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Tnt ro duc t i on 

In our text books and many bulletins 

describing the udder of the dairy cow there are found 

such statements as tne following: tvThefl the milk is 

removed from he udder that organ should be soft and 

pliable, showing much shrinkace. The gland tissue 

should be fine and plastic rather than fatty or coarse 

and hard. It is desirable to have udders f pliable 

handling quality. Common defects f the udder are 

small teats etc., meaty udders , which reduce but 

little with milking and yield a comparatively small 

flow." 

The foregoing stater.ients are only a few of 

the many similar si,aternents, but 

to show the cause o± a suspicion 

especially when no reasons are g 

furthermore, such statements are 

to the student who wants to know 

tions as they are found. 

It seemed advisable at 

they are sufficient 

of their foundation 

iven for their accuracy; 

vague and meaningless 

the causes f condì- 

this time to begin 

a project involving the investigation of the accuracy 

of the idea set before us in such statements as 

previously mentioned. The factors influencing the 

udder and production of milk are s many and varied 

that it is not feasible to give a complete analysis 

o± the project in so short a time and space. Therefore, 



this paper will deal only with a review o± literature 

published previous to 1918 and with a tentative plan 

to approach the problem. 
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Methols 

As one studies the literature coveri, so many 

and varied factors as presented in this project it soon 

becomes evident that much of the previous work is of 

little value in forming a basis for the prosecution of 

the solution of the problem in question. It is also 

evident that only a comparatively few wor.:ers have iven 

data sufficient to make the staterents they do. Still 

fewer ive their tecñnique of procedure in adequate 

detail. One is led to believe that such articles are 

imreliable until proved otherx:ise. 

s a result we find a lare mas: of COflÑS ion, 

contradiction, and mutual animosity. Out of t±s chaotic 

mass the following pa:'es are written. In order to elim- 

inate the personalities of the various authors to a mm- 

1m-mil and prevent myself from becoming partial to any 'ne 

writer I have adhered closely to tue followin methode 

References were obtained from the Experirient Station 

:ecord, Lgricultural Index, Veterinary and Medical pub- 

lications, and the rticles reviewed. Each reference 

was given a number, tue author's name and subject being 

laid aside. AU transfers of any pats of an article 

were made by numbers. Au attempt has been nade to 

arrange this in logical form bearing in mind the truths 

of the foil wing statements by an unknown author: 
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When you've got a thing to say, 

Say it.' Don't take half a day, 

Then your tale's got J.ittle in it, 

Crowd tue whole thing in a minute! 

Life is short---a fleeting vapor-- 

Don't fill trie wiole blame paper 

VTith a tale, which, at a pinch, 

Could be crnered. in an inch! 

Boil her down until she simmers; 

Polish her until she glimmers, 

When you've got a thing to say 

Say it! Don't take half a day! 
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Anatomy 

In order to consider tue factors involved 

in the condition presented by the term quality, in 

describing the udder o± the dairy cow, it is necess- 

ary to madre a comprehensive study of the macroscopical 

and the microscopical anatomy of the mammary glands o± 

the Cow. The following description oÍ' the mammary glands 

will demonstrate clearly the structure with which we have 

to deal and. will present a foundation for studying the 

changes which may occur to cause the condition described 

by the term quality. So far very little has been pub- 

lished concerning the chemical composition of the marn- 

marj glands. Gross or macroscopical anatomy (124). 

The mammary glands, normally two in number, are popular- 

ly termed. the udder. The body of' each is somewhat ellip- 

sodial in form, but flatuened transversely. They are 

located in the inguinal region. The base of each gland 

is slightly concave and. slopes obliquely downward and 

forward in adaptation to tue abdominal v:all, to which 

it is adherent; it is in relation posteriorly to the 

large supramammary lymph glands and a quantity of fat. 

The medial surface is flat, and is separated from the 

other gland by a well-developed double septum. The 

lateral surface is convex. Pour well-developed teats 

are present; they average about three inches in length. 
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It is customary to consider the udder to c::nsist of 

four "quarters'T; there is no septum nor visible divi- 

sion between the two quarters of tue same side, but, 

on the other hand., injections of fluids of difrerent 

colors into the two teats of tue gland demonstrate 

that the cavities drained by them do not communicate. 

Each teat has a single duct which widens 

superiorly and opens freely into a roomy lactiferous 

sinus pooularly known as the milk cistern. The lac- 

tiferous iuct or teat canal is lined by a gland.less 

mucous membrane which is covered with stratified squa- 

mous epithelium; the lower part of the canal is narrow, 

and is closed by a sphincter of unstrioed muscle. The 

mucous membrane of the sinus forms numerous folds which 

render tue cavity multilocular. 

The external pudic artery in the cow is 

usually termed the mammary and. is very large, especially 

during lactation. Each divides at the base of the mam- 

mary gland into two branches which are distributed. tû 

the anterior and. posterior parts of the gland. 

The veins of the mammary glands converge to 

a v nous circle at the base of the udder, which is 

drained chiefly by two pairs of veins. The subcutan 

eous abdominal vein (milk vein) is very large in animals 

of the dairy breed, and its course along the ventral wall 

of the abdomen is easily followed. It is usually flexu- 

ous. It emerges at te anterior border of the udder 

about two or three inches from te linea alba, runs for- 
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ward, dips under the cutaneous, oasses through a fora- 

men in the abdominal wall about a handbreadth from the 

median plane, and joins the internal thoracic vein. The 

two veins are connected by a tra±sverse anastomosis at 

at the anterior border of the base of the udder, and 

each anastomosis behind with a branch of the external 

pudic vein. The external pudic vein ascends in the 

inguinal canal as a satellite of the artery and joins 

the external iliac vein. The right and left veins are 

connected at the posterior border of tue base of the 

udder by a large transverse branch. From the latter 

arises the perineal vein which runs medially upward and 

backward to the perineum, turns around the ischial arcii, 

and joins the internal pudic vein. 

The lymph vessels are numerous, and. pass to 

the supramammary lymp: glands chiefly. These glands 

are situated ab3ve the posterior border of the base of 

the marnrary glands. Usually two are present or there 

may be two on either side. Exceptionally a third gland 

may be present or there may be only one on one side. 

The large glands are usually two to four inches long, 

the smaller ones a fourth to one-half as large. The 

afferent vessels come from the udder, the external 

genital organs, and part of the skin of the thigh and 

leg. The efferant vessels converge to two or three 

large trunks which go to the deep inguinal glands at 
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the side of the pelvic inlet. 

The nerves are derived from the inguinal and. 

the posterior mesentric plexus of the sympathetic. 

Histology or microscopical anatomy (3). The 

mammary gland. is a compoDnd alveolar gland. It consists 

0± lobes, each of which is subdivided into lobules. The 

gland. is surrounded by a layer of connective tissue con- 

taming more or or less fat. From this periglandular 

connective tissue broad septa extend. into the gland., 

separating the lobes (interlobar septa). From the 

latter finer c.rmective-tissue bands pass in between 

the lobules (interlobular septa). From the inter- 

lobular seçta strands of connective-tissue extend. into 

the lobule where they act as support for tue glandular 

structures proper. An excretory duct passes to each lobe 

where it divides into a number o± smaller ducts (lobular 

ducts), one of which runs to each lobule. Within the 

latter the lobular dict breaks up int3 a number of 

terminal ducts, which in turn open into groups of alveoli. 

The main excret3ry duct passes thru the nipple and. opens 

on its surface. The main duct presents a sac-like diii- 

tation at the base of the nipple (The Ampulla), which ap- 

appears to act as a reservoir for the storage of milk. 

The inactive mammary gland consists mainly of 

connective tissue and a few scattered groups of excretory 

ducts. Around. tìe end. 0±' some of the ducts are small 
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groups of collapsed alveoli. Both ducts and alveoli 

are lined with a low columnar, often flat epithelium. 

In some cases the flat layers are two or three layers 

thick, forming a thin stratified squamous epitheliurn. 

The relative amount of fat and cornaecive tissue varies 

greatly, some inactive mammary glands consisting almost 

wholly of fat tissue. 

The microscopical appearance of the active 

gland differs greatly from that of the inactive. There 

is a marked reduction in the connective tissue of the 

gland, its place being taí:en by newly develored thcts 

and alveoli. The alveoli are spheroidal, ùval, or ir- 

regular in shape, and vary considerably in size. The 

alveoli are lined by a inle layer o± low columnar or 

cuboidal eoithelial cells which rest upon a homogeneous 

basement membrane. he apearance of the cells differs 

according to the secretory conditions. The resting cell 

is cuboidal and. its protoplasm granular. "ith the 

onset of secretion the cell elongates, and a number of 

minute flat droplets appear. These untie at the free 

end of the cell. The fat is next discharged into the 

lumen of the alveolus, and regeneration 0±' the cell 

taies place from the unchanged basal portion. Active 

secretion does not as a rule take place in all the 

alveoli of a lobule at the same time. Each lobule thus 

contains both active and inactive alveoli. The smallest 

ducts are lined with a low columnar or cuboidal epithe- 



1juni. This increases in height with increase in tue 

diameter of the duct mitil in the largest ducts the 

epitheliuni is of columnar tye. 

Pfaundler (56) distinguishes four typical 

glandular tissue conditions, which, however, are always 

closely connected, and are to be taken as occurring in 

succession in the actively secreting udder. 

(a) The alveoli are open, the epithelial 

cells are cubical and contain clear round nuclei with 

one or two nucleoli. hitosis is constantly present in 

the epithelium; the protoplasm of the cells shows fine 

granulation and vacuoles. The cells aìpear indefinite, 

their outline and. limiting surfaces. indistinct. There 

is a marked infiltration of the alveoli with leucocytes 

(many eosinophile), which are found in such great nuni- 

bers in the interstitial tissue and the epithelial 

layer and lumina of the alveoli; that the remaining 

strtictire is only recognized with difficulty. 

(b) The alveoli have very narrow lumina and 

the epithelium is cubical, tue nuclei of wich seem 

shrunken. ì[itois is constantly resent. The proto- 

plasm o± the cells contains coarse granules and fat 

drops, and the cell outline is indistinct. The inter- 

stitial tissue is rich in leucocytes, but less so than 

in (a). In the lumen of the alveolus leucocytes, 

colloidal masses and colostrum bodies are present. 
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(e) The alveoli have very narrow lumina and 

long, cylindrical, or pyramidal epithelial cells, 

clearly marked off from one another, some resting flat 

on the alveolar wall and some suspended by a narrow 

process. Each cell contains from to three nuclei, 

and. at tne free margin of the cell fat drops are often 

seen. Many of the cells which hang by a tongue of 

protoplasm into the alveolar scace afpear as if torn. 

(d) The alveoli are dilated. The epithelial 

cells are flat, and in profile apear as rin-shaed 

narrow protoplasmic borders with spindle-shaped nuclei: 

and contain very few fat globules. lTitosis is rarely 

seen. 

(3) The arteries finally terminate in capillary 

net works among the alveoli and ducts. Prom the capii- 

lanes arise veins which accompany the arteries. 

The lymph capillaries form net works among the 

alveoli and terminal ducts. 

. 
The nerve terminals break up into plexuses 

which surround the alveoli just outside their basement 

membranes. Prom these piexuses, delicate fibrils have 

been described passing through the basement membrane 

and ending between the secreting cells. 
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Chemical Composition of the ammary Glands 

(123) The chemical composition of the mam- 

mary glanìds has not been studied ir± Cetai1. e know, 

however, that the protoplasm of the ±'unctionally active 

g1nds is rich in aithimins, and it appears that a very 

complex nucleo-glucoproteid is here present, and is 

probably intimately concerned in the formation of two 

of the most important constituents o± the milk, viz., 

the casein and lactose. n boiling with dilute acids 

the substance is decomposed into albumin, phosphoric 

acid, and a reducing substance of uninown composition. 

The sithstance is decomposed by boiling the 

gland with water. A coagulable albumin and a nucleo- 

gluco-proteici, which is somewhat less complex than the 

original srbstance, thus results. Like its mother- 

substance, it also yields a reducing substance on 

hydrolytic decompos ition. 

Jf other constituents of the gland, we find. 

variois xanthin-bases, and in the functionally active 

organ also a ceïtin ai nt of fat which is present 

in the form of globules of variable size, in the bodies 

of the cells. 

. 



-il- 

Milk 

When speaking of a dairy cow as a good. 

producer the thing in qDestion from a commercial stand 

point is the quality and quantity of milk secreted. 

In order to study the changes that may occur 

in the mammary glands it is necessary to utilize the 

knowledge at hand. of the specific substance, (milk), 

which is secreted. by these glands. 

The specific substance which is secreted by 

the mammary glands is termed milk, It is the natural 

food of all mammals during their early extra-uterine 

existence. It contains all those comeound.s (proteins, 

carbok,ydrates, and fats) which are necessary for their 

máintenance. The compounds in question are more or 

less secific of milk and are not fornid. elsewhere in 

the bdy as such. They are roduced in the gland itself 

from the common cnstituerits of tite blood. 

Fresh milk is an ouaque, white, yellowish- 

white, or bluish-white liquid, transparent only when in 

very thin layers, somewhat sweet in taste and of an insip- 

id odor, peculiar to the particular animal from which the 

milk has been obtained. The opacity is largely due to the 

presence of dicalcium caseigogen. 

:ilk of must herbivorous animals, owing to the 

presence 0±' diacid and monacid phosphates in association 

with the calcium of caseinogen, is alkaline to lacmoid 

and acid to phenolphthalein. 
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Fat is present in a state of fine emulsion in 

a feebly alkaline media. On microscopical examination 

it is found in innumerable small globules. As a result 

of molecular attraction each globule is surrounded by 

a delicate layer of albumen. This layer of albumen 

does not constitute a true membrane. Our present 

knowled-e is incomplete regaraing the structure of 

this particular albumen. 

On microscopical examination of mili innum- 

erable granules of Calcium phosphate (probably a mix- 

ture of diphosphates and triphosphates) are found. 

Casein is obtained in the form of a thin jelly-like 

material when milk is passed through a Chamberlain 

filter. Casein which is found in combination with linie 

is not present in solution. Cells are also found in 

milk. 

A resume' of tue foregoing will shw that 

cells and calcium 2hosphate are in sispension in milk. 

Casein is either in suspension or colloidal state. 

Fat is in the form of an emulsion. ll the other corn- 

ponents 3f milk are present in a state of actual solu- 

tian. (6) Casein exists in milk in a semi-colloidal 

condition. 

(8) Colostrum differs from miL' in that it 

contains a higher ìDercent of ttal solids, of albumenoid 

character; also in the abundance of mineral salts. It 
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is the result o± resting cells, and. not a special product. 

The following table is an example. 

(136) Evening Immediately after calving Five days 
before after 

ving I II III IV calving 

"Extr.ct" 27.615 24.49 27.356 22.470 24.17 14.37 
at 95C 
( solids? 

Fat 1.30U 6.32 3.840 1.360 2.42 5.16 

Mi 1k 
sugar 1.520 2.17 2.366 1.023 2.86 4.07 

Soluble 
ash .276 .25 .220 .271 .19 .26 

Insoluble 
ash .809 .84 .630 .791 1.02 .51 

Cal c ium 
phosphate .622 .63 .660 .605 .87 .38 

Proteids 23.705 14.91 20.130 19.025 17.68 4.35 

cidity 
per liter 3.480 2.72 3.360 2.640 2.60 1.60 
(P205) 

In order to have a comorehensive understanding 

of the physiology of the mamary glands it is advisable 

to consider in some detail tiie various constituents of 

milk. They will be considered in the following order: 

General idea of tue com:osition by tables of analysis; 

VariatLons, protein, fat, carbohydrate, inorganic compo- 

nents, and salts, gases and cells. 
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(123) Cow's Milk 

Water 842.8 860.0 

Solid.s 140.0 157.2 

Albumins (total) 33.0 43.2 

Albumin (proper) 1.2 2.8 

Casein 30.2 42.0 

Fats 40.0 64.7 

Lactose 43.4 50.0 

Salts 6. 7.1 

(99) The average eoposition 197 samples of 

milk from consecutive milkings of one cow was: 

Total solids fat solids not fat 

Morning 
milk 12.59 3.71 8.88 

Evening 
milk 13.00 4.26 8.83 

No. of samples Specific Total Pat Solids 
Gravity Solid not Fat 

(100) 1903 1.0322 12.76 3.83 8.95 

(101) 1904 l5,l0 1.0322 12.68 3.74 8.94 

(102) 1906 14,828 1.0323 12.70 3.73 8.97 

(103) 1907 13,513 1.0322 12.64 3.71 8.93 

(104) 1908 14,967 1.0322 12.69 3.75 8.94 

(105) 1909 18,519 1.0321 12.66 3.74 8.92 

(1i) 1910 19,282 1.0320 12.62 3.73 8.89 

(107) 1912 19,646 1.0319 12.54 3.68 8.86 



Number c cows 

Wil' I period 

Milk 2 period 

tercent 

Tot. Solids 7 I per. 

riot. Solids % 2 per. 

i- e rcent 

Tot. Solids % I per. 

Tot. olids , 2 per. 

i. ercent 

Tot. bollas lib I 
" 

Tot. ol1d lib 2 

r ercent s 

Fat % i period 

Fat % 2 period 

Percent 

(l 
i 2 3 

11 11 11 

559.9 564 6 562.6 

780.9 725.0 663.4 

130.0 124.0 118.0 

13.07 13.04 13.33 

13.32 16.32 13.59 

102.0 102.0 102.0 

13.07 13.04 13.33 

13.32 13.32 13.59 

102.0 102.0 102.0 

78.2 75.9 74.4 

102.9 9h.4 89.0 

132.0 126.0 126.0 

407 4.05 4.17 

3.91 3.85 3.97 

96.0 95 0 95.0 

7) Mont' 
4 

10 

535.1 

603.8 

113.0 

13.50 

13.74 

102.0 

13.55 

13.74 

102.0 

71 . 9 

81 .9 

114.0 

4.11 

4 . 01 

98.0 

1 of La 
5 

10 

466.3 

577.5 

119.0 

13.75 

14.05 

102 . O 

13.75 

14.05 

102.0 

66 .3 

79.8 

120.0 

4 .20 

4 .24 

101.0 

,tation 
6 7 
9 8 

504.5 464.4 

553.8 511.9 

110.0 110.0 

13.74 13.93 

14.05 14.33 

102.0 103.0 

13.74 13.93 

14.05 14.43 

102.0 103.0 

68.5 64.0 

76.4 71.9 

111.0 112.0 

4.19 4.39 

4.23 4.23 

101.0 96.0 

8 
6 

485 . 9 

369 9 

76.0 

14.22 

14.42 

103.0 

14.22 

14.42 

103.0 

5T7 5 

53.1 

79.0 

4.46 

4 . 14 

93.0 

9 
6 

401.6 

243 .7 

61.0 

14.34 

15.04 

105.0 

14.34 

15.04 

105.0 

57.5 

37.1 

65.0 

4.62 

4.53 

98.0 

10 Avr. 
5 

347.8 497.3 

112.3 514.2 

32.0 103.4 

14.48 13.72 

15.01 14.09 

102.0 102.0 

14.48 13.72 

15.01 14.09 

104.0 102.7 

49.? 67.4 

17.5 70.5 

35.0 104.6 

4.44 4.27 

4.62 4.17 

104.0 97.7 



Fat lbs I period 

Fat lbs 2 period 

F e r cent 

Casein % I period 

Casein % 2 period 

L-ercent 

Casein lbs I period 

Casein lbs 2 period 

1-ercent 

Sugar % I period 

Sugar % 2 period 

F e r cent 

Sugar lbs I period 

Sugar lbs 2 period 

i ercent 

24.4 23.5 23.0 21.8 20.0 20.7 19.6 21.1 18.5 15.2 20.8 

29.9 27.2 25.5 23 6 23.6 22.5 20.4 15.1 11.6 5.8 20.5 

123.0 117.0 111.0 108.0 118.0 109.0 l0.O 72.0 3.0 38.0 98.7 

3.10 3.29 3.36 3.33 3.51 3.51 3.56 3.73 3.74 4.13 3.53 

2.96 3.12 3.11 3.52 3.60 3.59 3.80 3.83 4.13 4.59 3.63 

95.0 95.0 93.0 106.0 103.0 102.0 107.0 103.0 110.0 111.0 102.8 

18.6 19.0 18.7 17 9 17.0 17.3 16.2 17.9 15.0 13.9 17.2 

22.8 22.3 21.6 20.7 20.4 19.4 19.1 14.1 9.8 4.6 17.5 

123.0 117.0 115.0 116.0 120.0 112.0 118.0 79.0 66.0 33.0 101.9 

5.18 5.00 5.11 5.35 5.31 5.35 5.33 5.30 5.27 5.17 5.23 

5.75 5.69 5.68 5.55 5.51 5.56 5.58 5.75 5.71 5.03 5.58 

111.0 114.0 111.0 104.0 104.0 104.0 107.0 108.0 108.0 97.0 106.8 

31.1 29.2 28.7 28.5 25.8 27.1 24.6 25.3 21.1 16.2 25.8 

44.8 41.1 37.8 33.6 31.7 30.8 28.8 21.4 14.1 6.4 29.1 

144.0 141.0 132.0 118.0 123.0 114.0 116.0 85.0 67.0 39.0 112.8 
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Variations 

(18) Most cows give about the same quality of 

milk year after year, beginning with this quality at the 

first calving. 

(27) The total pcotein was found to he abnorm- 

ally high following parturition, reached the minimum at 

3 or 4 weeks, then remained fairly constant until near 

end o± the lactation period, wen it rose rapidly and. 

reached the maximum at the end. of the period.. No rela- 

tion was found between the protein and the sugar. 

The percentaRe of fat on the average declined 

during the first three months, followed by a period of 4 

or .5 months with but little change. From this point a 

rapid. increase was found. to the end of tue lactation 

period. The variations in the fat and protein were on the 

whole quite similar. The total solids show te same var- 

iations as the fat and. protein. 

(121) The seasonal variation was greater, both 

in actual figures and in oroportion to the amount iresent, 

in the case of protein than in the case of fat. 

(3) The average range of fat variation in the 

guernsey, ayrshire, and holstein breeds was as follows: 

uernseys 1.99% 

yrshires 1.56% 

Holstein .46% 
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The following table shows the variation, in 

amount of milk and the percentage of fat, in coirparing 

cows of different ages for a period of six months. 

Age of Cow No. of cows Average rield Average of Years (20) reported on for six months fat in milk 
gal ions 

2 30 362 3.83 
3 147 377 3.87 
4 164 403 3.76 
5 137 421 3.66 
6 110 438 3.63 
7 88 465 3.63 
8 80 468 3.69 
9 50 461 3.63 

10 36. 457 3.64 
11 28 464 3.60 
12 16 493 3.48 
13 10 428 3.42 

The seasonal variations as shown in the 

following table closely resembles the results of other 

investigators. 

(20) Percentage of Fat 
Year 
1903 
Jan. Feb. i.ar. Apr. L'ay Jtme July Aug. Sept. Oct. Nov. Dec. 3.90 3.65 3.85 3.75 3.65 3.75 3.80 3.75 3.9 4.35 4.40 4.75 

No. of Herds 
4 4 4 5 3 5 6 4 4 3 3 2 

1904 
3.65 4.10 4.15 4.00 3.75 3.50 3.60 3.60 3.95 4.10 4.30 4.40 

No. of 1-lerds 

------- i i i 2 2 2 2 2 2 



-19- 

Percentage of Solids-not-Fats 

rear 
1903 9.05 9.00 8.85 8.85 8.85 8.85 8.70 8.65 8.75 8.80 8.85 

ITo. of 
Herds 4 4 4 4 3 5 5 3 3 2 2 

1904 9.12 8.99 8.80 3.65 
]o. of 
Herds i 1 1 1 

Protein 

(89) It remains an open question whether r1lk 

contains only one proteid in different stages of solution 

or whether a great number of distinct proteids is met with. 

Duclaux thought that hulk contained nothing but casein, of 

which part was suspended, the majority In the colloidal 

condition and part dissolved. Danilewsky and Radenhausen 

profess tb have found seven proteids In milk, viz., caseo- 

albumen, protalbin, albumen, orroprotein, whey protein, 

lacto-syntoprotalbin and lacto symtogene; further, peptones 

like peptone, pseudopeptone, syntogene. 

Caseinogen andlactalbumin are found in milk, and 

it is possible that other protein substances may occur in 

milk. Caseinogen is the most abundant and the most impor- 

tant. 

Fat 

On microscopical examination of 'i1k the fat is 

found in the forri of small globules of various dimensions, 
4 

as will be seen later. There is every reason to believe 

that all the fat globules have the same chemical coriposi- 
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tion. (120) It is impossible by any known process to 

separate completely the 1are and small fat globules. 

The best is two creams, one large and one small. There 

is very little difference between fat from the two and 

little or no variation in color. All arc within limits 

of legitimate experimental error. 

(89) Fat is a mixture of the glycerides of the 

following acids: Formic, acetic, butyric, capronic, cap- 

rifle, caprinic, myristic, palmitic, stearic, arachic, 

atd oleic acid. Stearine, pairnitine, and alem form 9 

to 93 percent of the total milk-fat. 

The insoluble fats are alem, st.earin, and 

palmat in. 

(69)4% of globules were between.000385&.000275in.in diani. 

22% t 
" .000275".000165 " " 

26% t " " 
" .000165" .00011 " " " 

28% " 
" U tt .00011 ".000055 " " It 

20% " H 
" less than .000055 in. in diameter. 

These measurements of fat globules were taken 

froir rilk which had been obtained from jerseys milked 

nearly four months. 

Lacto.se 

We know very little concerning lactose, but we 

have been shown that (2c)) none of the types of under- 

feeding influenced the percentage of lactose in the milk. 

(123) In the animal body lactose is found onl in milk, 

if we disregard the small amounts that may appear in the 
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urine of nursing females, and which must hence of necess- 

ity occur also in the blood. It is formed in the mam- 

mary glands. It imdergoes a peculiar fermentation with 

the formation of lactic acid. This is produced by a 

micro-organism when exposed to air. On inversion lactose 

is decomposed into glucose and galactose. 

Inorganic Components and. salts 

The following are quotcd. as the probable compo- 

sition of mil-salt.s: (89) 

Chloride of natrium 10.62% 0.07965 percent 

Chloride of potassium 9.16% 0.06070 

Mono-potLssium phosphate 12.77% 0.095775 

Di-potassium phosphate 9.22% 0.06915 

Potassium citrate 5.47 0.041025 " 

Di-magnesium phosphate .7l% 0.027825 

Magnesium citrate 4.05% 0.030375 

Di-calcium phosphate 7.4% 0.06565 

Tri-calcium phosphate 8.90% 0.06675 

Calcium citrate 25.55% 0.176625 " 

Calcium oxide combined 

with casein 5.13% 0.038475 " 

aases 

Milk contains a small amount of ogen and 
nitrogen and from 5.8 to 7.5 percent of carbon dioxide. 
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Cells 

There are many discrepancies among the 

results of the various investigators as contributed 

to the numerous publications; therefore, the cells 

found in milk may be studied from two stand points, 

namely: first, the number of cells in a given quantity 

of milk regardless of the kinds of cells, and, second, 

the kinds of cells fcund in milk. 

Covi (10) Age per Period of Lactation .iverage No. 
years months of cells percQ. 

i 3 8 720,000 
2 2 5 400,000 
3 6 8 410,000 
4 8 8 
5 12 0 495,000 
6 6 10 2,720,000 
7 7 10 1,040,000 
8 4 5 : 500,000 
9 3 4 455,000 

10 9 7 50,000 
11 2 1 625,000 
12 7 9 500,000 
13 4 3 1,150,000 
14 2 4 930,000 
15 2 3 805,000 
16 3 8 715,000 
17 6 9 910,000 
18 6 9 40,0u0 
19 7 8 3,080,000 
20 6 8 1,100,000 
21 8 9 585,000 
22 2 5 650,000 
23 7 8 5,340,000 
24 6 9 1,600,000 
25 2 8 1,305,000 
26 6 9 1,340,000 
27 8 9 350,000 
28 8 8 475,000 
29 7 9 370,000 
30 8 7 530,000 
31 1,125,000 
32 230,000 
33 1,215,000 
34 3,630,000 
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35 1,730,000 
36 3,745,000 
37 1,200,000 

Average 1,165,000 cells per c. c. 

taximun 5,340,000 cells per e. c. 

1ininium 50,000 cells per c. e. 

30% of the counts are below 500,000 cel]s per' C.C. 

30% of the counts are between 500,000 and 1,000,000 

cells per c.c. 

o% of te counts are above 1,000,000 cells per c.c. 
50 cows under 500,000 cells per c.c. (11) 

36 cows between 500,000 and 1,000,000 cells per c.c. 

27 cows over 1,000,000 cells per c.c. 

122 cows average 868,000 cells per c.c. 

(131) The results of 1167 leucocyte counts 

made from the night and morning milk of two cows from 

the beginning of lactation: 

i l/5%of total no.of counts below l0,000cells per c.c. 

7 
t? t '! It "between l0,000&20,000cells c.c. 

61 " 
t, ,I tt fi U 

20, 000&100, 000 " 
" 

29 ' " 
u t? 

100,000&500,000 U t? 

U U ? t "above 500,000 cells per c.c. 

(109) Tilk from 50 cows varied fror 4,000 

to 3,576,000 cells per c.c. There was no apparent reason 

for the difference in the counts. 

It may be permissible here to set forth the 
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evidence whether certain factors have any influence upon 

the nrmber of cells found in milk. 

(54) In general in the case of cows which are in 

calf there is a large increase in these cells at the end of 

lactation, w:.ile in the case of cows which are barren, no 

such increase usually takes place. 

(10) Competent evidence to suDport the coon 

statement that colostral milk and milk from animals nearly 

dry contain larger numbers of cells than the milk obtained 

during other periods o± lactation is lacking. It is possible 

that the number o± cells may be correlated to some degree 

with the amoimt of milk secreted, udders WL.iCh give large 

amounts discharging fewer cells than where less milk is 

secreted. 

(53) The results o± Russell and Hoffman are 

particularly interesting, in that they attempted to trace 

the influence of such factors as parturition and lactation 

of feeding and temperature, etc., on the number of cells 

apearing in the milk without being able to detect any 

definite connection, and also have arrived at siL.ilar 

conclus ions. 

(ii) Changes of a considerable amount in the 

vacium used to operate cow milkers were found to be 

entirely without effect on the cell cLntent of tue milk. 

Kinds of Cells 

(115) Roughly three kinds of cells can be 

distinguished, (a) polymorphonuclear leucocytes, (b) 

lymphocytes, Cc) large leucocytes. 
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(12) There are two types of cells (a) white 

blood corposcles which are largely of the polynuclear 

and. polymorphonuclear type. (b) Epithelial cells, nuclei 

and cell debris. The cells certainly do not have the 

significance of pus cells under ordinary conditions. 

The following kinds of cells were found in 

films prepared by a very complete method (54) in which the 

various cells on tue whole are \el1 stained and. well 

differentiated. 

1. Cells having a large single nucleus (large uni-nucle- 

ated. cells). 

2. Cells having tv:o or more small nuclei (multi-nucleated 

cells. 

3. Cells with a small .ngle nucleus (small uni-nucleated. 

cells). 

4. Cells With eosinophilic granules (eosinophile cells). 

5. lTacuolated cells. 

6. Cells of indeterminate nature, feeble staining of 

cytoplasm and nucleus, giving them a hazy appearance. 

No cell having any decided resemblance to a polymorpho- 

nuclear leucocyte has been detected. 

In the case of healthy cows in full milk, which 

do not give a high cell count, the majority of the cells 

tend to be of the type termed "large uni-nuclears". At 

the beginning and the end of lactation, or when the cell 

count is high, the rnulti-nuclears tend to be the redom- 

inant cells, and this is the case wether the high cell 
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count is without d.iscerni11e cause, or whether a öefinite 

mastitis is oresent. 

A Histological examination of several udders 

(56) has shown that within the lumina of the alveoli, cells 

of the 1. large uni-nuclear, 2. small uni-nuclear, 3. 

multi-nuclear and 4. vacuolated types have been found in 

some of the specimens, and a study of their apvearance 

confirms our previous views on the nature of these cells, 

viz. that the large uni-nuclear and vacuolated cells are 

epithelial cells and that the small uni-nuclears (generally) 

and the multi-nuclears are cells of the 'Tgerminal" layer. 

None of the eosinophile type have been detected, and their 

origin, therefore, remains doubtful. 

(57) The statement commonly made that the cells 

of milk stain well and naturally with ordinary blood stains 

is, in our experience, quite erroneous. 

.7e can briefly sum up those fscts (53) which 

suoport the view that the cells found in milk are for the 

most part not leucocytes as follows: 

(a) The cells present in milk (the so called 

leucocytes) are very diverse in nature, and, when crit- 

ically examined, the majority distinctly differ from 

leucocytes. 

(b) However fresh the milk may be, the vast 

majority of tue cells in it never stain like active 

leucocytes with ordinary blood stains. 
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(c) Though many multi-nucleated cells are 

present, the majority o± these are distinctly different 

from polymorpho-nuclear leucocytes. 

(d) The cells present in milk, however fresh, 

are scarcely ever arneboid. 

(e) Ingestion of bacteria by the cells present 

(phagocytosis) is practically absent. 

(f) In milk obtained from :erfectly healthy 

cows these cells may occur in vast numbers, and, since 

the mammary gland in structure resembles other glands, 

it is against analgy that vast numbers of leucocytes 

should occur in its secretion. 

() The cause of the presence of a considerable 

number of cellular elements at times when thei'e is no 

obvious reason, such as in quarters of the udder which 

have a previous history of mastitis etc., but have recov- 

ered, is easily explained if these cells are tissue cells 

and not leucocytes. 

Nutrition 

Certain processes are prosecuted in the animal 

body in order to obtain the necessary energy and material 

for repair expended in the production of milk and other 

body activities. Briefly they are: First, the apprehen- 

Sian and digestion of the feed; Second., absorption of the 

feed acter it is in assimable form; and Third, utilization 

of' the absorbed material. 
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Feed is taken into the digestive tract through the 

process of eating. The function of the digestive tract, 

breaking down the Í'eed into assirrilable form and the ex- 

pulsion of the undigestab7.e part along with waste, is called 

digestion. Amino acids are the assimilable forms of' pro- 

teins. The fatty acids and glycerin are the assimilable 

forms of fats and the monosaccharides are the assimilable 

forms of carbohydrates. 

Through the activity of' the living cells of 

the intestines absorption takes place. The amino acids 

are taken up by these cells and made into complex proteins. 

No amino acids are found in the blood. The fatty acids 

and glycerin are recombined by these cells and these fats 

are taken up by the lymph stream, finally getting into 

the blood stream by way of the thoracic duct. The 

monosaccharides are not changed but pass into the blood 

as such. It is very probable that a large portion of the 

salts are absorbed with waer in the large intestines. 

Some salts are no doubt absorbed in combination with 

proteins. In all animals the large intestines are the 

chief seats of absorption of water. 

With our limited knowledge and the difficulties 

attached to experimental inquiry in larger animals we can 

simply state that there is an interchange of substance 

between cells and the blood in the process of supplying 

energy and nutriment to tissues. We know something of 

the results of these processes with little knowledge of 

what is hapiening in the processes themselves. 

¡ 
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Briefly some o± these results are recorded 

here that we may in a measure grasp a portion of what 

has not been accomplished. (108) In crease of phosphorus 

in the ration increases the phosphorus eliminated; increase 

oÍ organic phosphorus in the ration causes an increased 

elimination of inorganic phosphorus, the quantity o out- 

going organic phosphorus being but slightly affected by 

the intake of organic phosphorus. Increased phosphorus 

elimination is, in the herbivora, mostly by way of the 

intestines. 

A le.rge intake of phosphorus causes a retention 

of this element. When the phosphorus given is insuffi- 

cient in quantity the organism uses for its normal func- 

tions the phosphorus previously stored in the body, or 

that which is not serving an Immediately vital rurpose, 

(34) With rations of common practical foods, 

especially chosen to provide maximum supplies of the 

mineral nutrients, all calcium, magnesium, and phosphorus 

balances were negative. 

With large increases in the calcium, magnesium, 

and phosphorus contents of these rations, through increased 

amount of food consumed and throuph the addition to the 

ration of lar:e amounts of calcium carbonate and bone 

flour, all calcium balances and all but one magnesium 

balance remained negative, but the phosphorus balance 

became positive. 



-30- 

In some cases nearly all the sodium of the 

excreta was in the urine, 'thile in others it was nearly 

all in tue feces. Ihe same may be said of the chlorine. 

The elimination of sodium and chlorine in the 

urine is increased by high intake of these elements, 

by constipation and by high water intake. 

Potassium in cows is commonly excreted in 

much larger proportions in the urine than in the feces, 

but in rations characterized by prediminance of acid miner- 

als, potassium was eliminated more largely in the feces. 

Calcium is excreted by cows almost wholly in the 

feces, but a predominance of acid minerals in the rations 

may cause slight increase in urinary calcium. 

Magnesium always exceeds calcium in the urine, 

but is contained in the feces in amounts usually about 

four times as great as in the urine. 

The excretion of phosphorus is characterized 

by much the same proportionate distribution as the excre- 

tion of calcium, except that urinary phosphorus may be 

much increased by general !ithysiologic disturbance. 

Sulpher is normally excreted in the feces in 

quantities three or four times as great as in the urine, 

but with high sulphur intake the urinary sulphur may 

equal the feces sulphur. (71) The presence of any conmound 

in the feces is not proof that it has not bcen absrbed 

into the body cavity. 
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Concerning the mammary gland we may offer 

the following: 

(28) In none of the exDeriments did. overfeed- 

ing exert an influence toward abnormality in the compo- 

sition of the milk, or the physical and chemical constants 

of the milk fat. 

(80) Different amounts of protein in the daily 

ration derived. from linseed, cotton-seed, soy bean, and 

corn, gluten meals, do not seem to have any pronounced. 

effect in changing the relative proportions of the several 

milk ingredients. 

In the study of the influence of phosphoris 

in the ration it was noted that (108) except for the 

change in the amount of fat, the composition of the milk 

was not materially altered. The best milk flow, both as 

to amount and fat content, happened to occur in the period 

of phosphorus equilibrium. 

(67) On the whole the cornrosition of milk is 

not readily influenced by feeding. (4) There were no 

noticeable effects of the ±'oodstuff or the mineral 

supplements (sodium chloride, calcium carbonate, or bone 

flour) on the amount or composition of the milk. (142) 

The quality of milk is something which is inherent in the 

animal, and is affected by food only within very narrow 

1inits when affected. at all. 

(70) Favorable effect upon mill: secretion of 

a narrow nutritive ratio is due in part to a stiurulative, 

not wholly to a constructive function of the Drotein. 
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(31) Malt sprouts, palm-nut cake, and coconut cake contain 

substances which exercise a stimulating effect on the 

mammary glands independent of the form of digestible 

nutrients contained in the feeding stuff. 

(29) Cows subjected to a subnormal plane of 

nutritiOn immediately after parturition maintained their 

milk flov: at a nearly constant level under tie most 

adverse conditions. A decline in milk flow accompanies 

even moderate underfeed.ing when the lactation period has 

reached a certain stage. The exact point when this 

occurs was not determined. 

Fhysiological underfeeding aid. reduction in the 

plane of nutrition from a high to a normal plane is invar- 

lably accompanied. by a marìed increase in the percentage 

of fat in the milk, especially when the coy: has a surplus 

store of fat on her body. 

A subnormal plane of nutrition at times affects 

the percentige of protein in the milk. In some of the 

exDeriLents conducted there was a decline in the percentage 

of casein, while in others the total protein only was 

affected. In the latter cases the percentage of ash in 

the milk also decreased. one of tue types of underfeed.- 

ing influenced the percentage of lactose in the milk. 

All types of underfeeding have marked effects 

on the physical and chemical constants of tue butter fat, 

which are characcrized by a decline in the Reichert- 

:seissl number and saponification value, and. an increase 

in the iodin value. 
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Secretion 

(88) Toges (Centraiblatt fur Physioligie, Bd. 19, 

S. 233, 1905) found that the development of the mammary 

gland depended upon the presence of functionally active 

ovaries, but that the production of milk was dependent 

on the abrogation of the ovary. 

(50) (The fetus through its internal secretions 

stimulates the hypertrophy and lacteal activity o± the 

mammary gland--Lane and Claypon). (74) So far as our 

experiments go, they show that the growth of the mammary 

glands during pregnancy is due to the action of a specific 

chemical stimulus produced in the fertilized ovum. The 

amo;nt of this substance increases with the growth of the 

fetus and is, therefore, largest during the latter half 

of pregnancy. Lactation is due to the removal of this 

substance, which must, therefore, be regarded as exert- 

ing an inhibitory influence on the gland cells, hindering 

their secretory activity and. furthering their growth. 

Prom histological observations of the mammary 

glands (88) the animals with placenta implantd showed 

no development of the mammary tisue. But in all animals 

with the embryo implanted there was more or less develop- 

ment of the gland. (37) Transfusion of blood from a 

pregnant goat into a lactating one temporarily inhibits 

milk secretion. Placental and mammary gland extracts 

from a pregnant cow have an effect similar to the blood. 

There is some indication of a subsequent accelerating 

action in the case of the gland extract. 



Lther histological evidence shows: (35) At 

intervals we removed breasts from normal untreated 

rabbits. It soon became apparent tt at different 
periods a marked increase in size and of functional 

activity may occur in the breasts of virgin rabbits. 

t any given period all the breasts are of the same 

size, but when removed at successive intervals many 

animals show a progressive increase in size and in the 

nmiiber of ducts and acini. The extreme difference 

obtained in our----series-----demonstrates that inec- 

tions do not influence these physioloical variations; 

otherwise some concordance would be noticeable. Con- 

sequently, we feel jusLified in concluding that the 

theory of a fetal hormone has no basis of experimental 

proof. 

In the uterus certain well understo .d changes 

tate place at regular intervals, in order to prepare 

for pregnancy. These changes are dependent upon the 

corpus luteurn. There is some evidence that similar 

changes occur in the breast, and probably these, li:e- 

wise, are effected by the yellow body. What factor 

after impregnation causes the persistence and exagger- 

ated activity of the corpDs luteum is quite unknown. Per- 

haps it is the fetus; but, if so, its action is indirect, 

and the necessarily crude method of injecting extract of 

fetuses offers little promise of solving the problem. 

Our knowlede of milk secretion seems to be 
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limiteö to information gained through experiments .th 

extracts of various body tissues. These exDerirnents, 

perhaps, throw some light on factors which stimulate and. 

regulate milk secretion but give very lit Lie information 

concerning the manufacturing of mili. 

Experiments on the influence of the plane of 

nutrition on the milk flow (28) indicate that the secre- 

tion of milk is regulated by at least two factors. 

These factors can be designated as first, chemical; 

second., nervous. Certain facts----ap-oear to admit of 

interpretation on the basis Df such an hypothesis. The 

relation of these facts to this hypothesis and the evidence 

upon which they are based may be briefly stated as follows: 

(a) The chemical stimulus for milk secretion is 

the predominating stimulus immediately following parturi- 

tion, and continues to be so for a period of tì.:e, the 

limit of which is not brought out by the present investi- 

gations. 

(b) he chemical stimulus for miL secretion 

is the stimulus that fixes the maximum milk flow for 

each individual animal. Just what controls the extent 

of the stimulus for individual animals is not as yet 

known. Cur present knowledge indicates that it is a 

problem of heredity as well as one of physiolog;. 

(c) The chemical stimulus for milk secretion 

received at parturition is more or less independent of 

the piane of nutrition of the cow. It is not possible 

to increase the chemical stiulus for milk production 
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immediately following parturition by means of an excess 

food supply. 

(d) As the lactation period advances the 

chemical stimulus for milk secretion is gradually 

replaced by a stimulus with entirely different charac- 

teristics. We have designated this as the nervous 

stimulus. 

(e) The nervous sti.ulus for milk secretion 

is entirely dependent upon the plane of nutrition of 

the cow. (117) We have so far not succeeded in ob- 

taming any positive results from the electrical 

excitation of the nerves to the glands. 

(41) ott and Scott, in Therapeutic Gazette, 

p. 761, November, 1912, have drawn up the following 

table classifying the glands according to the mode of 

action of their extracts on milk secretion. 

Exciting 

pituitary extract 

corpus luteum extract 

pineal gland extract 

thymus extract 

mammary gland extract 

Inhibitory 

adrenalin 

iodothyrin 

ovary minus 
corpus luteum 
spleen extract 

pancreas extract 

Synergistic 

Orchitic 
extract 

(37) Nursing, milking, and the insertion of 

a camula in the teat excite a reflex contraction of the 

gland musculature and expression of milk. There is a 

latent period of thirty-five to sixty-five seconds. 
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LIliking is a stronger excitant that the canula; nursing 

is stronger than milking; and the direct action of 

pituitrin (in some cases) is stronger than nursing. 

Removal o± milk from the gland is dependent upon this 

reflex, and it may be completely inhibited .y anesthesia. 

The adequate stinu1us for the receptor in the reflex arc 

is the thermal and mechanical effects of nursing; but 

the strength of the excitation thus aroused is profound- 

ly modified by the psychic state of the mother. Espécially 

striking are anesthesia which greatly weaken it, and 

recovery of the young after separation which greatly 

strengthens it. 

(117) The extracts which were made with Ringer's 

solution and were in most cases previously boiled were 

injected slowly and in small amount (not more than 5cc 

at a time) into a superficial vein, and the flow of milk, 

if any, was recorded by one of two methods, or by both 

methods simultaneously. The simpler method consists in 

recording the rate of exudation of milk from a small 

and superficial cut into one o [ the mammary glanis 

(exudation method). The other method consists in record- 

ing the flow of milk led from a carmula tied to a cut 

nipple (nipple method); in either case the milk is allowed 

to droo upon an electric recorder, and the drops are 

marked by an electromagnetic sinal upon the paper of a 

hymograph. On this paper are also recorded at the same 

time in some of our experiments the blood pressure, the 
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volume of the kidney, and the rate 0±' excretion 0±' urine. 
The animals viere anethetised either with chloroform 

alone or chloroform iL'olloweö. ty chioral, the latter being 

administered either intravenously or subcutaneously; after 
comolete effect o± the chlorai is established, the chlor- 

oform administration is stopped. 

The most constant Ì?OsitiVe results which we 

have obtained .ave been those resultin from extracts of 

the posterior lobe of tile pituitary body (of the ox) and 

o± corpus luteum (of tJ!e sheep). 0±' these two materials 

that conuained in the posterior lote of tïe yitìitary 
body is the more active. Within twenty seconds of the 

injection, drops o± milL: began to fail fast from the tube, 

the end of which 'as little, if at cli, belo': the level 

of the gland v:ith which it .as connected, E'O that the 

fbi: was not assisted by suction, but must have beEn 

tue result 0f the vis a tergo o± the secretion. The 

effect passed off after three or four minutes, durinc 

which time thirty or forty lare drops of miL: were 

recorded.. The ef:Iect of a repeated dose upon the secre 

tion of the mamrtry 2:laid is much less than produced by 

the first dose, and in some case faii to be recorded. 

by the "nipple method", although it can be sometimes 

observed. by the 'Teadation method", and such reietitiop 
produces a smaller result than the previous one. 

"e find, that the alactogogue substance of the 
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pituitary body is not present in the pars anterior, 

but only in the pars intermedia and Dars posterior of 

the gland. The galactogogue action runs parallel in 

lìne with the action if the extract upon the systemic 

blood vessels, which are contracted by posterior lobe 

extracts. It is probable, however, that, as in the 

case of the kidney, the blood vessels of the mammary gland 

io not share in the general constriction which this ex- 

tract produces. We have not yet succeeded in definitely 

determining by a plethysmographic method whether the 

vessels of the gland dilate during the increased secretion. 

The effect of extract of fresh corpus luteum, 

prepared with Ringer's solution, is quite distinct but 

l6s decided than with extract of posterior lobe of the 

pituitary, for, instead of some thirt;; to forty drops, 

not more than five drops of milk were yielded b; tìe 

nipple method afer injection of 5cc 0±' a corpus luteum 

extract made up in the proportion of one part of the 

fresh tissue to ten parts o± Ringer's solution. Its 

galactogogue action is unaccompanied by the same general 

rise of blood pressure as accompanies the pituitary 

galactogogue action. Indeed, there is usually a fall 

of a more or less decide charactef. repeated dose 

is usually less effective as compared with the first dose; 

the amount of milk formed under its influence is often 

insufficient to cause the secretion to flow from the 
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flipde, although secretion may be apparent when tiie 

exudation meThod is adopted.. 

Later Dr. 1akenzie found that extracts both 

of involuting uterine mucous membrane and. of mammary gland. 

itself are markedly galactagogue, and that with regard 

to the action of pituitary extract, the source of this 

extract appears to make no difference to its activity; 
the extract of t'ne bird's pituitary being quite as active 

in promoting tue mammary secretion as that of the mammalian 

pituitary. 
(41) The flow of milk produced as a result of 

an injection of pituitary extract varies with the state 

of nutrition of the injected. animal. This variation is 

not so great as that produced. in the case o± the morn- 

ing or the daily yields, indicating that the action of 

the pituitary extract is on some more stable quantity. 

(117) In order to produce the galactagogue 

effect, it B not necessary to employ a lactating animal. 

In one instance we obtained a free flow of fluid--of ser- 

ous appearance--from the incised mamma of a cat, apparent- 

ly virgin, and not fully grown. Karl Basch (88) used 

saline extract subcutaneously of human or homologous 

placenta. These extracts were repeatedly injected. By 

dogs, cats, rabbits, guinea pigs, and goats he obtained 

a secretion of milk independent of pregnancy. 

Here are two cases of secretion of milk inde- 

pendent of pregnancy and no explanation concerning the 

cause and effect: 
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(2;2) Grade holstein calf born July 4, 1915, 

having a fully developed mammary gland secreting milk. 

The udder is about the size of two fists with well devel- 

aped teats about one inch long and milking from all four 

quarters. The milk is of good quality; the quantity was 

about a pint up to the third week and has now increased 

until it zives a quart night and mrning. It began giving 

milk when it was seven days old. 

(16) Percheron mare colt born in July, 1910. 

When the foal was two or three deys of age , the owner 

noticed that the colt's udder was enlarged. It was found 

to contain milk, each milking yielding about a pint. This 

continued for 10 days. Then the colt was given a solution 

of atropine sulphate and belladonna morning and. evening. 

On the tenth day the secretion teased entirely, and the 

foal continued to grow and developed into a fine colt. 

(37) Pituitrin has a muscular action on the 

active mammary gland causing a constriction of the milk 

ducts and alveoli with a consequent expression of milk. 

This action holds, also, on the excised gland in the 

absence of any circulation. The flow of milk produced 

by pituitrin is dependent on the mount of milk present 

in the gland. There is no evidence of any true secretory 

action. The non-lactating gland, up to a late stage of 

pregnancy, is not sensitive to pituitrin. 

(56) There seems to be good evidence in the 

support o± both the glandular and muscular theories of 

the action of pituitary extract on milk secretion. The 
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results of rn reserc1ies woi1d, iowever, lend themselves 

more to the supDrt of the former theory. 

Comment 

In considering the statements set forth in the 

first paragraph of t'ne introduction one is immediately 

irpressed with the empiricism on which they are based. 

For example take the following: "The gland tissue should 

be fine and plastic rather than fatty or coarse and hard." 

Where is there any evidence that gland tissie is ever 

fine, coarse, or hard? We will agree that gland cells 

in the mammary glands 3f the cow contain some fat normally, 

but, until we have more evidence we will not agree that 

these cells are ever fine, coarse, or haH. There no 

doubt is some difference in the firmness of the gland as 

as a whole where pathological changes, such as interstitial 

inflammation, have taken place. In such cases the gland 

tissue is destroyed and replaced b:,: connective tissue 

which does not secrete milk. 

I believe the statement that the so-called 

"meaty udders yield a comparatively small flow of milk" 

is untrue and at present is not based on any expevimental 

evidence to stae that it i true. I have seen one hoi- 

stein coy: , giving one hundred pounds of milk a day at the 

time, with a so-called meaty udder. She was milked four 

times a day and after each milking the udder was little 

reduced and. the skin nearly as tightly drawn over the 

tissues as before milking. I had. the opportunity to 
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observe this cow only one week. I was later informed 

by the herdsman that about the eighth month of lactation 

her udder began to aesime a different type. That is, it 

lost that tense, large proportion and became smaller, 

reducing more acter milking and. the skin becoming loose 

so that it could be picked up with ease. I have observed 

the same condition in a jersey, the only difference being 

that the milk flow was less, which occurence is normal. 

A large portion of this animalTs udder seemed to be skin 

when dry. In the same herd another jerse:, demonstrated 

an udder which showed much shrinkage after milking from 

the beginning of lactation and. yielded little more than 

half as much milk and butter fat. In order that the 

reader may not be mislead to interpret these personal 

observations as being influenced by some local environ- 

ment, it may be stated that the holstein cow was located 

in the District 01' Columbia and the jersey cows in the 

Willamette Valley of Oregon. 

Such statements as are iven in the first 

paragraph of the introduction and similar statements 

elsewhere shall be investigated if we are to make the 

progress in agriculture that is to be reasonaby expected 

of us by the peoples of the world. 

The statements concerning the macroscopical 

anatomy need no comment. They will stand the closest 

investigation of the most critical anatomist o1' the day 

and stand as theT are now. We are in need of a more thOr- 
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ough knowledge of the histology of the udder of the cow. 

Most of our present knowledge of the microscopical 

anatomy of mammary glands is based on the histolcy of 

the mammary glands of the human being and the small 

animals. It is obvious that much work needs to be done 

in determining the chemical composition of the mammary 

glands before the formation of the various constituents 

of the milk can be understood. 

It is re?dily noticeable in the general compo- 

sition of milk by tables of analysis that the majority 

of the tables give only total solids, fats, and solids, 

not fat. One table ventures to mention casein aid sugar. 

Siiall we continue with so little knowledge of the ehem- 

istry of milk? 

From the information we have on the variations 

in milk it would seem possible thaL some definite un- 

known physiological factors were responsible for rather 

regular changes in total protein, fat, and total solids. 

I it possible that this may be a so-called hormone 

which is influenced by a pregnant or non-pregnant uterus? 

Since we are not in possession of complete information 

concerning the breeding records of the aninials from 

v:hich this data was taken and owing to the fact that an 

effort has not been made to control these variations by 

any so-called hormone, this point is left a question. 

Before much of a discussion on the protein of 

milk can be given it will be necessary to determine more 
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accurately what protein is. 
We will have gained a considerable knowledge 

when we have learned how milk fat and lactose are 
formed arid also how the inorganic components and salts 
of milk are combined and what their functions may be. 

It is imforturìate that there is no record of the 
tyDes of udders given from which the cell counts were made. 

The conflicting statements concerning the number of cells 
at the end of lactation may well be dropped since they 

are followed by a statement concerning the number of cells 
in proportion to the amount of milk secreted. The evi- 
dence given here seems to be in favor of the cells found 

in milk being epithelial cells. Furthermore, if room 

would -ermit tiie entire articles to be given here, it 
would be found that those claiming that the cells are 

tissue cells have given their tecimique and corn lete 
evidence, and that those claiming that they are leuco- 

cytes do not mention their r.ethods but rather exect 
the reader to take it for granted that they are faultless. 
It may be found later that both the number and the kind. 

of cells present in milk are correlated with types :f 
udders. In either case one could give theories explain- 
ing their influence uon the size and firmness of the 

udder or so-called pliable and. meaty uthiers. 

Since we have noted something of the results 
of su plying energy and nutriment to the tissues we 

find, only one ease in which the milk is affected by 
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controlling some of the factors in supplying the raw 

material manely underfeeding as carried out in (29). 

Such experiments, if carried further,rnight give us some 

idea as to the origin of fat and protein, even if they 

do not solve the problem. Why should the percentage of 

fat increase and the protein decrease while the percent- 

age of lactose remained uninfluenced? 

We have presented the hormone theory as the 

cause of the growth of the mammary glands, and we also 

find other observations disputing this. Therefore, we 

are where we started concerning the growth of the mam- 

mary glands. The results are practically the same 

cJncerning the cause of secretion of milk. 

There is mentioned a chemical stimulus, 

nervous stimulus, nursing, milking, insertion of a 

cannula in the teat, and the in,ection of extracts of 

certain body tissues as stimulating the mammary glands 

in one way or another, the'eby causing a flow of milk. 

It would seem that the first two are based on some stable 

ouantity limiting the flow of milk at dif1erent stages 

of lactation. This particular work at present has not 

been carried far enough to ascertain the nature or oriin 

of these stimuli. They may be neither chemical or nervoue 

in character, but, in view f our limited knowledge on 

this point, we shall accept them as they are until more 

complete work is done along this line. The others 

mentioned evidently have only temporary action, either 

causing the gland cells to unload or, as some authors 
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sugest, cause a contmction of tie gland musculature and 

consequently a ±'lov: c± miL:. he latter does not seem to 

be consistent with the evidence presented here. 

Acknowledgments 

1'esides my respeci and thanks to those of the 

staff of the Oregon Agricultural ollege who o patiently 

gave me instruction, encouragement, and the op:ortunity to 

proceed v:ith this thesis; I wish to express my appreciation 

to those whu have worked before and presented to the world 

in writing the results of their efforts to be torn to pieces 

as I have done here. 

Suggestions for Approaching the Solution of the Problem 

The main points in this :roblem to be brought 

to our attention may be stated in the following questions: 

That are the differences between the so-called meaty 

udder and one which shows much shrinicage after milking? 

What causes the condition :nown as meaty udder? Cther 

thins being equal, is there any mate:'ial dif erence in 

the mili production of these two ty'es o± udd.ers? These 

questions must he ept in mind. as the ultimate aim. An 

explanation of some of uhe faci,ors involved may be f 

more immediate value. 

In all the literature bearing on this pro.ect 

there is only one Phase of tne work: eistablisied, xiamely- - 

the macroscopical anatomy of the udder o± the cow. 

However, i± some critic doubtin this should conduc 

invescigations, I predict that he will add nothin and 

subtract lese from the work done and reported here on 
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the macroscopical anatomy o± trie udder of the cow. On 

the other hand. it seldom occurs that one can tae 
anoter's evidence into the field of researci and. utilize 
it without sorne prel iminary experimentation. 

The fol1owin tentative plan is submited. for 

approaching the solution of tuis proect. This plan 

will not be an exhausted discussion of the possibilities 
involved because there are many factors of W:iCh we 

knov: too little to rnaie any statements. s the work on 

a problem progresses the factors involved become so var- 

iable that it is practically impossible to foresee all 
0± the possibilities. .Lherefore, only a brief discussion 

o± a plan is given viiicii covers only the outstanding 

featureL Of the project. 
he wor relative to this problem should. be 

done on a co-operalive basis. One office ma:, be selected 

to ta:e care of the plans for the project as a whole and. 

give help and enc uragement to those working on the 

various phases 0±' the problem. It should. also be a 

place of exchange, the various stations reportin to this 
office the progres of their v:or: each pentad. (having a 

definite time for reports). This office hd then 

present all the results of the pentad. to all the stations 

engaged in one phase or another of ihe problem (have a 

time limit e. g. 30 days). 

lue wort of this project would naturally come 

under the properly trine combinations as follows: 



Administration, of course, comprises the e:ecutive 

work of the problem. isto1ogists should. apply them- 

selvesto the microscopical study of the structures of 

the udder of the cow. Bacteriologists, physiologists, 

and. histologists should include the work in ascertain- 

ing definite information concernng the cells found in 

milk. Chemists, histoloists, and. physiolo.iss should 

reveal to us the information necessar: on the chemical 

composition of the marnary 1&nds of the cow. 'hemists 

and. botanists should assist in the work of nutrition, 

while the chemists and physiologists work out the hidden 

facts of nutrition and secretion. All work should be 

done with the idea of finding ut the facts in the case 

in everything attempted and of leaving their application, 

in so far as is possible, until all the facts are pre- 

sented for criticism. 

At least three stations should be at v.'ork on 

the same phase of tue project and they shol2ld. be separ- 

ated as widely as possible geographically. 'or example-- 

station woring on histology miht be lcated in exs, 

Maine, and ashington; stations working on nutrition, in 

ennsylvania, California (west of the mountains), and 

Minnesota, etc. 

The advantages of this system are the co-oper 

ation obtained through the prompt delivery of all tiLe 

results o work done by all engaged in solving the problem. 

This would also eliminate the local interpretation and 

influences on any phase of the problem. Each station would 



act independently and. automatically as a check on all 
the other stations on the same phase of the problem. 

It' will be necessary to have various men 

sufficiently trained in the follûwin.' combinations to 

carry on the work successfully: Administration; istology; 
acteriology, istology, and. Physiology; hemistry, Physi- 

olo;, and. istology; Chemistry and Potany; Chemistry and 

hys lology. 

The histolo.y will consist of a routine micro- 
scopical examination of the tissues of the mammary glands 
of the cow. These microscopical examinations should be 

made on glands in the various staces of lactation, dry 
udders of barren cows End pregnant cows as well as udders 
from virgin heifers. 

or many years some of us have neglected. to 

consider the chemical composition of the mammary lnds 
while others have wor:ed as 1est they could under the 
conditions. uch o± our trouble will be explained. when 

v.e have obaind. a more complete knwlede of chemistry. 
This phase o the problem will recjuire much routine 
wor.c in the chemical examninaion of the tissues ( paren- 
chymatous, fibrous and muscular, each separately) of 

tile udder as mentionedunder the suggestions for histol- 
ogy. uch fund mental wort will be ecessary in physical 
chemistry before we may exDct to satisfactorily explain 
changes in the mam'ary gland. The same may be said. 

of the chemical composition of milk. When 
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ye once have learned, the chemical coïposition of protein 

we will be able to give a more oa,1icit progr.m for 

determining the chemical composition of the udder and. 

milk. 

There has been a great amount of work done on 

tlae question pertaining to cells in milk. We have 

gained very little by it, however. The majority of the 

work has been in connection with the numbers of cells in 

the milk and, their relation to the wholesomeness of the 

mili:. This is very good and the approximate numbers of 

cells given off in milk may give us an idea of the volume 

of space occupied by these cells in the udder. On the 

other hand, without a knowledge of the kind. of cells 
and their origin, we are at a loss as to their applica- 

tion to the present project. It is my opinion, after 
siimarizing the results of work with cells in mill:, that, 
while differential staluing of cells is a great aid in 

discriminating between these cells, it is not wholly 

reliable. There is more needed. to make the results con- 

clusive. It may be st.gested that experiments in cutan- 

eous hypersensitiveness be tried. as a means of differ- 
entiating between these cells. This might be carried. ont 

analogous to tuberculosis and. tuberculin, etc. iTore corn- 

plete experiacuts in quantative phagocytosis should. be 

carried on before we are in a position to ascertain accur- 

ately the kinds and origin of these cells. If these cells 
are proveïi to be for the greater part leucocytes there will 
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necessarily have to be a considerable woric done with 

the formation o± these cells and the materials needed 

fr their formation. 

The work in utrition needs a fundamental 

chemical basis before much more can e done which can be 

applied t.o ¡AÌ± project. 'hen once we understand the 

chemical composition of the tissues more fully we will 

be in a position to be.in experiments which should reveal 

the exchange of' nutriment and waste materials be een the 

tissues of the mammary glands and the blood and lymph. 

Of the experiences so far in nutrition we have only re- 

corded the effects from controlling the ratons more of 

less. '.Ve do not have knowled'e of what is actually 

occurrin. in the tissues themselves. This phase of the 

problem would naturally follow the chemist's results in 

studying the chemical composition of tite various body 

tissues. There is no means by which one may prelict the 

nature of this phase of the project until the chemists have 

more nearly completed their work. One may expect much 

from experiments in physical chemistry. 

ost of the efforts in the sudy of secretion of 

milk have been directed at the possibility of the presence 

of specific substances (so-called hormones) as being the 

cause o-f the development of the marrnary 1ands and of others 

actin as causative agentsin milk secretion. This work 

of necessity had to be carried out by ratLÄer crDde methods. 

ven though a few of tle results disagree, there is evidence 

that the mammary ccicnds and their activity ay be influenced 



-52- 

by the secretion of sorne of the ductless glands (the so- 

called internal secretions. 

It would seem to be a loc-ical. plan to leern 

first all the facts possible concerning the phycal sta- 

tus o± the udder o± the cow. he blood pressure, both 

arterial and venous, should be ascertained in the various 

types of udders during their development, lactation when 

full and when milked; also in the resting udders of both 

pregnant and barren cows and of virgin hei±'ers. 'jhe 

milk pressure in the various tyïes of udder Should be 

ascertained. Tt may be necessary to construct a special 

apparatus to apply to these measurements. uch may he 

gained by injecting into the milk sinus, arteries, and 

veins o± various types of udders materials of different 

densities and obtaining X-ray photographs of them. 

Then we have learned all the facts possible 

concerning the physical status of the udder of the cow we 

may again turn to the chemLsts and obtain their assistance 

in ascertainin the origin of the various constituents 

of miL:. 0±' course, this phase of the problem loically 

follows the work in the study. of tne chemical composition 

of the body tissues. 

Instead of injectinc into the nial body the 

extracts of various body tissues it world seem v.st as 

logical to remove these various body tissues from 
tile ani- 

mal body and record their effect upon milk secretion. 
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The phases of this Droject which may be of 

more immediate value are: first, determining the .dnd 

of cells that are given off in the milk. This, of 

course, is more immediately valuable because of te 

idea carried with them as indicating the presence of 

pus or at least some pathological condiuion which may 

be detrimental to the human family. The sooner peole 

are relieved, of this superstitious idea the better. 

The second phase is the histology of the 

mammary glands of the cow. This information is needed 

more immediately because of its direct bearing on 

diseases of the udder which cause some cnsiderable por- 

tion of a dairyman's trouble, and. because of its indirect 

bearing on other problems of importance i.e. abortion. 

Third is nutrition. This is of more immediate 

value because when the factors of utilizing nutritive 

materials in milk production are under our control the 

dairymen will be more able to suply the constantly 

growing demands for dairy products. 

It is posib1e that at the conclusion of the 

ultimate ai of this Droject the questions in the first 

paragraph o± these suggestions may oe answered by a 

simple explanation of the presence of diiferent quan- 

tities of blood and differences in blood pressure in 

the various types of udders. 
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