
LIBRARYOF THE 
'~RSITY OF MISSOURI . 

This Thesis Has Been 

MICROFILMED 

Negati~e No. T-
1368 

Form 26 



THE EFFECT OF AGE AND CONDITION ON THE MINERAL 

COMPOSITION OF THE ASH OF THE BOVINE 

, " t ') 

" " " ., " :, : , ,t ,t'. • ) 
, ",' II' ' ••• I , , "" 'bff It, , .' " • ) ", ':~. I.' J .• I' ,,' i,)) 

i if,',; i :,: ,'.\ ::: .",: 
I' '),,),,', )' ! ., : 

, ) ,'. ,')) 

' l /f" : : ."):))""')',~ '~'),),'), 
: .,.:' ,: ::: ',: " ~, ,,' " , ,", ' 

'\ 
~' 

Benjamin Elliott Sive, B. Ch. E. h. 

SUBMITTED IN PARTIAL FULFILMENT OF THE 

REQUIREMENTS FOR THE DEGREE OF 

STER OF ARTS 

in th 

GRADUAT SCHOOL 

of the 

UNIVERSITY OF MISSOURI 

1916 



Introduotion 

Historioal 

Experimental 

Table of Contents 

Desor1p~lon of Animals 

Slaughter1ng 

Total Ash 

Preparation of Ash 

Methods of Ashing 

Plan of Analyses 

Analysis of Soluble Ash 

Analysi of In oluble Ash 

An lysis of Total Ash 

Calc1l1at lons 

Disoussion 

Effeot of Age 

Effect of Condition 

General Relations 

Summary 

Appendix 

Tables I to XXVI 

Bibliography 

-Page 

1 

3 

11 

11 

11 

12 

14 

14 

19 

20 

27 

33 

34 

37 

37 

43 

45 

47 

51 

51-75 

76 



THE EFFECT OF AGE AND CONDITION ON THE MINERAL COM-POSITION 

OF THE ASH OF THE BOVINE 

Introduction 

It has long been known that the ash oonstituents or the 

mineral ~lements of the body bear an important relation to 

body structure a.nd life prooesses of animals. Ho ever J the 

amount of data on the oomposition of the ash of animals is 

very small and in most cases incomplet. Furthermore, 

great deal of the data as presented by variousinvest1gators 

o nnot be oompared because of laok of uniformity in report

ing results as well as in the selection of samples for analy 

is. 
1 

Forbes in his bulletin on •• The mineral elements in 

animal nutrition" oomments on this, saying "Our kno ledge 

of the amounts and kinds of mineral matter required by a.ni

mals is indefinite and fragmentary. Muoh progress i yet 

to be made in this field.,t This is especially true be-

cause the purpose of previous investigators seems to have 

been to get a representative analysis of different animal 

or parts of animals without any referenoe to factors whioh 

mayor may not influenoe th mineral oomposition of the animal. 

To the nutrition chemist dat t aken from experiment hioh 

have been systematized 80 that the results are comparabl r of 

great value. 



The data presented in thi thesis are the first to be offered 

from a series of experiments no in progress. The ultimate end 

of this combined series 1s to study the distribution of mineral 

oonstituents in the ash of the different parts of steers as ell 

as in the entire animal ash ith a eoial vie of determining, 

if possible. hat effect the ge or condition of a steer may 

have upon his sh composition. The entire work is a part of 

the so-oalled "Use of Food" experiment. 

The work offered in this paper consists of data on six 

tee~. thr e old and thr e young. The condition of each of 

the older steer as different but there as a steer in the 

group of young animal hiob as in a oorre ponding condition. 

These data are l imit d to the effect of age and condition ~n 

the distribution of the ash constituents in the compos1t skel

eton, composit lean and fat, and composite internal organs and 

internal f t. The work required the preparation and complet 

analysis of thirty samples, totaling about three hundred deter

minations in duplicate. 
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Hi torioal 

A oareful revie of the literature disclosed very littl 

on the subject matter of this paper. Ash analyses of animals 

have been confined to a very fa investigators each ·of hom 

seems to have been interested in some spec! 1 phase of the 

ork. Analyses have been reported on blood, 001, bones, 

some specific organ such as the liv r and the gall, and in a 

few dases the entire animal composite as analyzed. Ho ever, 

the work as reported as confined ohiefly to the compari on 

of a certain part of some animal, suoh as musole or blood, with a 

similar part of animals of other species. 
2 

La es and Gilbert ho have probably done more researoh 

in ash work than any other investigators, analyzed ten dif

ferent animal~ givin , in addltion to the composition of the 

entire animal, oompositions of portions hleh they oall the 

carcass and the collectiv offal part • These divisions of 

the animal body are of euoh a character that no oomparison of 

their work wlth the data offered here can be made. 

There are several investigators, ho ever, who have touched 

upon the roblem in some manner and hose ork is ufflei ntly 

related to be record d her • 
3 

In 1872 E. Wildt reported r su1ts obtained at the Exp rl-

ment Station at Proskau, Germany, on the effect of a e on the 

composition of the ash of rabbit bones. He us d the av ra e 

composition of several animals of the sam age, using r bblt 

ranging from new born to four years old. From tl:eee dat he 
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ooncluded that the lime content inoreases slightly to ard 

maturity, the oarbon diox de increases considerably, hile 

both magnesia and phosphorio acid diminish. 

Peroentage Composition of Ash or Bones or Rabbits. 
(E. 11dt) 

No. of 
n1mals 
used Age Ash CaO 

6 Ne ly born 53.39 52.17 

5 Three days 50.82 52.16 

4 Fourteen days 55.18 52.10 

4 One month 58.94 51.91 

a Two month 65.63 52.10 

3 Three months 67.68 52.49 

3 Four months 68.72 52.60 

2 Six months 70.26 52.64 

a Eight months 71.77 52.78 

lOne year 74.24 52.61 

1 Two year 72.90 52.76 

1 Thr -Four y ars 73.65 52.84 

gO 

1.38 42.02 

1.36 42.13 

1.26 42.19 

1.22 42.20 

1.09 41.64 

1.01 41.03 

1.02 40.80 

1.05 40.80 

0.93 40.05 

0.91 40.04 

0.93 39.78 

0.83 39.80 

3.65 

3.84 

3.99 

4.00 

4.52 

4.69 

4.92 

4.94 

5.54 

5.71 

5.81 

5.66 

In addit1on, 11dt found only traoes of olubl alta an 

no iron. In fail1n to find iron, he agre s ith P. c. 
4 

Plugge who says that iron is not normal constituent of 

bone and, when found, is there as retain d blood. 
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s 
H. eiske, assisted by E. 11dt, found in further experi-. 

ments with rabbits that earthy phosphates when mixed ith the 

food oaused no note orthy increase in magnesia l lime, or phos-

phoric aid. In additIon, he report that the age · of an ani-

mal has an Influence on the oomposltlon : of the bones, those 

of old rabbits oontaining more salts than those of young rab-

bits. The peroentage composition of the bone ash is very 

muoh the same in both but the proportion of lime is somewhat 

lower and of magnesia some hat higher in young animals. The 

per oent of phosphoric aoid is almost the same In all bonee and 

averages about 42.17 per cent. 
s 

In 1891 Graffenberger, at the Institute of Animal Chemistry 

oonnected with .the University of Breslau, under the direotion of 

H. Welske, 'worked on the oomposit on of bones of aged rabbits. 

He reports results on two animals, one slx and one-half and 

the other seven and one-half years old. He separated his 

samples into teeth, leg bones,and a composite of the remaining 

bones. Chlorine, sulphur, sodium, or potassium ere not de-

termined in teeth beoause of the laok of suffioient sample. 

He reports flourine but does not vouoh for the correotness of 

the results as the amount as obtained by differenc. It 

might be mentioned in this oonnection that flourine has been 

found to exist in bones. Th amount is, ho ever, very small 

and the methods for its quantitative determination very diffi

oult so it was not deemed of suffioi nt valu to b determin d 

in the work presented in this paper. Graffenberger oonclude 
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from his resu~8that in the older animals there is more oarbonic 

acid 'ut a smaller amount of calcium phosphate than in rabbits 

three to four year of age. 

Peroent ed Rabbits 

a1e-- Female--
Six and a half years old Seven and a half years old 

Leg Other . Leg Other 
Teeth Bones Bones Teeth Bones Bones 

8. 2 0 0.49 0.81 0.65 0.59 

KaO 0.19 0.38 0.18 0.38 

CaO 47.37 51.89 51.10 47.82 51.84 51.76 

PaOs 42.23 38.09 37.42 43.12 38.07 38.18 

MgO 3.33 1.09 0.94 3.80 0.98 1.03 

CO 2 4.46 6.41 7.12 3.31 6.16 6.48 

SO 0.51 0.48 0.50 0.55 

C1 0.29 0.25 0.27 0.28 

F1 4.50 2.19 2.78 3.37 2.54 1.52 

Summarizin the ork of eiske and hi a slstants, they 

conolude that there is a very slight gain in lime in the bone 

of rabbits up to an a e of thr to four year • t i n 

half and seven nd a half years this lime content was found 

to have decr a ed. The c rboh dioxide inoreas d ith the age 

of the animal, the phosphoric acid decreased, and evideno of 

a diminution in the magnesia content was noted up to four year& 
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7 
H. Brubacher analyzed the bonea, muscles, organs, and 

entire bodies of three normal and five raohitic children. A 

oomplete nalysis 1s not given and no very important conclu

sions drawn exoept that the foetus obtains most of its lime 

during the last month of its fetal development. Of the three 

normal ohildren use'd (a) was ' a foetus of , t enty eaks, (b) a 

newly born child, (0) a child four years old. The skeleton 

of (0) was not analyz d, the author usin a rib whioh he con-

sidered a r present tive s ple. Data obtained at this exp r-

iment station, however, show that no ,spec!f1 bone can be oall d 

repre entatlve of the entire keleton. 

Reported in Ash of Bones of Children 
( Brubacher) 

( 8.) (b) (c) 
CaO 48.00 48·.~9 S2.S2 

gO 1.44 - 1.2a 1.55 

P20S 40.21 40.68 4a.58 

Element RSEorted in Ash of usolee of Children 

(a) (b) (c) 

CaO 2.85 3.16 0.82 

gO 1.94 2.10 2.17 

PaOe 28.75 23.64 37.92 

SiO 1.36 0.35 1.80 

Fe a0 3 1.16 1.39 0.75 

a 
very e t naive research on the method s. Gabri 1 ,ma.de a 
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of analysis as well as on the composition of bone. One point 

of interest which he brings out is that there is more sodium 

than potas ium in bone, the percentages, 1.1 per cent sodium 

an o.a per cent potassium, being ra.ther constant. He also 

states that the so ium an potassium in bone are fixed so 

tightly that they oannot be washed out by water or by contin

ued boili g with water. 
9 

A very interesting article by Hans Aron appeared in 1905. 

The paper is so hat of a preliminary report on the influence 

of the alkalies upon the gro th of bon • No further papers 

on ~he subjeot were foun , hOlev r. In this report !ron says 

that when the sodium oontent of the food is diminished to a 

small amount an the potassium oontent is inoreased, there 

beln just a su ficient qua.ntity of caloium and phosphorus pres

ent, the oaloium content and cons quently the growth of the 

bone is below th normal. In this connection he analyzed the 

bones of several under-fed oalves fed according to the above 

speoifioations. The r sult howed that only the abso ute 

amount of the bone as diminished. The oompo ition 0 the 

bone ·substano it elf as the ame a normal bone . He leo 

found that the bone sh of i eased bone had the same compo

sition as normal bone nd veri!! d Gabriel 's oonolu ions that 

the sodium d pota ium oontent was constant. No aotual 

a,naly es r given. 

An ef ort as m de to obt in an lyses of the oomposite 

skeleton 0 teer o that oompari ons oould be· made ith 

the work other 1nve tl ator. No data were availabl , ho -



ever, in a form which could be used. The analysis of the 
8 

shank bone of a st er might be worth recordin • 

Ana.lysi of the Shank Bone of a Steer 
{"Ga.br! 1); 

CaO 51.28 

gO 1.05 

KaO 0.18 

Na.aO 1.09 

ater of Crystallization 2.33 

PaOs 37.46 

CO 2 5.06 

C1 1.04 

Several analy es of the ash of flesh ere found in 

E. Wolff ' 
10 

It Ashen-!nalysen1t • 

In 100 part of Pur Ash 

Flesh of Man of Ox Flesh 0 Ca.lf 

Na.:aO 22.9 14.5 25.6 20.5 

K:aO 28.0 37.0 25.0. 30.3 

CaO 2.0 1.3 1.95 3.2 

PaOs 37.5 39.5 39.9 36.5 

MgO 3.1 3.3 3.4 3.8 

Cl 8.4 5.0 4.6 7.2 

No iron, 1110a, sulphur, or carbon dioxide as reported. 

A sma.ll amount of CO a and a. traoe of 803 ere found 1n th a h. 
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The flesh was ashed direct and not by ohemioal means. 
11 

Julius Katz in his very oom lete paper on the mineral 

oon tituents of musole flesh makes all his analyses on the 

fresh material because of the danger of losing oonstituents 

during ashing. He discusses methods and gives the analyses 

of the muscles of thirteen different animal pectes. 

are c lculated on the fresh and on the dry basis. 

his analyses are recorded below. 

MgO 

S 

Cl 

Composition of Flesh on Fresh Basis 

Parts per 1000 

Man 

1.077 

3.857 

0.105 

4.656 

0.351 

0.210 

13.076 

0.701 

Swine 

2.101 

3.057 

0.113 

4.870 

0.468 

0.084 

2.043 

0.484 

Steer 

0.879 

4.411 

0.030 

3.894 

0.403 

0,352 

1.868 

0.567 

These 

A few of 

Calf 

1.158 

4.578 

0.200 

5.029 

0.504 

0.125 

2.259 

0.678 

No ork could be found on the composition of the ash of 

internal organs. 



Experimental Part 

Description of Animals. 

Portions of the following six steers were used in this 

experiment: 

Breed 

Steer 501 Grade Hereford 

Steer 512 Grade Hereford 
(or oommon) 

Age Weight 

47 months 1948 lbs. 

48 months 1208 1bs. 

Group 

I 

II 

Steer 500 Hereford-Shorthorn 48 months · 1009 lbs. III 

Steer 547 Grade Hereford 

Steer 550 Grade Hereford 

Steer 558 Grade Shorthorn 

8 months 

8 months 

8 months 

455 lbs. 

325 lba. 

a39 lba. 

I 

II 

III 

These animals wer procured soon after birth and assigne 

to roups as soon as possible. Group I was full fed) Group 

II was fed for maximum growth without the laying on of apprec

iable fat, Group III was fed for retarded growth--about one

half pound gain daily while ~earling • 

Slaughtering 

Steers Nos. 501, 512, and 500 were lau htered in Maroh, 

1911. The youn er steers, Nos. 547, 550, and 558, were slaugh-

tered in January, 1913, by the same expert from one of the 1ar e 

packing houses. At the time of slaughtering the internal or

gans were removed, le ned, weighed, and put away in tight con-

talners. Forty-eight hours later the carcass was out up, the 
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weighed soft parts and internal organs ground in an Enterprise 

meat grinder and mixed thoroly . Samples were then weighed 

out for the variou determinations and composites saved for 

oomplete ash analysis. The skeleton samples were ground thru 

a Mann bone grinder and samples taken. 

The sam expert out up all .six animals, so uniformity in 

preparing samples was s sured. Only the skel eton composite, 

composite lean and fat, and internal organa are considered in 

this paper. 

Total A h 

Triplicate samples of about ten grams each were taken from 

the thoroly mixed fresh samples of lean and fat composite , and 

oomposite internal organs and internal fat. These ere thoroly 

dried and gently ignited in tared porcelain crucibles over a 

Fletcher burner until they ere oompletely oarbonized. They 

were then transferred to a. muffle and heated to a dull rednes 

until the oombu tion 0 the oarbon as complete. They were 

then cooled and weighed. 

Tr1plicat samples of the oomposite sk laton amounting to 
from 30 to 50 gram er ~ weigh d out into large tUDes and 

the moisture and f t d t rmined. The sample as then ground, 

air dried, and ash determined. The per cent of ash as ob

tained on n air dry and ractically fat-free baai nd was th n 

o loulated baok to the fr sh basi. The foregoing operation 

were nece ary in order to at an analysis on a uniform ample . 
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Table 1. Weight of Cuts (in gram~and Per Cent Ash in Cuts. 

Steer 

501 

512 

500 

547 

550 

558 

Internal Organs 
Lean and Fat and Composite 

Composite Internal Fat Skeleton 
Weight 

548,474 

277,S24 

217,860 

94,790 

59,680 

41,560 

Ash Weight . Ash eight 

0.485 85,957 0.549 80,602 

0.772 57,864 0.695 
-

80,427 

0.S92 49.938 0.790 73,489 

0.S88 23,700 0.955 27,596 

0.943 17,694 1.032 23,339 

0.962 11,957 1.025 21,359 

Ash 

26.343 

25.619 

23.495 

18.855 

17.856 

16.998 
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Preparation of the Ash 

.Preparation of Samples for Ashing 

Representative samples amounting to 1000 to 2000 grams of 

composite skeleton, lean and fat composite, and the composite 

of the internal organs and internal fat were taken. These 

were preserved in 95 per cent alcohol in Whitehall-Tatum jars 

until ready for ashina. 

ethoda of Ashing 

The entire ample as removed from the jars and placed 

in a large evaporating dish. The dish as plaoed on a steam 

bath and the alcohol evaporated off . are alcohol was added 

and the ryin . repeated until nearly all of the ater as 

removed and the ple was dry. This operation is especially 

important in samples containing alar e amount of fat because 

when the sample i heated later~ water, hen present, causes 

exoe sive pattering and loss of material. 

Varlou methods have been us ed in a h ork. 
18 

Abderhalden 

used barium hydroxide to aid in the i nition. Calcium acetate 

has been used to a reat extent also . use of ohemioals 

is not adv1 able in th kind of ork reported here; direct 

ashlng 1 more practioal. 
13 

Jar1 che in hi work on blood u ed oroela1n dishes and 

olaimed that the amount of silioa taken u by the sh was neg-

11gible. 
a 

La as n Gilbert hed their samples in large latinum 
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dishes in a muffle. Experience in this laboratory has taught 

us that this method is extremely expensive and therefore lnad-

yiaable ecause the dishes are ruined. 
14 

One of the methods used in this laboratory is as follo 

baskets 7-8 centimeters in diameter and ~aving about the same 

depth were made of platinum wire. Eight or ten ribs of the 

ire meeting at a common point in the bottom formed the frame-

work. Platinum wire spirals were also ound around this 

framework, the wires being closer together at the bottom. Some 

of the material to be ignited as placed in the basket hloh 

was suspended from a tripod and was heated ith the naked flame. 

Porcelain oasserQles were plaoed under the baskets to oatch the 

ash and any unignited portions which might fall. The latter 

were returned to the baskets and the heatin oontinued until 

the .terial was' oompletely oarbonized and nearly all of the 

carbon oxidized. As it was not possible to get oomplete oxi-

dation here the ash was transferred to platinum dishes. Hot 

water was added and the dishes placed on a water bath. The 

liquid was deoanted off and more ater ' added, this operation 

being repeated at intervals for several days. This liquid 

portion ~as filtered and washed thru ashless filters. The 

filter pap rs were added to the residue and the entire mass 

dried and ignited in platinum. This as then ground and mixed 

thoroly in an agate mortar. The i gnited ~esldue constituted 

the' nsoluble. ash'~;the filtrate, th ~t oluble ash P • 

This method has lts advantages and disadvantages. The 

stron est arguments against it are the danger of volatilization 
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of the alkali salts when the material is subjected to direot 

heat and the danger of the absorption of sulphur from the 

flame by the ash. 

A method just as good and probably better is the one 

worked out reoently at this laboratory. The material after 

drying is not taken from the porcelain dish but the dish and 

contents are plaoed on a sand bath and heated gently. The 

heat is raised gradually to the maximum oapaoity of the bath 

and when ~ grea.ter part of the vola.tile material ha.s been 

driven off a torch is applied and the entire mass is ignited. 

When muoh fat 1s present the ignition must not be attempted 

before enough of the volatile substances have distilled off 

to have a fairly small amount of liquid left or the material 

will creep up over the side of the dish. (Samples of lean and 

fat and internal organs become liquid before the i gnition stage) 

When the flame has burned out and th~ . m~~~ is thoroly oharred, 

a gas flame is direoted against the outside of the dish. The 

carbon deposited on the sides of the dish is burned off in 

this way and a partly i gnited, partly charred mass, is left 

in the bottom of the container. (Caution: the dish must have 

been heated at least three hours on the sand bath before the 

flame can be applied or it will orack.) 

Theoharred mass o~n be removed easily with a spatula. 

It is then round in a • ' Wedgewood" mortar and put thru a 

millimeter sieve. A flat bottomed poroelain dish is then 

lined with platinum foil. A very good method is to place 

several pieoes of porcelain or porous plate beneath the plat-

inum eo that an air spaoe is oreated. The ground ma e is 
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then placed in this container and put in the front part of a 

muffle l the back part of which is heated by a multiple Fletcher 

burne~ and is kept below a bright red heat. The sample should 

be stirred occasionally with a platinum spatula and can be 

moved nearer the source of heat after the ignition is under 

way. "Care must be taken not to get the dish to a red heat or 

the alkali ohlorides will volatilize. A complete ignition 

oannot be obtained here or rather it is impraotical in samples 

other than bone, teeth, horns, hoofs, etc. When the materi"al 

has been reduced in volume to some degree and most of the carbon 

burned off it is transferred when cool to a casserole by means 

of hot water and a ' t'policeman't. The soluble ash and insol

uble ash are then prepared as in the first method of aahing. 

No attempt was made to prepare a complete ater soluble ash 

but the leac,hing as continued until enough was removed to in

sure a well ignited in oluble ash. This point is usually de

termined by the absenoe of chloridesin the wash water. 

It is necessary 

abundance of them ls ' 

to leaoh out the soluble salts when an 

resent beoau e during the ignition they 

fuse, ooolude oarbon, and eo make it impossible to ignite the 

oarbon unless such a heat i8 applied that it is certain to 

cause the volatilization of these salts. 

In samples like bone the procedure is modified slightly. 

The mass in the larger porcelain dish usually does not oatch 

fire but turns brown and gets br1~tle . It is then ground and 

passed thru a millimeter sieve and, as these samples are usually 
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very large, a representative portion is taken and finished. 

This is aocomplished in the platinum lined dish. No soluble 

ash need be made as the amount of soluble salts present is very 

small. A total ash is obtained instead. 

In the preparation ·of the soluble ash oonsiderable trouble 

is given by a white oolloidal preoipitate which forms. ", Upon oon

centrating the solution this often separates out and apparently 

fil tars ' out. However, in most oases it goes thru the filter 

paper when washed. It is always well in suoh eases to take 

aliquot s immediately and store until ready for use. Several 

samples of soluble ash used in this experiment stood for sev

eral years in volumetrio flasks. The preoipitate in these 

separated out and gave no trouble. Not enough substance oould 

be obtained to prove the identity of this material, but it is 

believed to be silica. 
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Analysis 

Qualitative Examination of Samples ..,. 

It is neoe sary to make a qualitative examination of 

both the soluble and in80luble ashes before qUantitative 

determinations are attempted. Chlorine, sulphur, ·oarbon 4i-

oxide, sodium, pot 8slum, pho phorus, and a traoe of 8111ca 

were found in the soluble a h. S1110a, iron, oalcium, mag-

neslum, 8odium, pot ssium, and phosphorus were found in the 

1n801ubl ash. 

Qu ntitative Examination of the Soluble sh 

It is rather diffioult to advise what liq~ot8 to take 

in making tb following determinations this depends en-

tir 1y upon the weight of total solids. The aliquote u d 

h r are based on tot 1 solid eighing from 5 to 8 gr • 

The plan of analys 8 given 1 so dey! ed that hen the amount 

of sample 1 limited a minimum amount i u ed. 

Total Solid 

This determination requires aoneid rebl care and 1s 

diffioult beoau of the tendenoy of the res1du to absorb 

moisture rapidly. 

weight. 

We1gh1ngs mu t b taken to a oonstant 

Duplicate sample of & 1/25 aliquot were dr wn into 

t red pl tinum di h 8. The solution were evapor ted to 

dryness on a water bath~ hated belo redne a, and w 19hed. 

The heatings and e1gh1ngs ere oontinued until const nt 

weight wa obt ined. 

From the e data the tot 1 weight of oluble h was o&l-
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culated. These weights are recorded on tables assigned to 

each animal. 

Chlorine 

The residues from the determination of total solids were 

dissolved in hot water and washed into small beaker~using 

about one hundred cubic centimeters of water. The solution 

weremade acid with dilute nitric acid and a slight exoess of 

t en per cent silver nitrate solution was added slowly and 

with constant stirring. The contents of the beakers were 

bOiled, covered with watch glasses and set aside in a dark 

place for a fe hours or over night. 

The precipitate of silver chloride was washed into tared 

Goooh orucibles with hot water containing a small amount of 

nitric acid. 
o 

o 
The orucibles were dried in an oven at 110 -

130 C., oooled and weighed. 

This determination should give no trouble. 

Carbon Dioxide 

Duplioate samples of one-fifth aliquot were dra n for 

this determination. The oarbon dioxide was absorbed in a 

tared U-tube containing soda lime. The absorption train 

oonsisted of a condenser, two sulphuric acid drying towers, 

the U-tube , a caloium chloride drying tower, safety bottle, 

and suction pump. The sample was placed in a three hundred 

cubic centimeter Erlenmeyer flask and the flask was attached 

to the train. Twenty cubic oentimeters of 1:1 hydroohlorio 

aoid were admitted slowly by means of a dropping funnel, 
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carbon dioxide from the air. The stop cock of the dropping 

funnel as then closed and the li uid warmed gent ly and heated 

to the boiling point. After boilin several minutes l the 

flame was taken away and the stop ·cock of the dropping funnel 

opened so that the pressu~e could be equalized. The suotion 

was then statted s10 ly and air was sucked thru the apparatus 

for forty-five minutes. The gain in eight of the U-tube 

gave the amount of carbon dioxide present in the aliquot. 

A small amount of calcium chloride was placed in the side 

of the u-tube nearest the pump so that if the dry air coming 

thru absorbed any moisture from the 809,a lime the calcium 

chloride would reabsorb it, thus guarding against possible loss. 

To et sati factory result, the "head" of sul huric aoi in 

the ·drying to ere must not be too large and the manipulation, 

time of operation, etc., should be the same for all samples. 

Silica . 
The solution from the carbon dioxide determination was 

evapor ted to So smaller bulk .and then transfer~ed to platinum 

dishes , evaporated over a water h , heated for an hour in an 
o 0 

oven at 110 - 120 e., cooled, moistened with strong hydrochlorio 

said and about 20 cc. of hot water added. This solution was 

a in dehydrated as above but this time the solution was boiled 

and filtered thru n ashless filter and thoroly washed. The 

filtrate was then dehydrated a ain and filtered, and the fil -

trate saved. The preci .itates were combined l dried, i nited 

in. . tared pla.tinum crucl ble and wei hed. The amount of 811-
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ioa found in the soluble ash as so very small that it was only 

reported as a trace. 

The filtrate from this determination was made up to volume 

in a raduated flask. 

Sulphuric Anhydride 

One-eighth aliquots of the above filtrate, amounting to 

one-fortieth aliquot of the entire solution l were heated to 

boiling and an excess of ten per cent barium chloride solu

tion was added drop by drop. After boiling for about five 

minutes the solution was allowed to stand over night. The 

precipitate ,was washed ith hot water on to an aahless filter 

of such a texture that it was capable of holding barium sul

phate . After washing ~ntil free from chlorides the filter 

pa er and contents were transferred to a tared platinum cru

cible, ignited to whiteness in a muffle, and weighed as barium 

sulphate. 

Good checks can be obtained without any trouble. 

Sodium 

The filtrate from the sulphuric anhydride determination 

was heated to boiling and ammonium hydroxide added. A heavy 

white preoipitate of barium phosphate formed. This was 

allowed to settle an barium hydroxide as dded to be sure 

all of the phosphate was recipitated. If the precipitate 

i exceedingly large , it is best to filter it off and wash it 

well. The filtrate i s then used for the succeeding operations. 

If the precipitate is not too large, monium carbonate can be 

added in exoess immediately and the solution allowed to stand 

On the water bath for about one hour·, · 
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The solution was then filtered into casseroles and the 

precipitate washed ell with hot water, the filtrate and 

washings amounting to ab~ut 400 c.c. The oasserole was placed 

'on a hot plate and allowed. to evaporate to a very small volume. 

It should not go to dryness unless the casserole is a large 

one as there is danger of spattering. The concentrated solu-

tion was transferred to a platinum dish and evaporated to dry-

ness on a water bath. 
o 

After drying in an oven at 110 C. it 

was ignited balo redness to drive off all of the . ammonium 

salts. The residue w~s then dissolved in h9t water. filtered. 

and aahed into small beakers. 

A few drops of ammonium hydroxide were added and ammonium 

oxalate added in excess. Only a few drops of oxalate need 

be ·added, as there is no calcium in the soluble ash and this 

operation is only done as a precaution. 

ash this operation is very necessary. 

and allowed to stand for ' everal hours. 

In the insoluble 

The solution as boiled 

It was then filtered 

into a weighed pl tinum dish, a few dro s of hydrochloric acid 
o 

added, evaporated to dryness, dried at 110 c. and heated bela 

a dull red to expel ammonium salts. 

the ohlorides so that they just fuse. 

It as found best to heat 

The resi ue as heated 

to constant wei ht and weighed as total sodium and potaSSium 

chlori es. After the potash is determined the sodium oan be 

calculated by ifference. 

If, in thi determination, a solution of soluble ash is 

used from hich the silica has not been removed in some oases 

a light flocculent precipitate of silica appears hen the 

above ohlorides are dissolved in hot water. Altho this does 
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not weigh muoh it is beat to filter, wash, evaporate to 'dryness 

with a few drops of hydroohlorio aoid and redetermine the total 

chlorides. 

uite a ot of trou e s experienoed in this determina-

tion and it was often hard to get concordant results. As a 

result, the determinations had to be cheoke'd over. The trouble 

is due to the enormous quantity of phosphate present. There

fore, care must be taken to remove all of the phosphate and all 

of the barium used to precipitate the phosphate. 

Pota.sh 

The residue of tota~ chlorides was dissolved in 50 0.0. of 

hot water and placed on a water bath. A few drops of hydro-

ohloric acid and platinic ohloride in exoess were added and the 

solution as evaporated to a thiok paste. About 50 'c.c. of 

eighty per cent aloohol was then added and the mixture allowed 

to stand for at least an hour. If the potassium ohloroplatinate 

comea down in large plates it is advisable to break this up with 

an agate pestle so that no foreign material will be oocluded. 

The precipitate ' was washed both by decanta.tion and on a. 

tared Goooh crucible with eighty per cent alcohol until the 

filtrate was colorles • The precipitate was next ashed six 

times ith ammonium ohloride solution saturated with pota.ssium 

ohloroplatinate and then thoroly with eighty per cent aloohol. 
o 

It was then dried in an oven at 103 c. and' weighed. The potash 

was ca.loulated from the weight of the chloroplatinate precipi,

tate. 
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This determination offered very 11 ttle trouble" especially 

when enough platinio chloride was added and the precaution as 

to the condition of the chlorop atinate precipi ate observed. 

Phosphorus 

From the filtrates from the silioa determination one-eighth 

aliquots were drawn and ,placed in 250 c.o. beakers. The sam-

ples were neutralized with ammonium hydroxide and aOidified 

with nitrio aoid in slight excess. About fifteen grams of 

solid ammonium nitrate were then ad'ded and the sample hea.ted 
o 

in a water bath up to 65 C. Seventy-five 0.0. of ammonium 
15 

molybdate solution ere tllen added and the ,solution kept at 
o 

65 C. for at least one hour. After cooling, the yellow pre-

oipitate was filtered and washed with ten per oent ammonium 

nitrate solution. The original beaker oontaining the precip-

itate was then ' plaoed under the funnel and 'the precipitate 

dissolve on the filt r and washed thru with a hot two per cent 

solution of ammonia. The solution was next neutralized with 

hydroohlorio acid and made slightly ammoniaoa.l. After cooling, 
16 

10 0.0. of magnesia mixture ere added drop by drop with vig-

orous stirring. After fifteen minutes, 10 0.0. of ammonium 

hydroxide ( p.gr. 0.90) were added and the sample allowed to' 

stand over nl ht. 

The solution was filtered thru an ashless filter and the 

preoipitate washed thoroly with a 2.5 per oent solution of 

ammonia. The filter and oontents were dried, transferred to 

a tared poroelain oruoible, ignited in a muffle to whiteness, 
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and weighed as magnesium pyrophosphate. 

Good results were obtained with this method. 

Alkalinity of the Soluble Ash 

This determination is not of very great value altho it 
for future referenoe. 

is well to have such data 0 an ~ ~liquot s of one-twenty-

fifth were taken. The solution ~as titrated against standard 

hydrochloric acid (tenth-normal preferred), using phenolphthal-

ein as an indicator. Methyl orange was then added and the 

titration continued. 

Assuming the alkalini ty to be due to carb.onatee , the 

difference between the two t tratione would represent the 

hydroohloric acid required· to neutralize one-half of the 

carbonate. Ho ever , the methyl or n e titration eo exceeds 

the phenolphthalein titration, which is supposed to indicate 

on -half of the carbona~e , that it can readily be seen that 

some other oombinations of the alkalies , such as the tertiary 

phosphate , are present and cause the variations noted. 

antitative Anal sis of the Insoluble Ash 

After i nition, the insoluble ash 'as pl aced in a tared 
o 

weighing bottle, heate to 110 • in an oven, oooled, and the 

weight determined .by difference (For .' wei"ht see tables for 

each animal) . It is always best to heat up the ash before 

takin~ samples because of its tendenoy to absorb moisture. 

For this reason, samples were weighed out by differenoe . 
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The amount taken depend entirely upon the supply of ash on 

ha.nd. 

Preliminary investigations showed that in every case 

the insoluble ash oould not be oompletely dissolved in acids. 

It was therefore necessary to fuse samples used in various 

determinations. 

Si1ioa 

A sample of the insoluble ash was thoroly mixed in an 

agate mortar with four times its weight of a molecular mlx

tur of sod1um and pota sium oarbonat 8, then placed in a 

platinum crucible and fu ed. After cooling, it as dis

solved in hot water, aoidified with hydroohlori0 acid and 

1110a dehydrated a described under the analysis of i110a 

1n the soluble ash. 

The filtrate from this determination were then combined, 

made up to volume, and designated a8 the solution of insol

uble a.h. Ph 0 sphorue, oaloium, magnesium, and 1ron were 

determined in this solution. 

Iron 

The method used was the Zimmerman-Reinhardt method a 
16 

de orlbed by Mixer and Dubois • One-tenth a11quots of the 

solution of insoluble a h were transferred to beakers and 

heated to boiling. Five drops of a stannous chloride olu

tion (one to fifty) as added to the oontents of the beakers. 
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Usually a yellow color whioh is present disappears. A beaker 

oonta.ining 400 c.c. of hot ater, 5 c.o. of saturated solution 

of mercuric ohloride, and 5 c.o., of a preventive· solution was 

repared. Theaample reduoed by the stannous chloride as 

then ashed into this large beaker and titrated immediately 

with a tandard potassium permanganate solution; the end point 

as reaohed hen the pink color d.isappeared in about fifteen 

seconds. 

A blank must alway be run. This method is a fairly 

good one, tho much depends on the technique of the operato~, 

~s all determinations must be oarr1ed out in exactly the same 

aye The permanganate should be restandardized before using. 

* Possibly a. method ' hleh is \forth while cons iderin , es-

pecially when small quantities of iron exist, is a oolor1-

metrio one. To' a definite aliquot, about 10 c.c. of a 20 

per cent solution of ammonium sulphocyanate are a.dded and the 

amount of iron is determined py oomparison with a st ndard 

solution in a Dubosoq colorimeter. 

*Preventive solution: Dis solve 160 grams of nSO~ in 1750 c.o. 
of water, then add 330 0.0. of phosphoric aoid (ep . gr. 1.7 
syrupy) and 320 0.0. of sulphurio aOid, (ep . gr. 1.S2). 

Phos hQrus 

One-tenth aliquots of the solution of insoluble ash ere 

drawn nd the aoo1y i oarried out as described under the 

determination of phosphoru in the soluble ash. 

+Thl m thod w s not used in this ork, but is r oomm nd d. 
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Calcium 

One-tenth aliquota were drawn here also. The solutions 

were neutralized with ammonium hydroxide, two grams of ammon

ium aoetate were added and the solution was made strongly 

acid with acetic acid. The solution was stirred vigorously 

and allowed to stand one hour, after which it was filtered 

and vashed by deoantation on the filter ith dilute acetio 

acid. The preoipitate was in most cases very small. If 

large, the filtrate was removed and replaced by the beaker 

containing the ori ginal precipitate and the preoipitate as 

washed into the beaker with hot dilute hydrochlorIc aoid. A 

little dilute ammonia was then poured on the filter. The 

dissolved precipitate was treated with ammonium hydroxide, then 

aoetio acid, and again filtered and ashed. The resulting 

preoipitate was rejected. The fore oin operations guard 

~gainst absorptIon by the precipitate of any caloium 0 

magnesium. 

The filtrates ' were oombined and ammonium oxalate added in 

excess to preoipitate the caloium. The solution was then 

bOiled, set aside for a fe hours and then filtered and ashed. 

The preoi itate was dissolved thru the filter ith hot, dilute 

hydrochlorio aoid and the " filter paper made alkaline with 

a~monlum hydroxide. The oaloium as then reprecipitated, fil

tered, and washed as before. The combined filtrates were 

saved for the determination of ma nesium. 

A hole was punched thru the filter and the preoipitate 

was washed into a volumetrio flask with hot water and dilute 
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sulphuric ac1d. When 0001 the solution was made up to volume 

and aliquots dra n. These were diluted to 200 c.c. with hot 

water and 5 c.c. of dilute sulphurio acid added. The solu-

t10n was titrated with standard potassium permanganate solution 

(preferablv N/100) hile hot. 
o 

The · temperature must not go 

below 60 C. 

When the caloium content as small, the filter and pre

cipitate were placed in a beaker, heated up with dilute sul

phuric acid until solution took place and then titrated im-

mediately. Care must 'be taken not to let the sulphuric aoid 

char the filter paper. The perman anate must be restandar-

dized before use. No difficulty was experienced with this 

determination. 

a~nesium . 

The filtrates from the calcium determination were com-

bined and evaporated to about 150 o.c. Ten c.c. of sodium 

or ammonium phosphate were added and the solution was neutralized 

with ammonium hydroxide. After stirring vigorously ith a 

"polioeman" the preoipitate formed. After standing for fif-

teen minutes, f1fteen o. 0 '. of ammonia (sp. gr. 0.90) ere' added, 

and the beaker set aside over night. The solution as filtered 

thru an ashlesa filter and washed with two and one-half per 

oent ammonia solution. The filter and recipitate were dried, 

tranaferr'ed to a tared porcelain orucible, igni ted in the muffle 

to whiteness, and ei hed as magnesium pyropho~phate. 
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Sodium and Potassium ------------
Tests on the insoluble ash showed the presence of . sodium 

and potassium. It was therefore necessary to run a J. Law-

rence Smith fusion. 

Sodium 

A weighed sample of the ash was mixed in an agate mortar 

with an equal weight of ammonium chloride. An amount of 

oaloium carbonate equal to about eight times the weight of 

the sample was weighed out and a small portion placed in the 

bottom of J. Lawrenoe Smith platinum crucible. The greater 

part of the carbonate was intimately mixed with the sample 

in the mortar, the remain er was used to rinse the mortar. 

The mixture was transferred to the orucible, the mortar rinsed 

with the car onate and this was used to cover the charge. 

The covered crucible was heat d gently. near the· middle and 

gradually toward the bottom until the fumes of ammonia were 

driven off. It was next heated at a high . temperature for 

one hour, and then cooled. 

lower half of the oruoible. 

Care was taken to heat only the 

The contents of the cruoible were removed easily with a 

few drops . of water and a little hydrochlorio acid and were 

placed in a poroelain oasserole. The mixture was boiled for 

about a half hour with several hundred cubio oentimeters of 

wat r and then filtered into a large Erlenmeyer flask. The 

solid re idue was ground up with a pestle and washed on to 

the filter paper with hot water . The filtrate was made alka-
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line with ammonium hydroxide and then an excess of ammonium 

oarbonate was added and the solution brought to boiling on 

a hot plate. The oontents of the flask were filtered and 

washed into a large casserole with hot water. The oasserole 

was placed on a hot plate and evaporated to a small bulk and 

the analysis oontinued as des'cribed under the determination 

of sodium in the soluble ash. Blanks were run and correc

tions made for impurities in the reagents. 

Potassium 

Potassium was det ermined in the total chlorides from 

the sodium determination by the method given in the analysis 

of the soluble ash. 

Analysis .of Total Ash 

No division of the skeleton ash was necessary and the 

sample was analyzed as total ash. The methods used were those 

used in the ana.lysis of the soluble and insoluble ashes'. 
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Calculations 

Note: Totals whioh have been marked by the symbol • indi

oate that the total should be 100 per oent but differ in 

the third decimal place because of figures carried forward 

or dropped. 

No mention need be made of the methods of calculation 

of the ordinary quantitative analyses used in this work, 

but it is of value to traoe out the methods of calculation 

used in preparing certain tables. 

In order that the methods may be followed-·more closely, 

a ooncrete example ill be used. Noting table I, Steer No. 

501, a certain analysis is reoorded for both the soluble and 

insoluble ash. Since all the oonstituents exoept chlorine 

are .reported as oxide, the oxygen equiva~ent of ohlorine must 

be deduoted to get the oorreot total. The oonstituents do 

not total up to 100 per oent so in order that oomparison might 

be made the error 1s distributed equally among the individual 

oonstituents in eaoh sample of ash. This is done by dividing 

aoh per oent of oonstituent ,by 10a.367 in the oaS8 of the sol

.uble ash and 101.917 i~ the case of the insolbble ash and then 

multiplying by 100. This gives the soluble ash and insoluble 

ash caloulated to 100 per cent. In order to get an analysi 

of the total ash, these two results must be combined. From 

the aotual eights of the two ashes, it was found that 75.7 

per cent of the constituents in the soluble ash ere contained 
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in the total ash, therefore this peroentage for the insoluble 

ash would be 100 per oent minus 75.7 per cent, or 24.3 per cent. 

Multiplying the per cent of eaoh oonstituent in eaoh ash by the 

oorresponding faotor, the total ash oalculated to 100 per oent 

1s obtained, the error be1ng - distributed in the ash to whioh 

it belongs. 

Thinking that probably re ults oaloulated on a s11ioa free 

basis would be of v lue, the per oent of s11ioa was subtracted 

from 100 per oent and this new value divided into the total 

ash peroentages and multiplied by 100. The new figures were 

peroentages figured on a s11ioa free basis. 

In calaulating to a fresh basis, the total ash figures 

are multiplied by the per oent of ash in the sample and summarized 

by multiplying by ten and reporting as parts per thousand. 

Beoause of the faot that the si1ioa in the internal organs 

may be extraneous, this sample was oalculated to a fresh bas

is silioa free. This was done by obtaining the exaot weight 

of eaoh mineral oonstituent in the sample by multiplying the 

total weight of the part by the per oent of oonstituents in 

the part. The actual weight of s1110a was then subtracted 

from the total weight of the internal organs and a silica fre 

weight was obtained whioh when divided into the aotual eight 

of the mineral oonstituents gave the per cent in the fresh 

material silioa free. This was reporte~ in parts per thousand. 

The same plan of oalculation W8. used for the work on In-

ternal organs. The skeleton was analyzed as total ash and 
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since no silioa as present, it was only neoessary to calau

late to 100 per cent and then to the f~eeh basis. 

In oalculating Tables XIX and XXIV, in order to get the 

constituents on a fat free basis, the amount in grams of eaoh 

mineral oonstituent in the fresh oomposite was figured. The 

weight of the soluble fat was then subtraoted from eaoh oom

posite and this new eight formed the divisor • . . The quotients 

represented the amounts in the fat free part. This can all 

be oaloulated in one operation by obtaining the ratio of fat 

free substanoe to total sUbstanoe. When the amount of oon-

stituents in Tables XVIII and XXII ~re multiplied by this 

ratio the figures in Table XIX and XXIV ~e obtained. 
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Disoussion 

Effeot ot .Age 

Ash 

Considering first the ash of the oomposite skeleton, 

Table XIV, (all summary tables, etc., are inoluded in the 

Appendi&) the sodium is oonsistently lower in the older 

animals than it is in the young animals of the same group. 

Moreover, the average amount of sodium in the ash of the 

keleton of the older steers as oompared ith that in the 

younger steers ould indioate that the older an animal, 

the less its sodium oontent. 

The same oonolusions oan be drawn hen referring to 

potassium, as the differenoe is fully as marked. 

calo1um, the largest oonstituent of bone, also shows 

a very signifioant ohange. It seems that in steers the 

calo1um oontent inoreases with age. The same observation 
5 3 

ith regard to rabbits was made by Welske and Wildt. 

The per oent of phosphorus is urprls1ngly oonstant. 

There is no ohange due to age, altho it would seem from 

comparing the data on Steers 500 and 558 that in thin ani-

male the phosphorus deoreas d. Weiake and Wildt differ 

slightly on this pOint, the former reporting the phosphorus 

oontent as oonstant in rabbit bones, the latter reporting a 

deores,s • 

Iron7 altho present in all six animals in seemingly 

large quantities, is shown to be present in a greater amount 
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in the bonee of the younger steers. 

oreover, the four year old animals seem to have a smaller 

per cent of magnesium than the young animals of the same group. 

The general average would indioate this also. 

Too muoh stress must not be laid on the determination of 

oarbon dioxide as there is no definite knowledge as to its 

value. It may, however, indicate the amount of aoid radioal 

laoking. It is an interesting faot that the carbon dioxide 

oontent 1s higher in the skeleton of the more mature animal~, 

a fact hich may be due to the increased alkali content. 

This same point was noted by Weiske and his assistants. 

The same view used in interpreting the data on oarbon 

dioxide might be applied in the case of chlorine and sulphur 
14 

since Hogan and Vanatta of this Station have shown that 

there 1s a varying loss due to &shing. Therefore, the re-

9ults reported here are per cents remaining in the ash. 

Notwithstanding, one oannot ignore the faot that age seems 

to have an effect on this amount in the cuts analyzed. On 

inspeotion, it 'will be noted that the skeleton ash of the 

older steers has 'less ohlorine a~d sulphur fixed as salts. 

Table XVI shows the composition of the ash of the oom-

posite lean and fat. It is more logioal to use this table 

rather than the one oaloulated to a si110a free basis sinoe 

there is nothing to indicate conclusively that the silica 

in th1 out is extraneous. 

In this ash, generally speaking, the sodium increases 
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ith age while the potasstum decreases even tho the Group II 

animals do not show this. In this .conneotion, it might be 

said that there are many anomalies in the data presented 

here that oannot be explained until more complete data ar 

offered on t~e subjeot. For this reason it seems desir

able to consider the general 'relations only. 

The per cent calcium when referred to corresponding 

animals shows a decrease with increasing age. The figures 

on phosphorus indioate a peculiar relation in hieh the 

Group I animals sho a decrease with age, Group II no change, 

and Group III an increase, while the numerioal averages of 

the three old animals and of the three young animals are 

very nearly alike. To come to a definite oonclusion on 

t his oonstituent would be impossible. 

Disregarding the large iron content of Steer 501, 

whioh probably oame from sa e outside souroe, it oan be 

sald that in the ash of lean and fat iron increases ith 

age. This is contrary to the data on skeleton ash. 

The magnesium content agrees 1th that in the skeleton, 

decreasing to ard maturity. 

As to the presence of i110&, no importanoe is attached 

sinoe there is no evidenoe to indioate that it does, or does 

not belong in the ash. 

Here again, a in the skeleton, the percentage of oar

bon dioxide increases with age. The sulphur increases 

to ard maturity, but the chlorine decreases. 
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In the analysis of the ash of the composite internal 

organs and internal fat. an exceedingly large per oent of 

silica was found. It is hard to believe that the organs 

themselves contained suoh an amount of silioa so a prob

able souroe of error was investigated. An animal often 

eats a large quantity of dirt and sand and this is often 

found in its intestines and ' stomaoh. In cleaning these 

before analysis it is nearly impossible to clean them 

thoroly even with ater, so some of the silio~ must oer

tainly have been left in. 

Since this seems to be the most logical explanation, 

it is not fair to consider the silica as a constituent of 

the organs and therefore it should be eliminated. Table 

XXI gives the mineral composition ' of the ash of the internal 

organs and internal fat oaloulated to a si11ca free ba is 

and it is from this table that the following observations 

are made. 

As in the ash of the lean and fat, animals of STeater 

maturity show an increase in sodium oontent but a deorease 

in potassium, altho the difference in the latter is not 

striking. 

Here too, oaloium hows a marked decrease ith age. 

Magnesium, however, remains pract10ally oonstant. 

An app~rent decrease in phosphorus 1s shown in the older 

animals. The per oent of iron is les9 also. 

Another similarity to the ash of the skeleton and of the 
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lean and fat is shown by the fact that the oarbon dioxide 

and chlorine decrease to ards maturity. 

ever, increases. 

Effect of Age. 

The sulphur, how-

Composition of the Fresh Material 

In referring the mineral constituents of the ash baok to 

the fresh material, there is a factor which is worthy of oare

fu1 consideration, namely, the fat oontent. A brief inspec

tion of Tables XVIII and XXII w111 show that there is a grad

ual increase in the amount of constituents from Group I to 

Group III, especially in the older animals where the per oent 

of fat 1s larger. In other words, the fatter the animal the 

smaller &he amount of its mineral matter figured on & fresh 

basis. This fact is very evident here because the samples 

are oomposites oontaining fat. The fat in bone would not 

oause suoh a big variation beoause the differenoe in th 

amount present in eaoh sample is very small. The effeot of 

the fat is so marked in the other oomposites that there is 

a tendenoy to attribute all differenoes to it. Therefore, 

the oomposites of lean and fat and of internal organs were 

oalculated to a fat free basis, th~ fat being ether soluble 

fat hioh ould oontain no ash. These new tables were then 

used in the subsequent oomparisons. 

The most important oonstituents of the skeleton, oa1oium 

and phosphorus, sho a very deoided inorease with age hen 

referred to the fresh bone. The amount of sodium and potas-
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sium deoreases. The Group III animals show an exoeption to 

th1s. Magnesium is a little higher in the older steers, Group 

III having practioally a constant content of this oonstituent. 

The amount of iron, disregarding Group I, shows no effect of 

age. 

The determinations of carbon dioxide, chlorine, and sul

phur will not be discussed beoause these values do not rep

resent the true amount in the fresh material. 

Referring to Table XIX, the results of the analysis of 

the fresh lean and fat, with the exception of o~loium and mag-

nesium, fail to sho any definite relations. These two con-

stituents decrease with maturity. There seems to be a ten-

dency toward an inorease in sodium with age, no change in 

potassium, and an increase in iron. 

ed from the phosphorus data. 

Nothing oan be oonclud-

Beoause of the s1110a present 1n the internal organs 

and com1ng from an outside souroe, the fresh material was cal

culated to a sll~oa free basis (Table XXIII). By comparing 

th1s table with Table XXII it will be noted that on the fresh 

asie the si110a hardly changed the figures. 

Caloulated free from fat, the data on the internal organs 

offered better opportunity for comparison than did the lean 

and fat (Table XXIV). Oaloium, phosphorus, and magnesium SlOW 

clearly a diminution ith age. Potassium and iron aleo show 

this, while sodium indioates an increase. 



Effeot of Condition 

In oonsidering the effect of the condition of the animal 

on its mineral composition, the determinations of carbon di

oxide, chlorine, and sulphur are of little value beoause they 

o~ly represent that found in the ash and are influenoed by the 

varying losses of these oonstituents during ignition. They 

ill not be disoussed in this section. The results on iron 

vary so much that nothing definite" is shown. 

Ash 

Referring baok to Table XIV showing the analysis of the 

ash of the composite skeleton, it oan readily be seen that 

condition has no effect on the two most important constituen~8 

of bone ash, oalcium and phosphorus. Nothing definite is 

shown in regard to potassium and magnesi~, altho there seems 

to be no effect on the latter in the young animals. A pe

ouliar relation is shown in the case of sodium. From the 

data reoorded it seems that in the thinner four year old 

animals the skeleton ash contained more sodium, while in the 

eight month old steers it i just the opposite. This differ

enoe oannot be explained and may be due to some experimental 

error. 

A study of Table XVI, the composition of the ash of the 

lean and fat, did not bring out any striking resu~. The 

per oents of oalcium and magnesium are fairly oonstant as 

shown by small differenoes in the three groups. Sodium 

fails to how any relation, while potassium and phosphorus 
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have a tendenoy toward oonstant values. 

The analysis of ash of the internal organs and internal 

fat shows more uniformity than that of the lean and fat. 

Noting the oomposition ~ of the ash of the internal organs and 

internal fat, Table XXI,both the data on the young and the 

old animals point out that the fatter the steer the more 

caloium and magnesium in his internal organa. Sodium, how-

ever, is less in the fatter animal. The potassium appears 

to be oonstant, but the result on phosphorus bear no definite 

relation to one another. 

Composition of the Fresh Material 

The tables used in the follo ing discussion are those 

used in the seotion on "Effect of Age t, and are oalculated 

to a fat free basis. 

The relation of the oaloium and phosphorus content of the 

fresh skeleton composite (Table XV) to the condition of the 

animal i8 hawn very nioely. These oonstituents are found 

in smaller quantities in the retarded gro th animals, Group 

III, than in the full fed animals, Group I. This is apparElllt 

in both the young and old st ers. The four year old animals 

give rather obsoure results on sodium, potassium, and magnes

ium. The amount of sodium in the animals . eight months of 

age seems to be less in the thin steer. The values for 

magnesium are the same. The relation of the oondition to 

the amount of potassium is not shown very well. 

The irregularity of the data on the lean and fat again 

sho up in the oomposition of the fresh sample. From a 

general urvey of the figures (Table XIX) on animals of both 
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ages, one might say that there is a tendenoy for the sodium 

and potassium content to be constant. This would also apply 

to oaloium, phosphorus, and magnesium. 

The effect of condition on the amount of mineral con

stituents in the composite internal organs and internal fat 

is fairly well defined in Table XXIV. The full fed animals 

oontain les6 sodium than the retarded growth animals. In 

the younger animals the results on potassium seem to indioate 

the reverse, hile in the older animals there is hardly any 

change. The amounts of both caloium and magnesium are less 

in the thin animals while the phosphorus seems to lean toward 

a oonstant value. 

General Relations 

There are a few general oonolusions which arise from the sa 

data on the mineral oompos1tion of the ash of the three samples 

studied whioh are very interesting. 

There 1s more sodium than potassium in bone ash. Further

more, at least half of the skeleton ash is lime. 

The prinoipal oonstituents of the ash of lean and fat are 

sod1um, potassium, and phosphoru. The potash oontent is 

muoh greater than the oontent of sodium oxi e, being three 

times as large 1n moat oases. A brief study of the data on 

the six samples of ash of lean and fat br1ngs out a very in-

teresting faot. There seems to be a definite relation be-

tween the per cent of lime and magnesia, the ratiO being one 

part of lime to one and a half parts of magnes1a. 
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In the ash of the internal organs the potash eXQeeds 

the sodium oxide by a oompar~t1vely small amount. The 

oaloium in this sample also bears a relation to the magnes

ium, but the ratio is different for different ages. In 

the animals four years old the ratio is one part of magnesia 

to 1.19 parts of l~e; in the eight months old steers it is 

1:1.44. 
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Summary 

Effeot of Age 

The sodium content of the ash of the skeleton decreases 

with inoreasing age, while in the ash of the lean' and fat and 

int rnal organs and internal fat it inoreases. Referred to 

the fresh basis., this oonstituent in these three samples 

ho s the same relation as it did in the ash. 

That potassium is less the older the animal, is shown 

in the ash of all three parts e~ami~ed, the faot being more 

o arly defined in the skeleton. The same is true when 

r ferred to the fresh sample exoept in the lean and fat where 

a oonstant ratio is indioated hather the animal be young or 

old. 

In both the skeleton ash and the fresh skeleton, the 

o lo1um oontant inoreases to ard maturity. 

and ash of these parts sho a deorease. 

The other part 

Age evidently has no effect upon the per oent of pho8-

phorus in the bone ash~ but a deoided inorease in the older 

animals ' is noted in the fresh oomposite. The mature ani-

mal hay lese pho phorus in their internal organs and in the 

ash of their internal organs. No oonolusion oan be drawn 

from the data on this constituent in the lean and fat on 

either basi • 

• The oomparl ons of the ire h parts of lean and f t and int r
nal organs and interaal fat are all made on fat-free basi • 



48 

Magnesium sho s a decrease in the ash of the skeleton 

and lean and fat of the older animals, while in the ash of 

the internal organs it is constant. In the fresh skeleton 

it shows a slight increase and a decrease in the other parts. 

The older animals have a smaller per cent of iron in 

their bone ash, but hen referred to the fresh bone no dif

ference is shown. In their internal organs they also have 

less iron, whioh is apparent in the fresh material as well. 

The per oent of this constituent is larger, however, in the 

ash of the fresh sample of lean and fat of the m ture animals. 

There is a marked inorease with age in the carbon dioxide 

oontent of all ash samples. 

There is less chlorine in each of the three ash samples 

of the older animals, less sulphur in the skeleton of the 

older animals, but more in the other two composites analyzed. 

ith the possible exoeption of the pho phorus and mag

nesium of the skeleton, t he 0 nclu ions drawn from the ash 

ith reference to age also apply to t he fresh material. 
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Effeot of CondItion 

The data on sodium in the skeleton does not satisfactor

ily show any relation to oondition. This is also true of 

the sodium content of the lean and fat. The fat animals 

have less sodium in their internal organs and in the ash of 

this part than the thinner animals. 

Nothing definite "oan be derived from the potassium 

oontent of bones. Condition has no effeot on this con

stituent in the lean and fat sample, or in the ash of the 

internal organs. It is only in the fresh sample of the 

internal organs of the eight months old steers that an in

crease in potassium in the full fed animal is shown. 

The oondition of the animal has no effect on the cal

cium content of the skeleton and lean and fat ash. The fat

ter the steer the more caloium in his internal organs. In 

the fresh skeleton, the full fed steers show a deoided in

orease in oaloium over the retarded gro th animals. Th1s 1s 

also true in the internal organs. There is no change in the 

lean and fat. 

The skeleton ash shows no d1fferenoe in the per oent phos

phorus due to a cnange in condition, but the fresh skeleton 

indioates an inorease in the full fed steers. Neither sampl 

of lean and fat shows any effect. The data on the phosphorus 

oontent in the ash of the internal organs are rather unsatisfac

tory, but the fresh composite shows a oonstant amount. 
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Nothing definite oan be said of the effeot on magnesium 

in the skeleton exoept in the fresh oomposite of the younger 

animals where a oonstant value is noted. Condition has no 

effeot on this constituent in the lean and fat. The fat 

animals, however, have more magnesium in their internal organs 

and internal fat. 

From th sedata one of the observations whioh stands out 

is the faot that oondition seems to have no effeot on the 

mineral oomposition of the lean and fat. 

Additional Observations 

There is more magnesium than oaloium in the lean and 

fat of steers. 

of 1:1.5. 

This seems to be in a rather definite ratiO 

There is more sodium than potaSSium in the skeleton of 

steers. 

There is more potassium than sodium in both the lean and 

fat and the internal organs, altho in the latter the differ

enoe is not very large. 
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Table I. ComE-osition of Ash of Lean and Fat ComEoslte 

Steer No. 501 

Soluble Ash 
Caloulated 

Soluble Ash Insoluble Ash to 
Per Cent Per Cent 100 Per Cent 

NaaO 19.550 1.530 19.098 

KaO 36.818 21.453 35.967 

CaO none 7.411 none 

PaOs 35.386 42.139 34.470 

Fea03 none 8.463 none 

MgO none 11.485 none 

S10 2 traoe 9.436 trace 

CO 2 4.720 none 4.611 

SOa 1.114 none 1~088 

C1 6.301 none 6.155 

Tota.l 103.789 101.917 101.389 

0=C1 1.423 --------- 1.389 

Total 102.367 101.917 100.000 

Weight of Soluble Ash -- 4.0788 grams 
Weight of Insoluble Ash -- 1.3090 grams 

Faotor - Soluble Ash to Total Ash -- 0.7570 
Factor - Insoluble Ash to Total Ash -- 0.2430 

*See Section on Calculations. 

Insoluble Ash 
Calculated 

to 
100 Per Cent 

1.501 

21.049 

7.272 

41.346 

8.304 

11.269 

9.259 

none 

none 

none 

100.000 

-----
100.000 

Tota.l sh Total Ash 
Total Ash Calculated on Oalculated on 

Oalculated Fr sh Ba.si S111ca Fr 
to Faotor 0.00485 B 1 

100 Per Cent Per Cent Per Cent 

14.832 0.0719 15.163 

32.342 0.1569 33.086 

1.767 0.0086 1.808 

36.141 0.1753 36.973 

2.018 0.0098 2.064 

2.738 0.0133 2.801 

2.350 0.0109 -------
3.491 0.0189 3.571 

0 .824 0.0040 0.843 

4.659 0.Oa3S 4.766 

101.052 0.4902 101.075 

1.051 0.0051 1.075 

100.000· 0.4851 100.000 
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Table II. Composition of Ash of Internal Organs and Internal 

Fat Composlte 

Steer No. 501 

Soluble Ash 
Caloulated 

Soluble Ash Insoluble Ash to 
Per Cent Per Cent 100 Per Cent 

NaaO 25.909 4.250 25.496 

KaO 2S.865 18.8S2 26.437 

CaO none 12.502 none 

PaOs 40.656 40.703 40.009 

Fe a03 none 0.953 none 

UgO none 10.959 none 

S10. tra.ce 16.587 trace 

CO a 4.480 none 4.409 

80s 2.1S1 none 2.127 

01 1.998 none 1.966 

Total loa. 069 102.836 100.444 

0=01 0.451 ----- 0.444 

Total 101.618 102.836 100.000 

Weight of Soluble Ash -- 3.4930 grams 
Weight of Insoluble Ash -- 1.3004 grams 

Fa.ctor - Soluble Aah to Total Ash -- 0.7387 
Factor - Insoluble Ash to Tota.l Ash -- 0.2713 

.~ee Seotion on Caloulations. 

In-soluble Ash 
calculated 

to 
100 Per Cent 

4.133 

16.416 

12.157 

39.581 

0.927 

10.657 

16.130 

none 

none 

none 

100.001 

.. ----
100.000· 

Total Ash Total Ash 
Tota.l sh Calaulated on Calculated on 

Caloul ted Fresh Basi. S11ioa Free 
to Faotor 0.00549 Basl. 

100 Per Cent Per Cent Per Cent 

19.699 0.1081 20.600 

33.719 0.1303 34.804 

3.298 0.0181 3.449 

39.893 0.3190 41.719 

0.251 0.0014 0.26a 

2.891 0.0159 3.023 

4.376 0.oa40 -------
3.213 0.0176 3.360 

1.550 0.0085 1.621 

1.433 0.0079 1.499 

100.324 0.5507 100.337 

0.324 0.0018 0.339 

100.000 0.5489 100.000· 
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Table III. Com~ositlon of Ash of Lean and Fat 

Steer No. 512 

Soluble Ash 
Caloulated 

Soluble Ash Insoluble Ash to 
Per Cent Per Cent 100 Per Cent 

NaaO 14.841 1.679 14.601 

KaO 40.077 22.014 39.428 

CaO none 8.164 none 

PaOs 36.530 47.906 35.938 

Fe a03 none 4.099 none 

MgO none 12.866 none 

810a tra.oe 4.926 traoe 

CO a 3.107 none 3.057 

SOa 1.241 none 1.221 

OJ.. 7.556 none 7.434 

Total 103.352 101.654 101.679 

0=C1 1.705 ----- 1.677 

Total. 101.647 101.654 100.000· 

Weight of Soluble Ash -- 8.0713 grams 
Weight of Insoluble Ash -- 2.2430 grams 

Factor - Soluble Ash to Total Ash -- 0.7825 
Faotor - Insoluble Ash to Total Ash -- 0.2175 

*See Seotion on Caloulations. 

Composite 

Total h Total Ash 
Insoluble Ash Total Ash Caloulated on C 1001 ted on 

Caloulated calculated Fre h Ba 1 81110a Free 
to to Faotor 0.00772 Ba.si 

100 Per Cent 100 Per tent Per Cent Per Cent 

1.653 11.784 0.0910 11.910 

21.656 35.563 0.2745 35.941 

8.031 1.747 0.0135 1.766 

47.127 38.371 0.2963 38.780 

4.032 0.877 0.00S8 0.886 

12.657 2.753 0.0213 2.782 

4.848 1.054 O.OOBl -----
none 2.393 0.0185 2.417 

none 0.955 0.007 0.965 

none 5.817 0.0449 5.879 
~ 

100.001 101.313 0.7822 101.386 

------- 1.312 0.0101 1.326 

100.000· 1 0.000 0.7731 100.000 
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Table IV. ComEos1t1on of Ash of Internal Or~ans 

Fat ComEos1te 

Steer No. 512 

Soluble Ash 
Ca.lculated 

Soluble Ash Insoluble Ash to 
Per Cent Per Cent 100 Per Cent 

NaaO 2S.108 5.015 25.367 

K:aO 25.495 14.295 24.772 

CaO none 13.224 none 

PaOs 42.359 41.245 41.157 

FeaO, none 3.504 none 

MgO none 11.593 none 

SiOa traoe 13.629 trace 

CO a 4.570 none 4.440 

SOa 2.S21 none 2.547 

Cl 2.282 none 2.217 .. 
Tota.l 103.435 102.505 100.500 

0=01 0.515 ------ 0.500 

Total 102.920 102.505 100.000 

Weight of Soluble Ash -- 3.0360 grams 
Weight of Insolubl Ash ~- 0.8806 grams 

Faotor - Soluble Ash to Tota.l Ash -- 0.7752 
Faotor - Insoluble Ash to Tota.l Ash -- 0.2248 

.See Section on Calaulations. 

and Internal 

Total Ash Total h 
Insoluble A h Tot al Ash C loulated on Caloul t d on 

Calculat d Calculated Fresh Ba.si S111ca Fr 
to to Faotor 0.00695 B 1 

100 Per Cent 100 P r Cent Per Cent Per Cent 

4.893 20.764 0.1443 21.404 

13.946 22.338 0.1553 23.026 

12.901 2.900 0.0202 2.989 

40.237 40.950 0.2846 a.ala 
3.418 0.768 0.0053 0.792 

11.310 2.543 0.0177 2.S20 

13.296 2.989 0.0208 ------
none 3.442 0.0239 3.548 

none 1.974 0.0137 2.035 

non 1.719 0.0119 1.173 

100.000 100.386 0.6977 100.398 

------- 2. 388 0.0027 0.400 

100.000 100.000* 0.6950 100.000· 
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Table V. , ComEos1t1on of Ash of Lean and Fat ComEoslte 

Steer NQ. 500 

Soluble Ash 
Calculated 

Soluble Ash Insoluble Ash to 
Per Cent Per Cent 100 Per Cent 

NaaO 17.740 2.10a 17.474 

KaO 40.118 24.982 39.517 

CaO none 7.366 none 

P20S 36.061 48.569 35.520 

FeaOa none 3.325 none 

MgO none 11.035 none 

S10a tra.oe 5.873 traoe 

CO a 4.225 none 4.162 

SOa 1.403 none 1.382 

01 2.551 none 2.513 

Total 102.098 103.252 100.568 

0=01 0.576 --~- 0.567 

Total 101.522 103.252 100.000· 

Weight of Soluble Ash -- 2.9825 grams 
Weight of Insoluble Ash -- 1.1963 grams 

Factor - Soluble Ash to Total Ash -- 0.7137 
Factor - Insoluble Ash to Total Ash -- 0.2883 

.See Section on Calculations. 

Insolubl Ash 
Calcula.ted 

to 
100 Per Cent 

2.036 

24.195 

7.134 

47.039 

3.220 

10.687 

5.688 

none 

none 

none 

99.999 

-~---

100.000· 

Tot 1 sh Total h 
Total sh Ca1cula.ted on Calculated on 

Cal ulated Fresh Basi 8il10 Fre 
0 Faotor 0.00892 Be, 1 

100 Per Cent Per Cent Per Cent 

13.054 0.1164 13.270 

35.130 0.3134 35.7U 

2.042 0.01S2 2.076 

38.818 0.3463 39. 60 

0.922 0.0082 0.937 

3.060 0.0273 3.111 

1.628 0.0145 -----

3.970 0.0265 3.019 

0.986 0.0088 1.002 

1.794 0.0160 1.834 

100.404 0.8956 100.410 

0.405 0.0036 0.412 

100.000· 0.8920 100.000· 
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Table VI. ComEos1tion of Ash of Internal Orsans and Internal 

Fat ComEoslte 

steer No. 500 

Soluble Ash 
Caloulated 

Soluble Ash Insoluble Ash to 
Per Cent Per Cent 100 Per Cent 

NaaO 26.744 7.325 26.154 

KaO 26.729 12.609 26.139 

CaO none 12.415 none 

Pa06 40.073 36.380 39.189 

Fe a0 3 none 1.557 none 

MgO none 9.666 none 

SiOa traoe 19.703 traoe 

CO a 3.158 none 3.088 

S03 2.710 none 2.650 

Cl 3.670 none 3.589 

Total 103.084 99.654 100.809 

O=Cl 0.828 ----~ 0.810 

Total loa. 256 99.654 100.000· 

Weight of Soluble Ash -- 3.7210 grams 
Weight of Insoluble Ash -- 1.0512 grams 

Faotor - Soluble Ash to Total Ash --0.7797 
Faotor - Insoluble Ash to Total Ash -- 0.2303 

*See Seotion on Calculations. 

Insoluble A h 
Caloulated 

to 
100 ·Per Cent 

7.350 

12.653 

12.458 

36.506 

1.563 

9.700 

19.770 

none 

none 

none 

99.999 

~--. .. 
100.000· 

Tot 1 Ash Total Ash 
Total Ash Caloula.ted on Calculated on 

Calculated Fresh Basi Silioa Free 
to Faotor 0.00790 Basi. 

100 Per Cent Per Cent Per Cent 

22.011 0.1739 23.013 

23.168 0.1830 24.223 

2.744 0.0217 2.869 

38.598 0.3049 40.355 

0.344 0.0027 0.360 

2.137 0.0169 2.234 

4.355 0.0344 ---
2.408 0.0190 2.518 

3.066 0.0163 2.160 

2.798 0.0221 2.925 

100.629 0.7949 100.657 

°2 632 0.0050 0.661 

100.000* 0.7899 100.000· 
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Table VII. Com~osition of Ash of Lean and Fat 

steer No.' 547 

Soluble Ash 
Calcula.ted 

Soluble Ash Insoluble Ash to 
Per Cent Per Cent 100 Per Cent 

NaaO 15.448 1.159 14.925 

KaO 41.958 22.533 40.537 

DaO none 8.742 none 

PaOs 35.086 49.686 33.898 

Fe a03 none 2.354 none 

MgO none 13.369 none 

SiOa traoe 1.911 tra.oe 

CO 2 3.547 none 3.427 

S03 1.046 none 1.011 

Cl 8.290 none 8.009 

Tota.l 105.375 99.754 101.807 

O=Cl 1.870 ~----- 1.807 

Total 103.505 99.754 100.000 

Weight of Soluble Ash -- 6.6615 gr«ms 
Weight of Insoluble Ash -- 2.1530 grams 

Faotor - Soluble Ash to Total Ash -- 0.7557 
Faotor - Insoluble Ash to Total Ash -- 0.3443 

*See Seotion on Caloulations. 

ComEosite 

Total Ash Total sh Insoluble Aah Total Ash Calcula.ted on Calculated on 
Caloulated Ca.lcula.ted Fresh Basis S1110a Free 

to to Faotor 0.00888 Basis 
100 Per Cent 00 Per Cent ~er Oent Per Cent 

1.162 11.563 0.1037 11.617 

22.589 36.158 0.3210 36.322 

8.764 2.141 0.0190 2.151 

49.809 37.785 0.3355 37.963 

2.360 0.577 0.0051 0.580 

13.402 3.274 0.0291 3.289 

1.916 0.488 0.0042 

none 2.590 0.0230 2.602 

none 0.764 0.0068 0.788 

none 6.052 0.0537 6.080 

100.002 101.386 0.9001 101.372 

------ 1.366 0.0121 1.372 

100.000· 100.000 0.8880 100.000 
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Ta.ble VIII. ComEoslt1on of Ash of Internal Organs and Int ernal 

Fat Com;Eos1te 

Steer No. 547 

Soluble Ash 
Calculated 

Soluble Ash Insoluble Ash to 
Per Cent Per Cent 100 Per Ceht 

~Ia20 21.215 1.222 21.424 

K2 0 28.106 14.940 28.383 

CaO none 12.336 none 

PaOs 42.449 45.055 42.867 

Fe a0 3 none 3.421 none 

MgO none 8.449 none 

810 2 trace 11.928 trace 

CO 2 0.684 none 0.891 

S03 0.880 none 0.889 

Cl 7.348 none 7.420 

Total 100.682 97.351 101.674 

0=C1 1.S58 ---... ~ 1.674 

Tota.l 99.024 97.351 100.000 

Weight of Soluble Ash -- 7.6430 grams 
We1~ht of Insoluble Ash -- 3.7204 grams o 

Faotor - Soluble Ash to Total Ash - - 0.6726 
Factor - Insoluble Ash to Total Ash -- 0.3274 

.See Seotion on Calculations. 

Insoluble Ash 
Calculated 

to 
100 Per Cent 

1.255 

15.347 

12.672 

46.281 

3.514 

8.679 

12 .• 253 

none 

none 

none 

100.001 

---~ 

100.000* 

Total Ash Total Ash 
Total Ash Caloulated on Calculated on 

Caloulat d Fresh Basi S1110 Free 
to Faotor 0.00955 Basi 

0.00 Per Cent Per Cent Per Oent 

14.821 0.1415 15.440 

24.115 0.2303 25.123 

4.149 0.0396 4.322 

43.984 0.4200 45.822 

1.150 0.0110 1.198 

2.842 0.0271 2.961 

4.013 0.0383 -----
0.465 0.0044 0.484 

0.598 0.0057 0.623 

4.991 0.0477 5.200 

101.187 0.9656 101.173 

1.12S 0.0108 1.173 

100. 000. 0.9548 100.000 
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Table IX. Com~os1t1on of Ash of Lean and Fat ComEos1te 

Steer No.' 550 

Soluble A h 
calculated 

Soluble Ash Insoluble Ash to 
Per Cent Per Cent 100 Per Cent 

Naao 16.371 2.199 15.888 

laO 40.a28 23.650 39.042 

CaO none 9.928 none 

PaOs 36.514 48.638 35.437 

Fe 2 0 3 none 1.911 non 

MgO none 15.657 none 

S10 a traoe trao traoe 

CO 2 3.104 none 3.012 

80a 0.933 none 0.905 

01 7.606 none 7.382 
ko:a 

Total 104.756 101.983 101.686 

0-01 1.716 ----- 1.665 

Total 103.040 101.983 100.000· 

Weight of Soluble Ash -- 7.0650 gram 
Weight of Insoluble Ash ~- 2.2712 grams 

Faotor - Soluble A h to Total A8h -- 0.7567 
Factor - Insoluble Ash to Total Ash -- 0.2433 

.See Seot1on on Caloulations. 

In oluble A h 
Caloulat d 

to 
100 Per Cent 

2.156 

23.190 

9.735 

47.692 

1.874 

15.353 

trace 

none 

none 

none 

100.000 

-~--.. 
100.000 

Total Ash Total Ash 
Ttt al Ash Caloulated on Caloulted on 

Ca oulated. Fresh Basi Sillca Free 
to Fa.otor 0.00943 Basis 

100 Per Cent Per Cent Per Cent 

~a. 547 0.1183 12.547 

55 .185 0.3318 35.185 

'3. 369 0.0223 2.369 

38. 418 0.3823 38.418 

0.456 0.0043 0.456 

3. 735 0.0352 3.735 

'brae traoe ----~ 

3.279 0.0215 2.279 

0. 685 0.0065 0.685 
I 

5. 586 0.0537 5.586 

10,1. 260 0.9549 101.260 

'1. 280 
t 

0.0119 1.2S0 

100.000 0.9430 100.000 
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Table X. ComEos1t1on of Ash of Internal Organs 

Fat Com;Eoal te 

steer No. 550 

Soluble Ash 
Calculated 

Soluble Ash Insoluble Ash to 
Per Cent Per Cent 100 Per Cent 

Na 2 0 26.837 1.736 26.209 

K 2 O · 27.048 13.107 26.415 

CaO none 8.938 none 

P20S 39.774 31. a16 38.843 

Fe 2 03 none 2.511 none 

MgO none 6.364 none 

S10 2 tra.oe 34.870 trace 

CO 2 1.213 none 1.185 

S03 1.208 none 1.180 

Cl 8.157 none 7.966 

Total 104.337 98.742 101.798 

0=01 1.840 ----- 1.'197 

Total 102.397 98.742 100.000· 

We1ght of Soluble Ash -- 5.7930 grams 
Weight of Insoluble Ash ~- 3.3092 .grams 

Faotor - Soluble Ash to Total Ash -- 0.6364 
Faotor - Insoluble Ash to Total Ash -- 0.3636 

*See Seotion on Calculations. 

and Internal 

Total A h Total Ash 
Insoluble Ash Tota.l Ash Calculated on Calculated on 

Calculated Calculated Fresh Basis S11ica Free 
to t o Faotor 0.01032 Baeis 

100 Per Cent 100 Per Cent Per Cent P r Cent 

1.758 17. 31S 0.1787 19.869 

13.274 21. 637 0.2233 24.824 

9.052 3. 291 0.0340 3.776 

31.614 36 . 215 0.3737 41.550 

2.543 0. 925 0.0095 1.061 

6.445 2. 343 0.0242 2.688 

35.314 12. 840 0.1325 -------
none Q. 754 0.0078 0.865 

none 0. 751 0.0078 0.862 

none 5.070 0.052.3 5.817 

100.000 101. 144 1.0438 101.312 

-.. --- 1. 144 0.0118 1.313 

100.000 100. 000 1.0320 100.000· 
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Ta.ble XI. ComEos1t1on of Ash of Lean and Fat ComEosite 

steer No. 558 

Soluble Ash 
Calculated 

Soluble Ash Insoluble Ash to 
Per Cent Per Cent 100 Per Cent 

NaaO 14.875 2.402 14.593 

KaO 40.658 24.565 39.887 

CaO none 8.785 none 

PaOs 35.985 . 44.642 35;302 

Fe a03 none 1.822 none 

MgO none 12.949 none 

S10a trace 2.761 traoe 

06 2 3.410 none 3.345 

803 1.017 none 0.998 

Cl 1. 734 none 7.587 

Total 103.679 97.926 101.718 

0=01 1.745 1.712 

Total 101.934 97.926 100.000 

Weight of Soluble Ash -- 7.7290 grams 
Weight of Insoluble Ash -- 3.5734 grams 

Faotor - Soluble Ash to Total sh -- 0.7503 
Faotor - Insoluble Ash to Tot a Ash -- 0 . 2497 

*See Seotion on Caloulations. 

Insoluble Ash 
Calculated 

to 
100 Per Cent 

2.453 

25.085 

8.971 

45.587 

1.861 

13.223 

2.819 

none 

none 

none 

99.999 

------
100.000· 

Total Ash Total h 
Tot al Ash Ca.lcu1ated on Ca.loula.ted on 

Calculated Fre h Basis S11ioa Free 
'to Faotor 0 . 00963 Basi 

100 Per Cent Per Cent Per Cent 

11.562 0.1112 11.644 

36.191 0 . 3483 36.448 

2.240 0. 0215 2.256 

37.870 0 . 3643 38.138 

0.465 0.0045 0.468 

3.302 0 . 0318 3.325 

0.704 0 . 0068 ----.... -

2.510 0. 0241 a.52a 

d.749 0 . 0072 0.754 

5.693 0 . 0548 5.733 

10~.286 0 . 9744 101.294 , 
\ 

1 . 285 0 . 0124 1.294 

100.000· 0 . 9680 100.000 
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Table XII. Com;2osit1on of Ash of Internal Organs 

Fat Composite 

Steer No. 558 

Soluble Ash 
Caloulated 

Soluble Ash Insoluble Ash to 
Per Cent Per Cent 100 Per Cent 

NaaO 26.701 2.298 26.357 

K2 0 26.2S2 18.S45 25.924 

Ca.O none 12.082 none 

P20S 39.884 45.289 39.370 

Fe:aOa none 3.821 none 

MgO none 8.211 none 

Si0 2 tra.oe 11.161 traoe 

CO 2 0.627 none 0.619 

803 0.883 none 0.871 

Cl 8.974 none 8.858 

Total 103.330 101.507 101.999 

' 0=01 2.025 ----- 1.999 

Tota.l 101.305 101.507 100.000 

Weight of Soluble Ash -- 9.4940 grams 
eight of Insoluble Ash -- 3.6820 grams 

Fa.otor - Soluble Ash to Total Ash -- 0.7206 
Factor - Insoluble Ash to Total Ash -- 0.2794 

.See Seotion on Calculation . 

a.nd Internal 

Total Ash Total Ash 
Insoluble Ash T~ta.l sh Ca.lcula.ted on Calculat6d on 

Calculated Cs. oulated Fresh Basi Silioa Fr 
to to Fa.otor 0.01025 ·Basi 

100 Per Cent 100 Per Cent Per Cent Per Cent 

2.264 19.626 0.B012 20.248 

18.368 23.813 0.2441 24.568 

11.903 3.32S 0.0341 3.431 

44.S17 40.836 0.4186 42.130 

3.764 1.052 0.0108 1.085 

8.089 2.2S0 0.0232 2.332 

10.995 3.072 0.0315 -----
none 0.446 0.0046 0.460 

none 0.S28 0.0064 0.648 

none 6.383 0.0654 6.585 

100.000 101.442 1.0399 101.487 

~ ... --- 1.440 0.0148 1.486 

100.000 100.000· 1.0251 100.000· 
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Table XIII. Composition of Total Ash of Skeleton. 

Steer Steer steer Steer Steer Steer 
No. 501 No. 512 . No. 500 No. 547 No . 550 No. 558 

Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent 

Na20 1.790' 2.323 2.325 3. 902 3.682 2.728 
K2O , 0.322 0.351 0~604 0.815 0.943 0.74 
CaO 53.615 53.769 52.900 ~50 .535 50.565 50.356 
PaOs 41.587 41.350 40.575 40.437 41.415 40.669 
Fea03 0.617 0.8-67 0.457 1.105 1.180 0.625 
MgO 1.452 1.731 1.195 1.661 1.719 1.699 
810 a trace trace tr ce tr ""' ce tr ce trac 
CO~ 1.148 1.112 1.790 0.540 trao 0.491 
803 0.65S 0.764 0.940 0.969 1.137 0.890 
01 0.434 0.410 0.396 0. 574 0.584 0.700 

Total 101 . 623 . 102.67.7 101.182 100. 538 101.225 98.902 
0=01 .098 0'.092 0.089 0.129 0.132 0.158 

Total 101.525 102.585 101.093 100.409 101.093 98.744 

Table XIV. OomEosition of Total Ash of Skeleton Calculated 

to 100 Per Cent. 

Na 20 1.763 2.264 2.300 3.886 3.642 2.763 
K20 0.317 0.342 0.597 0.812 0.933 0.753 
CaO 52.810 52.414 52.328 50.329 50.018 50.997 
PaOs 40.962 40.308 40.136 40.272 40.967 41.186 
Fe 20 S 0.608 0.845 0.452 1.101 1.167 0.633 
MgO 1.430 1.687 1.182 1.654 1.700 1.721 
S10 a traoe traoe traoe trace traoe trace 
CO a 1.131 1.084 1.771 0.538 trace 0.497 
80 3 0.648 0.745 0.930 0.965 1.125 0.901 
01 0.427 0.400 0.392 0.572 0.578 0.709 

Total 100.096 100.089 100.088 100.129 100.130 100.160 
0=01 0.096 0.090 0.088 0.128 0.131 0.160 

Total 100.000 100.000* 100.000 100.000· 100.000* 100.000 

*See section on Calculations. 
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Table xv. SUmmarx. 

Composition of Total Ash of Composite Skeleton 

Calculated to Fresh Basis 

Parts per Thousand 

Steer Steer Steer Steer Steer 
No. 501 No. 512 No. 500 No. 547 No. 550 

2.B343 2.5S!9 a.~~95 1.~a55 !.'rsBS 

4.644 5 . 800 5.404 7.327 6.503 

0.835 0 . 876 1.403 1.531 1.666 

139.117 134 . 279 122.945 94.895 89.312 

107.906 103.265 94.300 75.933 73.151 

Fe 203 1.602 2.165 1.063 2.076 '2.084 

MgO 3.767' 4.322 2.777 3.119 3.036 . 

S10. traoe traoe traoe trace trao 

CO a 2.979 2.777 4.161 1.014 trao 

S03 1.707 1.909 2.185 1.820 2.009 

01 1.125 1.025 0.921 1.079 1.032 

Total 263.682 356.418 235.158 188.794 178.793 

0=01 0.253 0.331 0.207 0.241 0.234 

Tota.l 263.429 256.187 234.951 188.553 178.559 

Steer 
No. 558 

!.Sg9S 

4.697 

1.280 

S6.685 

70.008 

1.076 

2.925· 

tra.oe 

0.845 

1.532 

1.205 

170.253 

0.272 

169.981 
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Table XVI. Summary 

Composltlon of Total Ash of Lean and Fat Composite 

Calculated to 100 Per Cent 

Steer Steer Steer Steer Steer Steer 
No. 501 No. 512 No. 500 No. 547 No. 550 No. 558 

NaaO 14.822 11.784 13.054 ~1.563 12.547 11.562 

K:aO 32.342 35.562 35.130 36.152 35.185 36.191 

CaO 1.767 1.747 2.042 2.141 2.369 2.240 

P20S 36.141 38.371 38.818 37.785 38.418 37.870 

Fe 20a 2.018 0.877 0.922 0.577 0.456 0.465 

MgO 2.738 2.753 3.060 3.274 3.735 3.302 

S10. 2.250 1.054 1.638 0.468 traoe 0.7.04 

CO 2 3.491 2.392 2.970 2.590 2.279 2.510 

80 3 0.824 0.955 0.986 0.764 0.685 0.749 

C1 4.659 5.817 1.794 6.052 5.586 5.693 

Tota.l 101.052 101.312 100.404 101.366 101.260 101.286 

0=01 1.051 1.312 0.405 1.366 1.260 1.285 

Tota.l 100.000. 1~0.000 100.000· 100.000 100.000 100.000· 

.See Seotion on Calculations. 
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Table XVII. Summary 

Composition of Total Ash of Lean and Fat Composite 

Si110a Free and Caloulated to 100 Per Cent 

Steer Steer Steer Steer Steer Steer 
No. 501 No. 512 No. 500 No. 547 No. 550 No. 558 

NaaO 15.163 11.910 13.270 11.617 12.547 11.644 

KaO 33.086 35.941 35.711 36.322 35.1S5 36.448 

CaO 1.80S 1.766 2.076 2.151 2.369 a.256 

P.O& 36.973 38.780 39.460 37.963 38.418 ~8.13S 

Fea03 2.064 0.S86 0.937 0.5S0 0.456 0.468 

MgO a.801 3.782 3.111 3.289 3.735 3.325 

CO. 3.571 2.417 3.019 2'.602 2.319 2.53S 

B0 3 0.S43 0.965 1.003 " 0.768 0.685 0.754 

Cl .766 5.879 1.824 6'.OSO 5.586 5.733 

Total 101.075 101.326 100.410 101.372 101.260 101.294 
, . 

0=01 1.075 1.326 0.412 1.372 1.260 1.294 

Total 100.000 100.000 100.000* 100.000 100.000 100.000 

.See Seotion on calculations. 
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Table XVII I • Summary 

Composition of Total Ash of Lean and Fat Compos1t 

Caloulated to Fresh Basis 

Parts per Thousand 

Steer Steer Steer Steer Steer Steer 
No. 501 No. 512 No. 500 No. 547 No. 550 No. 558 

0.719 0.910 1.164 1.027 1.183 1.112 

1.569 2.745 3.134 3.210 3.318 3.482 

0.086 0.135 0.182 0.190 0.223 0.215 

1.753 2.962 3.463 3.355 3.623 3.643 

0.098 0.068 0.082 0.051 0.043 0.045 

0.133 0.213 0.273 0.291 0.352 0.318 

0.109 0.081 0.145 0.042 traoe 0.068 

0.169 0.185 0.2S5 0.230 0.215 0.241 

0.040 0.074 0.088 0.068 0.065 0.072 

0.226 0.449 0.160 0.537 0.527 0 .548 

4.902 7.822 8.956 9.001 9.549 9.744 

0.051 0.101 0.036 0.121 0.119 O.lM 

4.851 7.721 8.920 8.880 9.430 9.620 
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Table XIX. SUmmary 

Compos~tion of Total Ash of Lean and Fat Composite 

Caloulated to Fresh Basi Fat* Free 

Parts per Thousand 

Steer Steer Steer Steer Steer Steer 
No. 501 No. 512 No. 500 No. 547 No. 550 No. 558 

Naao 1.534 1.269 1.406 1.251 1 .381 1.176 

KaO 3.347 3.829 3.786 3.910 3.872 3.684 

CaO 0.183 0.188 0.220 0.231 0.260 0.227 

PaOs 3.739 4.132 4.183 4.086 4.228 3.854 

FeaOs 0.209 0.095 0.099 0.0 ;3 0 .050 0.048 

MgO 0.284 0 .297 0.330 0.354 0.411 0.336 

S10a 0.232 0.113 0.175 0.051 _ ... _-- 0.072 

CO a 0.360 0.258 0.320 0.280 0.251 0.255 

SOa 0.085 0.103 0.106 0.083 0.076 .076 

01 0.482 0.526 0.193 0.654 0 .615 0 .580 

*Ether Soluble Fat. 
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Table xx. Summary 

Composition of Total Ash of Internal Organs and Internal Fat 

Composite 

Caloulated to 100 Per Cent 

Steer Steer Steer Steer Steer Steer 
No . 501 No. 512 No. 500 No . 547 No. 550 No. 558 

11a..0 19.699 20.764 22.011 14.821 17.318 19.626 

KaO 23.719 22.338 23.168 24.115 21.637 23.813 

CaO 3.298 2.900 2.744 4.149 3.291 3.326 

PaOs 39.893 40.950 38.598 43.984 36.215 40.836 

FeaOa 0.251 0.768 0.344 1.150 0.925 1.053 

MgO 2.891 2.542 2.137 2.842 2.343 2.260 

SiO a 4.376 2.989 4.355 4.012 12.840 3.072 

CO a 3.213 3.442 2.408 0.465 0 .754 0.446 

SOa 1.550 1.974 2.066 0.598 0.751 0.628 . 

C1 1.433 1.719 2.798 4.991 5.070 6.383 

Total 100.324 100.386 100.629 101.127 101.144 101.442 

0=01 0.324 0.388 0.632 1.126 1.144 1.440 

Total 100.000 100.000* 100.000* 100.000* 100.000 100.000· 

*See Seotion on Caloulations. 
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Table XXI. Summary 

Composition of Total Ash of Internal Organs and Internal Fat 

Composite 

S11ioa Free and Calculated to 100 Per Cent 

Steer Steer Steer Steer Steer Steer 
No. 501 No. 512 No. 500 No. 547 No. 550 No. 558 

NS,20 20.600 21.404 23.013 15.440 19.869 20.248 

K 2 0 24.804 23.026 24 41 223 25.123 24.824 24.568 

Ca.O 3.449 2.989 2.869 4.322 3.776 3.431 

PaOs 41.719 42.212 40.355 45.8B-2 41.550 42.130 

Fe:a03 0.262 0.792 0.360 1.198 1.061 1.085 

MgO 3.023 2.620 2.234 2.961 2.688 2.332 

eO a 3.360 3.548 2.518 0.484 0.865 0.460 

S03 1.621 2.035 2.160 0.623 0.862 0.648 

Cl 1.499 1.772 2.925 5.200 5.817 6.585 

Total 100.337 100.398 100.657 101.173 101.312 101.487 

O=Cl 0.339 0.400 0.661 1.173 1.313 1.486 

Total 100.000· 100.000· 100.000· 100.000 100.000. 100.000* 

*See Section on Calculations. 
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Table XXII. Summary 

Composite of Total Ash of Internal Organs and Internal Fat 

Com osite 

Caloulated to Fresh Basis , 

Parts per Thousand 

Steer Steer Steer Steer Steer Steer 
No . 501 No. 512 No. 500 No. 547 No. 550 No. 558 

Na 2 0 1.081 1.443 1.739 1.415 1.787 2.012 

laO 1.302 1.553 1.830 2.303 2.233 2.441 

Ca.O 0.181 0.202 0.217 0.396 0.340 0.341 

P20S 2.190 2.846 3.049 4.200 3.737 4.186 

Fe 2 03 0.014 0.053 0.027 0.110 0.095 0.108 

MgO 0.159 0.177 0.169 0.271 0.242 0.232 

S10a 0.240 0.208 0.344 0.383 1.325 0.315 

CO a 0.176 0.239 0.190 0.044 0.078 0.046 

~O .3 0.085 0.137 0.163 0.057 0.078 0.064 

C1 0.079 0.119 0.221 0.477 0.523 0.654 

Tota1 ~_ 5.507 6.977 7.949 9.656 10.438 10.399 

O=Cl 0.018 0.027 0.050 0.108 0.118 0.148 

Total 5.489 6.950 7.899 9.548 10.320 10.251 
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Table XXIII. Summary 

Oomposition of Total Ash of Internal Organs ~nd Internal Fat 

Composite 

Caloulated to Fresh Basis Silica Free 

Parts per Thousand 

Steer Steer Steer Steer Steer Steer 
No. 501 No. 512 No. 500 No. 547 No. 550 No. 558 

NaaO 1.081 1.443 1.740 1.418 1.789 3.013 

KaO 1 . 302 1.553 1.831 2.304 2.236 2.442 

CaO 0.181 0.202 0.217 0.396 0.340 0.341 

PaOs 2.191 2.847 3.050 4.302 3.742 4.187 

Fe a03 0.014 0.053 0.027 0.110 0.095 0.108 

MgO 0",159 0.177 0.169 0.271 0.242 0.232 

COa 0.176 0.239 0.190 0.044 0.078 0.046 

S03 0.085 0.137 0.163 0.057 0.078 0.064 

01 0.Orl9 0.119 0.221 0.477 0.524 0.654 

Total 5.268 6.770 7.608 9.277 9.124 10.087 

0=01 0.018 0.027 0.050 0.108 0.118 O.l~ 

Total 5,250 6.743 7.558 9.169 9.006 9.939 
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Table XXIV. Summary 

Composition of Total Ash of Internal Organs and Internal Fat 

Composite 

Steer 
No . 501 

Na 2 0 2.144 

KaO 2.582 

Ca.O 0.359 

PaOs 4.343 

Fe a03 0.028 

M:gO 0.315 

S10a 0.476 

CO 2 0.349 

S03 0.189 

01 0.157 

Caloulated to Fresh Bas1s Fat. Free 

Parts per Thousand 

Steer Steer Steer Steer 
No. 512 No. 500 No. 547 No. 550 

2.240 2.476 1.798 2 .2S2 

2.410 2.606 2.927 2.837 

0.314 0.309 0.503 0.430 

4.417 4.342 5.338 4.731 

0.082 0.038 0.140 0.120 

0.275 0.241 0.344 0.306 

0.323 0.490 0.487 1.677 

0.371 0.271 0.056 0.099 

0.213 0.232 0.072 0.099 

0.185 0.315 0.606 0.68a 

*Ether Soluble Fat. 

Steer 
No. 558 

2.211 

2.683 

0.375 

4.600 

0.119 

0.255 

0.346 

0.051 

0.070 

0.719 
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Table XXV. Summary. Weights of Parts and Weights of Ether 

Soluble Fat in Parts (grams). 

Lean and Fat ComEosite 

Weight of F otor - Total 
eight of Weight of Part wt. to Fat 
Part Fat Fat Free Free Weight 

Steer 501 548,474 291,323 257,151 2.133 

512 277,824 78,606 199,218 1.395 

500 317,860 37,538 180,322 1 .208 

547 94,790 16,981 ·77,809 1.218 

550 59,680 8,532 51,148 1.167 

558 41,560 . 2,292 39,368 1.058 

Composite Internal Orga.ns and Intern 1 Fat 

Steer 501 85,957 42,608 43,349 1.983 

512 57,864 30,574 37,290 1.553 

500 49,938 14,873 35,065 1.424 

547 33,700 5,055 18,645 1.271 

550 17,694 3,717 13,977 1 .266 

558 11,957 1,078 10,879 1.099 
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Table XXVI. Alkalinity Titration 

0.0. NI10 Hal per o. o. /10 HCl par 
gram ot Soluble gram! of Soluble 

Ash Ash 
. Indioator- Ind1 oa.t or-

Steer No. Phenolphthalein Methyl Orange 

Lean and Fat Composite 

501 16.11 48.75 

512 13.91 44.92 

500 12.51 63.02 

547 11.87 48.18 

550 13.98 46.14 

558 13.91 47.55 

Internal Organs and 
Internal Fat Composite 

501 11.50 66.08 

512 10.76 61.91 

500 14.87 56.60 

547 9.34 46.71 

550 5.18 51.40 

558 8.08 46.91 
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