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THE EFFECT OF THE PLAlTE OF NUTRITION ON 

THE ASH CONSTITW~TS · OF , CQW'S MILK. 

I~rTRODUC T ION. 

Only within the last few years has the importance 

of the mineral elements of food been recognized. The 

mineral elements are especially necessary during the 

period of growth, for, while they form but a ve~T small 

part of the food,serious results ocour when they are not 

present in suffioient quantity. Calcium and phosphorous 

are needed for th~ building up of bony structure. Rickets 

is sometimes oaused by an insufficient supply of these 

in the food. A condition. resembling riokets in children 

was prod.uoed in puppies by feeding them only lean and 

fat - mea~, while other puppies, from the same litter devel

oped norma,lly wIth the same food and, in addition, bones 

to gnaw. Phosphorous is needed for the oentral nervous 

system and iron i n the haemoglobin of the blood. 

Since the mineral elements are so necessary in the 

food during growth,the aSh oonstituents of oow's milk, 

which forms such an important part of the diet of infants, 

is of considerable importanoe in oonnection with the use 

of milk as food. One thing that might effect the mineral 
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content of the milk, is the plane of nutrition of the 

oows. It is quite certain that all commercially ~ept 

dairy cows are at Bome periods underfed and at others 

o:verfed. It is possible that in the same herd and at 

the same time -some cows may be underfed and others over

fed. In times of drought when pasturage is poor or 

there is a shortage in the food supply, it, 1s possible 

that the cows filrnishing the milk for an entire city 

may be underfed. Just what effect the diet has on the 

mineral constituents of milk we do not know -~ It was 

with the hope of contributing something to th~ knowledge 

of milk as a food that the present investigation was 
- -

undertaken. 

Literatura.---The literature is very meager and 

consists chiefly of general statements unsupported by 

e~erimental data. Jo11es and Friedjungl in a paper on 

iron in milk say that the food has some influence on the 

iron oontent of milk. The New York Agricultural Experi-
2 

ment Station publish tables -which -show that the total 

out put in -the milk of potassium and calcium' is slightly 

decreased by a large decrease in those elements in the 

food. The Wisconsin Experiment Station state' that the 

composition of the milk in respect to the ash elements J is 

1. A. Jolla & J. K. Friedung Archinf11r Pa.th. und Phann. 
1901, 46, '2 4'7. 

S. Hart. McCollum & Humphrey Wis. Exp. sta. Research Bul. 
5. 1909 P. 179, 180 - P. 188. 

2. W. H. tTordan, E. B. Hart & A. tT. Patten, iT . ·Y. Expt. 
sta. Teoh. Eu1. No.1 1906 p. 51 
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oo~stant even when a wide variation in intake of these 

elements prevailed, also that the form of intake of 
-

phosphorous, magnesium and potassium, whether as phytates, 

sulphatea or ohlorides appeared to have no influenoe on 

the amounts seoreted by the m8mIDary cells. 

One of the most signifioant faots shown in this 

experimentl is that the animals will draw upon the skele

ton to supply defioienoies of the lime in the food. 

During their feeding experiment of 110 days there was 

a loss of about 25 per oent of the entire lime content of 

the animal. A oertain and definite percentage had been 

maintained in the milk and an apparent waste p~ssibly 

indicating general cell metabolism, had been exoreted. 

This large loss sbovethat used for milk production could 

have had no other souroe than the skeleton. 

Plan of Investigation. 

The Missouri Experiment Station in cooperation with 

the Dairy Division of the U. S. Department of Agriculture 

haa for some time been carrying on investigations to de-

termine the effect of overfeeding and underfeeding upon 

the composition of milk. The plan of feeding and rations 

used in conduoting this investigation were not arranged 

espeoially for the purpose of determining the influenoe 

of the plane of nutrition upon the composition of the ash 

1. Ibid. p. '186. 
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which is the obje.et of the in1.Testigation here reported. 

Hchi/sver, by selecting for ash analysis samples of milk 

which represent the different planes of nutrition,it is 

possible to study the effect of underfeeding as compared 

with normal and overfeeding upon the constituents of the 

ash. The plan provided for using two animals, both near 

the beginning of the milking period. These animals were 

fed a normal ration, that is, a sufficient amount of nut

rients, as far as could be estimated by calculation, to 

supply maintena.nce requirements of the body and also 

material for the amount of milk which the animals were 

producing. After the animals were kept from two to three 

weeks under this condition in order to secure fair samples, 

the ration was reduced in quantitY,at the same time main-

taining as nearly as possible the same ratio between the 

grain and the roughage fed. The plan called for the 

ration to be reduced to the point at which sufficient 

amount would be supplied for maintenanoe plus one-half 

the amount estimated to provide the nutrients necessary 

for milk produotion. The animals were kept on this ration 

for period.s varying from two to four weeks. At the 

end of these periods the feeding was again increased un

til the naTmal ration was reached, and further increased 

when possible until a ration sufficient for ma.intenance 

and milk production wa.s fed,plus from 25 to 50 per cent 
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of the nutrients used _for the milk production. Many 

dif ficulties were encountered in carryine out such a 

plan. In the ·first place we have no exact data upon 

whioh to calculate the maintena~ee requirement, nor the 

amount needed in excess of maintenance by the particular 

animals to support milk production. Certain average 

figures are in use for this purpose, as for example, those 
1 given by Armsby , and other data is at hand' which has 

been seoured as a result of an investigation carried on 

at the Missouri Experiment .Station. 
ing 

Animals Used. ---The a.nimals Supplytthe Bampl~ '.ug~'d 
~ 

in this investigation were ' two registered Ayrshire cows: 

La.dy Douglass of Riverside, ·age 6 years , herea.fter 

referred to as No. 300. Her production for the previous 

year was . 11,592 pounds of milk and 447 pounds of butterfat. 

Date of last oalvinl! was June 10, 1910, o·r 29 days before 

the first sample was taken. . 

Anna E. Douglass, age 7 years, hereafter referred to 

as No. 301. Her production for the previous year was 

10,933 pounds of milk and 423 pounds of butterfat. , ate 

of last oa1ving was June 17 . 1910 , or 16 days before the 

first sample was taken . 

Both animals ware healthy, m.ature cows, oa.pa.ble of 

producing liberal qnantit'1es of milk as indioated by the 

reoords of production given. The anima.Is were kept in 

1. U. S. Dept. Agr . Farmers 13111 . 346. 
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the stable during the night and turned into a lot during 

th~ d~ where they had aocess to water but no oppD~tunity 

to get food except as it was supplied them. 

They were fed and milked twice daily at regulsr intervals 

and by the same attendant except in a few cases where 

a change was unavoidable. 
s 

The ration fed consi~ed of alfalfa hay of the best 

quality. of that grade which is known on the market as 

"Choice" • The grain ration consisted' of a mixture of 

ground corn, four perts; wheat bran, two parts ; and 

oilmeal. one part. The animals had access to salt daily. 

Approxima.tely two parts of grain were fed to a'sch three 

parts of hay . All the feedstuffs used were analyzed . 

The cows were weighed each morning aft er being fed and 

milked and before receiving water. 

The amount of feed required for eaoh animal was 

calculated upon the basis of energy value, without regard 

to the protein content. since the oomposition of the 

r~tion remained the eame. The energy value was calcula-

ted for maintenance by using the figure .6 Therms (1000 

calories) €e.r eaoh 100 p'ounas of live weight . This 

figure was derived from tbe maintenance req~irements as 
Missouri 

determined for four Jersey cows at ~/' Experiment Station. 
1 

It has been shown that an average of .391 Therms 

1. Missol1ri Experiment Sta. Researoh Bul . No .2. 





wer~ required per pound of milk by two Jersey cows lmder 

investigation for the entire year. The average energy 

value of the milk of these cows ,found by applying the 

combustion value of the milk constituents as given by 

Hammersten~ was .417 Therms per pound. The energy value 

of a number of lots of milk containing 3, 4, a.nd 5 % fat 

reapectively>of which complete analysis was at hand,was 

calculated. From these calou~ations a proportion was 

made,using the energy value required by the Jersey cows 

for milk production, the energy value of the milk they 

produced, and the energy value of the average figures for 

milk oontaining 3, 4, and 5 per cent fat. In "this way 

a figure was derived which should show approximately the 

energy value required for the production of milk with the 

different compositions stated. While data based upon 
I 

experimental results for milk of different oompositions 

would be preferable, no suoh figures have ever been deter

mined,and it is believed the pla.n followed gives as fai'r 8 

statement of the probable needs of the animals for the 

produotion of milk varying in compositionJas ,can be given 

with our present limited knowledge of this subjeot. 

TablesI and VI give the data on energy value oaloulated 

for each period included in the samples taken for the 

ash analys'is. The energy value of the milk is determined 

1. Physiological Chem. 1906 P. 625 
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by the ,plan desoribedJwhile the energy value of the 

ration is calculated by using Armsby's tables based 

upon average oomposition of feed-stuffs. l The last 

columnsof these tables show the energy value of the 

ration expressed in per oent of the normal. 

The estimated normal ration, that is, the one that 

should maintain the animals under the conditions exist-

ing, is represented by 100. It will be observed by an 

examination of these figures that in some cases the 

ration designated as normal fa.lls short of the amo1.mt 

calculated, while in other periods where the ration is 

supposed to be above normal~it is soaroely more than 

normal or even in a few cases below. These apparent 

discrepancies come about for the laok of a more aoourate 

basis upon which to make ca~lculations at the time of 

feeding the animal anc1. the additional diffioulty that at 

,times the animals would not consume as muoh feed as was 

planned. 

Oolleotion of Samples.---The milk samples were taken 

in composites for one day or several days. When the total 

amount of milk given during the sampling period did not 

exoeed that needed for the analyses the entire amount 

was taken. In other cases the same percent of each 

milking was taken, that percent being chosen in eaoh qase 

1. U. S. Dept. Agr. Farmers' Bul. 346. 
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to give the amolmt required for analysis. 10 drops of 

formalin . per pound were added as a preserva.t i ve, a.nd 

the milk kept in .s~oppered bottles at 10° Centigrade 

until used. 

Analyses---The milk was analyzed for nitrogen, fat, 

mOisture, total solids t sugar and ash. The analyses 

with the exception of nitrogen were made by the official 

methods. l The nitrogen was de~ermined by the Kjeldahl 

method, the oxidation being effected by means of sulphuric 

acid aided by a little copper s~lphate. For the ash.) 

two portions of 500 c.c. each were acidified with Aoetio 

acid, evaporated to dryness B,nd ashed t giving q.llplicate 

results of the peroent of ash in the milk. In the 

~ampleB through sample No. l14l~the ash was leached 

when partly burned and the insoluble part ignited at a 

higher te~perature till free from carbon. It was then 

ground . with the soluble portion whioh had been evaporated 

to dryness and the two ignited at a low heat. In tl:e 

remaining s~p~es the \ash was not leaohed but was burned 

over a low fl~e till the ~sh contained little or no . 

visible carbon. 

The ash was analyzed for caloium, maenesium , sodium, 

potassium, phosphor.ous, iron, sulphur and chlorine. A 

higher sulphur and chlorine content would probably have 

been found had the analyses been made on the original 

milk. However. as the analysis of the ash was not under-

1. U. S. Dept . Agr . Bureau of Chem. Bul. l07 ~ Bevised. 





taken tiJ~ some months after the ori ginal experiment 

this was impossible. ' 

A weighed sample of the ash was taken up with water 

and acid,made up to a definite volume and aliquot por-

tions taken for eaoh analysis. Nitric acid was used 

in dissolving the ash for the chlorine and phosphorous 

determinations, and hydrochlorio aoid, for the rest. 

The chlorine was determined by the Volhard methodl , the 

phosphorous by the Uranium acetate method for total 

phosphates2• This method was compared with the gravi-
:3 

metric method for total phosphoric acid, and found slightly 

The iron was determined by the Mixer and Dubois 
4 

modification of the Zimmermann Reinhardt method. The 

sulphur was determined by the Folin method5 • The 

sodium and potassium were determined by the Hans Aron 

method. 6 The caloium wa.s determined by the following 

method whioh is a modification of several methods. The 

sample diluted to about 100 c.c. was made just alkaline 

with NH40H, acidified with acetic acid, and about 3 c.o. 

of 50 % acetio acid added in exoess. The mixture was 

heated to boiling and while boiling an exoess of a sat-

1. Food Inspection & Analysis.Leach 1909 P . 304 
2. Practical Physiol. Chern. Hawk. 1909 p. 383. 

lower. 

3. U. S. Dept. Aerie. Bureau Chem. 1908 Eul . 107 Revised . p.l 
4. Mixer & Dubois J. Am. Chern. Soc ., 1895, 17, 405. 
5. Folin .Jour. of BioI. Chem. I AIDer. Jour. Physiol. 13. 
6. Handbuch dar Biochem. Arbeit. E.AbdArhalden 1910 Vol. I, 410 
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urated solution of ammonium oxalate was added in sma.ll por

tions, waiting for the solution to boil each time and the 

oaloium oxalate to become granular. After standing several 

hours the calcium was filtered and washed. The precipitate 

was dissolved in 20 c .0. hot HOI. S~p.,~r. 1.04 and titrated 

.0/ at 70 C. in a bulk o·f about 100 c. a • with N 20 KMn04. The 

magnesiUm was determined in the filtrate from the calcium1 

by the official method. 

Experiment J:\. Oow No. 300. 

Cow 300, previously descrtbed, was fed during the 

following periods as indicated: 

1. July 3-15 Normal 

2. July 16-Aug. 7 Above normal 

3. Aug. 8-22 Normal 

4. Aug. 23 -Sep.7 Sub-normal 

5. sept. 8-16, Sub-normal to normal 

6. sept. l5-0ot.4 Above ' normal 

7. Oot. 5-7 Above normal to sub normal 

8. Oct. 8-21 Sub-normal 

9. Oct. 22-Nov. 3 Normal 

Table I gives the average weight of the cow during 

eaoh period, the pounds of hay and of grain mixture fad, 

the pounds of milk given and the energy value, caloulated 

1. U. S. Dept. Agr. Bureau Chern. 1908 Bul. 10'7 Revised p. 16. 
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.as previously deseri bed. The weight of the cow varies 

as we should expeot with the ration given, except, that 

the inorease when the normal ration-was fed after the sUb-

normal, was not as great as the deorease when the ohange 

was made 'from a Bormal to a sub normal ration. ~e 'amollnt 

e..: nutr " efits :~ !Th. the ration :ted did ·· n·at always correspond 

to the amount planned, for the reason given more fully 
u 

in the general plan of th~ experiment. Thus, normal 
» ~ 

ration No • .1 was 98.1 per cent, instead of 100, normal 
), '" " 

ration No.3, 110.4 per oent, and normal ration No.9 , 

98.2 per cent. 

Table II gives the composition of the milk -in peroent 

of protein, fa,t sugar, and total ash. The peroent of 

total ash varies slightly but not with any uniformity, the 

percent of sugar reme,ins quite constant, but the peroents 

of protein and of fat inorease as the amount of milk given 

(See Table I) deoreases. 
-, 

Table III gives the peroentages of the various min-

eral elements in the milk • . It will be observed that the 
" n 

peroent of P205 drops during Above Norma.l. Period NO.2.) 

Col. " " 
rema.ins fairly constant thru nonnal period No. 3 a.nd sub-

n" n 
normal period No. 4 j ri ses in aboV'9 normal period No. 6 a.nd 

does not drop again till the latter part of the suoceeding 
,,~ ,) 

Bubnormal period No.8. The K20 varies rather inoonsistent-

ly " " .. in above normal p8riod 2 t but aft er that rises and 

falls quite regularly with the ration. It will be observed 

-12-





too, that the percent of K20 increases as the amolmt of 

milk the animal was producing decreased. 

no direct relation with the rations, but shows a gradual 

deorease in the milk as the amolUlt of milk given decreased. 

Apparently no relation exists between the percents of MgO 

and cae and the rations. However, the CaO drops suddenly 
,1 

in the beginning of Above normal period No. 2 and after 

tha.t shows a gradual increase as the amount of milk pro

duced deoreased. 

Table Iv gives the amount of the daily intake of the 

various elements. The calcium. magnesium, phosphorous, 

and sulphu~ were determined on, the actual feeds. The 

amounts of the other mineral elements were taken from 
1 

Henry's table. As the same feeds were given and in 

nearly the same proportions during the entire experiment 

the amounts of the various minerals reoeived in the feed 

varied with the ration. The amounts of sodium and 

chlorine in the food are of little value in the present 

case as the a,nimal had access to salt daily and no records 

were kept of the amounts oonsumed. 

Table V gives the numb,er of grams of the various 

mineral constituents in the daily output of milk. The 

amounts of CaO, K20. P205' Fe and 303 va,ry quite consistent-

ly with the rat ions, but of course a much smaller quantity 

appeared in the milk as the amount of milk producer de-

creased. 

1. W. A. Henry , Feeds & Feeding, 1910 p. 593 
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TABLE II OOMPOSITION OF MILK COW NO. 300. 

~ 

'Inate Ration Protein Fat Sugar Total Ash 
~ ~ % - % I 

I. Jul. 9-15 lrormal 2.93 3.23 4.61 0.70 

rUl- 18 Above Normal 2.68 3.43 4.55 0.68 

~ Jul. 20 Above' Normal 2.49 2.61 4.63 0.70 

-r Aug. 1-7 Above Normal 3.06 3.078 4.46 0.66 

J : Aug. 16-22 Normal 3.00 2.993 4.52 0.65 

Iof. sept. 1-7 Sub lTormal 3.00 3.3 4.81 0.69 

,. Sept. 28-0ct. 4 Above Normal 3.19 3.81 4.57 0.75 

'lrot 12 Sub Nonnal 3.25 3.'19 4.51 0.74 

I .Oct. 19-21 Sub l{ormal 3.25 3.'14 4.35 0.71 

q .. Oot. 28-Nov.3 Normal 3.45 4.20 4.62 0.'12 
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TABLEVII COMPOSITION OF MILK, COW NO. 301. 

1 Date Ration Protein Fat su~ar Total Ash 
% % % ~ 

I. JU.ly 3-8 Normal 3.00 3.61 4.99 0.69 

July 12 SUb-Nonnal 2.55 3.27 4.86 0.66 

July 14 Sub-Normal 2.'14 3.2'1 4.81 0.65 
~ . 

July 16-22 Sub"'Nonnal 2.80 3.61 4.63 0.66 

July 23-29 Sub-Normal 2.80 lost 4.63 0.65 

.3. Aug. 15-21 normal 3.00 3.1'1 4.54 0.61 

'/. sept. 5-11 Above Normal 3.00 3.99 4.80 0.62 

.,. sept. 16 Sul)":Normal 3.06 3.66 4.68 0.58 

b. sept. 22-2'1 Sub-Uormal 3.00 4.2'1 4.60 0.65 

rct

•

2 Above Normal 3.13 4.20 4.62 0.69 

i Oot. 10-16 Above 110rmal 3.13 3.91 4.80 0.6'1 

Oct. 25-31 Above Normal 3.19 4.1'1 5.00 0.68 

~ Nov. 5-11 Nomal 3.19 4.21 4.92 0.68 

/0. Nov. 24-30 Sub-Normal 3.13 4.5 4.78 0.64 

- :2 0 -
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Experiment B. Cow No. 301. 

Cow 301, previously described, was fed during the 

following periods as indioated: 

1. June 2'1 - July 7 Normal 

2. July 8 - 29 SUb-normal 

3. July 30 - Aug. 22 Normal. 

4. Aug. 22 - sept. 12 Above normql 

5. sept. 13 - 16 Above normal to below normal 

6. sept. 17 - 29 Below normal 

7. sept. 30 - Oct.Sl Above Normal 

8. Nov. 1-1'7 Normal 

9. nov. 18 -20 Normal to below normal 

10. Nov. 21 - 30 Sub-normal. 

Table VI gives the average weight of the cow during 

each period, the pounds of hay and of grain mixtures fed, 

the po~ds of milk given and the energy value as previous-

ly desoribed. As in Table I,the normal is not always 

100 per cent t also the same va.riation in weight of the 

animal is found as in Table I. 

Table VII gives the composition of the milk in per-

cent of protein, f at, sugar and total ash. As in Table 

II J the percentages of total ash and. sugar remain fatrly 

oonstant, the protein and fat increasing slightly as the 

amount of milk given (See Table VI) deoreases. 

Table VIII gives the percentages of thA various 





mineral elements in the milk. The same general relation-

ships are found here as in Table III, a gradualjthough 

not perTectly regular,dim1nution in p ~rcent of P205' a 

gradual increase in the percent- of CaO, but no variation 

great enough to have any grave effect on the food value 

of the milk. 

Table IX gives the number of grams of the mineral 

a.lements in the feed. 

Tabla X, gives the number of grams' of the mineral 

elements in the milk. 

Discussion of Resu+ts. 

As compar.ed with other analyses the sulphur content 

is somewhat low. This is probabl~ due to the fact that 

the analysis were made on the ash and not on the original 

milk. However, as the pre-sent investigation was not un-

dertaken until some time after the close of the feeding 

- experimant it was impossible to make any analyses on the 

original milk. The chlorine is also low t a.nd fluctuates 

very widely. This was probably caused by the manner of 

aehing whioh wa~' not done by the writer}who therefore has 

no means of lmowing how far results may have been vitiated 

in the ashing in regards to the volatile constituents, 

sulphur and chlor1.ne. The iron is very high, but as ex-

oellent checks were obtained in the titrations, the results 

are of value merely aa showing rela.tively the amounts of 





iron in the milk during these feeding periods. An 

attempt is being made to trace the oause of the high 

iron values obtained but as yet no explanation has 

been found. 

Kellnerl oomputes that dairy oows yielding 20 

Kilograms of milk daily require per 1000 Kilograms 

of live weight about 143 grams of oalcium and 61 grams 

of phosphorous- in the ration. This is equivalent 

to a~.59. grams of P205 and 105 grams of CaO per 

1000 pound oow giving 20 pounds of milk daily. 

Hanneberg's determinations it is caloulated that 

From 

the maintenanoe per 1000 pounds of steer's weight is 

22.1 grams of PS05 and 46.3' grams of CaO. 

From these figures we 'Ca.loulated the approximate 

amounts of these elements required for the different 

amounts of milk given, assuming the weight of the 

cow to be 1000 pounds during the entire experiment. 

1. Kellner Die Ernahrung der landw. Nut~tiere, Berlin 
190' pp. 569, 510. Also Ohio Agr. Exp. sta. Bul. 

201, p. 110 





Cow No. 300. 

II 
.~ Ration CaO Grams P205 Grams 

F Fed Required Fed Required 

1 Normal 194.5 184 !3' 134.5 115 

rb~ve normal 216.9 184.3 162.5 118.2 

2 Above normal 216.9 181.9 162.5 116.7 

Above normal 189.3 1'13.9 155. III 

3 r~ormal ' 186.1 163.4 136 104.2 

4 Sub-normal 135.8 13'7.4 88.3 85.8 

6 Above normal 185.4 137.4 126.9 85.8 

~Ub-normal 115.6 128.4 '10.0 '79.'7 
8 

Sub-normal 115.6 102.4 '10.0 61.9 

9 Normal 154.8 108.4 96.'7 66 





Cow No. 301. 

} Ration CaO Grams P205 Grams 

Fed Required Fed Required (t 
I. Normal 165.8 156.3'7 106.8 98.7 

ubnormal 135.5 150.6'7 86.1 95.1 

sub normal 135.5 149.3'7 86.1 94.2 
~. 

Sub normal 134:.5 146.87 86.0 92.7 

ub normal 153.5 143.87 85.8 90.6 

3.Normal 160.1 146.87 97.7 92.7 

~Above normal 170.5 139.3'7 122.5 87.2 

oSub normal 136.1 133.0'7 91.8 83.8 

' .Sub normal 134.5 111.7'1 80.9 68.2 

Above normal 156.5 121.77 109.1 75.2 

1'[Above normal 142.9 117.817 108.8 72.4 

Above normal 153.5 113.6'7 102.5 69.7 

i,Nonna1 121.8 108.37 82.3 66 

foSub normal 124.1 94.3'1 69.4 66.3 





It will be observed that the animals were overfed in 

CaO and P205 during the greater part of the experiment 

and, that Cow No. 301 was slightly underfed in CaO and 

P20 5 during "Sub normal period No.2", and Cow No. 300 

in CaO during "Sub normal period No.4", and in both 

CaO and P206 during the first pa.rt of "Sub normal period 

No .8". 

No data is at hand to calculate the amounts of other 

mineral elements required but a oomparison of Tables 

IV and V, and IX and X shows a greater amount of mineral 

elements were fad than the quantity of output of those 

elements in the milk. sodium and iron are exoeptions 

but as the animals had daily access to sa.It, more sodium 

was ingested than that taken in the food itself. As 

before stated the amounts of iron given for the milk 

are far too high. 

It is possible to underfeed cows from a nutritive 

standpoint and' still overfeed them in all or some of 

the mineral oonstituents. This was done in the present 

investigation in whioh the oows were overfed in lime, 

in some periods when they reoeived insufficient nutrients. 

This was due to the use in the ration of alfalfa which 

is especially high in lime. 

It is also possible to give them sufficient nutrients 

and an insuffioient amount of mineral. It is possible 

that this would have a greater effeot on the mineral 

oontent of the milk. However, from what little work has 

-29-





already been done we should conclude that even this 

would not effect the minerals enough to i mpair the 

value of milk as food. 

Summary. 

From the results of the p,resent invest igat ion we 

would conclude that underfeeding or overfeeding cows 

from a nutritive standpoint when they are receiving 

a sufficient supply of mineral elements does not oanse 

a sufficient variation in the mineral content of the 

milk to seriously impair its value as food. 

The investigation upon which this Themis is based 

was made under the direotion of TIr. Matthew steel in 

the Laboratory for Dairy Research, maintained by the 

Dairy D~!ision, U. S. Dept. of Agric., in oooperation 

with ,the Department of Dairy Husbandry of the Univer

sity of Missouri. 
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