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DETERMINATIONS OF VARIOUS FORKS OF NITROGEN IN BOVINE FLESH, 

INCLUDING THE PRODUCTS or HYDROLYSIS OF SOKE OF THE PROTEINS. 

When Hauamann10 introduoed hie method for nitrogen 

distribution i nto protein ~nlays1. be opened the way for 

great progre.e in that line of investIgatIon. Winter-

eteln11 later showed that phosphotungstio acid would also 

preoipitate oyst ine . Van S11ke12 improved the gaaometr10 

method of Saohee13 and Kormann for the determination of 

amino nitrogen and from ,these methode of analysi. worked 

out a oombination of them for determining arglnlne~ histi

dine, lysine, and oystine in proteins. Several improve

menta in the method, suoh &8 removal of the phosphotungstl0 

aoid f om the preo1p1tate of the bases by ahating it out 

wit h amyl aloohol and ether b.Y Van Slyke16 and the bolling 

of the bales with alkali of lower oonoentratlon for deter-
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. 1. 
mination of the arginine by Pllmmer have reoently been 

publl.hed. The method baa been rtdely used in the analy

.18 of variou8 proteins, tie.ue8~ foods and feeding stutte. 

ror this study & number of beef proteiua were analyzed 

aooording to the Van 81yt. method. The protelna used repre

lent the tractions of the flesh as developed by Grindley".'- • 

The 0014 water lneoluble protein 1. a mixture ot stroma and 

plaaaa protelnl and oontalna albuminoid_, and nuoleo proteina. 

The cold water loluble, heat ooagulable fraotion 18 & mixture 

of plasma proteln, the albumlns and globulins ot fl •• h. On 

Pas- 1. g1Ten an analYl18 ot the flesh of & newborn oalf 

.howlng juat what put of the flesh thea. fraction. repreeent. 

1 desoriptlon of the samples and the method of preparing them 

1. given in a later •• otion. rollo_1ng 18 & 4eeorlptlon of 

the methode emplored in thi8 work. 

AnalY81,., .2!. Protel.ne Aooord1ng !2. the Van Sllke, Method 

1. BJdrolyela--10 grams of prote1n are dlelolYed in ten to 



twenty parte of 20 per cent, HCl and boiled under a reflux 

oondenser in a tared flask. After 10 hours hy~rolysis is 

stopped and 1 0.0. portions withdrawn for amino nitrogen 

determinations. The deaminizing reaotion is allowed for 

fiTe minutes standing and one minute shaking. Under these 

oonditions the same proportion of ammonia (15 to 20 per oent) 

is decomposed in eaoh determination. The flask is weighed 

and hydrolysis oontinued for S to 8 hours and until the 

amino nitrogen i8 oonstant. The objeot of the weighing is 

to allow oorreotion for oonoentration. 

2. Total Nitrogen--The produots of hydrolysis are transferred 

to a graduated flask and total nitrogen is estimated aooord

ing to the Kjeldahl method on an aliquot of 5 0.0. 

3. The ammonia nitrogen determination is made on an aliquot 

representing 3 grams protein whioh is placed in a distilling 

flask and moat of the HCl i8 distilled off in vacuum, di

luted to 200 o.c., 100 0.0. aloohol added to prevent froth

ing, and then an exoess of a 10 per oent 8u8pension of 

Ca(OH)a &8 shown by turbidity and alkaline reaotion of the 

solution. 
o 

The distillation i8 oarried on at 40 for one-

half hour and under 30 to 40 Mm. pressure. Alizarin 8ul-

phonate i8 uled a8 indioator. A desoription of the appa-

ratus used is given in the Journal of Biological Chemistry, 

Vol. la, page .al, and in Plimmer, fhe Chemioal Constitution 

of the Proteins, page 74. 



4. Humin Nitrogen--The blaok ooloring matter is adsorbed by 

the lime, whioh is filtered off on a folded filter paper 

and washed with water until free from chlorides. The pre-

oipitate and paper are submitted to a Kjeldahl analysis, 

using 35 o.c. HaSO •• 

5. Preoipitation and Washing of the Phosphotungstio Precip

itate. 

The filtrate from the humin nitrogen is neutralized 

with HC1, returned to vacuum distillation apparatus, and oon

centrated to about 100 0.0. and transferred to a 350 0.0. 

beaker. 18 C.o. of concentrated HCl and 15 grams of phos-

photungstio aoid in aqueous solution are added. The entire 

solution is diluted to aoo 0.0. with water and heated on a 

water bath until the precipitate has nearly redissolved. 

On oooling the phosphotungstates separate in orystalline 

form. 

After standing at least 48 hours they are filtered off 

in a a inoh Buchner funnel on a hardened filter paper. 10 

to 15 o.c. of a washing solution oontaining 2.5 grams of 

phosphotungstio aoid and 3.5 grams HOl per 100 c.o. and 

whioh has been oooled to oOe. are poured into the well paoked 

precipitate, which is stirred up with eaoh portion by means 
• of a flattened stirring rod, so that all parts of the pre-

cip1tate are reaohed. 

for oaloium is given. 

Washing is oontinued until no teat 

This ia made by plaoing 1 or a o.c. 
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ot 10 per oent NaOH oontaining some oxalate in a test tube 

and allowing 2 or 3 drops from the Buohner funnel to run 

down the aide ot the tube and form · a layer on top of the 

solution. The tube il now gently shaken until just enough 

alkali has mixed with the upper layer to turn the latter . 

alkaline. The tube is viewed against a dark baokground 

with plenty of light going thru the solution. 

Removal of phosphotungstio acid. The basio preoipitate 1s 

removed from the filter by a spatula and transferred to a 

one-half liter separatory funnel using aoo to 300 0.0. of 

water in the transfer. 5 to 10 c.o. concentrated Hel ahd 

the mixture is shaken with 1:1 amyl aloohol-ether, using 

so muoh of the latter that it floats on the water after the 

preoipitate has gone into solution. Usually 100 0.0. of 

the mixture and one minute shaking are required. If the 

solution is fouled by humin nitrogen the whole mass with

out leparation can be passed thru a Buohner funnel with 

suotion. The aqueous layer 18 extracted with three or more 

suocessive portions of the mixture . (about one-fourth volUile 

of water). Finally the oombined alcohol-ether extract. are 

shaken with water to remove traoes of bases and separated 

and the wash water washed with a fresh portion of the mix

ture, and oombined with the main solution of the bases. 

The latter should be free from phosphotungstio acid as 

shown by Ba(OH).. The solution is now oonoentrated in 

vaouo and washed into a 50 0.0. flask. 
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The determination of amino nitrogen acoording to van 
1. 

Slyke oan now be performed with the micro apparatus with 

only one or two c.c. The reaotion should be allowed to 

prooeed for one-half hour and a blank should be run. 

Complete direotions for manipulating the apparatus are 
8 9 given in Mathew8 , page 974, and Hawk I page 88. 

Arginine is determined on. aO or 2S c.o. of the solution 

aocording to P11mmer's16 modifioation. 20 or 2S 0.0. of a 

40 per cent NaOH solution are added to the solution in a 

small round bottom flask, a few pieces of pumioe stone added. 

This is then attaohed to a condenser at the upper end of 

whioh is a Folin tube containing 15 0.0. of standard acid. 

After six hours boiling the water is drawn from the condenser 

and the solution boiled 15 to 20 minutes to drive off all 

of the ammonia. One-half of the arginine nitrogen is driven 

off when treated thus as ammonia. The excess of standard 

acid in the Folin tube is titrated against NaOH, using Aliz

arin Sulphonate as indioator. 

Cystine 1s determined by Denis' modifioation of Bene-

dict's method. 10 c.c. of the solution of bases and oystine 

are plaoed in a porcelain dish with 5 0.0. of a solution 

oontaining a5 grams of Cu{N0 3 )a, 25 grams of NaCl and 10 

grams of NH.N0 3 per 100 c.o. The mixture is evaporated to 

dryness on a water bath and then gradually heated to redness 

at which temperature it is held for ten minutes. ' The re8-

idue is dissolved in 10 o.c. of a 10 per oent HCl solution 

and diluted to 150 o.c. 10 o.c. of a 5 per cent BaC1 2 80-
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lution are slowly added to the boiling solution and the 

BaSO. i8 filtered off and washed in the usual way. A blank 

on the reagents ahould be run. This should not exceed 1.5 

milligrams. One milligram of BaSO. oorresponds to 0.06 

milligram. of oystine nitrogen. 

Calculation of Histidine Value 

Total nitrogen minus total amino nitrogen gives total 

non-amino nitrogen--D. This is ·oontained in the arginine 

and histidine. Since three-fourths of the arginine and 

two-thirds of the histidine nitrogen are in this form, the 

total non-amino nitrogen minus three-fourths of the arginine 

repre8ents two-thirds of the histidine nitrogen. Hence 

Histidine N : 3/2(D - 3/4 Arg.) • 1.5 D - 1.125 Arg. 

Calculation of Lysine Value 

Lyaine i8 found by difference: 

LY8ine N = Total N - (Arg.N + Cyst.N + Hist.N) 

Determination of total nitrogen in monoamino acids. To the 

oombined filtrate and washings of the phosphotungstate pre

oipitate 50 per cent NaOH il oarefully added until the solu-

tion beoomes turbid by preoipitation of lime. Excess sh~ld 

be avoided. Aoetic acid is added to clear the solution. 

The acid 8olution 18 ooncentrated in vacuo until salt begins 

to orY8tallize out. The solution is washed into a gradua-

ted flaak and made up to 250 c.c. Total nitrogen is esti-

mated in 10 c.c. portions by Kjeldahl'8 method, 25 0.0. ot 

HaSO., 10 grams I.SO., and 0.20 grams CuBO. being used. The 
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aoid 8hould be added carefully on aooount of the evolution 

of the H01. The digestion should be continued for three 

hours after the 8olution has beoome clear. 

Determination of amino nitrogen 1n monoamino acids. 10 c.o. 

portions are used and ,the reaotion allowed to prooeed for 

6 to 10 minute8. 

Corrections for solubilities of phosphotungstates 

Table for preCipitation in the volume of aoo c.c. 

Tota.l N Amino N Non-Amino N 
grams grams grams 

Arginine Nitrogen 0.0032 0.0008 0.0024 

Hietidine Nitrogen 0.0038 0.0013 0.0025 

Lysine Nitrogen 0.0005 0.0005 0.0000 

Cystine Nitrogen 0.0026 0.0028 0.0000 

Sum 0.0052 0.0049 

Preparation of t .he Samples 

The flesh was .epara.ted from the fatty tissue and bonee 

by hand. It was then ground finely in a meat ohopper and 

about five kilos placed in a oooler the temperature of which 

was about 40°F. and mixed thoroly with oold water. The 

. mixture wae then filtered thru muslin. If the temperature 

1. not too low labor oan be laved by pouring the mixture 

upon the .~.11n whioh has been fastened on a 8quare frame 

and catching the filtrate by means of a funnel in a bottle 
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below. The mixing with water and filtering is repeated 

until the filtrate , no longer gives the biuret reaotion. 

The filtrate i8 treated with a little thymol to prevent bao

terial aotion and filtered thru paper and evaporated on the 

water bath until quite oonoentrated. The ooagulated pro-

telns are filtered off· by means of suotion and washed with 

water and finally with aloohol. The cold water insoluble 

residue and the ooagulable protein is mixed thoroly with 

aloohol and preserved that way until used. The filtrate 

and aqueous washings from the ooagulable protein are oon

oentrated on the water bath to a thiok syrup and preserved 

as suoh. The oonoentration 11 suoh that baoteria w11l not 

grow. 

Treatment of cold water insoluble residue . 
The aloohol 1s filtered from it by suction and it is 

treated with alcohol several times and filtered. Then it 
.. 

is treated with ether and filtered several times. The 

alooholio and ether filtrates are mixed and made up to 

volume and the nitrogen determined in an aliquot. The 

protein residue i8 air dried, weighed, and the nitrogen 

determined in a sample. Teri gram samples are plaoed in 

paper oones and extracted in a eoxhlet apparatus. Abeo-

lute aloohol is poured upon it first and it is allowed to 

----

.If filtering goes slowly it is best to do it in the cold. 
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stand for a few days. The alcohol is then siphoned off 

into the flask and the sample is further extracted with 

ether in the usual way for about 24 hours. The alcohol-

ether mixture is washed into a Kjeldahl flask and the ni-

trogen in it is determined in the usual way. The quanti-

ty of nitrogen obtained in the second extraction 1s very 

small. The sum of the weights of the nitrogen in the 

alcohol-ether extracts and the nitrogen 1n the residue 

after extract10n divided by the weight of the nitrogen ob

tained by the two extractions gives the lipoid-protein ni

trogen ratio of the cold water insoluble part of the flesh. 

The extraoted samples are then ready for analysis. 

The aotio!!, of water on the Erotein,s during these ~eparat1ons 

Van Slyke 16 found by determining the amino nitrogen 

that digestion of muscle proteins in water at 100°0 for three 

hours did not hydrolyze them. The water extraots of these 

samples were made in the cold so that enzymes present did 

not have favorable conditions during that time. 
o 

then brought up to about 80 0 and. conoentrated. 

They were 

There may 

have been enzymatic action during the time required for the 

extract to be brought to 800 C and some hydrolysis may have 

taken plaoe, yielding more non-heat ooagulable protein than 

it should. The extent of this hydrolyais was not determined. 

Description of_t~e Sample_~ 

The cold water insoluble protein 5620 was obtained from 



a lean flesh composite of a newborn calf and 549 from a 

five year old Group III steer (see first part of paper) in 

the manner described above. The insoluble protein 508B 

was kindly given me by Dr. Trowbridge. It was prepared as 

follows: The lean flesh of round of baby beef was extraoted 

with cold water and then with ammonium sulfate, the remain

ing ammonium sulfate was removed by washing and the sample 

was treated with aloohol, dried and then extracted with ether. 

The sample was then air dried. The whitish shreds result-

ing were sifted and the coarsest sample was 50SB. 

The ooagulable samples were obtained as desoribed above, 

5600 from the lean i'lesh composi tee of a. newborn calf and 

the others from the lean of the round. Steer 505 was full 

fed from birth and slaughtered at eleven months, 501 was 

trea.ted as No. 505 but slaughtered at forty-eight months, 

No. 48 was held as a feeder for three a.nd a half years and 

then fu~l fed for one and a half years. ~os. 505, SOl, 

and 48 were all fat when slaughtered and analysis of the 

proteins from the same parts of the oarcass ought to show 

the influenoe of age upon the composition of the sample. In 

this paper the cold water fnsoluble residues are deSignated 

with an R before the nwnber of the animal from whioh it 

oame, and the coagulat"ed samples have the abbreviation ooag. 

before the number of the a.nimal. 

In Table I the results of the van Slyke analysis are 

given. 
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Table :I ,' . Van Slyke A~alysis of Seven Beef Fleah pro!te1ns in Per Cent of Total Nitrogen 

Residue of Lean of Ribs l water 
extraction followed by alcohol 
and ether extraction 

R549 Group III 5 yrs. 

Coarse Sample Lean Meat extrac
ted with co~d water , 10 per cent 
ammonium sulfate and with ether. 

Baby Beef R508B 

Residue of Lean Flesh Composite 
after extraction with cold water l 

alcohol ether. 
Newborn Calf R562C 

Coagulated Protein from Lean 
Flesh Composite of Newborn 
Calf Coag. 562C 

Coagulated Protein of cold 
water extract of round of 
steer COM. 505 ..., 

Group I 11 months. 

Coagulated Protein Lean of Round 
of NO. 501 

Group I 4 yrs. 

Coagulated Protein Lean of Round 
of No. 48 

Fat 5 yrs. 

Humin Ammonia Cysttne I Histidine Lysine Arginine Non-Amino N Amino N 
Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen in Filtrate in Filtrate 

Total 
Nitrogen 

1.4 

1.7 

1.5 

2.3 

2.2 

2.1 

2.6 

3.9 

() 

6.0 

5.4 

6.8 

6.7 

6.9 

6.0 

1.1 

0.7 

0.9 

1.1 

1.0 

1.2 

o;a 

1.9 14.0 15.3 0.9 58.3 96.8 
32.3 59. ao 

5 .8 • 12 . 05 * * 12.8 100.64 
31.3 61.63 

4.9 13.6 13.8 1.8 58.5 100.35 
33.1 60.30 

5.3 13.3 10.9 101.07 
30.6 61.36 

9.1 13.1 9.9 2.7 57.4 102.06 
33.1 60.10 

7.6 15.5 10.a 100.07 
34.8 56.2S 

5.4 12.7 11.1 0.3 59 '.8 97.88 
30.0 60.10 

o During the ammonium sulfate extraction some ammonia may have united 
I with the protein making the ammonia nitrogen value too high. 
: .tc This Value is too high. , See discussion of the histidine nitrogen. 

1**Thla value is too low. See disoussion of the histidine nitrogen. 

I 
j 
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The Humin Nitrogen 

Humin i8 the name given to the black substance formed 

during acid hydrolysis of proteins. The amount of humin 

can be much increased by the addition of sugars, as many 

investigators have shown. The most thoro study of humin 

formation has 'been made 'by Roxas~· who found that alanine, 

leuoine, phenylalanine and glutaminio acid gave very little 

or no humin 'by boiling them in twenty per cent HCl 

with glucose, xylose, and fructose. Proline yielded no 

hUmin with 4.15 ~er oent HCl when treated with glucose, but 

did so when treated with xylose or fruotoae. Tyrosine gave 

15 per oent of its nitrogen to humin formation; cystine, 3.1 

per oent; arginine, 2.31 per oent; lysine, 2.S2 per cent; 

hyst1dine, 1.84 per oent; tryptophane, 71.0 per cent. The 

addition of proline increased humin formation from tyrosine 

and cystine. He suggests that humin formation depends upon 

the presence with the amino acid of groups capable of fairly 

ready ring formation; this oocurs and condensation takes 

place in the presence of furfurol. 

The non-amino nitrogen of the filtrate from the bases 

in these analyses represents the non-amino nitrogen of pro

line and one-half the nitrogen of tryptophane, not destroyed 

by aoid hydrolysis. The analyses, however, are not accurate 

enough to allow any conolusion except that non-amino nitrogen 

i8 probably present in the filtrates of all samples. 

The humin nitrogen is about one per oent lower in cold 



water insoluble proteins than in the coagulable proteins. 

This may be due to differences in carbohydrate, proline and 

tryptophane oontents. Van Slyke found 1.38 per oent humin 

nitrogen in a hydrolysate of oasein. 

The Ammonia Nitrogen 

The greater part of the ammonia nitrogen formed during 

the hydrolysis of proteins probably comes from the acid 

amides. It has been suggested from the faot that in some 

proteins the amounts of ammonia obtained· corr.esponded wi th 

the amount of glutaminio and aspartic acid in the samples 

that the ammonia and these diamino aoids exist in the pro-

tein moleoule as acid amide •• 

glutamine have been isolated. 

In fact, asparagine and 

Andersen17 and Roed-Mueller 

have presented strong arguments for believing in the pres

enoe of uramino linkings i·n oasein . . 

R 
I 

HCNHCONH 2 , 
eOOH 

This linking would also yield ammonia upon hydrolysis. The 

uramino acids are strongly aoid in oharacter. Other souroes 

of ammonia are the products of secondary decomposition of 

some of the amino acids. Cystine is one souroe. Andersen 

and Roed-Mueller have shown that tryptophane upon drastio 

hydrolysis in an aut~cla~~ does not yield ammonia, but that 

eaoh suocessive treatment· of casein in an autoclave at 150°0 

in 3N HCl for one and a half hours would. increase the amount 
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of ammonia by 0.85 per cent in terms of the total nitrogen. 

In these samples of meat proteins the ammonia nitrogen i8 

higher in the coagulated proteins than in the cold water 

insoluble samples. 

It may be noted that sample RS08B has a higher ammonia 

oontent than the other cold water insoluble samples. The 

sample had been extraoted with ammonium sulfate and thoroly 

washed. It may be possible that some ammonia has united 

with the free amino groups of the protein as the acid salt, 

R-NH:a(1TH,,)H .. ~O". 

The Cystine Nitrogen 

The amounts of cystine nitrogen given in the table are 

lower than the true ~~uantitiea present, since it is known 
19 that cystine gives rise to humin. formation, ammonia for-

19 30 21 mation, and that H2S ' , is given off during hydrolysis. 

The quantities present, however, are all very close to one 

per oent and the determinations are of value in calculating 

the per cent of lysine. The cystine content of these pro-

teins is slightly higher than that obtained by Van Slyke 

'by the same method in casein, which was 0.70 per cent (cor

rected for solubilities of bases). 

*Roxas1Sfound that 3.38 per cent of the total nitrogen of a 
mixture of 0.2 grams cystine and 2.0 grams proline + 2 grams 
glucose + ao per cent HCl was changed to humin, whi~e cystine 

. alone wi th gluoose yielded no humin. 
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Due to the presence of silica the cystine in samples 

RS08B and coag. 48 was not weighed. However, a very small 

precipitate was noticed. The values given in the table 

give the amount of cystine nitrogen which would not have 

been preoipitated by the phosphotungstic acid. 

The Arginine Nitrogen 

The arginine .nitrogen in the cold water insoluble samples 

is higher than in the ooagulated samples, 

The Lysine Nitroge~ 

The values given in the table for lysine nitrogen are 

slightly lower in the cold water insoluble samples. However, 

a oorreotion for nucleo protein bases would make the values 

slightly higher so that it is impossible to eay from these 

data that there is any marked differenoe in amount of ly

sine nitrogen present. 

Summarizing these results we find that all of the cold 

water insoluble samples differ decidedly from the coagulated 

samples in thetr hydrolytio produots, that is, in the humin 

nitrogen formed from them and in the ammonia, the histidine, 

and the arginine nitrogen oontent. The differenoes among 

the insoluble samples as well as among the coagulated samples 

must be due to the different sources of the samples. 

The three samples of coagulated protein from the round 

of animals No. 505, No. 501, No. 48, are oomparable exoept 

as to age, but while the analysis shows differenoes these 

differenoes ·do not vary with the age of the animal. 
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The Histidine N1trosen 

The histidine nitrogen 1s lower in the cold water insol-

uble samples than in the ooagulable samples. The value gi v-

en in the table for sample RS08B is too high since 1n deter

mining the amino nitrogen in the bases the nitrous acid was 

allowed to act for only five minutes, while it requires thtrty 

minutes for complete action upon the epsilon amino group of 

lysine. About four-fifths of the nitrogen of the epsilon 

amino group of lysine is liberated by nitrous aoid in five 

minutes. Allowing a correction for this the value for 

histidine becomes 3.9 and that for lysine, 13.9. 

Correotions for the Presence of Nucleo-Proteins --------
The cold water insoluble samples contain small quanti-

ties of nucleo-proteins. The nucleic acid 8,21 of the nu-

cleo-proteins probably contains the following bases which are 

preoipitated by phosphotungstio acid. 

( 1 moleoule of guanine - 5 atoms nitrogen -
Purine ~ 1 molecule of adenine - 5 atoms nitrogen -

~ 
1 molecule of oytosine= 3 atoms nitrogen 

Pyrimidine - a 1 moleoule of thymine - atoms nitrogen 

Total = 15 atoms nitrogen 

The purine nitrogen in sample R5S2C was determined ac-
111111 

oording to the method of Hall and found to be 0.44 per cent 

of the total nitrogen. Then the purine and pyrimidine nitro

gen precipitated by phosphotungstio aoid = 15/10 X 0.44, or 
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0.86 per oent. The formula for oalculating the per cent of 

histidine (see page 50) can be corrected for nucleic acid 

bases and will be 

Histidine nitrogen = 3/2(D - 3/2 purine nitrogen - 3/4 

arginine nitrogen). 

and tor lysine nitrogen 

Lysine nitrogen = total nitrogen of bases - 3/2 purine 

nitrogen - arginine nitrogen - histi

dine nitrogen - oystine nitrogen. 

Using these formulae the value of the histidine nitrogen 

in sample R5S2C beoomes 3.93 and for lysine nitrogen. 13.89. 

The correotion lowers the amount of histidine by 1.0 per 

oent and raises the am~nt of lysine by 0.33 per oent. Sev

eral assumptions have been made in these oalculations, but 

it 1& certain that nucleic acid in the proteins whioh are 

analyzed according to van Slyke oauses the determination of 

histidine to be too high and that of lysine to be too low. 

This fact strengthens the oonolusion that the oold water in

soluble samples have less histidine nitrogen than the ooagu

lated sample •• 

The non-amino nitrogen of the filtrate from the bases 

represents one-half the tryptophane and all of the proline 

and oxyproline nitrogen. The differenoes shown in the table 

are not signifioant beoauae s.light errors in the determina

tion will change the results appreoiably. In some oases no 

non-amino nitrogen is given in the table beoause the amino 

nitrogen determination was slightly higher than the total 
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nitrogen determination. This does not mean that no non-

amino nitrogen is present, but that the accuracy of the de

terminations is suoh that it oould not be determined. How-

ever, it is oertain that in the samples analyzed here the 

amount of non-amino nitrogen in the filtrate from the bases 

is not more than about 3 per cent. It may also be remarked 

that this form of nitrogen--tryptophane, proline and oxypro-
18 

line--makes up the largest part of the humin nitrogen. 

Discussion of the Results 

The proteins of muscle are generally divided into two 

groups, those of the musole plasma and those of the muscle 

stroma. The former is the thiok juioe which may be expressed 

under high pressure from fresh muscle. The plasma proteins 

may a180 be obtained by extracting the muscle with 5 per oent 

sodium chloride or with 5 per oent ammonium ohloride. Ac

oording to Von FUrth there are three ooagulable proteins in 

musole plasma. They are myogen, myosin, and soluble myogen 

fibrin. 

The greater part of the proteins of the musole are in-

soluble in ammonium ohloride solution. These are the pro-

teina of the stroma. Nucleo-proteins and phospholipins ~e 

a180 present. The latter are apparently in union with the 

proteins. The protein is probably an albuminoid or a. meta

protein. The heat coagulable proteins used in this work 
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are of oourse all plasma proteins, while the cold water 1n~ 

soluble residues contain all of the original stroma proteins 

and aome of the plasma proteins. Mathews . (p. 604) says: 

"It seems probable from the general phenomena of the squeez

ing out from gels on contraotions of the .latter by the prooess 

oalled syneresis of a solution oontaining the same matter as 

the gel, but -in different oonoentration, that the plasma may, 

in reality, oontain the same proteins as the stroma but in 

a more dilute form.' ,. The differenoes 1n oonst1 tution of 

the oold wa~er insoluble and the ooagulable samples found in 

this work are evidenoe against this probability. The amount 

of nucleo-proteins present .does not have an appreoiable 

effect upon the results ' of the analysis. We have here dif

ferenoes between mixtures of stroma proteins with plasma 

proteins, and plasma proteins. 

Samples R562C and R549 

The analysis of these samples shows differences that are 

greater than the experimental errors. Sample R562C is the 

cold water residue of the flesh oomposite of a newborn oalf, 

while R549 is a composite of the lean flesh of the ribs of 

a five-year-old steer. The latter oontained some fatty 

tissue. It has been found in the analysis of many been ani-

mals in this laboratory that the analysis of the lean flesh 

of the ribs oorresponds very olosely to the analysis of the 

lean and fat oomposite of the caroass. It may be said then , , 
pending analysis of more samples, that it is probable that 
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during growth a change takes place in the composition of the 

oold water insoluble protein of the flesh of beef animals; 

the produots of hydrolysis contain less ammonia nitrogen, lese 

histidine nitrogen, and more arginine nitrogen. The dif-

ferenoe in histidine oontent has been cheoked by another 

method (see page 34). 
23 . Hartley analyzed ox serum and horse SerUltl proteins ao-

cording to the method of va.n Slyke. He found that the serum 

albumins differed in their chemical constitution from the serum 

globulin~. The analysis of different globulins from the same 

eouroe showed no marked differenoes. Below is a table giving 

Hartley's results on ox serum. 

Hartley's analysiS of ox serum proteins 

Wh'ole 
Protein 

Humin nitrogen 1.60 

Ammonia nitrogen 7.05 
\ 

Cystine nitrogen 2.75\ 

Arginine nitrogen 11.05' 
( 31.75 

Histidine nitrogen 4.401 , 

Lysine nitrogen 13.55· 

Amino nitrogen of £il- \ 
trate 56.65 ) 

Non-amino nitrogen of 58.80 
filtrate 2.15 " 

I 
.' 

Sum 99.20 

Albumin 

1.1 

5.8 

3.5) 

10.4 . 
( 36.9 

6.7 j , 
: 

16.3 , 

S4. 21 
56.5 I 

2.3) 

100.3 

Total 
Globulin -

2.0 

7.7 

2.0 : 

10.9 
" 28.2 

6.3 ' 

9.0 ' 

59.8' 
62 :·0 

a.a : 
.' 

99.9 
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Comparing these results with those given in Table XIV 

for the flesh proteins one is unable to see any close agree

ment between any of the serum proteins and any of the flesh 

proteins. The analysis shows differences in the oonstitu-

tion of the proteins but the various forms of nitrogen de

termined are present in all samp~es in amounts of the same 

order of magnitude. The same statement applies to the re-

8ults given in the following table on fibrin 2
• and the pro

as 
teins der1 ved from it and to laotalbumi·n, oasein and gela-

t~ne. The great differenoe in constitution of gelatin and 

the other animal proteins i8 apparent. 
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Van Slyke Analysis of Fibrin24
, Two Proteins Obtained from 

the Fibrin and Lactalbumin and Casein25 

. Proto- Hetero- Lact-
Fibrin Albumose Albumose Albumin 

Humin 
Nitrogen 3.17 4.11 2.75 2.32 
Ammonia. 
Nitrogen 8.32 4.73 6.37 8.50 

Cystine 
Nitrogen 0.99 0.50 0.91 1.21 

Arg1n1ne 
Nitrogen 13.86 14.89 14.151 7.11 

Histid1ne 31.2 29.50 ( 
\ 31.80 a5.5 

N1trogen 4.83 4.53 6.45 ' 4.27 

Lys1ne 
Nitrogen 11.51 9.60 10.30 12.35 

Amino N1 tro-
gen in fil-

trate 54.20 53.90 54. 9~' 61.50 

Non-Amino 56.9 60.85 58.75 
Nitrogen in \ 
Filtrate 6.95 3.85) 1.60 

( Continued) 

Gelatine Casein 

Humin Nitrogen 0.07 1.28 

Ammonia Nitrogen 2.25 10.27 

Cystine Nitrogen 0.00 0.73 

Arg1nine Nitrogen 14.74 8.06 

Histidine Nitrogen 4.48 25.5 6.98 

Lysine Nitrogen 6.32 10.40 
Amino Nitrogen in 

55.80 54.75 Filtrate 
Non-Amino Nitrogen 70.7 60.88 

in Filtrate 14.90 6.13 



Several unsucoessful attempts were made to determine the 

free 26 amino nitrogen in these samples. The difficulty lie8 

in the insolubility of the proteine in non-hydrolyzing sol

vents. . An attempt was made to dissolve the samples by rub

bing a portion of them in a mortar with glacial acetic acid, 

aleo by rubbing up a portion with dry and with wet sodium 

carbonate and pouring the mixture into glacial acetic acid. 

The amount of free amino nitrogen corresponds in aome proteins 

with one-half of the amount of lysine present. From this 

it appears that the epsilon amino group of lysine is free in 

the protein moleoule. 

Several unsuocessful attempts were made to separate the 

proteins in the non-ooagulable part of the oold water extract 

of the newborn calf in large enough quantities for a van 

Slyke analysis. Alcohol wouJdnot precipitate them in a 

filterable form. The ideal preoipitant would be one that 

would preoipitate only the proteoses, peptones, and poly

peptides , without preoipitating other meat bases, and one 

whioh could easily be removed. ' 

Tyr os i n~ --P et erm i n.& t i 0 Il.! 

Tyrosine in these samples was determined aocording to 
2'7 

the method of Plimmer and Eaves • The method depends upon 

the faot that tyrosine absorbs two atoms of bro~ine aocord-

1ng to the equation: 

CeH4 0H.CH a-CH(NH a)COOH + 2 Bra= CeH.sraOHCHa - CH(NH a) - COOH • 

a HEr, 

an observation made by J. H. Millar. The bromine is 
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absorbed in a nascent form and prepared according to the equa-

tion: NaBr03 + 5 NaBr + 6 HCl = 3 Bra + 6 NaCl + 3 H.O. 

An exoess of H/5 NaBr03 solution + NaBr solution is added and 

after fifteen minutes absorption the solution is treated with 

Hal and the iodine which oorresponds to the exoessbramine 

is titrated against NllO Na.s a03, using staroh as indicator. 

Protein and some of its oonstituents besides tyrosine, his

tidine, oystine, tryptophane absorb bromine. Tyrosine is 

separated from proteins, histidine and cystine by preoipi

tation with phosphotungstio aoid and separation from tryp

tophane is effected by a trypsin hydrolysis sinoe the tryp

tophane of a protein does not appear in the early stages of 

trypsin digeation. Plimmer and Eaves have settled upon 

six hours of digestion with trypsin as the length of time 

require4 by trypsin to liberate the tyrosine but not the 

tryptophane of a protein. They found a close agreement 

between the figures for tyrosine oontent obtained by this 

method from a large number of proteins and the figures ob

tained by isolation and weighing. 

The teohnique used in the analyses presented here is as 

follows: 1.25 grams of the air dry protein in a 250 0.0. bea

ker was treated with 10 O.c. of 23.8 per cent NaOH solution 

and 50 0.0. of water and boiled for a short time. All but 

a very small amount of protein went into solution. 4.7 c.o. 

of 33.7 per cent solution of HCl was added slowly with stir-

ring. The volume of the solution was brought up to 100 o.c., 

giving it a oonoentration of 0.2 per oent NaOH. The solu-
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tion was warmed to about .37
0 

and 0.1 gram trypsin was added 

and a c.o. of ohloroform were added to prevent bacterial 

aotion, and the mixture allowed to digest exaotly six hours 
o 

at 37 in an inoubator. The solution was then quickly 

transferred to a 110 0.0. sugar flask, cooled to room 

temperature and made up to volume. Two 50 c.c. aliquots 

were treated in a 250 c.o. beaker with exactly 100 c.c. of 

a 10 per oent phosphotungstio acid in 5 per oent sulphurio 

aoid solution. After stirrin~,the precipitate consisting 

of proteins and basic amino aoids was filtered thru dry 

folded filters. 100 0.0. of the filtrate was run into 

glass stoppered flasks and brominated as followSf: 10 c.c. 

of a N/5 NaBr03 solution was run into the flask from a bu

rette and then 10 c.o. of a 2 per oent NaBr solution was 

added. The stopper was put into the flask and the flask 

was gently rotated and allowed to stand for 15 minutes in 

diffused light. It was then oooled under the water fauoet 

and a few drops of a 4 per cent NaI solution were placed 

in the depression above the stopper of the flask. When 

lently opened the slight vacuum in th e flask will draw 

in the NaI solution which will absorb any bromine esoaping. 

10 0.0. of the NaI solution are added and th~ stopper is 

replaoed and the flask is gently rotated. Then the iodine 
------~-~~~-~~~-

*Plimmer and Eaves reoommend the use of NaI and NaBr instead 
of XI and KBr beoause phosphotungstio aoid is preoipitated 
when K salta are present, making titration difficult. 
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solution on the stopper and neck of the flask is rinsed with 

water into the flask and the oontents of the flask are ti

trated against NilO thiosulfate solution, using starch as 

indicator. Sometimes the pre8enoe of the phosphotungstic 

aoid makes it difficult to reoognize the end-point. This 

is espeoially so if the original protein solution is dark. 

In that case the end-point 1s a change from a distinot blue 

to a violet. It is, however, readily found after some ex

perienoe with an error no greater than three drops. 

A blank determination on 0.1 gram of trypsin was also 

made. The thiosulfate solution was titrated against N/10 

potassium diohromate. . The blank titration minus the ti

tration of the samples gives the amount of bromine absorbed 

by the sample in terms of N/10 thiosulfate. Following is 

a table of results of these determinations upon the six 

samples analyzed. 
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Table II. 

One 0.0. of ThioBulfate ~ 0.008465 gr. Bromine. 

Sample 

R549 

RS08B 

R562C 

Coag . 
562C 

Coag. 
505 

co~. 
50 

Sample 

R549 

R50SB 

R562C 

Coag. 
562C 

Coag. 
505 

Coag. 
501 

Thiosulfate Thiosulfat e Vit. Total 
Titration Used Nitrogen 

of 
Blank Sample 

15.50 
17.75 15.50 15.50 2.85 0.0874 

15.45 
17.75 15.95 15.70 2.05 0.08414 

16.05 2.15 
17.75 16.10 16.08 1.67 1.91 0.08560 

15.78 2.10 
17.75 15.85 15.82 1.93 2.02 0.08090 

15.85 
17.75 16.00 15.93 1.82 0.08221 

15.65 
17.75 15.70 15.68 2.07 0.08430 

Table XV, continued. 

Per Cent Tyrosine 
Nitrogen in Terms 

of 
Total Nitrogen 

0.955 

0.904 

0.915 
0.720 0.8a 

0.963 
0.885 0.924 

0.818 

0.907 

Per Cent Tyrosine 
in Protein. 
wt. of Protein = 
6.25 X wt. of N. 
of the Sample 

1.98 

1.S7 

1.93 
1.50 1.72 

1.99 
1.83 1.91 

1.69 

1.89 
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The results of the tyrosine determinations show varia

tions from 0.82 to 0.96 per cent of tyrosine nitrogen in 

terms of total nitrogen of the .proteins, or 1.69 to 1.99 

per cent tyrosine in the proteins. 

An error of one drop in titration 1s equal to 0.018 per oent 

tyrosine nitrogen. These differenoes are probably within 

experimental errors, and we may say that the tyrosine nitro

gen in all these proteins in terms of total: nitrogen is olose 

to 0.9 per oent, or that the tyrosine oontent of these 

proteins is 0108e to 1.9 per oent. This latter figure is 

samewhat lower than the one given for ox musole protein ob

tained by isolation and weighing of the tyrosine by Osborn 

and Jones 2e who obtained a.2 per oent tyrosine. Plimmer 

and Eaves found differenoes as great as that by the two 

methods. 

The figure. given were oalculated upon the assumption 

that tyrosine absorbs two atoms of bromine (four atoms used) 

under the oonditions of analysis. Plimmer and Eaves obtained 

very nearly theoretioal results under these oonditions. 

However, when a great exoeS8 of bromine is present tyrosine 
. av 

absorbs more bromine. Siegfried and Reppin , who also give 

valuable hints on the teohnique of bromine titrations, found 

that about four and one-half moleoules of bromire were used 

by tyrosine w1th varying amounts of bromine exoess and con

dit10ns not greatly d1fferent from those of this work. 

The ooagulated sample 5620 absorbed a small amount of 
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bromine when treated as desoribed but without the addition 

of trypsin. Sample ooag. 505 after 2'4 hours digestion 

ahowed no inorease in bromine absorption. Sample R549 

after 72 hour. dige8tion showed a marked inorease in bromine 

absorption. The re8ults given here are not to be oonsid-

ered as absolutely reliable beoauae the method of analysis 

depend8 upon several a8sumptions. It is assumed that all 

of the tyrosine is split off during six hours of tryptio 

digestion and that none of the tryptophane has been libera-

ted during that time. The verity of these assumptions has 

so far only been proved in the oase of nine vegetable pro-

teins and of oasein by Plimmer and Eaves. In these sam-

pIes they obtained more or less olose agreement between 

the bromination and the isolation method of determining 

tyrosine. However, if there were any great differences in 

the tyrosine oontent of these proteins this method of analy

ai8 would show them. 

The Bromination of CY8tine 

Sinoe the writer was unable to find any data in the 

literature on the bromination of cystine a determination of 

the bromine oonsumption of oystine was made under the same 

oonditions whioh governed the other bromination experiments 

reported in this paper. One-tenth gram of air dry oyetin" 

kIndly furnished by Mr. J. I. Hardy, was dissolved in water 

and a few 0.0. of HCl, and diluted to 100 c.c. The sulfur 

oontent of the oystine was found to be 23.631 per oent; the 
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theoretioal content is 26.704 per cent. The purity of the 

oystine was calculated from the sulfur content and found to 

be 88.48 per cent. Then, assuming all impurities to be 

water, the above mentioned 100 c.c. contain 0.08848 grams of 

dry cystine. Two 25 o.c. aliquots were diluted to about 

100 c.c. and brominated (see section under tyrosine for teoh

nique). Ten 0.0. of bromate added were equivalent to 18.71 

c.c. thiosulfate (1 c.o.: 0.008465 gr. Br.). The number of 

cubio oentimeters thiosulfate used to titrate the excess of 

bromine were 9.25 and 9.23. respectively. From these data 

it was oaloulated that one molecule of cystine consumes 

10.8 atoms of bromine. An error of 0.8 c.c. in the above 

titration would aocount for the 0.8 atom of bromine consumed 

in exoess of ten atoms by one molecule of cystine. This 1s 

rather large, but there may be a cumulative error in stan

dardizing solutions and in determining the purity of the 

oystine. In another determination a somewhat lower bromine 

absorption was noted. Cystine will very likely consume 

more bromine if the reaotion is allowed to go on for a lon

ger time. 

The sulfur in the cystine molecule is that part of it 

which is very likely to be attacked by bromine. Friedmann 21 

isolated cysteic acid from brominated cystine. The assump

tion of a formation of oysteio aoid agrees well with the 

oonsumption of ten atoms of bromine by one of oystine aooord

ing to the equation: 
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HOOC-C(NH. a)H-CHal + 5 Br~ + S H~O -_ ~ _ _ - HOOC-C(NHa)H-CH~S03 + 
HOOC-C(NHa)H-CHa 

10 HEr. 

The oxidation of oystine sulfur was not complete to 

sulfurio acid since a small quantity whioh was brominated 

gave no preoipitate with BaCl a even after standing a day 

with an exoess of bromine. The possible extent of oys-

tine bromination was no further investigated, the problem 

of bromine oonsumption upder given conditions only being 

neoessary for the present investigation. 

The Blomination of Hydrolytio Products of Beef Flesh Proteins 
a9 Siegfried and Reppin found that unhydrolyzed proteins 

absorb more bromine than their hydrolytic oleavage products. 

They found also that the following acids did not absorb 

bromine except after . long standing with Bra, glycocoll, sar

oosin, betain, dl-alanine, dl amino valerio, leuoin, aspar

tio acid, glutaminio aOid, lysin, arginine, phenyl alanine. 

By treating tyrosine with an excess of bromine and titrat

ing baok with starch and iodine one moleoule of tyrosine 

absorbed 4.5 atoms of bromine; one of tryptophane, about 

eight atoms; and one of histidine, somewhat over two atoms. 

Now, cystine consumes bromine (see seotion on bromination 

of cystine) and thedestruotion of it and the tryptophane 

in aoid hydrolysis of the proteins may account for the 

faot that unhydrolyzed proteins absorb more bromine than 

their hydrolyates. However, Siegfried and Reppln found 
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that edestin before trypsin hydrolysis absorbed more bromine 

than after. The only explanation they offer is that the 

increased bromine oonsumption due to liberation of tyrosine 

i8 more than balanoed by the de'struotion of bromine consWD-

lng linklngs during hydrolysis. But this ought not take 

plaoe d~ring trypsin digestion since tryptophane, cystine, 

and histidine are not destroyed. 

that. 

It is difficult to explain 

30 31 
Brown and Millard and J. H. Millar found an inorease 

in oapaoity for bromine absorption during the progress of 

protein hydrolysis, which they attributed to the liberation 

of tyrosine which 1s not supposed to absorb bromine in a 

oombined form. HoweYer, their results were obtained under 

different conditions. No excess of bromine was added. 

Bromate solution was added to the solution of the sample un

til the latter gave a oolor reaction with starch-iodine solu

tion. 

! Method for Determining Histidine 

The following experiments were made to determine whether 

or not bromine absorption determinations would be of value 

in oonjunotion with the van Slyke analysis. Two 5 c.c. 

aliquot. · (= 0.0323 g. protein nitrogen) of the solution of 

the bases of the coagulable protein sample 505 ~ere treated 

with 10 c.o. of bromate solution (= 18.71 o.c. thiosulfate) 

and 50 c.c. water, 10 c~o. bromide solution, and 5 c.c. H01. 

Bromination was allowed to prooeed for 15 minutes. It took 
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17.0 c.o. of thiosulfate (= 0.008465 g. bromine) to titrate 

the exoess of bromine (see page 69 for teohnique). The 

bromine absorbed was 0.01477 grams. Deduoting 0.00259 

due to oystine (oystine nitrogen: 0.0009 found by deter

mining sulfur in another aliquot) assuming that oystine con

sumes ten atoms of bromine per moleou1e J we have a oonsump

tion of 0.0119 g. Br2 by the histidine in solution. One 

molecule of histidine absorbs two atoms of bromine according 

to Siegfried and Reppin. Caloulating the per oent of his

tidine nitrogen from the above data we get 9.68 per oent 

histidine nitrogen. To this must be added 1.17 per oent 

as a oorreotion for solubility of histidine in presenoe of 

phosphotungstio acid as determined by van Slyke J making it 

10.86 per cent histidine nitrogen. This i8 somewhat high-

er than was obtained by the van Slyke method" 9.08 per oent. 

By the same method sample R562C had an average of 4.73 per 

oent histidine nitrogen, by the van Slyke method, 4.97 per 

oent. The method gave also a value of 3.15 per oent his

tidine nitrogen for sample R549 J while the van Slyke method 

gave 1.90 per cent. 

The accuraoy of this method may be oonsiderably increased 

by using more dilute solutions for the titrations so as to 

measure larger volumes. A factor for bromine absorption 

for histidine may be of value since histidine absorbs some

what more than two atoms of bromine per moleoule. 

Attention may be called to the fact that this method 
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requires only two determinations of which the cystine nitro

gen is very aocurate, while the van Slyke method requires 

three determinations. Amyl aloohol may interfere by ab

sorbing bromine, but in the van Slyke analysis the solution 

of the bases after removal of the phosphotungstic aoid is 

evaporated under a vacuum and boiled off. It is not known 

whether the purine and pyrimidine which are precipitated by 

phosphotungstic aoid will absorb bromine under the conditions 

employed in these experiments. If further proof of the value 

of this method for the determination of histidine is obtained 

a van Slyke apparatus will no longer be neoessary for a de

termination of the hexone bases. 

The Brominatlon of the Filtrate from the Bases 

The following table gives the results of braminating 

50 0.0. of the filtrates from the bases in the van Slyke 

determinations. The end point due to the oolor of the 

phosphotungstio aoid is difficult to recognize until one 

has had some experienoe when it oan be recognized within a 

drop or two of the thiosulfate solution. 

This bromine absorption may be due to the tyrosine and 

the tryptophane which has esoaped destruotion during the 

aOid hydrolysis and the histidine and oystine which has es

oaped precipitation by the phosphotungstic aoid. 

The following experiments were made to determine whether 

or not the correction for the solubility of the cystine oan 

be applied to brominatione of the filtrate. 



Table Ill. Brom1nation of Filtrate from Basee 

Sample 

Bromate added in terms of c.o. 
Thiosulfate 

c.c. Thiosulfate titrated 

Weight Br absorbed in terms of 
c.c. thiosulfate 

Weight Br absorbed after subtract
ing 0.01483 g. for cystine and 
0.00289 g. for histidine in solu-

tion 

Wt. of Br absorbed by tyrosine in 
same wei ght of sample 

Weight of Br absorbed by tryptophane 

Weight of nitrogen in the sample 

Per oent of tryptophane nitrogen 
oalculated for a bromine absorption 

8 atoms per moleoule 

Per oent of tryptophane nitrogen 
oaloulated for a bromine absorption 

6 atoms per molecule 

Per oent of tryptophane. Weight 
sample = 6.25 X Wt. N for Bromine 
Absorption 

8 atoms per molecule 

Per oent of tryptophane. Weight 
sample: 6.25 X Wt. N for Bromine 
Absorption 

6 atoms per molecule 

N/Br after oorrection for oystine 
and histidine 

of 

of 

R562C 

18.71 

9.9 

9.9 

8.81 

9.9 

0.05686 

0.01650 

0.04056 

0.07831 

2.a6 

3.02 

2.64 

3.53 

1.37 

R549 

18.71 

7.6 

7.9 

11.06 

7.65 

0.07590 

0.01950 

0.05640 

0.08951 

2.76 

3.68 

3.21 

4.30 

1.18 

Coag. 505 

18.71 

8.0 

7.9 

10.76 

7.95 

0.07129 

0.01215 

0.05914 

0.06460 

4.01 

:f. 35 

4.68 

6.24 

0.91 

Coag. 501 

18.71 

7.2 
7.25 

7 .3 • 

11.46 

0.07929 

0.01845 

0.06084 

0.09548 

2.79 

3.72 

3.36 

3.45 

1.20 
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Two aliquots of ~ oystine solution which would absorb 

bromine equivalent to 9.25 c.c. thiosulfate were treated in 

a volume of 50 c.c. with 4 grams of phosphotungstio acid and 
. 

5 c.c. of HCl and heated on a water bath. The solution was 

allowed to cool and after 36 hours standing the precipitate 

was filtered off with suction and washed with phosphotungstio 

aoid solution. The filtrate was brominated and consumed an 

amount of bromine equivalent to 2.9 c.c. thiosulfate. -The 

phosphotungstio acid was removed from" the preoipitate by ex

traoting it aooording to van Slyke with amyl aloohol and ether. 

The solution of the precipitate after subtraction of a blank 

(2.26 c.o.) due to ether and am~aloohol in the solution ab-

sorbed bromine equivalent to 6.7 000. thiosulfate. The pr~-

oipitate and the filtrate together consumed bromine equiva-

lent to 9.6 0.0. thiosulfate. This slight exoess (0.35 c.o.) 

may be due to inaoouraoy of the blanks determined for the 

bromine oonsumption of the ether and amyl alcohol in the so-

lution oontaining the preoipitated cystine. Phosphotungstio 

aoid does not oonsume bromine as solutions of bromine titrate 

the same amount of thiosulfate in the presenoe of phosphotung-

etio aoid as without it. If a solution of phosphotungstio 

aoid is oolored due to formation of oxides between • Oa and 

W 0 3 , bromine will destroy the oolor, but upon titration with 

thiosulfate it appears again, apparently not affecting the 

final bromine oonsumption. The amount of oystine used in the 

above experiment contained 0.002502 g. nitrogen. Aocording 
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to van Slyke, 0.0028 or 0.00065 g. oystine nitrogen should , 
be in the filtrate from the phosphotungstic acid precipi-

tate. This would be equivalent to a bromine comsumption 

of 2.4 c.c. in terms of the thiosulfate. The bromine 

actually consumed was 2.9 c.o., a fair agreement with the 

theoretioal. 

If now the oorreotion for unpreoipitated cystine and 

histidine is made, in the bromine absorption determinations 

upon the filtrates from the bases we have the weight of 

bromine absorbed by the tyrosine a.nd the tryptophane. The 

amount of bromine absorbed by the tyrosine has been deter

mined by the method of Plimmer and Eaves (see pa.ge 71) on 

these proteins. Subtraoting The bromine absorption due to 

tyrosine from the correoted value for tyrosine plus trypto

phane we get the bromine absorption due to tryptophane. 

The bromine absorption by tryptophane varies with the time 

and the exoeas of bromine added from about six atoms of bro-
2'7 3 a mine per moleoule aocording to Plimmer and Eaves ,Homer , 

and S1egfried39 and Reppin. The table shows the values for 

tryptophane nitrogen oalculated on the assumption that one 

moleoule of tryptophane absorbs .ix atoms of bromine and 

also that it absorbs eight atoms. The values fQ~ six 

atoms of bromine absorption are probably more nearly correct 

since Plimmer and Eaves, brominating under very similar oon

ditiona, obtained a bromine absorption of about aix atoms. 

These values are only offered as indioating the approximate 
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amount of tryptophane 1n the prote1ns, as some tryptophane 

is destroyed dur1ng hydrolysis, and beoause the method of 

P11mmer and Eaves is not as reliable as is desirable. The 

values for sample R5S2C were oalculated on the assumption 

that the tyrosine oontent as determined by Pl~er and 

Eaves' method was too low and that a.2 per oent as found 
as 

in ox musole by Osborn and Jones by isolation and weigh-

ing was the true tyrosine oontent. It was found that the 

0.5 per oent differenoe in tyrosine oontent reduoed the 

value for tryptophane nitrogen by about 0.3 per cent and the 

tryptophane by about 0.4 per cent. 

The values 1n the table giving the N/Br ratio are ob

tained by dividing the weight of nitrogen representing the 

original sample by the weight of the bromine absorbed by 

the filtrate from the bases after deducting the bromine 

absorbed by the unprecipitated oystine and histidine. The 

N/Br ratio varies more than oan be accounted for by experi

mental errors and this must be due to differences in tyro

sine and tryptophane oontent. 

The method of Annie Homer 3a for the quantitative de-

termination of tryptophane must be mentioned. As far as 

the writer knows no one besides Miss Homer has employed 

the method, whioh no doubt is a good one when one has mas-

tared the technique. However, it has been shown in a pre-

vious seotion of this paper by other methods that differenoes 

in tryptophane oontent in various samples exist. 
33 

Foreman has worked out a quantitative method for the 
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dete~lnation of glutaminio and aspartic acids. 

The Analysts of ~ Flesh Composite ~~ N •• born Cal~ 

The rather oomplete analysl. ot the lean fleah of the 

newborn oalf ae shown in Table IV was made by the writer in 

order to ahow the relation of the protein. whioh were ex

amined to the freeh flesh. Several gape in the methods for 

tissue analy ••• are evident. The value gIven for the al

oohol-ether 801uble nItrogen of the oold water insoluble 

fraction of the fle.h may differ ellghtlr from the true value, 

.inoe & small part of the sample W&8 removed from it while 1 t 

was standing in aloohol without previous mixing. However, the 

result 18 reliable enough ' 80 that one oan 8&y unheSitatingly 

that this sample contains a muoh larger amount of alcohol

ether soluble nitrogen than the oold water insoluble part ot 

the eample from the flve year old steer 549, whioh oontain. 

2.77 p,r oent of aloohol-ether 80luble nitrogen. In8peotion 

of the table will ahow that no separatIons within the aloohol

ether soluble nltrogen of the in801uble re8idue were made. 

The Jlono-smino acid nitrogen in the 801uble and ooagulated 

protelna haa not been separated. However, approximate values 

for tyro.ine and tryptophane are givln on page. 2S and 36 re

.peotlYely. Ho •• parat1ona of the proteo.e and peptone nit

rogen wbiah 18 preoipitated by tanni0 a01d were made. Thi. 

portion amount8 to only two per oent of the total nitrogen 
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of the flesh. The only oonstituent of peptide and extrao-

t1ve nitrogen whlch was determined was oreatln and oreatin

ine nitrogen whioh amounts to 43 per oent of the total pep

tide and extraotive nitrogen. 



The Analysis 

of a 

Flesh Composite 

of a. 

Newborn Calf 

No. 562C 

MOISTURE 

I 76.81 Per Cent of 

Fresh Substance 

ETHER EXTRACT 

4.63 Per Cent of 

Fresh Substance 

NITROGEN 
I 
I 

J 2. 598 Per Cent of 

t Fresh Substance 

ASH 

. 0.983 Per Cent of 

Fresh Substance 

Ta.ble IV 

( C~ld Water Insoluble 
, 81.02 Per Cent of 

Total Nitrogen 

Cold Water Soluble 
Heat Coagulable 
6 .85 ~r Cent of 

Total Nitrogen 

Cold Water Soluble 
Non-Heat Coagulable 
12.13 Per Cent of 

I Total Nitrogen 
-

Cold Water Soluble 
0.71 Per Cent of 

Fresh Substance 

Cold Water Insoluble 

Ether Alcohol Soluble 
9.38 Per Cent of Total 

I Cold Water Insoluble 
Nitrogen 

Protein Nitrogen 90.62 

(
Per Cent of Total Cold 
Water Insoluble Nitrogen 

In Per Cent of Total Nitro
gen of the Protein. 

' Humin Nitrogen 2.3 
Ammonia Nitrogen 6.8 
Cystine Nitrogen 1.1 

' Histidine Nitrogen 5.3 30.6 
i Lysine Nitrogen 13.3 
IArginine Nitrogen 10.9 
Mono-Amino Aoid 

Nitrogen 62.1 

Total 101. 7 Per Cent 

Nitrogen Precipitated by Tannic 
Acid 2.04 Per Cent of Total 

Nitrogen 
Nitrogen as Creatin and Creatinine 
4.23 Per Cent of Total Nitrogen 
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In Per Cent of Total Nitrogen 
of the Protein 

Humin Nitrogen 
Ammonia Nitrogen 
Cystine Nitrogen 
Histidine N~trogen 
Lysine Nitrogen 
Arginine Nitrogen 
Mono-Amino Acid 

Nitrogen 

.1.5 

.5.4 
,0.9 
.4.9 
l3.6 ' 33.1 
13.8 

60.3 

Total 100.0 Per Cent 
Puri ne Nitrogen . 0.44 

Phosphorus 
Organio

l 
0.063 Per Cent of Fresh Substanoe 

Inorganio
l 

0.0617 Per Cent of Fresh Substance 

0.273 PerCent of - Phosphorus 0.047 Per Cent of Fresh Substance 
Fresh Substa.noe 



Summary and Conclusions 

1. Cold water insoluble proteins of beef flesh yield on 

hydrolysis less humin, ammonia, histidine, and more arginine 

nitrogen than ooagulated beef proteins. A possible signif

ioance of these results is disoussed. 

II. From the analyses of cold water insoluble samples from 

the flesh of a newborn calf and of a five year old steer 

it seems probable that during growth the insoluble proteins 

change in composition. The products of hydrolysis contain 

leee ammonia, less histidine, and· more arginine nitrogen. 

III. The tyrosine nitrogen was determined acoording to the 

method of Plimmer and Eaves in a number of cold water insol

uble and a number of ooagulated bee! proteins. No signif-

ioant differenoes were found. The reliability of these 

determinations is discussed. 

IV. The amount of bromine which cystine will absorb when 

treated with an excess of naecent bromine for fifteen minutes 

was found to be about ten atoms per moleoule. Cysteic acid 

is probably the end produot of the oxidation of cystine by 

bromine under these conditions. 



44 

V~ . A new quant1 tat1 ve me.thod of determ1ning histidine in 

proteine by bromlnatlng the .olution of the ba.8. has been 

developed. DeterminatloD8 of hl.tld1ne on three different 

proteins by this method agr •• well with the results obtained 

by the Van 81ft. method. Contir.matory proof of the accu

raoy of this method would make a Van 81fte apparatus un

neoe.eary tor a dete~lnatlon ot the hexone baa ••• 

VI. The filtrate fram the baaes was braalnated. FrOIl theee 

data &pprox~ate values for the trJPtophane oontent were 

calculated. The N/Br ratio obtained by dividing the we1ght 

of the nitrogen in the or1ginal aliquot of the 8ample by the 

weight of the bromine ab80rbed varies w1dely with the dif

terent .ample.. indioatlng ditferenoes in tryptophan. ' oon

tent of the .amples, 

VII. A table giving a rather oomplete analY8is of a fle.h 

oamposite of a newborn oalf i8 gIven and discu8sed. 
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