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The Development of the Bovine Foetus. 

Historioal 

Attention has been frequen~ly directed to the 

prenatal development of various animals, as well as of 

man. This embryonio development of the bovine foetus 

is to be the subject of special investigation by the 

Agrioultural College of the University of Missouri, and 

this analysis of a new born calf is intended as one of a 

series of oontributions on that point. Most analyses of 

this nature have been oonfined to the mineral constituents, 

at leaa~ parallel work is not available here. In fact I 

very little similar work of any kind has been done on 

domestic animals. Still a comparison of work similar in 

any respect is interesting and may be of value, although 

the composition of a new born calf, or of a calf embryo, 

may be slightly different from that of any other specie. 

Mr. E. E. Vanatta of this Station made a complete 

analysis of the mineral constituents of a new born calf 

last year; his results will be discussed later. 

L, Rugounen4,.1 report s the , ash analysis of a 

human foetus which had attained full term. 



Composition of the Ash of a Human 

Foetus. 

Const i tuent s In 100 parts 

PaOs 35.a8 

CaO 40.48 

MgO 1.51 

01 4.26 

8°3 1.50 

Fe 203 .39 

KaO 6.20 

NagO' 8.12 

a02 1.89 

99.63 

ash. 

The author points out that the calcium is in 

exoess over the phosphorio acid, which would be iri the acid 

phosphate state unless the other bases intervened. Further-

more, the soda predominates over the potash, as there are 

about two mole'cu1es of soda to one of potash. In the young 

of the dog, cat, rabbit, the potash ordinarily predominates. 

In another article; the same author gives the 

per oent of ash, also of iron in human embryos of different 

ages. ~eights Fea03 
Age of Foetus Sex of l"oetus of Ash for Total for 100 

kg. grams Organism parts of 
grams ash, gr. 

4.5 months li' .523 14.0024 .060 .432 
5 " ~ .570 18. 7134- .061 .327 
5 " F .800 18.3572 .073 .400 
5-5'.5 " F 1.115 28.0743 .106 .378 
5.5 " F 1.285 32.9786 .126 .383 
6 " F 1.185 30.7705 .119 .387 
Full term M 2.Z20 96.7556 .383 .396 
Full term M 3.300 106.1630 .421 .397 
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The author concludes in this paper t hat the fixation 

of the mineral elements is slow at firat, as the salts fixed by 

the foetus in the last three months are about twice those 

fixed in the first six months. Th~ fixation of the iron is 

about the same as that of the other elements so f~ as time 

is conoerned. 

Analyses similar to those of tt.(rgourH~flq ·t . I are re

ported by Camerer. 3 '!'Wo new born children were analyzed, 

and the results given here are parts in one hundred of ash. 

C·hi1d I Child II 

KZO 8.9 6.8 

NaaO 10.0 8.3 

CaO 33.5 38.7 

MgO 1.3 0.6 

Fe Z03 1.0 0.7 

P205 37.7 40.2 

01 8.8 6 .6 
Sum 101.2 101.9 

0= Cl 2.0 1.5 
99.2 100.4 

The mineral composition is also given, referred 

to 100 grams body substance. 

Child! Child II 

KaO 0.18 0.18 

NaaO 0.21 0.22 

CaO 0.70 1.04 

MgO 0.03 0.02 
FezO 0.02 0.02 
PZ05 0.78 1.07 
Cl 0.18 0.18 

Sum a.l0 2.73 
O=Cl 0.04 0.04 

2.06 Z.69 
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An ash analysis of a ne~ born infant is reported 

by S~ldner 4. In the same paper, he compares his results 

with those of other investigators. 

100 parts ash contains 

Const i tuent s S~ldner 'fugounenq " Michel ~Lange ~1aco8d§ 

KaO 7.06 0 .20 6.54 Z.70 

NaZO 7.67 8.12 8.80 10.23 

CaO 38.08 40.48 41.39 38.89 41.92 

MgO 1.43 1.51 1.20 1.37 1.10 

AI Z03 0.11 

'FeZ03 0.83 0.39 1.69 1.89 

Mn
3

0
4 

0.03 

E205 37.66 35.28 38.0a 37.61 37.65 

SC:3 2.02 1.50 

01 6.61 4.26 5.73 6.36 5.77 

Si02 0.06 

Co 
(3 

0.53" 1.89 

Sum 102.09 99.63 101.26 101.26 

O=Cl 1.49 0.96 1.43 1.30 
tOO.60 98.67 99.83 99.96 

Perhaps the most int erest ing point shere are the 

high per cent s of iron reported by de Lange and Giacosco, 
I 

also the low per cent of potassiu~ given by the latter. 

In a later paper Cam~ rer5 reports a dditional data 

on new born infante. 

Average of 
four 

100 grams body substance contains 

~ater Dry Fat Ash Protein 
Substance 

71.7 28.3 12.8 2.6 11.5 
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The high per cent of fat is noteworthy and may 

account for the fact that he reports a lower per cent mineral 

matter than does Fehling. 

Two of the specimens used were male, and two were 

female. He has arranged the figures in another table to 

show that sex does not influence the chemical compoeition. 

~he same author contributes more complete data in 

a later articleS. Only his ash analysis is given here, 

however, 

Relative figures. 

KaO Na,...O CaO MgO Fea9 PZ05 01 
100 grams body · '=' 
substance contain 0.19 0.23 1.01 0.03 0.018 1.02 0.18 

100 grams as l1 
contain 7.1 8.6 37.9 1.01 0.6 38.2 

·He conclude s again that sex has no important influence on 

the chemical composition. 

Abderhalden7 had mad.e investigations similar to 

those re,roduced here and in one pU'blication7, he gives a 

6.6 

partial analYSis of new born guinea-pigs. As the results 

agree well, only one analysis is given here. 

The new born animal contains in 100 grams body weight: 

KaO 0.2884 grams 

NaZO 0.2435 " 
C1 O.31~3 " 
Fe

Z
0

3 
0.0080 " 

CaO 1.1307 " 
~~gO 0.1085 " 
Pa0

5 
1.4828 • 

Sum of ash content 3.5812 " 0=01 0.0720 " 
3.5092 " 
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Of the four ash analyses, one representative deter

mination is included here. 

Fea03 
CaO 

MgO 

Pa0 5 

100 · parts ash contain 

8.1565 

6.9171 

9.1119 

0.2409 

32.1758 

3.3682 

42.0667 

Sum of ash content 102.0371 

2.0371 
100.0000 

In as much as this investigation is intended as 

one of a seriee w.hich shall include embryos of different ages, 

some of Fehlings results3 might well be given here. He col

lected a number of human embryos of different ages and made 

partial analyses. 
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:Ho. Length Sex Age !bso1ute ~lfeight in In pe'r cent of Total 
in em. Crams llass 

Fresh Dry Water Ash Fat Protei!! 

1 a.5 M 6 weeks 0.98 0.24 97.54 .001 

2 12.0 K 4 months 36.5 3.00 91.79 .98 0.57 4.87 

3 13.5 K 4 " 56.5 5.1 90.97 1.01 0.45 5.24 

4 18.5 K 
1st half 

95.5 5 months 8.9 90.70 1.4 0.48 5.9 

5 18.5 K 5 " 104.7 8.2 93.20 1.04 0.51 5.6 
2nd half 

6 19.0 M 5 months 156.8 14.6 90.7 1.43 0.54 6.0' 

7 21.5 K 5 " 244.0 22.0 90.96 1.16 0.28 7.1 

8 22.5 X 5 " 235.5 24.0 89.81 1.S'4 0.57 6.4 

9 23.0 K 5 " 264.0 29.5 88.9 1.89 0.5a 7.7 

10 24.0 K 5 " 299.0 3£.8 89.3 1.91 0.6 7.3 

11 26.0 K 6 " 361.8 39.1 89.2 1.94 0.72 6.67 

12 30.0 M 6 " 575.0 79.5 86.4 2.33 1.06 7.8 

13 33.5 K 6 " 771.0 125.2 83.77 2.84 1.98 8.87 

14 34.5 M 7 " 910.0 159.0 82.6 2.94 3.47 11.8 

15 34.0 K 7 " 832.9 138.2 83.5 2.28 2.7 ' 11.4 

16 36.0 M 7 " 836.0 136.5 83.9 2.85 2.21 11.1 

17 35.0 K 7 " 1117.0 170.71 84.8 2.54 2.36 9.1 

18 38.0 K 8 " 928.0 159.5 82.9 2.82 2.44 10.4 

19 53.5 K Hature 3294.0 855.52 74.1 2.55 9.1 11.8 

20 44.0 K 9 months 1760.6 456.1 74.7 3.3 8.7 12.6 

21 45.0 K 9 " 1495.7 391.2- 73.9 2.11 5.11 17.8 

A oonsideration of this table shows a very high 

moisture content in the early stages, which gradually diminishes 

throughout the foetal period. There is evidently an accumu-

lation of fat also in this period, gradual at first, more rapid 
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later. If the ca16u1ations are made on a dry basis, it is 

evident that th, per cent of protein in the early stages must 

be greater than in the later stages. The same calculation 

will a1ao show that the per cent of minerAl constituents in 

the dry matter is about the same througbout the period. 

A number of ana1yse"s Qf new born children have 

been reported by ErubacherS which are somewhat similar in 

nature. Of the three specimens analyzed, the first was pre-

maturely born in the twenty-eighth week. The second was born 

dead in the thirty-sixth week, and the third died of diphtheria 

when four years old, though in a good state of nutrition. 

Bones. 
In 100 parts fresh organ In 100 parts dry fat free 

organ 
Constituents Skeleton Skeleton Ribs Skeleton Skelet on Ribs 

I II III I II III 
Water 72.21 45.0a 

Fat 0.59 2.55 

Ash 11.28 27.87 41.47 48.76 53.16 

CaO 5.42 15.00 " 19.94 23.89 28.61 
MgO 0.16 0.42 0.60 0.62 0.82 

PtJ5 4.53 11.87 16.67 19 ~e4 22.63 
Const it uent a In 100 parts ash 

Skeleton Skeleton Ribs 
I II III 

Water 
Fat 

Ash 
CaO 48.09 48.99 53.82 

MgO 1.44 1.2S 1.55 

PaOs 40.21 10.68 42.58 

Portions of the second speoimen are not analyzed. 

The entire skeleton of the third was not analyzed, so the 
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author assumes that the composition of the ribs would be 

similar to that of the entire skeleton. 

This station, however, has made a number of sim-

ilar analyses on the bones of ~eef animals. The data is 

as yet unpublished, but shows clearly that no single portion 

of the skeleton oan be taken as typical of the entire ske1-

eton. For that reason the value of the comparison Brubacher 

makes is open to question. 

An analysis of the musoles is aleo given. 

In 10C parts fresh In 100 part s fat free 
organ dry organ 

Conet it uent s I II III I II III 

Water 83.93 77.24 

Fat 2.25 1.81 

Ash 1.03 1.02 7.47 6.39 5.30 

CaO 0.03 0.01 0.21 o.ao 0.04 

MgO 0.02 o.oa 0.14 0.14 0.11 

Paos 0.26 0.39 1.89 1.51 2.01 

SiOa 0.01 0.02 0.01 0.02 0.10 

1='e 20 3 0.01 0.01 0.01" 0.09 0.04 

In 100 parts ash 

I II III 

Water 

Fat 

Ash 

CaO ~ •• ~5, 3.16 0.82 
, . . 

MgO 1.94 ~.10 2.17 

PaOs 28.75 23.64 37.92 

S10g 1.33 0.35 1.80 ' 

Fea03 1.16 1.39 0.75 
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Entire Body. 

In 100 part s In 100 part s fat In 100 parts 
fresh organ free dry organ ash 

Const i tuent 8 I II I II I II 

Water 80.75 75.28 

Fat 3.95 8.42 

Ash 3.00 3.12 19.50 19.11 

CaO 1.04 1.13 6.83 6.95 34.83 36.37 

MgO 0.04 0.04 0.30 0.28 1.56 1.42 

P205 1.09 1.15 7.13 7.03 36.33 36.77 

S~02 0.01 0.01 0.07 0.03 0.37 0.17 

Fe203 0.01 0.01 0.08 o • .ca 0.40 0.43 

The analysis of the skeletons would indioate that 

the per oent of fat in bones is muoh higner after birth than 

before, even if the oalou1ation is made on a dry bas1sj this 

is also true of the per oent of ash" caloiutn and pho'sphorus. 

The bone also oontains a higher per oent of caloium and phos

phorus after birth. 

In the musole analysis several points seem ,worthy 

of note. ' The per oent fat is higher in No. I than in No.III" 

judged by the analysis o'r the fat free dry t iSBue" the per 

oent of ash and of oalcium deoreases with age. Apparently 

no oono1usion oan be drawn concerning the phosphorus" though 

the amount of iron seems to diminish. 

The analysis of the entire body indicates a higher 

per oent of fat in the more advanoed foetus. The per oent 

of ash, oaloium and phosphorus is about the same. There 
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seems to be a slightly higher per oent of oaloium and phosphor

us in the ash itself, though individual differences alone 

oould easily aocount for that. 

A paper . by Margaret 11son9 contains an analysis 

of three new born pigs. 

Live Solids 
eight 

Fat 

Pig I 104~ 

Pig II 1142 

Pig III 1016 

Average 

2OS.1 13.70 

226.4 17.85 

207.9 16 .21 

Fat 
Per cent 

S.68 

7.79 

7.79 

7.42 

Proteid 

127.3 

136.1 

127.1 

Proteid 
Per oent 

62.6 

60.1 

61.1 

61.3 

CaO CaO 
Per oert 

19.28 9 .40~ 

19.53 · 9.39 

9.40 

Some . interesting results are reported by Kr!ger 

whioh may have a certain value, although similar analyses were 

not made i~ this investigation. He oolleoted the liver and 

spl en from a large number of bovine embryos, and determined 

the oontent of a number of the elements. lri the first paper lO 

he gives the iron analysis. The average iron oontent of the 

liver oells for th. ~ entire intra-uterine period is about 

G.aSOl per oent of the dry substance, or about ten times that 

.of the mature animal. The greatest iron percentage is at 

a length ·of 20 - 30 cm. This slowly sinks until a length 

of 40 - 50 om. is attained, when the iron content is at a 

minimum. There is an inorease again until the embryo is 

70 - 80 em. long, and then a rapid deorease until birth. 

After birth the ir'on content continues to fall. 
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Iron Content of Liver Cells. 
( 5) 

40 .:.. 50 em. 50 - 60 om. 
(6) 

60 -.20 - ~O cm. . 30 - 40 em. 

1To. Iron c10 No. Iron ~ No. Iron 10 No. Iron ~ No. 

4 0.3586 6 0.a143 19 0.1402 20 0.1814 16 

, The figures in parenthesis above are to represent 

t~e approximate age - in months - of the foetus, as given by 

the same author in a subsequent paperll. 

Iron ~ontent of Liver Cells. 

Calves Oxen 

One ~eek Two Weeks ~hree \'.Teeks Four Weeks Tnree years 

~To • Iron ~ No. Iron 10 No. Iron % No. Iron tl 
/' No. Iron 

10 0.1800 5 0.0863 :3 0.0496 3 0.0322 5 0.0246 

Conoerning the analysis of the spleen, the author 

notes that the females have five or six times as muoh iron in 

that organ as the males. Also, the amount of iron in the 

spleen is muoh lower in the foetal period than in maturity. 

In a later ·publi cat ion1l Krtiger gives the oaloium 

oontent at different ages. 

Calcium Cont ent of Liver Cells. 

No. 20 - 30 em. No. 30 - 40 em. No. 40 - 50 em •• No. 50 - 60 

8 0.058 13 0.101 16 0.081 11 o.oa. 

Kr~ger also analyzed the liver and spleen for sulphur 
12 

and phosphorus • The sulphur content is about the same at 

all periods of life. The phosphorus varies somewhat more 

for it is somewhat higher in the embryonic ~ st~gesl and lower 

after birthl especially after maturity is reached. 
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(:I) (9) 
70 em. 70 - 80 om 80 - 90 ,em. 

Iron % No. Iron % No. Iron 10 

0.2960 10 0.3092 6 0.1809 

Cow 

Pregnant 

l~o • Iron df· 
/0 

6 0.0276 

l:TO Ma-
No. f-)O - 70 em. No. 70 - 80 om. No. 80- 100 em. No. -'ture""hi-

11 0 .• 064 6 0.078 10 
t .1 ~l}.lJni-

0.104 14 0.123 8 ·',0 1. 071 



The amount of glyoogen in embryonic tissues has 

been investigated somewhat on this point. The results 
13 

of Mendel and Leavenworth are perhaps most suitable for 

oitation here. Their researohes were conducted with pig 

embryos. They found a small amount of glycogen in em-

bryonic tissue. The distribution of glycogen in embryon-

io structures was about the same as in the adult. The 

liver began its glycogen storing function late in the 

prenatal period. They oonsidered the metabolism of 

glycogen in the embryo comparable with that in the adult. 
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bpe~iment~l. 

" used 
The oal~for analysis was a normally developed 

7'~ JerseYJ weighing se.eft~y twa pounds. It was oarried full 

time J but strangled at birth. 

As soon as possible it was taken to the laboratory 

and prepared ~or a~a1ysis. The abdominal and thoracic 

cavities were opened as nearly as possible on the median 

ventral line, the internal organs remov9d and each weighed 

se~arately. The solid contents of the large intestines 

were removed and weighed separately as excreta. The 

soft contents of the intestines were left in. The dis-

section was then oontinued so as to divide the specimen 

as nearly as possible into two equal partsJ right and left. 

The tongu8 J trachea, oesophagus, left kidney, and central 

nervou~ were removed as completely as possible; with 

those exoeptions, the left side was disoarded and the r~ght 

aide preserved for analysis. The skin was removedJ then 

the flesh separate~ from the skeletal parts. It was im-

possible to collect the blood as is done when an animal 

is slaughtered, and besides that, a small amount of water 

was used to wipe up dried bloo4J and for similar purposes; 

so the exaot weight could not be obtained. However, all 

liquids, bloodJ serum, and the water used, were wiped up 

in ~ olean cloths previously weighed J reweighed J then the 

liquids wrung out of the oloths and preserved for analysis. 

The weights of the various portions are as followa: 
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Division of Animal. 

Elood, .erum, and water 
Half Total ~eight Total Weight 

1675 grams 

Liver 

Nervous system 

Lungs and trachea 

Market heart 

Circulatory system 

Stomachs 

Intest ines 

Excreta 

Spleen 

Thyroid 

Omentum 

Right lei dney 

Left kidney 

Market tongue 

Base of tongue 

Skin 

Skeleton 

Flesh 

1948 grams 

3777 " 
· 6431 " 

Total 

1581 

338 

218 

·255 

169 

467 

1215 

301 

124 

120 

168 

86 

107 

170 

67 

.~ ~a96 

7554 

12862 

31373 

The weight of the calf as obtained before dissect
'-'-. .11: ion was ~ pounds. The total weight as calculated back 

from the weight of the individual organs is 69.2 pounds. 

The dis'crepancy is probably due partly to evaporation, and 

partly to the difficulty of making an exactly equal division 

of the animal in dissection. 
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The following samples were then prepared for 

analysis: 

11-12-1 Blood., aerlUm. 

11-12-2 Liver 

11-12-3" Nervous system 

11-12-4 Internal organs 

11-12-5 Hide 

11-12-6 Skeleton 

11-12-7 Fleeh 

11-12-8 Fat from left kidney 

11-12-9 F-xcreta 

11-12-10 Composite of ent ire animal, 

including excreta. 

The internal organs comprise those portions of the 

animal given in the previous lists which do not appear here 

for separate analysis. 

af,"r thorough mixing. 

The blood was ready for analysiA 

The bones could not be finely 

g~ound while in the frech condition, so they were broken 

up as finely as possible in a meat chopper. The other 

portions were each ground eeparately in a sausage mill until 

finely divided, then thoroup:hly mixed. Portions of each 

sample were taken and thoroughly mixed for a composite. 

Eaoh of the ten samples was analyzed for moieture, fat, ash, 

phosphorus, and nitrogen. In addition, 3600 grams of the 

oomposite were ~eighed out for a complete mineral analysis. 

Samples of the composite were aleo ~eighed out for determin-

ing total sulphur and total chlorine. All samples for all 
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determinations were weighed out immediately, in the containers 

in whioh the determinations were to be made. All analyses 

were made in triplioate~ Since the bones could not be 

finely ground while fresh, large samples were weighed out 

in evaporating dishes, and moisture and fat determinations 

were made on these. 'If'h}IJ fat free dry bone s were then 

finely ground and samples weighed out of this material for 

moisture, fat, ash, phosphorus, and nitrogen determinat ions. 

The fat extraction was repeated, as complete extraction was 

not possible with the ooarse material. 

Moisture and Fat. 

Each sample was weighed out and placed in a glass 

extraotion tube which had been prepared as follows. The 

tube was stuffed rather firmly with absorbent cotton, and 

heated until warm in the electric oven. The tube was then 

transferred to a vacuum desiccator oontaining concentrated 

sulphuric acid as·a drying agent, and the desiocator was 

exhausted as completely as possible with an air pump. 

In about a week the tube was weighed with the following 

precautions. A weighing bottle was heated in the electrio 

oven to a temperature of approximately 1000 e. , in order to 

drive out all moisture. Another weighing bottle was 

counterbalanced on the balances. Air was then slowly ad-

mitted, through sulphuric acid, into the desicoator. The 

lid of the deeiooator was removed, and the extraotion tube 

wae transferred to the weighing bottle as quickly as possi-

b1~. The weighing bottle should be warm enough not to 
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condense any reoieture hut not so warm tha~ the tube will be 

heated enough to disturb the balances. The weighing bottle 

was then transferred to a desiccator as a number of these 

determinations were made at once, and the tube was thus 

kept dry. while the other tubes were being weighed. The 

extraction tube was taken from the deSiccator, transferred 

rapidly to the counterbalanced weighing bottle, and the 

weight secured _s qui~kly as possible. The object of these 

precautions of oourse is to offer the least possible oppor

tunity for the absorption of moisture. If kept dry, the 

extraction tubes may be preserved almost indefinitely and 

will not need reweighing before use. 

The tubes for these analyses had been previously 

prepared and when the material for analysi.s wae ready, each 

was prepared as follows. The greater part of the cotton 

was removed from the tube and spread upon a piece of smooth 

clean glasa. A samples of one or two grams was then 

weighed out, placed on this cotton and thoroughly incorpor

ated in it, taking care to get as little of the sample as 

possible on the glass or fingers. The cot.ton and material 

was pushed back into the extraction tube again. A small 

portion of the cotton which had been reserved for this pur-

pose, was used to collect any portion of the sample which 

may have stuck to the glass or to the fingers, or any in-

etrument used. A drop or two of water may assist in thief 

The extraction tube was then placed in the vacuum desiccator 
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againl and extraoted as previously described. The drying 

over sulphurio aoid was oontinued until approximately con

stant weight was obtained. All weighinge were made with 

the preoautione before desori~ed. The weight of the tube 

was already known. The differenoe in these weights gave 

the weight of the dry sample. The fresh sample had been 

weighed out, eo the per cent of moisture was calculated from 

these two weights. 

The prooedure for plaoing the blood in the tubes 

was somewhat different. The blood was plaoed in a beaker, 

and weighed. A small part of the ootton W8.S te.ken from 

the tube l and some of the blood poured in on the ootton, 

and the cotton removed was replaced. The weight of the 

blood was obtained 'by reweighing the beaker. Care must 

be taken not to put in too much bloodl or some will run out 

of the tube. 

The same sample and tube was used for the fat de~ 

terminations. After the sample had been dried to constant 

weight in the vacuum deeicoator l it was extracted with 

anhydrous ether in a Soxhlet fat extractor. All soluble 

material was called fat. The eame p~ecautions were ob

served in weighing as were desoribed for the moisture de-

termination. 
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Moisture .• : . 

Net weight of Weight of Per Cent Average Per 
'Sample, grams Moisture Moisture Cent Moisture 

Blood 10.0045 9.1050 91.009 
SerUllt1 and 9.5601 8.6696 90.685 90.847 
Water 14 ; 76:5a lost lost 

3.7740 3.164a 83.842 
Liver a.6646 2.3156 83.149 83.877 

2.9199 2.4714 84.640 

4.5737 :3. 648S' 79.771 
Nervous 2.5783 2.0585 79.838 79.915 
System 2.8943 2.3194 80.137 

2.900S- 2.2971 79.197 
Tnt erna1 2.0188 1.5899 78.754 79.571 
Organs 1.7756 1.43~O 80.761 

1.5005 1.0(5'34 68.870 
Hide 2.'3086 1.7762 68.090 69.121 

3.1541 2.2206 70.404 

60.2006 38.1300 63.338 
Skeleton 63.9471 39.9890 62.535 62.858 

61.4848 38.5580 62.702 

a,. 5'751 2.0010 77.706 
Flesh 2.3426 1.8020 76.923 77.818 

2.2257 1.7544 78.825 

2.0856 0.5328 25.547 
Fat from 2.1400 0.5470 25.561 25 •. S~' 
left Kidney 1.2000 0.3099 25.825 

2.099S' 1.2945 61.657 
Exoreta: ~.3805 1.4418 60.571 61.158 

3.0911 1.89:32 61.247 

1.6726 1.2684 75.834 
Composite 2.3876 1.7878 74.879 76.621 

1.3438 1.0636 79.149 
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rat .• 

-net weight · of \'fAfht of Per Cent Iveraie Per Cent 
Sample grams of Fat Ft. 

Blood 10.0045 0.0083' 0.083 0.190 
Serun 9.5601 0.0401 O.4l9 
and Water 14.7632 0.0101 0.06·8 

3.7740 0.0344 0.911 
Liver 2.~664,6 0.0399 1.497 1.074 

2.9199 0.0238 0.815 

4.5737 0.3495 7.642 
NervQus 2,5783 0.1838 7.l29 7.333 
System 2.8943 0.2092 7.a2e 

a.~OO5 0.1661 - 5'.727 
Internal 2.0188 0.1392 6.895 5.790 
Organa 1.7756 0.0843 4.748 

1.5005 0.0114 0.760 
Hide 2.S086 0.0533 2.043 1.191 

3.1541 0.0~43 0.770 

60.2006 1.·0511 1.74S 2.437 
Skeleton 63.9471 • 1.8427 2.882 Reestraot- .855 

61.4848 1.7035 2.68a ion Total 3.290 

2.5751 t 0.1202 4.568 
Flesh 2.:5426 0.1197 5.110 4.416 

2.2257 0.0772 3.'69-

2.0856 1.4451 69.389 
Fat from 2.1400 1.4738 68.860 68.883 
left Ii dney 1.8000 0.9322 89.!!50 

2.0995 0.1733 S.I50 
.Ixo ... ta: 2.3805 0.2068 8.687 8.417 

3.0911 '0.2570 ' 8.314 

1.6726 0.0537 3.211 
Composite 2.3876 0.1042 4.364 3.185 

1.3438 0.0266 1.979 



Ash and Phosphorus. 

The samples for ash and phosphorus were heated 

in porcelain crucibles at a faint red heat until constant 

weights were obtained. Some care is necessary in this 

ignition, as the organic matter tends to froth and run over 

the crucibles before it is completely carbonized. After 

this stage is reached, the low heat should be still pre

served, especially until all the carbon is oxidized. If 

the proper temperature is maintained, the ash will present 

a honeycombed appearance. If the temperature is too high, 

however, the ash will fuse into a glazed reass, and may 

occlude carbon; also some of the salts may be volatilized. 

After the weight of ash was obtained, the phos

phorus in each sample was determined as follows. The 

crucible and ash content was placed in a 1CO cc. ' beaker; 

ao 00. conoentrated nitrio acid and 10 oc. oc~centrated 

hydrochloric acid were added. The beaker was then heated 

on · the hot plate until all hydrochloric acid had been driven 

off and the solution was clear. This was then filtered 

into a 250 co. beaker, neutralized with ammonium hydroxide 

and again made slightly acid with nitrio acid. After add-

ing 15 grams of ammonium nitrate, the beaker ~as placed on 

a water bath, and the temperature raised to 65°. An 

excess of ammonium molybdate solution was then added and 

allowed to stand one hour at 65°. This wac then filtered, 

and the residue washed by decantation and on the filter 
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with a ten per cent solution of ammonium nitrate. 

The beaker containing the filtrate was replaced 

by the beaker in which the original precipitation was made 

and the precipitate was dissolved and washed into the beaker 

with ammoniunl hydroxide and hot water. The solution was 

made slightly acid with hydrochloric acid and again made 

slightly alkaline with ammonium hydroxide. After cooling, 

the phosphorus wag precipitated with magnesia mixture. 

In fifteen minutes 12 cc. of strong ammonia were added. 

After standing over night, the precipitate was collected on 

an ashlese filter paper, washed with dilute ammonium hydrox

ide and transferred to a poroelain crucible. After drying 

it was ignited and weighed as ~gaP207. The phosphorus is 

calculated as Pa05-
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· Aeb, 

Net Weight of Ieight of Per Cent Average Per 
~amp1el grams S I grams. of Ash ~ent of Ash. 

Blood 
S'eniar -: 11.7798 0.052a 0.443 
and Yater 11.8489 0.048' 0.409 0.427 

11.9134 0.0510 0.128 

10.8808 0.1034 0.941· 
Liver 10.3156 0.0974 0.944 0.957 

10.6648 0.1053 0.987 
11.2035 0.1361 · 1.215 

Nervous 9.0914 0.1130 1.243· 1.234 
System 10.7521 0.1339 1.245 

11.9821 0.1064 0.888 
Internal 12.3685 0.1129 0.913 0.902 
Organs 11.4888 0.1039 0.904 

10.6442 0.0887 0.833 
Hide 10.2025 0.0788 0.772 0.787 

11.9656 0.0903 0.755 

1.0000 0.3851 38.51 On 
.Ske1eton 1.0000 0.3830 38.300 Dry 38.450 

1.0000 0.3854 38.540 Basie -
Fresh14.281 

11.2776 0.1269 0.889· 
li'leeh 10.8655 0.1018 0.937 0.904 

11.9311 0.1056 0.885 

9.5567 0.1368 1.431 
Exfreta 9.1792 0.1304- 1.421 1.426 

10.4350 . 0.1489 1.427 

12.5412 0.4235 3.377 
Composite 12.0f54 0.4090 3.395 3.554 

11.111a 0.43Z2 3.890 
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Phosphoru8. 

Net Weight Weight of Weight of Per Cent Average' 
of Sample MgzPa07 Pa05 PZ05 Per Cent 

grams grams PZ05 

Blood 11.7798 0.0101 0.00644 0.0547 
Serum 11.8469 0.0103 0.00657 0.0555 0.0553 
ahd '~~ater 11.9134 0.0104 0.00663 0.0557 

10.8808 0.0523 0.03336 0.307, 
Liver 10.3156 0.0500 0.03190 0.309 0.309' 

10.6648 ' 0.0522 0.03330 0.312 

11.2035 0.1096 0.06991 0.624 
Nervous 9.0914 0.0921 0.05875 0.646 0.636 
System 10.75a~ 0.1075 0.06857 0.638 

11.9821 O'.06a;' 0.03955 ' 0.330 
Internal 18.3685 0.0630 0.04019 0.325 0.329 
Organs 11.4888 0.0600 0.03887 0.333 

10.6442 0.0268 0.01710 0.161 
Hide 10.2025 0.0255 0.016a7 0.159 0.156 

11.9656 0.0278 0~01?73 0.148 

1.0000 0.1076 0.068638 15.235 On 
Skeleton 1.0000 O.iOSl 0.067681 15.040 Dry 15.223 

1.0000 0.1069 0.068192 15.153 Basis 
Fresh 5.o~4 

14.2776 0.0712 0.04542 0.318 
~le8h 10.8655 0.0786 0.05014 0.461 0.373 

11.9311 0.0637 0.04063 0.341 

9.5567 0.0082 0.00523 0.055 
Excreta 9.1792 0.0082 0.00523 0.057 0.058 

10.4350 0.0101 0.00644 0.062 

12.5412 0.1632 0.10411 0.830 
tjomposite 12.0454 0.1547 0.09868 0.819 0.848 

11.1112 0.1561 0.09958 0.896 .Lt~~a 
Nitrogen and Protein. 

'T'he nitrogen determinations were made in the usual 

'Way. The sample was placed in a 500 cc. Kjeldahl flask, 
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25 00. ooncentrated sulphurio aoid added, and approximately 

0.65 grams metallic meroury. This was heated until danger 

of foaming was past, then about seven grams of potassium 

sulphate were added and the heating oontinued until the 

liquid was olear and oolorless. The flask was allowed to 

stand until 0001, then water, a little paraffine and a few 

pieoes of granulated zinc were ·added • At this point 80 00. 

. of oonoentrated sodium hydroxide solution, oontaining potas~ 

a'ium sulphide were added and the flask was oonneoted with 

the oondenser. After shaking the flask to seoure thorough 

mixing, it was distilled over into a reoeiving flask contain-
~ 

ing standard hydrochloric acid. After all the ammonia had 

been driven over, the reoeiver was disconnected and titrated 

baok against standard ammonium hydroxide, using Congo Red as 

an indicat4>r. From these results the amount of nitrogen in 

eaoh sample could be oaloulated. The protein was obtained 

by multiplying the nitrogen .ith the protein factor, 6.25. 
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Ni t ro&.e..!L§.n~_l'!ot ein. ' 

Net weight of Net cc.of Weight of 
Nlt~~~~~t Ave{a~! Per Average Pel' Oent 

Sample, grams He1 used nitrogen Cen trogen Protein 

Blood 1.5951 16.86 0.022896 1.435 , . 1.424 8.900 _ 
Be'rum" ~ and 1.6322 16:73 0.022719 1.392 
Wat er 1.6136 17.17 0.023317 1.445 

1.6915 28.04 0.038078 2.251 
I,iver 1.6870 27.86 0.037834 ' 2.243 2.245 14.031 

2.1264 35.08 0.047639 2.240 

2.5314 30.33 0.041188 1.627 
Nervous 2.6339 33.23 0.045126 1.713 ' 1.668 10.425 
Syateln 2.9650 36.32 0'.049323 1.664 

1.4153 22.67 0.030786 2.175 
Internal 1.7761 28.17 0.038255 2.154 2.199 13.744 
Organs 1.3362 22.32 0.030311 2.268 

1.4035 51.96 0.070562 5.0138 
Hide 1.5294 56.99 0.077392 5.060 5.070 31.688 

1.6520 62.30 0.084603 5.121 

0.5000 28.48 0.038675 7.735 7.761 O~ Di~ 48.506 Das 
Skeleton 0.5000 28.75 0.039042 7.808 ~ Sal On Fresh 18.'016 ~. " . 

dry 0.5000 28.50 0.038703 7.740 Pasie 

3.1551 ~ 6Z.98 0.0855137 2.711 . 
Flesh 2.~Oa4 57.91 0.078642 2.704 2.702 16.888 

1.7919 35.51 0.048223 2.691 

1.0691 6.11 0.008297 0.776 
Fat from 1.2036 6.88 0.009343 0.777 0.775 4.844 
left Kidney 1.6735 9.54 0.012955 0.774 

1.7933 36.66 0.049784 2.776 
Excreta 2.2882 47.29 0.064220 2.807 2.779 17.369 

1.6148 32.74 0.044461 2.753 

1.0772 22.62 0.030718 2.858 
CompOSite 1.1753 23.80 0.032320 2.750 2.793 17.456 

1.2362 25.28 0.034330 2.777 
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Summation of Analyses of tresh Material. 

10 Uoisture ~) Fat % Ash ~ P 0 I a 5 

Blood serUm 
and wat er 90.847 0.190 . 0.427 0.055_ 

Liver 83.877 1.074 0.957 0.309 
Nervous 

79.915 7.333 1.234 0.638 Rystem 
Internal 

79.571 5.790 0.902 0.329 Organs 

Hide 69.121 1.191 0.787 0.156 

Skeleton 62. 858 3.226 14.274 5.655 

Flesh ·77.818 4.416 0.904 0.373 
left 

Fat fr0!!l!lidney 25.644 68.883 

Excreta 61.158 8.417 1.426 0.058 

Composite 76.621 3.185 3.554 
I. ~ 6'1 
0.040 

The results in the above table are obvious, and 

need little comment. It will be noted, however, that the 

per cent of fat in the blood is very low, though as a matter 

of fact, the result given here ia too high. One of the 

tubes was aCCidentally heated too strongly when drying a f ter 

the ether extraction, and ~ave a result much higher than the 

others. It is probable that a result less than 0.1 per 

cent would be more correct and it is doubtful if any consid-

erable part of even that lOBS was fat. 
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~ i.T itrogen ~ Protein 

1.424 8.900 

2.Z45 14.031 

1.8:38 10.485 

~ .199 13.744 

5~070 31. R88 

JZ.881 18.018 

2.702 16 .888 

0.775 ~ 4 ~844 

2.71.9 17.389 

2.793 17. 456 



Total Sulphur. 

For the estimation of total sulphur and chlor~ne, 

large samples were weighed out in porcelain crucibles, dried, 

powdered, and parts of this were then weighed out for analy-

sis. 14 In estimating sulphur, the Osborne method was used. 

Ten grams of sodium peroEide were placed in a 250 cc. nickel 

crucj.ble and water slowly added until · all reaction was · com-

pleted. The orucible was then heated until all water was 

expelled as was indicated by the formation of a · scum, es-

pecially at the edges. After cooling to a pasty consisten-

oy, the powdered sample was rapidly added, and thoroughly 

mixed with a platinum stirring rod. Heat was then careful-

ly applied until there was little tendency to froth; this 

operation required twenty or thirty minutes. 'Sadium 

peroxide was than added in small quantities at a time. 

Whenever thi s was followed by flashing or by a flame, the 

additions were discontinued for a while. Considerable care 

was neoessary in this operation. Thirty minutes or longer 

were required from the time the sodium peroxide was first 

added until the additions were followed by no reaction. 

When this point was reached, the mass was strongly heated 

(to a reti heat) and allowed to cool. The crucible was 

plaoed in a large beaker, covered with a watch glass, and 

hot water carefully added to the beaker. The contents of 
/ 

the beaker were acidified with hydrochloric acid and after 

solution was ' complete, the liquid was boiled to drive off 
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excess ohlorine. The solution was then filtered hot and 

the filter washed until free from chlorides. 

The filtrate was then neutralized with ammonium 

hydroxide, made acid again with 4 00. hydroohloric acid and 

evaporated to 400 oc •• An excess of hot ten per cent 

barium chloride was then added to the boiling solution l 

kept at the boiling point for thirty minutes and then al-

lowed to stand over night. The precipitate was then filter-

ed onto an ash1ess filter paper, washed first with dilute 

hydrooh1oric acid, then with hot water until free from 

chlorides. The precipitate wa~ then dried, ignited and 

weighed as barium sulphate. 

to per cent of sulphur. 

The results are calculated 

Total Sulphur. 

Ca1ou1ated w~A~f~of Weight of Per Cent Average 
1F.eight of Fresh 

Sulphate Sulphuz: of Sulphur Per Cent Substance Sulphur 
8.7310 grams 0.0857 0.0117683 0.135 

47.3472 " 0.4585 0.0629612 0.133 0.149 
46.·3181 " 0.6080 0.0834906 0.180 

Chlorine. 

A hard glass tube 40 cm. long and 15 mm. in diam

eter was sealed at one end, in preparation for the determin-

ation of chlorine. The thoroughly pulverized sample was 

then mixed with five times its weight of powdered calcium 

oxide. A little calcium oxide was then placed in the glass 

tube, the sample was transferred on top of this and then 
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more oaloium oxide was added. The tube was olamped in an 
(' 

inolined position and ignited, beg1n~ing with a low temper-

,ature. This ,temperature was gradually raised to the highest 

heat of t 'he bUet lamp. The heating was begun at the lower 

end of the tube and gradually extended to the upper end. 

When oarbonization was oomplete, the tube was oooled, the 

~on~ents tra~sferred to a beaker, ~nd hot water added. 

The substanoe in the beaker was thoroughly washed, by de

oantation and on the filter with hot water. . The filtrate 
/. ' , . 

wa acidified with nitric aoid and evaporated to about 

300 00. The beaker was wrapped in black paper and after 

oooli'ng, an excess of a ten per cent silver nitrate solution 

,was 810w1y added. 'The solution was now heated to inoipient 

boiling,with oooasional at 'irring, until the precipitate had 

coagulated and settled promptly after agitation. The pre-

o1pitate wae then filtered through a Gooch orucib1e, washed 

.with hot water, and dried at l200a. The per oent of 

oh1orine was oalou1ated from the weight of silver ohloride. 

Oalou1ated 
Weight 'of Fresh 
Substanoe 

7 .• 0310 
S~'Q!OO 
6.4860 

Total Cb1orine. 

,,'eight of 
Sil"er 

Ohloride 
0.0406 
0.0452 
0.0515 
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W~ight of Per Cent Jverage 
Chlorine of Chlorine p~ c.nt 

Chlorine 
0.010038 
0.011175 
0.012733 

0.143 
0.lS7 
0.196 

0.169 



Method of Ignition for Complete Ash Analysis. 

For the complete mineral analysis, 3600 grams of 

t~e composite were weighed out and dried in casseroles. 

Previous experience in the laboratory had shown that such 

material oould not be ignited in platinum without serious 

injury to the containers, so plati'num wire baskets were 

substituted for platinum dishes. These baskets are six or 

seven oentimeters in di~eter, of the same depth and have 

eight or ten ribs which meet at a common point in the bottom. 

The matsr ial to be ignited was placed in these basket e and 

heated with the naked flame. Poroelain casseroles were 

placed under the baskets to catch the ash and any unign1ted 

portions that might fall. The latter were returned to the 

'basket,S and the heating continued until the material was 

oomplet~ly carbonized and nearly all the carbon was oxidized. 

Complete oxidation in the baskets was not p~ssible, so the 

material was then transferred to platinum dishes. Hot 

water was added and the dishes were placed on tbe water bath. 

At frequent intervals for two or three days the liquid was 

decanted off, through ashless filter papers and water added 

again. All filtrates were preserved. Later the water was 

changed lees frequently. After each of the last three de

cantations, the material was ground, thoroughly mixed, 

dried and ignited. 

Before the last ignition, all the insoluble ash 

was put in one dish and the dish and contents weighed and 

later tne weight of the dish alone was secured. 
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Total Water-Insoluble Ash. 

Weight of dish and contents 

~eight of dish 

Weight of insoluble ash 

143.8787 gra'lls 

39.4591 

103.4196 " 

The solution of soluble ash was evaporated in 

platinum dishes to about 800 cc., transferred to a 1000 cc. 

graduated flask and made up to volume. Aliquots were drawn 

from this for determinations of the soluble ash.' The ash 

analyses, with a few exceptions, were made in duplicate. 

Total water-Soluble Ash 

Two samples of 10 cc. each were drawn and placed 

in platinum dishes, the weights of which had previously 

been secured. The solution was evaporated to dryness and 

heated for a short time just be low a red heat. ,The heat ing 

and weighing was continued until constant weights were ob

tained. 

Aliquot 

1/100 

1/100 

Total ~ater-Soluble Ash. 

Weight of Solids 

0.2090 gt'ams 

0.2088 grams 

Total Weight of 
soluble Ash 

20.90 grams 

20.88 grams 

ANALYSIS OF SOUTBLE ASH. 

Sodium and Potassium. 

Average 

20.89 grams 

The sample used for determining total solids was 

used for this determination also. The residue was dissolved 
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in 40 oo~ hot water, an· ex.cess of a saturated solution of 

barium hydroxide added, and then the solution was left on 

the water bath a few minutes. The preoipitate wa& then 

filtered out and washed with hot water. A few drops of 

ammonium hydroxide were added to the filtrate and an excess 

of ammonium carbonate; after standing for some time on the 

water bath , the precipitate was filtered out and washed with 

hot water. The filtrate was again evaporated to dryness on 

the water bath, heated for four hours in the electric oven 
, 

at 1000 C., and then heated to a Very faint redness to eEpel 

ammonium salt s. The residue was again taken up in hot water; 

a few drops of ~onium hydroxide, a small amount of ammonium 

carbonate, and a small crystal of ammonium oxalate, were added. 

After standing a few minutes on the water bath, the solution 

was filtered, evaporated on the water b~th and the ammonium 

salts expelled with the usual precautions. The residue 

was again dissolved in hot water, filtered into a weighed 

platinum dish, a few drops of oonoentrated hydrochloric acid 

added, then evaporated and ignited with the preoauti6ns men-

t ioned above. The dish and oontents were weighed, and the 

gain in weight taken as the weight of the sodium and potas

sium ohloride. 

Total Chlorides. 

Aliquot Weight of Weight of 10 of Alkali Average fo 
Sample Iel pluB NaC1 Chlorides Alkali Chlorides 

1/100 0.2089 Gr. 0.1902 grams 91.048 
91.144 

1/100 0.2089 " 0.1907 " 91.239 

The potassium determination was made directly 6n 
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the mixture of chlorides; this was dissolved in 60 cc. hot 

water and a few drops of hydrochloric acid were added. An 

excess of platinum solution was 4dded~ to ccnveat the potas

sium and sodium salts into the respective chloroplatinates. 

This solution was then evaporated on the water bath to a 

thick paste, removed and treated with 80 per cent alcohol. 

After standing in a cool place for two hours, the precipitate 

of potassium chloroplatinate was filtered onto a Gooch cruci

ble and thoroughly washed with 80 per cent alcohol. This 

was followed by repeat·ed washings with ammonium chloride 

solution, saturated with potassium chloroplatinate, and then 

with 80 per cent alcohol again. The cnucihle was dried in 

a hot air oven at 1100 e., and ~eighed. 

Potassium. 

Aliquot Weight of Weight of Weight ~~ifh6 1" KaO ~verage 
Sample KaPtC16 KCl , 0 KgO 

1/100 0.2089 0.3266 O.lOOa 0.06328a 30.293 

1/100 0.a089 0.3293 
30.418 

0.1010 0.063805 30.543 

Sodium. 

Aliquot Weight of Weight wei~ht Wei~ht Weight 10 NaaO Average 
Sample Total K 1 naC Na'.)O NaaO 

CHlori dell 
j;.J 

1/100 0.2089 0.1907 0.1002 0.0~O5 0.0420 2a.978 
2Z.811 

1/100 0.2089 0.190a 0.1010 0.0892 0.0473 22.643 

Chlorine. 

For this determination 10 cc. samples were drawn 

and each treated as follows. The sample was transferred to 

a 250 oc. beaker, diluted to 100 cc., and made slightly acid 
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with nitric aoid. The beaker had been previously wrapped 

with blaok paper in order to exclude the light. A 10 per 

oent silver nitrate solution was added in slight excess, drop 

by drop. The beakers were then heated on the hot plate, 

to the boiling point, at ir-ring occasionally, until the pre

oipitate ooagulated and settled ' readily,r~ leav1ng a olear 

supernatant liquid. In the meantime Goooh filters were 

prepared~ dria.i an'd weighed. The silver chloride precip-

itate was then transferred to the filter, thoroughly washed 

with hot water, dried at 120°, C. and weighed. 

Chlorine. 

Aliquot Weight of "eight of Weight of Per Cent Average Per 
Sample J:gCl 01 of 01 C'ent of 01 

1/100 0.2089 0.1128 0.027904 13.358 
13.328 

1/100 0.2089 0.1133 0.027781 13.299 

Carbon Dioxide. 

The oarbon dioxide was determined by the use of a 

Sohroedter'e alkalimeter. A 100 00. sample ~a8 evaporated 

until it oould be oonveniently held by the alkalimeter and ' 

then transferred to the alkalimeter. After the alkalimeter 

had oooled to the , room temperature .. , i t was weighed. The 

hydroohlorio acid it cont~ined was then slowly a~1tted 

after whioh it was heated to inoipient boiling and this 

temperature maintained fo~ ten minutes, then oooled to room 

temperature again. Air was 'drawL through the apparatus to 

displaoe the carbon dioxide and the alkalimeter was agtin 

weighed. 
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Carbon Dioxi de. 

Aliquot Weight of wei5ht of Per Cent of Average Per 
S.ample C 2 CO2 Cent ~e'"l . G 

1/10 2.0890 0.0931 4.457 
4.459 

1/10 2.0890 0.0932 4.'461 

A sample of 200 cc. was placed in a platinum dish, 

evaporated on a water bath almost to dryness, hydrochloric 

acid added and the evaporation completed. The dish was 

transferred to an oven and heated at 1500 C for three hours. 

The sample was then moistened with water) acidified with 

hydrochloric acid and again dehydrated for three hours. 

The soluble residue was dissolved in 100 cc. very dilute 

hydrochloric acid, filtered through an ashless filter paper 

and thoroughly washed, but with the smallest amount of wash 

water possible. ' All filtrates and wash waters were retained 

for sulphur and phosphorus determinations. The filter paper 

and contents was transferred to a platinum crucible, ignited 

. and weighed. 

Silica. 

Aliquot Weight of Weight of Per Cent of Average Per 
Sample SiO 810 Sie 

grams 2 2 2 

1/5 . 4.1780 0.0095 grams 0.227 
0.237 

1/5 . 4.1780 0.Ot03 grams 0.247 

Su~".!1ur • 

The filtrate from the silica determination was 

made up to the original volume, aoo cc., in a graduated 
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flask and aliquots were drawn from this for the determination 

of phosphoric acid and sulph~ric anhydride. A 10 cc. sample 

was drawn, transferred to a 400 cc. beaker and diluted to 

200 cc. The solution was made distinctly acid with hydro-

chloric acid, heated to boiling and an excess of 10 per cent 

solution of hot barium chloride was a~ded slowly with constant 

et1~r1ng. /( temperature almost boil:i.ng was maintained for 

thirty minutes and then the beaker was allowed to stand over 

night. The precipitate was washed by decantation and on the 

ashless ~ilter paper with hot water. It was then transferred 

to a plati~o~ crUCible, ignited and weighed as barium sulphate. 

Sulphur. 

Aliquot Weight of Weight of Weight of Per Cent of Average 
Sample BaS04 8°3 8°3 Per Cent 

1/100 0.a089 0.1127 0.038656 18.505 
8°3 

18.530 
1/100 0.2089 0.1130 0.038759 18.554 

Phosphorus. 

A sample of 10 CC. was measured out into a 250 cc. 

beaker and diluted to 50 co. This was made slightly acid 

with nitric actd. and 15 grams of dry ammonium nitrate were 

added. The solut ion was warmed to 650 C., and 50 co. 

molybdate solution a.dd.ed. The temperature was maintained 

for one hour, then the ·yellow precipitate was filtered off 

and washed with 10 per cent a~monium nitrate solution, made 

slightly acid with nitric acid. The filtrate was replaced 

by the beaker in which the preCipitation was made and the 

preCipitate washed into this beaker with dilute ammonium 

hydroxide and hot water. !his solution was made slightly 

-38-



acid with hydrochloric acid, then faintly alkaline with 

ammonium hydroxide. After cooling, 12 cc. of magnesia 

mixture were slowly added, with oonstant stirring; in 

fifteen minutes one-third the volume of ammonium hydroxide 

was added and allowed to stand over night. The precipitate 

of magnesium ammonium phosphate was then filtered off and 

washed with dilute ammonium hydroxide. The filtrate was 

replaced by the beaker in which the original precipitation 

was made and the precipitate was dissolved with dilute hy-

drochloric acid. The filtrate was then washed with water 

until free from chlorides. ~ A few drope of magnesia mixture 

were added and the solution made sli ghtly alkaline with am-

monium hydroxicte. After stirring two Dr three minutes this 

was allowed to stand fifteen minutes, then one-third the 

voltme of ammonia water was added and allowed to staDd five 

hours. The magnesium ammonium phosphate was filtered off, 

washed with dilute ammonium hydroxide, dried and ignited to 

whiteness. 

Phosphorus. 

Aliquot Weight of ~eight of ~_- e i ght of Per Cent Average Per 
Sample HgaP a0 7 Pa0

5 P205 PZ05 

1/100 0.2089 0.0435 0.027749 13.283 
13.235 

1/100 0.2089 0.0433 0.027621 13.223 
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Summation of Water-Soluble Ash. 

Weight of Constituents Percentage Composition 
in Soluble Ash in Soluble Ash 

KZO 6.,3545 grams 30.419 

NaaO 4.7652 " 22.811 

01 2.7842 " 13.328 

COa 0.9314 " 4.459 

SiOa 0.0495 l' 0.a37 

80
3 

3.8709 It 18.530 

Pa05 2.7685 " 13.253 

Sum 21.5242 " 103.037 
Deduct 0=01 0.62Sl " 3.071 
Remainder 20.8961 ,,- 99.966 

Insoluble Ash. 

A sample of five grams was placed in a 600 cc. 

beaker and boiled for three hours in dilute hydrochloric acid. 

A small portion was insoluble 'and was filtered ofi onto an 

ashless filter paper. This residue was ignited in a plat-

inum crucible ,and fused with sodium potassium carbonate. 

The fusion was dissolved in hot water and added to the fil-

t rat e. The filtrate was evaporated to dryness in a platinum 

dish and the residue dehydrated for the determination of 

sili~'~ , as desc-ribed in the e.timatior: of silica in the 

water soluble a sh. 

Silioa. 

~hen dehydration of the silioa was oomplete, the 

~cid soluble portion wa.~ dissolved in dilt1te hydrochloric 

aoid and filtered off into a 500 cc. graduated flask. The 
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silioa was retained on an a~hless filter, ignited and weighed. 

Silica. 

Sarr',le Weight of Si02 Per Cent of SiOa Average Per 
Cent Si02 

5 grams 0.0151 0.302 
0.316 

5 tt 0.0165 0.330 

The filtrate was made up to volume in the 500 cc. 

flask an '~ aliquot s drawn for the determinat ion of ph\.)9phorus" 

iron, oalcium and. magnesiutp. 

Phosphorus. 

A 20 cc. sample was drawn into a 250 cc. beaker 

and an equal volume of strong nitric &oid added. This was 

left on the hot plate until all the hydrochloric acid had 

been driven off. The solution was made alkaline with 

ammonium hydroxide, slightly acid again with nitric acid" 

15 grams of dry ammonium nitrate added and warmed to 650 C. 

The prooedure for this det erminat ion was t he same as for 

the phosphorus in the water soluble ash. 

Phosphorus 

Aliqu&t ~eight of ?reight of Weight of Per Cent .Average 
Sample 1:!gzPa07 Pa05 PZ05 PaOs 

1/25 0.2 grams 0.1362 0.086882 43.441 
43.457 

1/25 0.2 tt 0.1363 ' ''' 0.086946 43.473 

Iron. 

~amp1es of 10 cc. each were dra~vn and transferred 

to 3SC cu. Erlenmeyer flasks. To this 1 cc. concentrated 

sulphuric acid. was added and evaporated on the hot plate to 

the appearance of ~hite fumes. After cooling, 25 cc. water, 
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and 0.5 grams of zinc were added, the flasks were equipped 

with reductors and heating oontimied on the hot plate until 

all the zinc was dissolved. The solution was then titrated 

with a standard solution of potassium permanganate. 

Iron. 

Aliquot Weight of 
Sample 

co. KMn04 factor of 
Fea03 

Average 
10 FeZ03 

1/50 

1/50 

1/50 

1/50 

1/50 

1/50 

0.1 gram 

0.1 " 

0.1 

0.1 

0.1 

0.1 

" 
" 
" 
" 

1.37 

1.40 

1.44 

1.43 

1.45 

1.46 

0.0008147894 

" 
• 

" 
" 
" 

Oa1cium. 

1.116 

1.141 

1.172 

1.165 

1.181 

1.189 

1.160 

A 50 cc. sample was drawn into a ~50 O~. beaker) 

neutralized with a slight exoess of ammonium hy1roxide and 

two grams of ammohium :mcetate were added. A large exoess 

of strong acetic acid was added and allowed to stand one 

hour. 'he solution was filtered and the preCipitate on 

the filter paper was washed with dilute acetic acid. The 

filtrate was set aSide, replaoed by the beaker containing 

the original preCipitate and the preCipitate was dissolved 

and washed into this beaker with hot dilute hydroohloric 

acid; ' the filter paper was made alkaline wi th ammonium hy~::~.~,. , 

droxide. The hydrochloric acid solution was again nllutral- ,->:.:. 
1, ., 

ized with ammonium hydroxide, acidified with acetic acid l 

filtered and washed. The filtrates were comb~ned and the 

preCipitate rejeoted. 
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" . 

. The oombined filtrates were heated to the boiling 

point and a hot solution of ammonium oxalate added slowly in 

exoess. This .was kept at the boiling point one hour, set 

aside and filtered fthen the 8upernatant liquid became clear. 

1he fi ltrate was replaced by the beaker -in whioh the original 

preoipitation was made and the preoipitate ofoalcium oxalate 

was washed into this with hot, dilute hydrochloric acid. 

The caloium solution was again made alkaline . with ammonium 

hydroxide, ~oidified with acetic acid and a few drops of 

ammonium oxalate added. The precipitate was digested and 

filtered as before, taking care that the filter paper was 

alkaline again. The filtrates were combined and preserved 

for the determination of 'magnesium. 

A 250 00. flask was plaoed under the filter and 

the caloium oxalate precipitate was washed through an open

ing in the filter paper into the flask; not water and dilute 

sulphuric aoid were used . for this purpose. After oooling 

the flask was made up to volume. Aliquots were drawn, 

transferred to Erlenmeyer tlask~, diluted to aoo oc. and 

,titrated with potassium permanganate solution at a temper

ature of 75°. 

Ali'-
O'alcium. 

Ali- Weight of cc. KMn04 KMn04 faotor Weight CaO ~ OaO bera2l! 
OaO 

f~~~ o.oa gr. 34.50 .ooOaaSaa22 0.0098746 49.373 
, 1/a5 0.02 " 34.50 " 0.009874S 49.373 • 
1/25 0.02 " 34.51 " 0.0098774 49.387 49.370 

i~g 0.02 " 34.45 " 0.0098602 49.301 
o.oa " 34.53 " 0.0098831 49.415 

1/25 o.oa II 34.50 " 0.0098745 49.373 
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Magnesium. 

The filtrates from the .calc1um determinations were 

evaporated until the salta in solution began to cryst~lliz •• 

The solution was then cooled and diluted until all salts were 

dissolved. Ammonium hydroxide was added in slight excess 

and then a solution of d}sodium phosphate was slowly added 

until precipitation was complete. After standing a short 

time, one-third the volume of ammonium hydroxide was added 

and the precipitate was allowed to stand over night. The 

olear liquid was decanted through a filter paper and the 

precipitate washed by decantation and on the filter paper 

with dilute ammonium hydroxide. The filtrate was replaced 

by the beaker in which the original precipitation was made 

and the precipitate dissolved and washed into the beaker 

with hot dilute hydrochloric acid and thoroughly washed 

with "vater. After adding 3 oc. di~odium phosphate solution l 

the solution was made slightly ammoniacal and allowed to 

stand fi fteen minut es . One-third t he volume of anm10nium 

hydroxide was then added and the precipitate allowed to 

stand several hours. The precipitate of magnesium phosphate 

,vas filtered onto an ashleas filter pa parl ~lIashed with dilute 

ammonium hydroxide and ignited in a platinum cruoible. The 

magnesium oxide was oaloulat~d from the weight of p~pq.Qephate. 
Magnesium. 

Ali quot ~eight of Weight of Weight of % MgO Averaae 10 
Sample MgaPZ07 MgO Mg 

1/10 0.5 gram 0.0286 0.010355 2.071 
a.104 

1/10 0.5 ft' 0.0895 0.010681 2.136 
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Sodium and Potass~um. 

The J. Lawrence Smith method was used in this 

det erminat ion. A~ 0.5 gram sample of the insoluble ash 

wa s intimately mixed in an agate mortar with an equal weight 

of ammonium ohloride. A small amount of oalcium carbonate 

was placed ir the bottom of a' platinum J2 Lawrence Smith 

orucible. The greater part of the calcium oarbonate used 

was then mixed with the sample in the mortar and then trans-

ferred to the orucible. A small portion of the oarbonate 

was used to rins~ out the mort~~, added to the crucible, and 

the remainder was placed on top of this. The total amount 

of calciull'l carbonate used was 4 grams. The crucible was 

c~amped in a sloping position and gently heated until the 

ammonia had been driven off. The lower part of the orucible 

was then heated strongly for one hour, in order that only the 

sample should reach the high temperatures. 

After cooling, the contents of the crucible ~are 

transferred to a casserole, 75 cc. of water added and kept 

near the boiling point for thirty minutes. The liquid was 

then decanted through a filter paper, more water added and 

the heating continued. The conten~ of the casserole were 

then transferred to the filter and thoroughly washed with 

hot water. From this point the determination is carried 

on as described in the analysis of the soluble ash. 

Total Chloride •• 

Sample 

0.5 grams 

0.5 " 
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Pot as S i..E.!!L!-

Sample Weight of Wetght of Weight of Per Cent Average Per-
K ptel ICCl K 0 K 0 Cent KZO 

Z 6 2 2 

0.5 gr. ' 0.0187 0.00573 0.00362 0.724 
0.726 

0.'5 " 0.0188 0.00576' 0.00364 0.728 

Sodium. 

Sample ~eight Weightof Weight of Weight of 
Ke1 t NaC1 le1 NaC1 NaaO 

~ NaaO Average 6fo 
NaaO 

0.5 gr. 0.0295 0.00573 0.02437 0.01292 2,584 
2.551 

0.5 " 0.0301 0.00516 O.oa374 0.01259 2.518 

Summation of Wat er-Inso1ub1e Ash. 

Per Cent Absolute Weight 

S19.a 0.316 0.3268 grams 

Pa05 ' 43.457 44.9431 " 
Fea03 1.160 1.1997 " 
CaO 49.3(10 51.0582 " 
MgO 2.104 2.1759 " 
NaaO 2.551 2.6382 ", 
l{ 0- 0.726 0.750S e: " 2 
Tota.l 99.684 103.0927 " 
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Summation of Total Ash. 

Per Cent Soluble Ash Per Cent Insoluble Per Cent Constituents 
in Terms of Total Ash Ash in Terms of in Total Ash. 

Total Ash 

K20 5.112 0.604 5.716 

NaSO 3.834 2.122 5.956 

C1 2.23'9 none 2.239 

CO 2 0.749 none 0.749 

Si02 
C.039 . 0.264 0.303 

8°3 3.114 none 3.114 

Pa05 2.227 36.235 38.462 

Fe
2

0
3 

none . 0.966 0.966 

CaO none 41.073 41.073 

UgO none 1.750 1.750 
T"otal 17.314 82.964 100.328 
O=C1 0.516 0.516 

16.798 99.812 

Const i tuent s Per Cent Constituents Crro s s We i ght 
in Body Substance Constituents in Body 

K 0 a 0.a031 66.4685 

NagO 0.2117 69.28.31 

01 0.0796 2S.0507 

CO 
2 

0.0266 8.7054 

SiOa 0.0108 :3.5345 

S03 0.1107 36.2288 

P2Q5 1.3669 447.3454 

Fea03 0.0343 11.2a64 

CaO' 1.4597 477.7160 
MgO 0.0622 20.3562 

Total 3.5656 1166.9150 
Deduct o=C1 .0179 - 5.8772 

3.5477 1161.0378 

-47-



0.149. 

Loss of Sulphur and Chlorine by Ignition. 

The per cent of sulphu~ as given on page 30 is 

Calculating on this basis, the body of the calf 

wo~ld contain in various conbinations 236.0160 grams of 

sulphur. Aooording to the amount of sulphuric anhydride 

reported in the ash, the body would only contain 76.5123 

grams of sulphur. This would indioate a loss of 67.582 

per cent of the sulphur bY. the method of ignition used. 

The per cent of chlorine as given in the body 

organism on page 31 is 0.169. The body of the calf then 

would contain 267.696 grams of combined chlorine. Accord-

ing to the ash analysis the calf body contains 126.0864 grams, 

indicating a loss of 52.896 per cent of the chlorine by this 

method of ignition. 

Grams Sulphur 
in Calf Body 

836.0160 

Grams Chlorine 
in Oalf Body 

a67.6960 

Grams Sulphur in Body 
according to ash analysis 

76.5123' 

Loss of Sulphur 
in Ignition 

159.5037 

Per Cent 
Loss of 

Sulphur i n. 
Ignition 

67.582 

0rams Chlorine 
in Body acoord-

ing to ash analysis 

Loss of Chlorine 
in Ignition 

Per Cent L08 a
in Ignition 

126.0864 141.6096 52.896 

The amount of loss depends on conditions evidently 

and is not constant, as Mr. Vanatta, of this station, last· 

year found. a greater loss than that reported here, especially 

in sulphur. He gives a number of references ooncerning this 

loss and concerning methods of making the analysis but it is 

not considered necessary to repeat them here. 
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Reported in This 
Invest i gat ion 

Reported by 
ltrr. Vanatta 

Per Cent Loss of Sulphur 

Per Cent Loss of Chlorine 

Comparison. 

87.582 

52.896 

J 

91.08 

62.24 

A calf embryo, one hundred eight-five days old, 

was analyzed in this laboratory in 1909, although a complete 

examination of the ash was not made. A comparison of re-

suIts with those obtained in thts i r!vestigation would have 

especial value as the animals were of the same speci; and the 

methods of analysis were similar. For further comparison, 

similar work by other investigators might well be included 

also. The results given here for this purpose are an 

average of wilson's results on page 11, Brubacher's on page 

8 and Camerer's on page 4. The results of ~ilson here 

are calculated on · a body weight basis. 

New Porn Ca1f f'oetus !'ew Born !Jew Born Human Human 
Calf 185 clays Pig Infant Foetus foetus 

Wilson Camerer 28 wks. 36 Wks. 
Brubacher 

Moisture r~ 76.21 84.80 80.03 71.7 80.75 75.28 

Fat ~ I 3.18 2.36 1.48 12.8 3.95 8.42 

Protein ~ 17.46 10.46 la.24 11.5 

Ash 10 3.55 1.78 2.6 3.00 3.12 

PZ05 % 0.85 0.28 1.09 1.lS 

CaO fl ( J 1.78 1.04 1.13 

From a consideration of the first two columns, it 

seems that the per cent moisture is higher in the earlier st ages 
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of the embryonic period. In the oases reported above, there 

is not muoh differenoe in the protein, if the oaloulations 

are made on a dry basis. On "the same basis, however, the 

per oent of ash is the higher in the new born calf, while 

the per cent of phosphorus is considerably higher. The moet 

striking comparison, however, is that of the relative weights 

of the two specimens. Although this foetus had been oarried 

one hundred eighty-five days, yet its weight was about one

fifth that of the new born calf. Comparing the weights of 

dry matter in the two oases, the weight of the foetus is but 

little over one-eighth of the other. This indioates that 

the energy of growth is much greater in the last three months 

than in the preceding part of the prenatal period. 

The analyses given here are not muoh different from 

what would be expeetdd after a comparison with other work, 

but perhaps some of the results are worthy of comment. The 

high per oent of fat reported in one case by -Camerer, in 

another by Brubacher, is rather unusual. The phosphorus 

reported oy Brubacher is also unusually high. 

Ash Analyses. 

A consideration of ash analyses might also have a 

ce~ain interest, especially that of a new born calf analyzed 

by Mr. Vanatta. Others given are of a new born infants; 

by Hougounenq ~n page 2, by Camerer on page 3, and by de Lange 

on page 4; also of a new born guinea-pig on page 5. The 

result of Camerer is the average of two analyses. 
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Const i t- New Born New Born New Born ~ew Born New Born New Born 
uents", Calf. Calf. Infant. Infant_ Infant. Guinea-

Eogan Vanatta ftl gbUfitfn\ll Camerer de Lange pig. 
Abderhalden 

KaO 5.716 4.653 6.20 7.9 6.-54 8.156S 

Na 0 5.956 6.aa6 
2 

8.1a 9.2 8.80 6.9171 

01 2.239 1.949 4.26 7.7 6.36 9.1119 

COa 0.749 0.191 1.89 

SiOa 0.30:3 0.639 

8°3 3.114 1.107 1.50 

P20S 38.462 39.38a 35.28 38.9 37.51 42.0667 

Fea03 0.966 0.983 0.39 0.9 1.69 0.2409 

Cae- 41.073 43.113 40.48 36.1 38.89 32.1758 

Mg'O 
) ~' .. 

1.750 2.074 I.SI 0.9 1.3'7 3.3682 

Sum 100.328 100.317 99.63 101.6 101.26 102.0371 
O-r:l 0.516 0.440 0.96 1.8 1.43 2.0371 
Total 
Ash 99.812 99.877 98.67 99.8 99.83 100.0000 

A comparison of the first two columns probably has 

t he great er value, :due to simi lari t y of condit ions. 'rhe 

calves were of the same mother and met death in the eame way; 

the methods of analysis also were quite similar. The specimen 

used in this analysis was carried a few days over time, how

ever, and was considerably heav1.er than the one Mr. Vanatta 

analyzed. 

The difference in the re~itive amounts of sodium 

and potassium is perhaps the moat important feature, although 

the data a~fords no explanation. The amount of carbon 
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dioxide, sulphur and chlorine in the ash depends on conditions 

during ignition and va·r1ations are of no significance. 

The results of Abderhalden are interesting in the 

very low per cent of iron · reported. This is also the only 

caee repro~lced here in which the per cent of potash is 

greater than the per cent of soda. As was mentioned on page 

Z, Hougounenq points out that in the ~oung of the dog, cat 

and rabbit, t.he potash ordinarily predominates. Bunge15 

aleo reports some results which bear out that statement. 

Older ~nimal s. 

Since the composition of the new born calf has 

been compared, as far as po.ssible, with that of calf embryo" 

a comparison with more mature animals might also be desirable. 

The results used for comparison here are those of Lawes and 

Gilbert. 

Const i tuent s New Born Calf as Jeter- .wa 't Calf Half Fat Ox 
. mined in .thi s Investiga-

tion 

Fe Z03 
,_0.996 0.53 0.97 

CaO 41.073 43.95 45.26 

.gO 1.750 Z.20 2.03 

KZO 5.716 5.40 4.41 

NaaO 5.956 3.82 3.08 

P
a

0
5 

38.462 40.37 40.32 

8°3 3.114 1.08 0.86 

CO2 0.749 1.:34 1.97 

01 2.239 1.55 1.24 

SiQa 
0.303 0.12 0.24 

Sum · 100.328 100.36 100.aS 
0=01 0.516 0.36 0.28 

$~.812 100.00 100.00 
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The results given here may indicate that the 

per cent of iron is higher in the new born animal thai 

later in life, though the high per cent in the half fat 

ox makes such a conclusion unoertain. However, that may 

. .,. 

be in this case. Abderhalden13 makes that general state-

ment, though he notes some exceptions. 

The per cent calcium and phosphorus is higher 

in the older animal which of course is to be expected. 

The higher per cent of potash may be worthy of 

interest though the limited data given here makes a con-

elusion impossible. A number of analysts, however, have 

worked on eimi:~r p~oblems, notably Abderhalden. In one 

article14 he states that there is no sodium in the blood 

corpuscles of the horse, rabbit or swine, while sodium is 

present in carnivorous animals and ruminants. If -chis 

fact had any effect, it would increase the per 0611t of 

sodium relative to that of potassium. On the page fol

lowing the one just Oit&d13 , Abderhalden takes up this 

subject from another standpoint and ~hows that the 

haemoglobin per unit body weight i~ greatest at birth 

and then declines. These facts may have nothing to do 

with the lower per cent reported by La~ves and Gilbert, 

though they afford room for some speculation. 

Mother's Milk and the Young Animal. 

I The r~lation of the mineral composition of mother's 

milk to that of the foetus or young, has been much discussed 
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for some time. lS 18 7 
Bunge' and Abderhalden have both 

written extensively on that subject and take the ground 

that the composition of mother's milk varies with the 

rate of growth of the young. They have also stated that 

the per cent of the ash constituents is parallel in tne 

milk and in the young. Though they present evidence to 

support thib Vier, yet some of the other papers referred 

to here, indicate that the infant at least is an exception 

to that fact'. Bearing in mind this previous discussion, 

the relation bet~een the mineral constituents of a new 

born calf and COWlS milk may have a certain interest. 

Such a comparison presents certail difficulties, as the 

composition of milk varies oonsiderably with individuals 

and wi th the period in 1actat ion. The a:".alyses given 

below1S, 1~, 18 are consi1ered as suitable for compara-

tive purposes, however, as any available. 

Constituents Analysis of Analysis of Cow's Hi1k 
New Born Calf (Schrodt) (Bunge) 

K.,O 5.716 25.42 22.14 
j;.,) 

UaZO 5.956 10.94 13.91 

01 2.239 14.60 21.27 
COa 0.749 

SiOa 0.303 

8°3 ~.114 4.11 ' 

1'2°5 ~8. ·162 24.11 24.75 

"'Fe,..,O '-) 3 0.966 0.11 0.04 

CaO 41.073 21.4S aO.05 
MgO 1.750 2.54 2/63 

Sum 100.328 103.28 
0=01 0.516 3.28 

99.812 100.00 
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Although it may be true as Bunge and Abderhalden 

assert, that the more rapid the growth of the young, the 

higher the per cents o~ the various constituents in the 

mother's milk. The above data does not indicate that the 

composi~ion of the mineral mat~dr in the young and in the 

mother's milk is parallel. 
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BmDlARY. 

~ analysi8 can not well be summarized in worde 

and the analyaia ot a single speoi.en d088 not permit ot many 

general oonolusions. It might be well, however, to note 

aome ~t the faot. brought ~ut tro. this investigation; a 

eompari.on wl~h the analyeis ot the oalf foetu8 as p~eviou8-

1y not~~ will assist in drawing general oonclusions • 

. The peroentage of moisture in the ·new born oa1f 

Ie lower than in the earlier etages of development, ln4i

oa~lng that the peroentage of ao11da in the embryo inorease. 

with age. The peroentage of fat also inoreases but in a 

.maller proporti~n than the .o~ida. 

The peroentage of phosphoru8 is muoh higher in 

the new born .oalf than· in the earlier 8tages of development 

and i8 Btil; about twioe aa high, eyen it caloulated on a 

dry baai., indioating a rapid formation of bony ti.sue. 

Though the per.oentage of ash · is oonsiderably 

higher in the new born oa1f than in the oalf embryo, yet 

thls ditference disappears when ca10ulated on a dry baai.; 

in thia oase th~ dry matter of the foetuB even oontalns 8: 

. slightly higher per oent of ash than does the dry matter 

of the new born oalf. 
\ 

A •• bOWD b, the analY8is of the ·fresh materlal 

of the calt, the per oent of phosphorus in the ash of the 

blood ie very lOY. I. would be expeoted, the amount of 
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phosphorus in the ash of the nervou8 system ia high. 

The per oents of tat and protein in the exoreta 

are relatively high. 

The amount of ether-soluble material in the blood 

i8 very low ~ there might easily be no tat whatever present. 

The mineral oonstituents of the young and ot 

mother'a milk are not neoessarily parallel in oomposition. 
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