4.20 
- 2.14 
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Herd 
No. 

266 P) 266 2) 
279 
290 (1) 
200 (2) 
503 (I) 
508 
509 (1) 
509 (2) 
509 (3) 
510 (I) 
510 (2) 
510 (3) 
511 (\) 
511 (2) 
51 2:; (1) 
512, .. (2) 
515 .. 
521' (1) 
521 (2) 
521 (3) 
530 
537 (I) . 
537 (2) 
537 . (3) 
549 (I) 
549 (2) 
553 
571 
573 
Average 

TABLE 4.-THE MILK YI ELD OF THE I NDIVIDUAL QUARTERS OF THE UDDER OF DAIRY CATTLE (CONTINUED) 

Holstein Breed 

Yield of Mil k by Quarters Yield of Milk by Halves 
-

Number of Right Left Right Left Front Rear Right Left 
Front Front Rear Rear Half Half Half Half Month. 

% % % % % % % % 1 neluded 

26 .20 24.46 13.86 35.48 50.66 49 . H 40.06 59.94 10 
25.66 30 .78 15.06 28 .50 56.44 43 .56 40.72 59 . 28 1* 
18 .03 29 .49 22 . 86 29.62 47 .52 52 .48 40.89 59.11 17 
26.17 23.06 26.64 24.13 49.23 50 . 77 52.81 47 . 19 17 
21. 76 20 .03 20 .45 28 . 76 41. 79 58 .21 51. 21 48 . 79 14 
23 .90 15.20 37.20 23 . 70 39 . 10 60.90 61 . 10 38 .90 1* 
22 .07 24 .62 43.47 9.84 46.69 53.31 65.54 34.46 20 
15 .68 14 .67 39.18 30.47 30.35 69 .65 H . 86 45 . H 11 
19.90 15.20 n.46 32 .44 35.10 64 .90 52.36 47.M IS 
19.38 15.27 35.72 29 .63 H.65 65 . 35 55 . 10 44 .90 7* 
24.62 21 .44 24 . 85 29 .09 46.06 53 .94 49.47 50 . 53 13 
25.41 24 .27 37 .42 12.90 49 .68 50 .32 62 83 37 . 17 II 
35 . 50 18.58 13,45 32 .47 54.08 45.92 48 .95 H .05 6* 
18 . 12 18.12 32 . 18 31.58 36.24 63 . 76 50 . 30 49.70 \4 
15.44 17.51 33.55 33.50 32.95 67.05 48.99 51.01 8* 
28 .97 20.96 33.36 16.71 49 .93 50 .07 62.33 37 .67 10 
32.08 30.48 23 . 16 14.28 62 . 56 37 .44 55 .24 H .76 20 
30.65 26.32 21.46 21.57 56.97 43.03 52 . 11 47 . 89 20 
21.20 16.73 25.08 36 .99 37 . 93 62 .07 46.28 53.72 13 
27.29 28.11 21.84 22 . 76 55.40 44.60 49 . 13 50 . 87 9 
22 .99 20 .96 21.81 34.24 43 .95 56 .05 H . 80 55 .20 10 
19 .50 24.84 19 .05 36.61 44 . 34 55.66 38.55 61.45 9 
23 .10 19 . 50 25.40 32.00 42 .6U 57.40 48 .50 51.50 8 
24.76 21.35 33 . 73 20.16 46.11 53 . 89 58.49 .n.51 H 
26.23 21.47 28 .81 23 .49 47.70 52.30 55.04 44.96 10 
23.73 15 .72 29.92 30 .63 39.45 60 . 55 53.65 46 . 35 I) 

9.41 27 . 31) 43.03 20.17 36 . 80 63 .20 52 .H 47 . 56 'I 
30.01 Blind .31. 65 38 . 34 30.01 69 .99 61.66 38.34 K 
21.02 22.43 30 .67 25.88 43.45 56 .55 51.69 48.31 12 
19.42 22.12 28 .97 29 .49 41.54 58.46 48 . 39 51.61 2* 
23 .27 21.04 28.51 27 . 18 H . 31 55 .69 51. 78 48.22 

Symmetry 
Index 

-21.32 
-32.88 
-15.04 
-18.46 
- 3.58 
+ 1.80 
-13 . 38 
+19.30 
+ 9.80 
+10 . 70 
-12.12 
-19 . 36 
-28.16 
+ 7.52 
+14 . 10 
-19 . 86 
-45 . 12 
-33 .94 
+ 4 .14 
-30 . 80 
- 7.90 
- 8 .68 
- 5.20 
-12.22 
- 15.40 
+ 1.10 
+ 6.40 
+19.98 
- 6 .90 
- 3.08 
- 8.62 
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:'TABLE 4.-THE MILK YIELD OF THE II'DIYIDUAL QUARTERS OF THE UDDER OF DAIRY CATTLE (CONTINUED) 

Guernsey Breed 

Yield of·Milk hy Quarters Yield of Milk by Halves 

Right Left Right Left Front Rea r Right Left Number of 
Herd Front Front Re-ar Rear Half Half Half Ha lf Month, 
No. % % % % % % % % I neluded 

------ ------ - -
423 21. 74 16.96 36.89 24.41 38.70 61.30 58.63 41.37 4 
424 P) 19.29 19.73 27.11 33.87 39 .02 60.98 46.40 53.60 10 
424 2) 19 .07 20 .02 28.05 32.86 39.09 60.91 47.12 52.88 3* 
426 (1) 18.71 24 .47 23.28 33 .54 43 . 18 56.82 41.99 58 .01 11 
426 (2) 9 .46 25 .68 29.49 35.37 35.14 64.86 38.95 61.05 4* 
Average 17.66 21 .3 7 28.96 32 .01 39.03 60 .97 46.62 53.38 

Ayrshire Breed 

325 7 .96 12.98 63.78 15 . 28 20.94 79 .06 71. 74 28 .26 7 
340 pl 26.76 16.49 32.72 24.03 43.25 56 . 75 59.48 40.52 R 
340 2) 25.23 17.59 27.70 29.48 42.82 57 . 18 52.93 47 .07 8 
340 (3) 20.08 19.80 28.73 31. 39 39 .88 60.12 48.81 51.19 2* 
341 (1) 16.56 18 .02 34.47 30.95 34.58 65.42 51.03 48.97 ') 

341 (2) 15 .29 19 .02 23.46 42 . 23 34 . 31 65.69 38.75 61. 25 ~ 
343 24 .30 21.80 25.20 28 . 70 46.10 53 .90 49.50 50.50 6 
Average 19,45 17 .96 33 . 72 28 . 87 37.41 62.59 53 . 17 46 .83 

Average for All Breeds 

_Ave~1 21. 38 20 . 52 28 .55 29 . 55 41 '90 58 . 10 49 .93 50.07 

*Incomplete lactation recorda. 
(Il indicate the first of two or mQre lilctat iona where the yield by quarters "-',16 obtainclil, 

Surnmetry 
Index 

+ 2.60 
+ 1.96 
+ 1.82 
- 6 .36 
+ 9.72 
+ 1.94 

+38 . 12 
- 6 .50 
- 5 .64 
+ 0.24 
+10.84 
+11.38 
-12.20 + 5 . 18 

- 3 . 80 
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milk yield (Table 5). The mean capacity of the quarters and 
halves is essentially the same as the averages given above. Of 
the group of animals considered, the variability in capacity of the 
left front quarter was lowest and the right front highest, with the 
rear quarters in between but quite similar. 

While the rear quarters, on the avera'ge, each produced about 
30 per cent of the total yield and the fore quarters about 20 
per cent there was a total of 16 lactation records in which the 
largest quarter production occurred in one of the fore quarters. 
Of these, nine had the greatest production in the right front quar
ter and seven in the left front quarter. It is interesting to note 
(Table 6) that in both cases the total production of milk by ,the 
fore halves exceeded the production of the rear halves. 

Breed Variation 

In a consideration of these data according to breed, it is recog
nized that the number of records is too limited and further the ani
mals included too closely related for any general conclusions to be 
drawn as to the breed variation in the production of milk by quar
ters. Possibly the most interesting observation is the relatively 
slight variation, on the average, between the breeds repres.ented. 

The average milk yield from the front and rear halves for all 
breeds indicate that the front quarters are considerably less pro
ductive than the rear quarters. Of the animals included, the Ayr
shire cows showed the greatest difference between the front and 
rear halves with the animals of the Guernsey, .T ersey, and Holstein 
breeds showing increasing uniformity between the halves in the 
order named. 

In comparing the relative milk production of the right and left 
halves it will be observed that there is little uniformity in the dif
ferences between the two halves, in some cases the right halves 
exceed the left while in others the left halves exceed the right. On 
the average, the right and left halves are practically equal in their 
ability to secrete milk. 

The variation in weekly milk production of the four quarters 
of the Jersey and Holstein breeds were tabulated to compare with 
the percentage production of the quarters of these breeds. The 
results are essentially the same (Table 7). 



Total Milk Yield 
% --

0- 4 
5- 9 

10-14 
15-19 
20·24 
25-29 
30-34 
35-3Q 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-7'1 
80-84 
85-89 
Total 
Mean 
S. D. 
C. V. 

Number of 
Quarter Record s 

~!f:~r~:~~== 9 
7 

Right rear ___ 24 
Left Rear ____ 34 
TotaL ______ 74 

TABLE 5.-V ARIATION IN THE CAPACITY OF THE QUARTERS AND HALVES 

Right Front 
Quarter 

Frequency 

I 
6 
2 

25 
17 
15 

5 
2 
I 

74 
20.'12'" .593 
7 .55'" .418 

36.07±2.245 

Front 
% 

32.58 
23.07 
20.14 
18 .93 

Left Front Right Rear Left Rea r 
Quarter Quarter Quarter Front Half 

Frequency Frequency Frequency Frequency 

I I I 
3 I I 
6 2 3 I 

24 3 2 0 
23 16 15 4 
12 22 14 3 
5 16 22 11 

8 10 lR 
4 3 10 
0 1 12 
0 1 7 
0 I 5 
I 2 

0 
I 

U U 74 74 
21.1'1", .435 27.95± .672 28 .96'" .7H 40.92'" .839 
5.55'" .307 8.57'" .475 9.11'" .505 10.69'" .593 

26.17 ±1.549 30.66 ± 1. 853 31.46±1.912 26.13 ± 1. 547 

TABLE 6.-MILK YIELD BY QUARTERS 

Quarter Having the Greatest Capacity 

Rear Half 

Frequency 

1 
0 
2 
5 
7 

13 
10 
18 
11 

2 
4 
0 
1 

74 
57.81'" .830 
10.59'" .587 
18 .32"'1.308 

Milk Yield by Qua rters Milk Yield by Halves 

Right Hall 

Frequency 

I 
0 
0 
I 
I 
3 
8 

21 
24 

7 
5 
1 
I 

74 
49.57'" .689. 
8.79'" .487 

17. 73"'1.254-

Front Rear Rear Front Half Rear Half Right Half Left Half 
% % % % % % % 

25 . 37 21. 38 20.67 57. '16 42 .04 53.96 46.04 
29. 04 23.35 24.54 52.12 47 .88 46.42 53.58 
18 .92 35.54 25.40 39.06 60.94 55.68 44 . 32 
18.62 26.59 35.86 37.55 62.45 45.52 54.48 

Left Half 

Frequency 

1 
2 
5 
7 

23 
22 

8 
3 
I 
I 
0 
0 
1 

74 
50 .65'" .643 
8.20'" .454 

16 . 18 ±1.106 

Numb.r of 
Cows* 

7 
6 

18 
29 
60 

*As there was a total of 4-5 cows, these figures indicate thatin 15 cases where cows had two or more lactations. the quarter having the greatest capacity onc lactation. 
had the grea~est capacity in another Qua rtes the next lactation . 
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TABLE 7 .-VARIATION IN THE WEEKLY lVhLK YIELD SECRETED BY 
INDIVIDUAL QUARTERS 

Jersey Breed 

Class Interval Right Front Left Frnnt Right Rear Left Rear 
Milk Yield Quarter Frequency Quarter Frequency Qua.rter frequency Quarter Frequency 

Lbs. 
0- 9.9 32 25 2 10 

10- 19.9 30 40 19 14 
20- 29 .9 62 59 44 37 
30- 39 .9 37 38 50 37 
40- 49.9 33 24 46 44 
50- 59.9 31 26 25 32 
60- 69.9 12 9 22 17 
70- 79.9 5 6 10 19 
80- 89.9 2 8 10 
90- 99 .9 8 9 

100-109 . Q 3 3 
110-119.9 1 
120-129.9 1 

Total 244 227 237 234 
Mean 32.66 31. 17 44041 47 .06 
S. D. 18 .683 17 .784 21.220 23.914 
C. V. 57.20 57 .08 47.96 50.82 

Percentage of 
total yield 21.03 20.07 28.60 30.30 

Holstein Breed 

Chss Interval Right Front Left Front Right Rear Left Rear 
Milk Yield Quarter Frequency Quarter Frequency QU3rtcr Frequency Quarter Frcquf'nCr 

Lb •. 
0- 9.9 3 9 0 10 

10- 19 .9 11 10 11 22 
20- 29.9 U 14 15 19 
30- 39.9 46 52 27 25 
40- 49.9 37 50 31 29 
50- 5'.9 51 49 35 43 
60- 69.9 48 55 36 29 
70- 79.9 29 44 40 38 
80- 89.9 31 15 34 ~6 
90- 99 .9 22 7 48 20 

100-109.9 13 6 17 25 
110-119.9 4 4 11 16 
120-129.9 5 1 10 14 
130-139.9 0 1 9 3 
140-149.9 1 1 3 
150-159 . 9 1 2 
160-169 .9 2 

Total 325 317 326 326 
Mean 55.49 55.13 71 . 81 67 . 30 
S. D. 26.013 22 .842 29.655 34.623 
C. V. 46.87 41.52 41.15 51.44 

Percentage of 
total yield 22.22 22.08 28.76 26.95 

Symmetry of the Udder 

The symmetry and balance of the udder is of importance not 
only in judging dairy cattle but in securing the maximum produc
tion of which the animals a-re capable. What is the proper rela
tion between the size of the quarters to secure the most symmet
rical and pleasing udder? Clearly, the right and left halves should 
be of equal productive capacity and size. That such is th.e tend
ency is indica-ted by the equality in the average productive capacity 
of the right and left halves. 
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In connection with the proper relation between the size and 
capacity of the front and rear halves, some difference of opinion 
may exist. From the symmetry index suggested by I vanova on'e 
might infer that the most d.esirable udder would be of ~equa:l capac
ity in the front and rear halves. That such is not the normal ca
pacity of-these two ha:lves is clearly indicated by the data presented 
in this paper. . These data are :interpreted, rather, as indicating 
that the udder of the dairy cowl in the process of evolution and se
lection served its function best, in its present location, by having 
somewhat greater capacity in the rear quarters, in the relation of 2 
to 3. It is suggested that the most desirable udder would secrete 
a:bout 20 per cent of the total production in each fore quarter and 
30 per cent in each rear quarter or 40 per cent in the fore half and 
60 per cent in the irear half. 

A more normal symmetry index for udder capacity is suggested 
by the following formula: 

SId (percentage of Percentage of ) . . 
y;:;~~:r[;d~erex = total Milk Yield - total Milk Yield - 20 

of rear half of Front half 

The normal udder would have a symmetry ind~x of O. An udder 
with excessive development of the rear half would have a positive 
index, while a negative index would indicate excessive develop
ment of the front half. The symmetry index for each record is 
shown in Table 4. Of the 45 cows (the first of two or more la:cta
tion records only considered) a total of nine were found to have a 
symmetry index of not more than -+-5, a total of 20 with an index 
of -+-10 or less, a total of 27 with an index of -+-15 or less, and a 
total of 33 with an index of -+-20 or less. 

It is of interest also to note the relation oHhe symmetry index 
of the first lacation with subsequent lactations. In ten out of 29 
cases the symmetry index of the second and third lactations varied 
less than plus or minus 5 from the first index, in 18 cases less than 
10, in 23 cases less than 15, and in 26 cases less than 20. 

It would appear from these observations that a symmetry index 
ba:sed upon an entire lactation record is subject to considerable 
variation from year to year. 

Permanency of the Relative Secretion of Milk from Each Quarter 
From one la:ctation to another there are frequently changes of 

considerable magnitude in the total yield of milk. The question 
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Fig . 10 -The permanency of the relative secretion of milk from each ~quarter. It is interesting to 
note the relative production of the four quarters in successive lactation periods during the early test 
periods and then observe the divergent trends due probably to alterations in the en v ironmental Or 
fortuitous factors influencing the production of certain quarters. 

arIses whether such changes involve the relative secretion of milk 
by quarters. During the successive pregnancies up until about 
seven or eight years, there is believed to be an increase in the total 
secreting tissue each period. (For a: detailed discussion see Turn
er, 1932). It would seem possible that the growth of the glands 
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in the four quarters during each pregnancy might not be entirely 
uniform. This would cause changes in the relative yield of milk. 

The efficiency with which the milk is removed from the four 
quarters might alter the rate of secretion in one or more quarters 
and prematurely hasten the process of im·olution ,,·ithin certain 
glands. As a consequence milk secretion would ,drop off more 
rapidly in certain quarters. Under such conditions the question 
arises whether the "drying off" of one or more quarters affects the 
production of such quarters in a subsequent lactation. 

Pathologic factors such as masti~is in on e or more quarters 
would naturally alter the yield of milk from the affected quarter 
and thus change the relative proportion of milk from the tour quar
ters. In regard to the animals used in the present study, it may be 
said that contagious mastitis was not believed to be present in the 
herd. The udders of heavily milking cows may occasionally be
come bruised or irritated, causing a t~mporary or permanent re 
ductiun in milk secretion in certain quarters. In several cases 
something of the sort appeared to have occnrred (Fig. 10). 

Included in these data, a t otal of 22 records are available of 
cows having two lactation records. These records are of variable 
duration and thus are not strictly comparable. In seven cases three 
records are available. The average percentage production of milk 
by qua'l"ters for each lactation is shown in Table 4. In addition t n 
the changes in quarter production fro111 lactation to lactation, note 
should be taken of the variation in the :::yinnietry index. 

A comparison of the average production in the first lactation 
w.ith that of the second lactation reveals no significant change ill 
the relative production of the four quarters (Table 8). The same 
is true of the averages of three successive lactation records. It 
would appear that there is no tendency for the rear quarters, be
cause of their greater size, to continue to grow with successive 
pregnancies more rapidly than do the fore quarters. 

The presentation of charts showing the relative production of 
milk by quarters during successive lactations is the most satis
factory method of showing the similarities and differences encoun
tered. The charts of four representative animals are presented 
in Fig. 11. It appears from the study of the figures presented as 
well as the others, that thel~e is a fairly high degree of permanency 
in the relative production of the qua:rters if considered early in 
the lactation period when milk secretion is at its maximum and 
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TABLE S.-MILK YIELD BY QUARTERS 

Comparison of the F ir$t, Second, and Third Lactations 
-

Milk Yield by Quarters Milk Yield by Halves 

Left Front Righ t Rear Left Rear Front Half Rear H alf Right H alf 
% % % % % % 

19 . 77 28 .52 29 .92 41.56 5R.44 50.3 1 
22.45 29.33 26 . 75 43 .92 56 .08 50.80 

18.94 29.07 28 .40 42.53 57 .47 52.66 
21. 75 29.72 24 .40 45.88 B. 12 53.85 
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Fig. ll .-A comparison is made of the percentage fat content of the milk secreted by each 
of the ·four quarters with the other three quarters of the entire group of animals. About 4S 
per cent of the fat tests of the four quarters differ by less than =0.2 per cent and over 82 per 
cent differ by less than -=0.4 per cent. No difference is noted comparing the front and rc ar 
quarters or the right and left halves in the c;(tent of variation. 

before unfavorable environmental factors may alter the rate of 
milk secretion in certain qua-rters. It is suggested that a test pe
riod of about a week at the time of maximum production would 
offer the most satisfactory evidence as to the relative capacity 
of each quarter of a cow's udder. 

The qu.estion of the perma-nency of unfavorable factors affect
ing the milk yield is of considerable interest. In the case of Cow 
No. 537, the right front quarter at first yielded about 25 per cent 
of the total milk. Beginning with the sixth month, something 
appeared to affect the yield in this quarter iand it declined rapidly 
during the next several months. In the next lactation the right front 
quarter started off again at about 25 per cent of the toal yield. This 
time the left rear quarter began to decline more rapidly on the sixth 
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month due to some fortuitous factor. If such changes were of a 
permanent nature it would be expected that such quarters would 
begin secreting the next lactation on a lower level of production. 
On the contrary both quarters began secreting at the same level 
as in the previous lactation and in this case continued uniformly 
during ten months of lactation. 

If the cause of the more rapid decline in milk production in a 
quarter is due to some condition hastening involution of the gland, 
the gland is unimpaired when rejuvenated by the subsequent preg
nancy. If the decline should he due to pathological conditions 
destroying the gland parenchyma in part, then a permanent reduc
tion in relative yield would be expected. 

These observations on the permanency of the relative secre
tion of milk from each quarter have a bearing on the problem of the 
mechanism controlling the persistency of lactation. If the rate 
of secretion by the four quarters was under the control of a hor
mone, it would be expected that there would be a strong tendency 
for the relative rate of secretion of the four quarters to remain 
uniform. If something in the anatomical structure of the individ
ual glands influenced the rate of decline of milk secretion, such for 
example, as the relation between the storage space and the secre
tory space in the cLuarter, then each quarter might be expected to 
follow an individual rate of decline. 

The writer is inclined to believed that these data support the 
hormone theory of the regulation of persistency, due in part to the 
above considerations and in part also to the fact that the varia
tions in the rate of decline of individual quarters during one lacta
tion may change decidedly the next lactation. These observations 
clearly indicate that the variations observed are fortuitous and not 
due to anatomical differences in the quarters. 

Composition of the Milk of the Individual . Quarters 

The composition of the milk from the individual quarters of 
the cow's udder is of interest from several points of view. The 
fact that the precursors of the several constituents of milk in the 
circulating blood passing to· the four quarters is uniform in com
position and that consequently, the tissue fluid bathing the cells 
of all quarters of the udder should be quite similar at any given 
time although varying in composition during the day, would lead 
one to believe that the composition of the milk secreted by the 
indiyiclual quarters should be similar. On the other hand, the 
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well known relation between the yield and composition of milk 
might lead one to think that the fore quarters, because of the small
er milk yield, would secrete milk with a higher fat content. The 
fact that such is not the case may be taken as evidence that the 
inverse relation between yield and composition is not due to the 
variation in amount of similar gland tissue (i. e. the larger masses 
of gland tissue in the rear quarters), but more likely to the inten
sity of secretory activity of a given amount of gland tissue. 

The fact should be kept in mind in the study of these data that 
the method of milking (by machine) by which it was possible to 
secure the milk from all four quarters simultaneously would aid in 
securing a normal picture of the composition of milk secreted by 
the four quarters. So far as known this is the only study in which 
this has been accomplished. As a consequence the influence of 
rotation in milking the quarters ha's been eliminated. 

Only a single constituent of milk, namely, milk fat, has been 
followed in this study. As already mentioned, a seven day com
posite sample of the milk from each quarter was tested for its fat 
content by the Babcock test. The average percentage fat con
tent of the milk fr0111 each quarter for the entire duration of the 
test for each cow was tabulated (Tabl e 9). A study of the individ
ual cows shows that of a total of 73 animals, the average percent
age fat content of the milk of the four quarters varied less than 
0.2 per cent in 41 cases, 0.2 to 0.4 per cent in 20 cases, 0.4 to 0.6 
per cent in three cases, 0.6 to 0.8 per ':ent in seven cases and 0.8 to 
1.0 per cent in two cases. 

Note was also made of the quarter secreting milk highest and 
lowest in fat for each cow. The highest testing milk was secreted 
by the right front quarter in 14 cases; left front in 10 cases; right 
rear in 24; and left rear in 25 cases. Thus in 49 cases or about 
two-thirds of the animals, the rear quarters tend to secrete higher 
in butterfat than the front quarters. The quarter secreting milk 
lowest in butterfat was the right front in 27 cases, the left front 
in 13 cases, the right rear in 15 cases, and the left rear in 18 cases. 
These data indicate a slight tendency for the rear quarters to se
crete a richer milk than the fore quarters when for some reason there 
are alterations in the composition of the milk of the four quarters. 

Considering .each breed separately, the variation in the average 
percentage fat content (average of averages) of each quarter are 
very slight. Similarly, when the average for aU breeds is consid
ered, it seems quite evident that there is no tendency for the fore 



TABLE 9.- THE AVERAGE FAT PERCENTAGE OF THE MILK FROM THE INDIVIDUAL QUARTERS OF THE UDDER 

Jersey Breed 

Fat Percentage by Quarte .. Fat Perceatage by Halves 

Right Front Left Front Right Rear Left Rear Front Half Rear Half Right Half Left Half Herd Number % % % % % % % % 
108 (I) 4.62 4 . 82 4 .90 4.81 4.72 4.85 4.76 4.81 
108 (2) 5.24 5 . 32 5 . 51 4.92 5.28 5 .21 5.37 5.12 
125 ~1) 5.00 5.24 5.25 5 .~8 5.12 5.31 5. 12 5.31 
125 2) 4.69 4.70 4.72 4.81 4.69 4.76 4.70 4.75 
126 5 . 78 5.68 5.66 5.69 5.73 5.67 5.72 5.68 
128 ~I) 5.86 5.75 5.88 5.92 5.80 5.90 5.B7 5.83 
128 2) 5.56 5.36 5.63 5.62 5,46 5.62 5.59 5.49 
151 6. 86 6.91 6.91 6 .99 6 .88 6.95 6 . 88 6.95 
154 5. 32 6.00 6 .01 6.12 5.66 6.06 5.66 6.06 
163 (1) 6.43 6.52 6.34 6.26 6.47 6.30 6.38 6.39 
163 (2) 5.10 5. 10 4.95 4.90 5.10 4.92 5.02 5.00 
164 (I) 5.61 5.74 5.57 5.59 5.67 5.58 5.59 5.66 
164 (2) 4.69 4.70 4 . 82 4.89 4.69 4.85 4 . 75 4 . 79 
165 (I~ 6,48 6.27 6.10 5,47 6.37 5.78 6.29 5.87 
165 (2 5.25 5.17 4.93 5.00 5.21 4 .96 5.09 5.08 
165 (3) 4.72 4.72 4.55 4.75 4 .72 4 .65 t .63 4 . 73 
167 3.86 3.94 3.86 3.96 3.90 3.91 3.86 3.95 
177 5.85 5. 52 6 .09 6.22 5 .68 6.15 5.97 5 . 87 
190 4. 35 4.12 4.65 4.74 4 .23 4.69 4.50 4 . 43 
191 (1) 5 .26 5.37 5,42 5 . 38 5 .31 5.40 5.34 5 . 37 
191 (2) 4.76 4.78 4.82 4.87 4.77 4.84 4.79 4.82 
195 4 .65 4 .65 Blind 4 . 75 4.65 4.75 4 .65 4.75 
197 P) 5.92 5.92 5.97 5.90 5.92 5.93 5.94 5.91 
197 2) 4.71 4 . 81 4.90 4 .86 4.76 t.88 4.80 4 .83 
197 (3) 4 .76 4.04 4.92 4.70 4AO 4.81 4.84 4.37 
198 5.27 5.33 5.21 5.21 5. 30 5.21 5.24 5.27 
199 5.18 5. 14 4.98 4 .98 5.16 4.98 5.08 5.06 
803 (1) 5.08 5.03 5 . 16 5.10 5 .05 5.08 5.12 5.06 
803 (2) 5 .61 5.61 5.63 5.14 5.61 5.38 5 .62 5 . 37 
804 5 .59 5.65 5 .80 5.81 5.62 5.80 5 .69 5.73 
805 4 .22 4.07 4.80 4.70 4 . 14 4.70 4.51 4.47 
806 5 .40 5.20 5.68 5.56 5.30 5 .62 5.54 5.38 

Average 5 .24 5.22 5 .34 5.28 5.24 5.30 5.28 5.25 
-----

Number of 
Months 

Included 

5* 
6 
9 
4* 
7 

]0 
7 
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10 
11 

1* 
9 
4* 
3* 

10 
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TABLE 9.-THE AVERAGE FAT PERCENTAGE OF THE MILK FROM THE INDIVIDUAL QUARTERS OF THE UDDER (CONTINUED) 

Holstein Breed 

Fat Percentage by Quarters Fat Percentage by Hah-es 
Number of 

Right Front Left Front Right Rear Left Rear Front Ha lf Rear Half Ri~ht Half Left Half Month. 
Herd Number % % % % % % % % Included 

266 2.74 2 . 79 2.85 2.81 2 . 76 2.83 2 . 79 2 . 80 10 
279 3.55 3.59 3.51 3 . 61 3.57 3.56 3.53 3.60 17 
290 (1) 3.02 3.00 2.83 2.87 3.01 2.85 2.92 2.93 17 
290 (2) 2.96 3 .01 2 .99 3.00 2 .98 2.99 2.97 3.00 14 
503 3.20 3.40 3.40 3 .50 3.30 3.45 3.30 3.45 1* 
508 3.53. 3 . 60 3.58 3 .44 3 .56 3.51 3 . 55 3.52 20 
509 (I) 3.87 3 .86 3 .89 3.86 3.86 3.87 3 .88 3.86 11 
509 (2) 3 . 91 4 .07 3.97 4 .00 3.99 3 . 98 3.94 4.03 15 
509 (3) 3 . 16 3.41 3.46 3.47 3.28 3 .46 3 .31 3.44 7* 
510 (I) 3 .20 3 .14 3.11 3.11 3.17 3.11 3 .1 5 3.12 13 
510 (2) 3 .07 3 . 13 3.18 3 . 09 3.10 3.13 3.12 3.16 11 
510 (3) 3.22 3 .13 3.09 3 . 19 3 . 17 3 . 14 3.15 3.16 6* 
511 P) 3.08 3 . 00 3.03 2 . 95 3.04 2.99 3.05 2.97 14 
511 2) 3.04 3 .09 3.04 3.02 3 .06 3.03 3 .04 3.05 8* 
512 (1) 3.26 3 . 29 3.44 3 .17 3.27 3.45 3 . 35 3 . 23 10 
512 (2) 3.37 3.34 3.25 3.32 3.35 3 .28 3.31 3.33 20 
515 3.02 2 . 99 2.99 3.02 3.00 3.00 3.00 3.00 20 
521 (1) 3.44 3.45 3.53 3.54 3.44 3 .5 3 3 .48 3.49 13 
521 F) 3.67 3.70 3.66 3 . 67 3.68 3.66 3.66 3 . 68 9 
521 3) 3 . 12 3.06 3.17 3.10 3.09 3.13 3.14 3 .08 10 
530 3.05 3.1 I 3.12 3.08 3.08 3.10 3.08 3.09 9 
537 (I ) 3 . 30 3.41 3.47 3 .43 3.35 3.45 3 .38 3.42 8 
537 (2) 3.29 3.31 3.29 3 . 28 3.30 3.28 3.29 3 . 29 14 
537 (3) 3.15 3.19 3 .23 3.20 3 . 17 3 . 21 3.19 3. 19 10 
549 ~~) 3 Al 3.40 3.39 3 . 41 3 . 40 3.40 3.40 3 . 40 9 
549 2) 3.28 3 .39 3.47 3 . 41 3 . 33 3.44 3.37 3.40 Q 

553 2.74 2.85 2.88 2.74 2 .86 2.79 2 . 88 8 
571 3.02 3.07 3.18 

I 
3.11 3.04 3 . 14 3.10 3.09 12 

573 2.95 2 .93 2 . 97 3.02 2.94 2.99 2 .96 2.97 2* 
Avera~e 3 . 23 3 . 28 3.27 3.26 3.14 3 .27 3.2.1 3.1.6 

*Jncomplete lactation records. 
(1) Indicates the first of two or more lactations where the yield by Quarters was obtained. 
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TABLE 9.-THE AVERAGE FAT PERCENTAGE OF TH E MILK FROM THE INDIVIDUAL QUARTERS OF THE UDDER ( CONTINUED) 

Ayrshire Breed 

Fat Percentage by Quarters Fat Percentage by Halves 
Number of 

Right F ront Left Fro nt 

I 
Right Rear Left Rear Front Hal f Rear Half Right Half Left Half Mo nths 

Herd Number % % % % % % % % Included 

325 3.76 3. 53 3. 72 3.03 3.64 3.37 3. 74 3.28 7 
340 (1) 3046 3 .36 3 .60 3. 50 3.41 3.55 3.53 3.43 8 
340 (2) 3.66 3.66 3.53 3.76 3.66 3.64 3.59 3. 71 8 
340 (3) 3.02 2 .95 3.02 2 .97 2 .Q8 2.99 3.02 2.96 2* 
341 3.62 3.65 3.74 3 .62 3.63 3.68 3.68 3.63 8 
341 3 . 73 3.90 3.69 3.76 3.81 3. 72 3. 71 3. 83 9 
343 3.76 3. 'l6 3.78 3.75 3.76 3. 76 3. 77 3.75 6 

Average 3 .57 3. 54 3 .58 3.48 3.55 3.53 3 .58 3.51 

Guernsey Breed 

423 3.0 1 3.93 4 . 39 4 .31 3.92 4 . 35 4.15 4 . 12 4* 
424 (I) 4.46 4047 4 .63 4.60 4.46 4 .61 4.54 4.53 10 
424 (2) 3. 73 3.77 3.82 3.88 3. 75 3 . 85 3 . 77 3. 82 3* 
426 (1) 5.22 5.09 5.07 5. 17 5 . 15 5 . 12 5 . 14 5 . 13 11 
426 (2) 4 .35 4.47 4.51 4 . 58 4.41 4 . 54 4.43 4 . 52 4* 

Average 4 . 33 4.35 4 .48 4.51 4.34 4 .49 4 .41 4.42 

Average for All Breeds 
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quarters to secrete milk richer in fat than the rear quarters or for 
the right and left halves to vary in the average fat test of the milk 
produced. 

This observation was confirmed by the tabulation and study of 
the variation in the fat content of the milk secreted by each quarter 
for each weekly test period (as compared to the above lactation 
average). Separate tabulations were made for the Jersey and 
Holstein breeds (Table 10) . Here again the average percentage 
fat content of the milk of each of the four quarters of either breed 
did not vary significantly. 

TABLE lO.-VARIATlON I N THE FAT CONTENT OF M I LK SECRETED BY 
I NDIVIDUAL . QUARTERS 

Jersey Breed 

Class Interval Right Front Left Front Right Rear Left Rear 
Fat Percentage Quarter Frequency Quarter Frequency Quarter Frequency Quarter Frequency 

- -
2.0-2.39 1 1 
2.4-2.79 0 2 1 1 
2.8-3.19 1 0 2 2 
3 . 2-3.59 4 5 2 3 
3. 6-3.99 9 9 5 8 
4.0-4.39 20 23 23 21 
4.4-4 .79 34 21 U 26 
4.8-5.19 46 41 42 37 
5 .2-5 . 59 37 39 35 34 
5.6-5.99 31 24 38 40 
6.0-6 . 39 32 34 30 33 
6,4-6.79 18 15 23 16 
6.8-7.19 6 9 8 8 
7.2-7.SQ 4 4 2 1 
7 .6-7. 99 1 1 2 3 

Total 244 227 237 234 
Me-an 5 . 33 5.35 5,42 5.37 
S. D. .905 .946 .903 .940 
C . V. 17.00 17.69 16 .67 17 . 51 

Holstein Breed 

Class Interval Right Front Left Front Right Rear Left Rear 
Fat Percentage Quarter Frequency Quarter Frequency Quarter Frequency Quarter Frequenc y 

1.4-1.69 0 0 0 1 
\.6-1. 89 1 1 0 0 
1. 8-2 .09 0 1 0 0 
2 .0-2 .29 5 1 3 0 
2 . 2-2 .49 6 4 6 6 
2,4-2.69 6 6 4 6 
2.6-2.89 17 15 19 23 
2.8-3.09 40 39 49 41 
3.0-3.29 61 61 57 61 
3. 2-3,49 70 63 51 67 
3.4-3.69 51 44 65 48 
3.6-3.89 28 36 32 32 
3.8-4.09 18 21 14 19 
4 .0-4.29 12 10 15 10 
4. 2-4,49 4 9 4 8 
4.4-4 . 69 5 4 5 3 
4.6-4.89 0 1 1 0 
4.8-5 .09 0 0 0 1 
5.0-5.29 1 1 1 0 

Total 325 317 326 326 
Mean 3.29 3.35 3 .31 3.30 
S. D. ,426 ,466 .459 .448 
C. V. 12 .93 13 .92 13 .84 13 .58 
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Intraclass correlations were calculated for the average fat test 
of each quarter with the fat test of the three other quarters during 
the same weekly test period. By this method the test of the quar
ter in question was compared successively with the test of the 
other quarters, thus the right front and left front, right front with 
right rear, and the right front with the left rear were plotted on 
a correlation surface. The usua-l statistical constants and the co
efficient of correlation for each group is presented in Table 11. As 
would be expected, the correlations ;:].re quite high, averaging for 
the Ayrshire breed +0.876, for the Guernsey breed +0.858, for the 
,Holstein breed +0.890 and for the Jersey breed +0 .899. 

TABLE l1.-COMPARISON OF THE PERCENTAGE FAT CONTENT OF THE MILK 

OF THE QUARTERS OF THE VARIOUS BREEDS (INTRACLASS CORRELATION ) 

Ayrshire 

Right Other Left Other Ri~h t Other Left Other 
Front Qu arters Front Quarters Rear Quarters Rear Quarters 

Mean ________ 3.66 3.60 3.64 3 . 68 3.64 3.64 3.66 3.68 
S. D . . ..... •. 0.412 0.412 0 .493 0.493 0.502 0.458 0.435 0.476 
C. V . .....••. 11. 25 11.47 13 . 54 12.85 13.79 12.58 11.61 12 .93 
Corr. Coef. (r) +0.929 +0.868 +0.799 +0.909 
Total. ...... . 142 146 146 145 

Guernsey 

Mean .... .. .. j 4 . 61 I 4 .64 I 460 1 4.6'> 1 4.66 1 4.
60

1 3.
31

1 
3.37 

S. D..... . . .. 0.761 0.657 0.656 0 .656 0.669 0.675 0.663 0.675 
C. V. .... . ... 16.50 14.16 14 . 17 14 .26 14 . 41 14 .67 20 .03 17 .06 
Carr. Coe!. (r) +0.825 +0.873 +0 . 909 +0.825 
Total....... . 96 96 96 96 

Holstein 

Mean . ....... j 3.29 I 3.3 1 I 3 .3 3 1 3.30 1 3.30 I 3.31 I 3.31 I 3.32 
S.D.. . .. . ... 0.459 0.457 0.461 0.453 0.457 0.455 0.441 0 .460 
C. V..... . ... 13.95 13.80 13.84 13.72 13 .84 13.74 13.32 13.85 
Corr. Coef. (r) +0.878 +0.904 +0 .887 +0.894 
Total. •.•...• 977 986 995 953 

Jersey 

Mean········1 5 . 35 I 5.401 5.
38

1 5.43 1 5.45 5.37 1 5.43 1 
5.41 

S. D...... ... 0 . 876 0.869 0.892 0.872 0.853 0 .880 0.889 0.880 
C. V......... 16 . 35 16.07 16.58 16 .03 15.65 14.52 16.37 16.07 

~~~~i.~~~f~.~~ io~ · 911 
+0 .865 +0.951 +0.867 
683 701 696 

lt is possible to show the magnitude of the variation in the 
percentage fat content of the milk from each quarter with the other 
three quarters by determining the deviation in the test of the other 
three quarters above and below the t est of the given quarter. The 
results are shown in Table 12. The class interval is 0.2 per cent 
which is the normal tolerance allowed between the duplicate sam
ples of the Babcock test. 

lt will be seen that in the case of the Ayrshire and Holstein 
breeds between 45 and 50 per cent of the fat tests of the foor quar
t ers differ by less than +0.2 per cent, and about 90 per cent of the 
tests of the four quarters differ by less than +0.4 per cent. 
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TABLE 12.- COMPARI SON OF THE PERCENTAG E F AT CONTE NT OF EACH 

Q UARTER WITH OTHER QUARTERS 

Ayrshire 

Fat Right Front Left Front Right Rear Left Rear 

I 
----Percentage Fre- % of Fro- % of Fro- % of Fre- % of Deviation quency total quency total quency total quency tota l 

-1.0 1 0.68 -0.8 1 0.70 1 0.68 6 4.ll 2 I. 38 -0 .6 1 0.70 2 1. 37 I 0.68 1 0.69 - 0.4 10 7.04 2 I. 37 13 8 .90 6 4.14 -0.2 23 16.19 25 17.12 41 28.08 23 15. 86 0 63 44.36 69 47.26 58 39 .72 72 51.03 +0.2 34 23.94 30 20 . 54 20 13.69 25 J 7.ll +004 7 4 .93 13 8.90 5 3.43 10 6.90 +0.6 3 2 . 11 2 I. 37 ---
-6~68 

2 1. 38 +0.8 1 0.68 1 4 2.76 +1.0 1 0.68 Tota l 142 146 146 145 
Guernsey 

-1.0 1 1.03 -0.8 2 2.08 1 1.03 4 4.17 1 1.03 -0.6 1 1.04 2 2.08 1 1.03 3 3 .13 -0 .4 2 2.08 2 2.08 10 10041 6 6.25 - 0.2 10 10.41 15 15 .62 26 27.08 24 25.00 0 32 33.33 44 45.83 36 37.50 37 38.53 +0 . 2 27 28.12 17 17.70 6 6 .25 10 10.41 +004 8 8 . 33 4 4 . 17 6 6.25 7 7.29 +0.6 10 10041 5 5.21 4 4. 17 5 5.21 +0.8 4 4.17 5 5.21 3 3. J 3 2 2.08 +1.0 1 1.03 Total 96 96 96 96 
Holstein 

-1.6 0.20 0.10 
-104 0.10 
-1.2 

-6~i6 -1.0 2 2 0.21 -0 .8 9 0.92 3 0.30 4 0 .42 -0 .6 6 0 .61 3 0 . 30 7 0 .70 10 1.05 -0 .4 37 3.79 12 1.22 36 3.62 46 4.83 -0 .2 228 23.33 169 17.29 216 21. 70 175 18.36 0 472 48.31 531 53 . 85 503 50.55 405 51.94 +0.2 177 18. ll 212 21.69 181 18.19 188 19.72 +0.4 34 3.48 39 3.99 32 3.22 27 2.83 +0.6 6 0.61 10 1.01 9 0 . 00 4 0.42 +0 .8 2 0.20 2 0.20 6 0 . 60 1 0.10 +1 .0 1 0.10 --i -6:'i6 3 0 .30 1 0 . 10 +1.2 1 0 . 10 
+1.4 

-6~io 
1 0.10 1 0. 10 

+1.6 1 
+1.8 1 0.10 
Total 977 986 995 953 

Jersey 
- 2 .8 1 0 . 15 

I 
-2.6 ---

-6~i5 -2.4 1 
-2.2 1 0.15 2 0 . 29 - 2.0 
-1. 8 --- -- --

--i -- ---1.6 0 . 15 2 0.29 -1.4 4 0.57 2 0 .29 2 0.29 -1. 2 2 0.28 2 0.29 1 0.14 4 0.57 -1.0 6 0 .85 6 0 .88 3 0.43 II 1.58 -0 .8 17 2.41 13 1.90 6 0.86 12 1.72 -0 .6 27 3.83 33 4 . 83 17 2.43 15 2.15 -0 .4 65 9.22 54 7.90 38 5.42 44 6.31 -0 . 2 149 21.13 123 18 .00 ll5 16.40 115 16.49 
0 254 36.02 241 35.28 261 37.23 261 37 .44 

+0 .2 101 14 .32 120 17.56 147 20.97 126 18.07 
+0.4 41 5. 82 60 8.78 54 7 .70 47 6.74 
+0 .6 21 2 .98 8 1.17 32 4.56 28 4.02 
+0.8 12 1. 70 8 1.17 II 1.57 10 1.43 
+1.0 3 0.43 3 0 .44 5 0 . 71 7 1.00 
+1. 2 --- - ---- --- 8 1.14 3 0.43 
+1.4 3 0.43 3 -6~44 1 0.14 4 0.57 
+1.6 2 0.29 1 0.14 3 0.43 
+1. 8 1 0.15 1 0 .14 2 0.29 
+2.0 --- -----+2 .2 1 0.14 
Total 705 683 701 697 
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The individual quarters of the Guernsey and Jersey cows show 
somewhat more variation in the percentage fat content of the milk. 
About 35 per cent of the weekly composite fat tests of the four 
quarters differ by less than +0.2 per cent, and over 70 per cent 
by less than +0.4 per cent. 

For the purpose of comparing the tendency of the individua:l 
quarters to secrete milk of varying composition, the frequencies of 
the four breeds were consolidated as shown in Fig. II. It seems 
clear from the figures that the tendency is for the front and rear 
quarters to vary in exactly the same way. 

In attempting to estima:te the significance of these observa
tions, it is necessary to evaluate the accuracy of the method of de
termination of the percentage fat content. What va:riation might 
one expect if 1000 samples of milk of the same composition were 
sampled three times daily for seven days to secure an aliquot sam
ple, and then tested in duplicate in the usua:l way? Every effort 
was made during the three years of the experiment to keep the 
samples in good condition until tested and to secure competent 
testers to make the determinations. Variations in test within the 
range of +0.2 per cent fat are likely due in large part to errors 
of sampling and testing. Undoubtedly even greater errors of 
technique would occasionally occur. 

It would appear that in about 45 per cent of the weekly tests 
conducted, the variation in the percentage fat content of the milk 
secreted by the four quarters is within the range of tolerance of 
the Babcock test and therefore should not be considered as indica
tive of actual differences in the composition of the milk. The 
variation in the remainder of the weekly tests is proba:bly in part 
due to errors in the sampling a:nd testing method but largely due 
to alterations in the composition of the milk secreted. As will be 
pointed out shortly, these differences are believed to be due to the 
alterations in the rate of secretion of milk by the individual quar
ters during the a·dvance of the stage of lactation. 

It has been shown by a number 'if investigators that there is 
usually an inverse relation between the yield and fat content of 
milk. As the yield of milk increases the fat percentage decreases, 
and as the milk decreases the percentage fat content increases. 
The coefficient of correlation between the weekly milk yield and 
the average fat content was determined for each quarter of the 
Holstein and Jersey breeds (Table 13). That a similar rela:tion 
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TABLE 13,-,CORRELATION BETWEEN THE " .... ' EEKLY MILK YIELD AND FAT 

CONTENT 

Right Front Left Front Right Rear Left Rear 
Breed Quarter Quarter Quarter QuarteF 

Holstein .. ______ - . 386 - .326 -.106 -.363 
Jersey __________ -.200 - .287 -.368 -.160 
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holds for the secretion of milk by quarters is shown by the negative 
correlations. 

The normal condition in respect to the percentage fat content 
of the milk of the four quarters is for the secretion of milk of uni
form composition. This appears to hold true fo r the fore qua'r
ters as well as the rear quarters, although the former secrete rela
tively less milk than the latter. The important consideration here 
is lack of secretory tissue in the fore quarters. If for any reason 
one or more quarters begin to decline more rapidly than the others, 
then the well established inverse relation between milk yield and 
percentage fat content becomes effective and causes a rise in the 
percentage fat content of that quarter in relation to the quarters 
lactating normally. It is believed that this welI known relation ac
counts for the major part of the variation in the composition of 
the milk secreted by the four glands of the cow's udder. Natural
ly pathological conditions in o ne or more of the glands would a lso 
influence the composition in a characteristic manner. 

SUMMARY AND CONCLUSIONS 

With the aid of a specially designed milking machine unit cap
able of delivering the milk secreted by each of the four glands or 
quarters of the cow's udder into separate containers, a study was 
made of the yield and composition of milk secreted by individual 
quarters of the udders of dairy cattle. 

The test period during which the quarter milk yield and. per
centage fat content was determined extended over a period of sev
en days each 28 day month. There were included in the study 
74 lactation records varying from one to 20 months in length by 
45 cows. Two lactation tests were made on a total of 22 cows, 
while three lactation tests were made on 7 animals. In all 663 
monthly tests were ma,de. 

A study of the average rate of decline of milk secretion by 
quarters, of groups of 18 Holstein cows covering a period of 12 
months and of 20 Jersey cows covering a lactation period of 9 
months showed that the general trend in the rate of milk secretion 
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by quarters was quite uniform throughout the entire la:ctation pe
riod. Many individual exceptions were noted in .which the milk 
yield in one or more quarters declined with a corresponding rise 
in one or more of the other quarters. These observations are be
lieved to indicate that the hormone stimulating and mainta:ining 
the secretory activity of the individual glands of the udder during 
the lactation period tends to maintain a uniform secretion rate in 
the qua:rters except as influenced: by external environmental factors. 

The average of 74 lactation records showed that the two front 
quarters each produced slightly more than 20 p.er cent of the total 
milk yield, whereas the two rear qual:ters each produced slightly 
less than 30 per cent. Considered together the front qua:rters pro
duced 41.90 per cent and the rear quarters 58.10 per cent of the 
total milk. The milk production from the right and left halv,es 
were practically uniform 49.93 per cent and 50.07 per cent, re
spectively. However, in a total of 16 lactation records , the la:rgest 
quarter production occurred in one of the fore quarters. Of these 
nine had the greatest production in the right front quarter and sev
en in the left front quarter. Relatively slight variation wa's noted 
between the production of the four quarters of the udder of ani
mals of the various breeds of dairy cattle. 

On the basis of these data it is suggested that the norma:l sym
metrical udder should yield about 40 per cent of the total milk 
yield in the fore quarters and 60 per cent in the rear, and that be
tween the right and left halves there should be equaEty of produc
tion. The following index is proposed: 

Symmetry index (percentage of Percentage Of) 
of the dairy = total milk yield - total milk yield -20 
cow's udder of rear half of front half 

The .symmetrical udder described above would have an index of 
zero. Plus devia:tions would indicate an enlarged rear half while 
minus deviations indicate an enlarged front half. 

Included in these data, a total of 22 records are available of 
cows having two la:ctation records and in seven cases three records. 
These records are of variable duration and thus are not strictly 
comparable. A comparison of the average quarter production in 
the first lacta:tion with that of the second and third lactations re
veals no significant change in the relative production of the four 
quarters. It would appear that there is no tendency for the rear 
quarters, because of their greater size, to continue to grow with 



RESEARCH BULLETIN 211 49 

successive pregnancies more rapidly than do the fore quarters. 
Further, it was observed that quarters which decline more rapidly 
during one lactation may at the following lactation start at the pre
vious level and maintain uniform relative production. Thus the 
more rapid decline observed in certain quarters are believed to be 
due to fortuitous environmental conditions rather than structural 
or anatomical differences of the glands. This observation lends 
support to the hormone theory of the regulation of the rate of de
cline of milk secretion with the advance of the stage of lactation. 

The percentage fat content of the milk of each quarter of the 
udder as determined by a 7-day compo·site test was studied as a'n 
indication of the variation in the composition of the milk. An ex
amination of the average fat test of the milk secreted in each of the 
four qua'fters revealed a difference of less than 0.2 per cent in 41 
cases out of a total of 73 records. In 20 cases the variation was 
between 0.2 and 0.4 per cent, in three cases between 0.4 and 0.6 
per cent, in seven cases between 0.6 and 0.8 per cent, and in two 
cases between 0.8 and 1.0 per cent fat. 

Considering the average of each breed separately or the aver
age of all breeds together, no tendency is observed for either the 
front or rear quarters to secrete milk richer in fat than the other 
even though there is considerable difference in the average yield of 
milk. 

Intraclass correlations of the percentage fat content of the 
milk secreted by each quarter during the 7-day test periods for 
the several breeds were as follows: Ayrshire breeds +0.876, Guern
sey breed +0.858, Holstein breed +0.890, and Jersey breed +0.899. 
Treated in another way, these data show that about 45 per cent 
of the fat tests of the four quarters differ by less than ±0.2 per cent 
and over 82 per cent differ by less than ±0.4 per cent. Thus about 
,1,5 per cent of the tests of each quarter are within the range of toler
ance allowed for duplicate samples by the Babcock test and there
fore should not be considered as indicative of actual differences 
in the composition of the milk. The variation in the remainder 
of the weekly tests are probably in part due to errors in the sam
pling and testing method, but largely due to actual alterations in 
the composition of the milk secreted. 

Distinctly negative correlations between the weekly milk yield 
and fat content are interpreted as indicating a tendency of quarters' 
which decline more rapidly than normal to show a corresponding 
increase in the percentage fat content. In other words, the normal 
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condition in each quarter is to yield milk of uniform composition 
(within the limits of error of the test) when secreting to the limit 
of the gland tissue present. When, h:lwever, due to abnormal en
vironmental conditions one or more glands decline in the rate of 
secretion more rapidly than the others, then the fat test may in
crease to a' certain extent. 
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