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IB'l'RODUCTIOH 

During the cour8e of an investigation of the 

natural pigments of milk oarried on in the Reaearch 

Laboratorie. of the Dairy Department, at the University 

of Missouri, it beoame evident that more than one 

pigment existed in the milk; namely that the pigment 

which remained in the whey after the removal of 

oasein and fat was not identioal with the pigment found 

. in the fat. The investigation reported here deals only 

with the whey pigment. 

The color of milk a.rum was observed aa long 

ag 0 aa 1784 when SchO~f:r, in a very learned. paper (1), 

oontaining full referenoe. of the work of hie predeceasoDi 

notioed the yellow color of the whey- WLiquidem oolore 
(a) 

dilut1 aitrinum ft • Since that time several investigat-

ors have taken up the study of this pigment, but with 

widely varying resulte. 

As far as could be asoertainedno work has been 

done toward determining the faotors which influence the 

amount of . the pig~ment present in the milk serum. 
------~---~-~----~~-----~~-~--~---------------~~---~---

(1) "Schoepf!, Ludevicu8 Auguatu8 1 - Specimen In~uguraie 

Chemico- medicum de Varus Lacti. Bull Salibus alusque 

Substantu11 in ejusdem parte Aquosa Content!s, etc." 

(2~ Blyth, A ••• , - Fooda; Their Composition and Analysis. 
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The fact that large quantities of milk are 

required to obtain a emall amount of pigment, and that 

the operation of the isolation is extr mely tedious, 

probabl, account. in a large measure for the laok of 

knowledge upon this phase of the chemistry of milk. 

The object ~f this investigation was to re­

peat the investigations upon the chemioal nature of this 

pig-mentj to add any possible pointsj to ooordinate 

the varying results which have been obtained and to 

determine the faotor. which influenoe the vary.ing amount 

of the pigment and if possible assign a reason for ita 

presence in the serum. 
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Pigments and Milk Constituents Studied. 

Lactochro~.-- In 1864, E. Millon and Comm-

ai11e (3) after coagulating and separating the o.asein 

and 'albumen, obtained a precipitate from the yellow 

whey of milk by means of a solution of mercuric nit rat •• 

This precipitate was 1bite, amorphou8, and became slight­

ly red 'on dryingj it was insoluble in water, alcohol, 

and ether. This precipitate was washed with water, 

then with alcohol, and finally with ether. To this 

body they ascribed the following formula - 030' H3l N5 018 , 

Hg 0 Hg 0, N03 , and gave it the name Lacto- proteine (a). 

In 1819 A. W. Blyth (4) in "A study of ·the Composition 

of Cow's Milk in Health and Disease", isolated from ' 

th18 Lacto- protein~ga~actin and a pigment to which 

he give. the name Lactocrome. He was able to separate 
A by 

these compounds from the milk whey precipitating 

with phosphe-tungstic and phospho-molybdic acids, and 

by preoipitating with nitrate of mercury. The first 

two methods had to be abandoned because of decomposition 

in washing the precipitate. The last method i.e. the 

precipitation with nitrate of mercury, gave the Bo-oalled 

Laoto-proteine of Millon and Commallle. Blyth showed 
---~~----~-----~----~-----------------~---~~-~~~~~--~~-

(3) -M. °M. 1'. Millon et Commaille,- Compte. Rendua,59" 

p. 301, 1864." · 

(4) Blyth, A. W., - Journal of the' Chemical Society of 

London, 18'9. 





that this precipitate was not a simple substance but 

was ~ '~1 mixture of galaotin" laotochrome, and any 

albumen which may have remained in the solution. This 

preoipitate after being separated by decantation/and 

filtratio~was well .~shed and decomposed with hydrogen 

sulph i de. Upon filtering and removal of the exoeS8 of 

hydrogen sulphide" the filtrate yielded a lead salt with 

lead acetate. To this salt ~'~C' . Blyth gave the name gala-

otin. It waa a fawn oolor al t which was obtained 

perfectly whit. by deoomposing andrep.rec1pitating- It 

was noncrystaline, soluble in water, insoluble in strong 

aloohol, and preoipitated by the general alkaloidal 

reagent. of Sonnensohein. Blyth gave it the formula 

(Pb 023) Q54 N78 14 °45 -

The filtrate from ilh1ch the galactin had been 

separated was found by Blyth to contain a substanoe 

which &fter any exceS8 of lead had been removed" gave a 

precipitate with merouric nitrate. This he desoribes 

as an al ka loidal ooloring matter and gives it the name 

laotochrome. Be asoribe .d to it the formula Hg 0 QS HlS 
I, OS- He obta ined the pigment in a free state by 

deoomposing the mercury oompound" ,and evaporat ing it s 

solution. wAs obtained in this way it was in the fo rm 

of a br ight red-orang f resin-like mass, soft ening at 

1000 0., very soluble in hot alcohol but partially 

separat gout o-n cooling. It was fre ely soluble 





in water. The oonoentrated solution givee a simple 

spectrum allowing most of the red and yellow raye to 
~lQ (4) 

pass througn , no banda were obaerved". 

Lactochrome is thought by several author. 

and investigator. to be the cause of oolor in butter. 

01ive'r(5) .aye: "Laotochrome is probably derived from 

the haematin of the blood, is of a resinous character, 

of a bright orange color, and is soluble in water. This 

causee the color of butter and of whey. It i8 in very 

small proportions and varies much in that respect 

according to the action af the alv •• lu8 cell •• 1 B1yth(4) 

saY8- "Milk fat under the for.m of butter is constantly 

tinted more or less yellow from di8~lved 1actoohrome, 

but it may by the use of suitable solvents, be Qbtained 

almost colorle.a.· 

O,rot io Ao id (lJt.rot .lure) 

Bi.oaro and Bellonl(S) in 1905, ,disoovered a 

new constituent in milk, which, because ita method of 

isolation .a •• 1milar to that of lactoohrome, was 

atudied in coiuieot ion wi th thi8 problem. It was found 

howe •• r, to have no cOiaeotion with the color of 

aerus. The investigators isolated it as follow8:- 1 litre 

of milk was prec ipi tated wi th a few drops of rebnet, 

filtered through a linen oloth and neutralized with 80dium 

oarbonate to a weat aoid reaction. It was filtered, 
----~-~---~---~--------------~---~--~------------~-----

(5) Ollver,- Milt, Oheese, and Butter, Page 44. 

(S) Bieoaro and Belloni,- Chem. Central. 1905, vol. 2, p. 63. 

(4) Cit. 
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the filtrate and the lead precipitat. 
preoipitated with basio lead acetate, decomposed with 

/'\.. 

hydrogen sulphide and again filtered. The filtrate 

was evaporated to dryness o-n the water bath, taken up 

with water and filtered through animal ahaxcoal. Potassium 

hydroxide was then added to a weak acid reaotion. The 

c~rysta~ne residue " found upon evaporation was let 

stand 48 hours with 55 % alcohol to free it of chlorides • 

It was then let stand 24 hour. with more aloohol and 

finally allowed to c&rystall1ze from hot water. 

Bi.caro and Bellon1 gave this aoid the ,formula 

05 H4 04 2' Ba O. It waa clrysta~ine and deoomposed 

at 2600 o. It was slightly soluble inwater, slightly 

soluble or insoluble in organic solvents. The .potassium, 

silver, barium, and many other salts were made and des­

oribed by the authors. 
(7) 

Urobilin.-- Desmonliere and Gautrel t in 1903 

isolated a pigment from milk" which from.:ltheir investi­

gations they felt justified in calling Urobilin. Their 

proceedure of i.olation was as followa:- several litre. 

of milk were ooagulated and filtered through a cloth 

abd then through a paper. In this manner a slightly 

cloudy liquid with a greenish yellow color and a slight 

greenish flourescenoe was obtained. After acidifying 

with Ha S 04 this 8olution was aaturated 'th ~. W1 amonlum 
\ 

sulphate and allowed to stand for several hour., then 

filtered. The filtrate was entirely oolorless. The 

preoipitate upon the filter paper was washed with a 
~-------~~----~--~~---------------~------~---~~----~~~-
(7) D monliere and Gantrelet,- !he Constant Presence of Uro­
bilin in Cow's Milk. 
Compt. Rend. Soc. Biol. 55, 1903, P. 632. 
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m aaturated solution of amonium sulphat. and extraoted with 
j\ 

90 ~ alcohol. The alcohol took up the pigment and had 

a yel~ow color with a greenish fluorescence. 

This alcoholio Bolub an ' was aoidified/and upon 

examination gave the absorption band of urobilin. They 

also found the gree.nish fJuorescence of this solution 

was destroyed by acids; that the dicroism reappeared 

by. the aotion of ammonia and that there was a tistinot 

inorease of fluoresoenoe by adding ammoniaoal zinc 

chloride. This ammoniaoal zinc ohloride solution still : 

showed the absorption banda of urobilin. 

In order to preoipitate the pigments from the 

remaining alcoholic solution, they evaporated to dry­

ness at a low temperature, took up the residue with 

ammonia, acidified with Ha S 04 and treated with an 

excese of ammonium sulphate. The precipitate formed 

was in rusty colored flakes. These were with difficulty 

soluble in water, but readily soluble in water made 

slightly alkaline. The pigment did not show the charaoter­

istic reactions of lipoohrome, not giving the blue color­

ation wit ooncentrated sulphuric aCid, or the green 

ooloration with conoentrated nitric aoid. 

In order to show that the pigment exist. in the 

milk as iaolated, and is not converted into urobilin 

during the process of isolation, the investigators 

aaturated a volume of milk with ammonium e~lphat and 

added one half ita volume of 95 ~ aloohol. The .olution 
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was shaken and let 8tand~ until a clear separation was 

obtained. The alooholic layer was colored a greenish 

yellow Jich was all the more pronounced because of the 
" 

lack of color in the remainder of the solution. 

Dlamou11ere and Gantrelet found the pigment to 

exist in all milk examined in the same proportion and 

because of this hoped to find a simple method of de­

tecting adulterated milk. 

Urobolin is thought by a number of investigators (8) 

to be identical with hydrobilirubin, a pigment of the 

liver. Although at one time thought to be the principal 

pig:nent of the urine, urobolin iSt.now known to exit ::~ in 

the freshly voided urine only as the chromogen-urobilinogen, 

which by the aotion of light is converted into urobilin. 

Urobilin according to Hammarsten(9) may have 

slightly different properties according to the method of 

isolation and the nature of the urine used. As isolated 

by the different investigators it is known as normal, 

fibril., physiological, and pathological urobilin. It 

is characterized by its greenish fluorescence and abaorp­

tion speotra. It varies in color from brown, reddish 

brown, red, to reddish yellow. It is easily soluble 

in alcohol, amyl alcohol, and chloroformj with difficulty 

soluble in ether, acetic ether and water; easily solu-

ble 1n water made slightly alkaline. It is completely 
---------------------~~-~-~~~---------~----------------

(8) Hawt,- Praotical Physiological Chemistry. 

(9) Hammarsten,- Text Booka of Physiolog ical Chemistry, 

6th English Edition, 1911, p. 104. 
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precipitated from the urine by aaturation with ammon­

ium sulphate. It ia very aoluble in alkali •• and ma¥ _, 

be preoipitated from alkaline solution. by the use of 

aoid. Neutral alcoholic solution. in strong concen­

tration are browni,h yellow. In gre~ter dilution. tohey 

are rose colored or yellow. Upon addition of zina 

chloride solution to the ammoniaool solution of the 

pigment, it become. red and shows an ~Shorea •• in the 

green fluoreaoence. This solution in the .pectroscope 

shows a strong band between E and F. 

Urochrome. Uroohrome ' is the principal pig-

ment which impdrts the color to urine. It is closely 

related to urobilin, according to Garrod (10) giving a 

urobilin like pigment by the action of impure aldehyd •• 

This reaction i8 used by Garrod a. a teat for urochrome. 

It i8 also cla~ed that urobilin yields a pi&ment 

simi lar to urochrome by the oxidiz ing act ion of pe r-

Urochrome according to Garrod and Hammar8ten(9) 

has the following propertiee:- brown, amorphou8:, readily 

aoluble in water and ordinary alcohol, but less soluble 

in absolute alcohol. It dissolves slightly in acetic 

.ther, amyl alcohol, and acetone but is inaoluble in 

ether, chloroform, and benzene. It i8 precipitated by 

silver nitrat., lead acetate, meI'Curic acetate, and 
---------------------- ---------------._-----------------
(10) Garrod;- Jcurnal of Physiology, Vol. 21 and 29. 

(9) Cit. 
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phospho-molybdic and phospho-tungstic acid.. "When it., 

solution is aaturateQ with ammonium sulphate the greatest 

part of the pig ment remains in solution" (9). Urochrom. 

shows no absorption banda, doe. not fluoresce with zinc 

chloride, and is easily decolorized by the action of 

acids. 
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Experiments to D~~~rmine the Chemical Nature of t~~ 

Pigments in Milk Serum. 

A Study cf the Pigment obtained from Milk by the 

Lactochrome Method. 

Lactochrome for these experiments was isolat­

ed from milk acc:ording to Blyth' 8 method as follows:-

1000 cubic centimeters of separated milk was divided 

into three portions. one of these portions was diluted 

with water to about four times its original volume and 
C,\~ 

acidified with dilute acetic~until the casein coagulat-

ed. The whey waa then syphoned off into a second 

portion of the milk,t~ore acid if neces8ary added. The 

reflul ting whey was in its turn syphcned into the third 

portion of the milk. More acid if necelsary was added 

and the casein filtered out. This solution, free from 

casein, was now raised to the boiling point and gently 

boiled for several minute.. The albumen c .. oagulated and 

waa easily separated. The whey was then precipitated 

with acid nitrate of mercury solution.· This dena. 

precipitate formed was washed by decantation and sus­

pended in a .mall amount of water. It was then 

.ftlOO grams of pure mercury is dissolved in a litre 

of nitric acidj a further quantity of acid added 

until no red fumea are evolved; the lolution i& evap­

orated to a syrup, and after adding enou~h nitric acid 

to prevent the formation of a basic salt, ie made up 

with distilled water to exactly 1400 cubic centimete·r •• 
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decomposed wi th Hydrogen sulph.ide in an ao id 801ut ion 

using either nitric or hydrochloric acide. The mer~ 

curie sulphide was filtered Off.~he hydrogen sulphide 

removed with the addition of heat. An excess of 

I ) 

acetate of lead W&s. added, fOrming~~rty white pre­

cipitate of galactin. Thia was filtered from the solu­

tion, and the exce88 of ~ad acetate ' in the filtrat. 

deoomposed with hydrogen-sulphide. The lead 8u~ide 

was filtered off, the lactochrome remainin& in solution. 

This lactochrome in solution was purified by reprecipi-

tating several times with mercuric nitrat., decompos-

ing the final mercury ealt, evaporating the aqueou8. 

aolution to drynes., and dissolving the residue in hot 

abaolute alcohol. This alcoholic solution was considered 

to be practically pure lactochrome. 

Lactoahrome as obtained by the above method 

was amorphou., softening at lOCo C. and had a peculiar 

odor. It conformed to the preparation obtained by 

Blyth~ The maximum yield obtained by this method waa 

.04 gla~r o¥t~1.1k. Some of the .pigment was lost ..., 

i th each J: rifioation. About .5 gram' in all was 

obtained for the study of the pigment. 

The solution of lactochrome in absolute 

alcobol which was judged to be approximately pure waa 

vaporated and the residue taken up with water. The 

aqueoul lolution wa. divided; one. portion wal aturated 

with pur ammonium 8ulphat • A .cant brown precipitate. 





waa thrown cD wn. It was filt ered off I the filt rate 

apparently retaining all of it. former color. One half 

ita volume of abaolute alcohol waa added and the solution 

well ahaken. On .tanding the clear alcoholio layer 

which separated had extracted practioally all of the 

color. The alcoholic layer was removed and evaporated 

to a low Tolur4e. Absolute alcohol was then added ~nt11 

Bo.· .. mor. precipitate of ammomium aulphate oame down. After 

filteration, the olear yellow filterate waa concentrated 

to about 100 0.0. The following teats were made ·upc n 

thia aolution:- Mercuric nitrate readily precipitated 

the coloring matter as did also silver nitrat., both 

precipitates having a yellowish color. Lead acetate 

also threw down the coloring matter from the alcoholic 

solution but the precipitate was readily 80luble in 

an excess of l.ad acetate. A portion of the alcoholic 

solution was evaporated to dryness, the residue was brown 
ordinary 

in color. It was readily soluble in 1"- alcohol. Chloroform 

took up a mere trace of color from the dried residue. A 

drop .of concentrated ammonium hydroxide seemed to increaae 

the color. Alcohol~c zino chloride when added/ however 

caused no marked green fluorescence. Amyl alcohol 

seemed to extract a alight amount of color fram the 

dried residue. The amount of color absorbed seemed to 

increase on standin&. This was probably due to the 

traoes of water in the amyl alcohol and also to the 

ab8orption of water from the air,-- the pigment bein& 





very 80luble in water. The amyl a~ohol solution 

when aoid with hydroc-hlorio acid (which .howed a good 

yellow oolor when viewed throuch a 5 o. om. layer) 

ahowed no abaorption bands when examined in the 

spectrosoope. 

Testa on the Aqueou8 Solution of Laotochrome. 

The following teats were made upon the 

aqueous portion which had not been saturated with ammonium 

8ulphate. Mercuric nitrate readily precipitated the 

pi&ment from this solution aa did also silver nitrate, 

both preoipitates being brown in «elor. Lead acetate 

when carefully added to the aqueous solution threw 

down all of the 00 lor but the precipitate w&e readily 

soiuble in an exceas. It was found that the lead salt 
the 

and also mercury salt of lactochrome was so~uble in 

ammoni~ acetate aolution. Very little of the ammonium 

acetate was necessary to prevent the precipitation 

with lead acetatej it required more however to prevent 

the precipitation of the mercury aalt. 

Since in the preparation of the lactochrome' lead 

acetate does not precipitate the pi&ment, an explana­

tion was sought of the apparent difference between 

the isolated lactochrome and the p1,ment in the milk 

serum. As the solution to Which lead acetate is added, 

tor the separation of the so-oalled galaotin -and 





lactochrorne, contains 00 nsiderable free nitric or 

hydrochlorio acid whose presence was necessary in the 

decomposition of the mercury salt by hydrolen 

sulphide, the solubility of the lead salt of lactochrom.­

in nitrio an4 hydrochlorio acids was tried. It was found 

to be soluble in both. The lead aalt was not .oluble~how­

ever) in acetic aoid. 

The lactochrome was found to be very soluble 

in milk serum, a very &mall portion of it greatly 

increasing the color of the serum, indioatin& that the 

p1&ment i8 a very intense one and that only a Tery emall 

amount is neces8ary to give the normal milk serum its 

c olorat ion. 

. 
A Study of the PU&ment . obtfldned from Milk by the 

Urobilin Method. 

About 6 liters of milk from oow 305 were taken 

for this experiment. The fat was separated by means of 

a h'and separator, E:. and the casein prec ipi ta.ted from the 

skim milk by acidifying with acetic acid, and .warming 

to about 50° C. After filtering off the oasein, the 

slightly cloudy serum had a good jel~ow color. This 

oolor by \2J boiling a .mall portion, filtering and 

then olearing up with ammoniwn hydroxide, g.ave a color­

ation of 4.5 units of yellow in the 10 c. em. cell, 

using the LO 'li:bond 1'intometer. 
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The bulk of the prec ipi tate W4,_ ac idif1ed 

, with sulphuric acid, and aaturated wi th ammonium 

sulphate. After standing for some time the heaTY 

precipitate( which ', ':~ formed was filtered off, 

wa_hed carefully with a _aturated B) lution of ammon-

ium su~at., dried in a steam oven, and extracted with 

90 ~ alcohol. A greeniah yellow extract was obtained. 

It wae evaporated until all of the alcohol had been " 

driven off, leavin, the pigment dis80lved in aqueoua 

ammonium sulphate solution. Some impurities which had 

fl'rmed were filtered, and the filtrate saturated again 

with ammonium sulphate, after acidifying with 8ulphurio 

aoid. The preoipitate which formed waa filtered 

off but it was notioed that most of the .loring matter 

waa in the filtrate. The precipitate which had formed 

was washed with a aaturated sol~tion of ammonium 

sulph~te, dried in a steam oven, and extraoted with 

hot absolute alcoijol'; The alcoholio extract had a ' 

ali&htly Ireeniah color. It was oarefully evaporated 

to dryneaa and taken up with cold absolute alcohol, 

in which it was readily :aoluble. A golden yellow 

'.olution was obtained which had a dark &reeniah fluo­

relcenoe. When acidified with hrdrochloric acid 

it showed no absorption bands in the apeotroaoope. 

A amall portion evaporated to dryne~8 gave a brownish 

residue Which wa. only .lightly 80luble in amyl 

alcohol. ~erour10 nitrate threw down a yellow pre-

oip1tate from the slightly oolored aqueous .olution. 





-19-

• aimilar resiaue was alao readily soluble in chloroform 

&ivin& a yellow solution with a slight creen fluor •• cens •• 

The addition of ammoniaoal alcoholic zinc ohloride to 

the chloroform solution gave no indicitation of the 

bri&ht Ireen fluorescence of the wi~myt. teat for 

urobil&D, and the solution ahowed no absorption banda. 

Mercuric nitrate and silver nitrate thr •• down the color 

from the alcoholic solution. 

The filt rate from whioh thii oolorin& matter 

waa precipitated with ammonium aulphat., and .hioh jaa 

noted above contained the bulk of the pi&ment which ha4 

been preoipitated from the original milk serum by means 

of ammonium sulphate was treated as follo •• :- one half 

it. volume of ab80lute alcohol was added. The alcoholic 

layer which formed on .tandin&, had extraoted all of 

the color. The alooholic solution was greenish ye~lo •• 

It was evaporated almost to dryne.. in a vaoum oven, 

and the residue taken up with hot absolute alcohol, in 

whioh it was much more soluble than in the cold. The 

aloohol w .. s filtered off and teated as folloW8:- the 

alcoholic solution had a beautiful ~reen fluorescence. 
~~t. 

~uric nitrate preoipitated the color from this .olution 

as did alao ailver nitrate. The precipitates had a brown­

iah color. Lead aoetate also threw down a heavy pre-
ye.().~e.~~ 

cipitate, readily loluble in an excess of the Pi.ment. 
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A portion of the alcoholio solution examined in the 

speotroscope showed no absorption banda. A portion 

evaporate·d to drynea8 was very aparingly soluble in 

hot ohloroform. Alcoholio zinc ohloride had no 

effeat upon this solution. The dried residue was 

aomewhat soluble in amyl alcohol. 8il ver nit rate 

threw down the color from an aqueous solution of this 

pi&ment. 

A. the serum from which Lectcchrome is 

obtained is first boiled to remove the albumen it was 

thought that the heating might have changed the pigment 

to such an extent that its p ropertia~ .. might be 

rendered somewhat different, ,and that a ~r tion of 

it might no longer be precipitated by saturating with 

amm&nium sulphate. To study this point the p~oc.edure 

was as follows:- Five to six liters of m~lk from a 

cow giving a high oolored serum wae run through a cream 

separator, the skim milk warmed. to 500 C. and the casein 

precipitated by 10 % acetic aoid, using 70 c.c. per 

' liter. A slightly cloudy, brightly colored, yellow 

serum waa obtained. About half of this was then 

boiled to remove the albumen, which was filtered off. 

The filtrate was .till slightly cloudy but had a high color 

and a green fluGTeacence. The _lor and the fluorescenoe 

of this solution were unusually brilliant eapeoially 

in the 8unli,ht. The solution was neutralized with 

ammonium hydroxide and concentrattad on the .team~:bath 





to about 600 c.c. Theprecipitate which had formed 

was filtered off and the filtrate combined with 150 c.c. 

of a similar solution obtained in a similar way from 

the milk of another cow. The combined solutions were 

acidified with sulphuric acid and aaturated with ammon-

1um 8ulphate. This solution was allowed to stand for 

several hours, and the precipitate which had formed 

filtered off, and the precipitate 6n the filter 

washed with a saturated solution of ammonium sulphate. 

It may be noted in passing, that the filtrate, which 

for convenience may be labeled Solution H, waa 

perfectly clear, had a beautiful golden yellow 

color, and a strong green fluorescenoe. It apparent-

ly had retained all of its former coloring matter. 

The paper containing the precipitate which had 

been washed with ammonium 8ulphate solution was 

allowed to drain until thoroughly dry, and the paper and 

precipitate let stand un'et 90 ~ alcohol. The alcohol 

slowly extracted considerable yellow color. After 

several hours of osuch extraction, the alcohol was removed 

by filtration and concentrated to 15 c.c. This solu­

tion was allowed to stand for one hour in cold brine 

and the precipitate of ammc-a1um sulphate which formed 

filtered off. The filtrate had a beautiful golden 

ye110w 00 lor and a green fluorescence. A small portion 

carefully aoidified with hyrochloric aoid showed no 

absorption banda in the speotro_cope. The remainder 

waa evaporated to drynes8 in the vaouum oven and 
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the residue extracted with absolute alcohol as noted 

before. A emaIl portion was made ammoniacal and a 

small amount of alcoholic zinc chloride added. There 

was no increase of fluorescence. 
Jj:<':1 

M}lric Ili;i;t rat. as also 

silver nitrate threw down a yellow precipitate from 

the alcoholic solution leaving the solution colorless. 

Lead acetate also threw down a precipitate from the alcohol­

ic solution when carefully added, but the precipitate 

was readily redissolved upon addition of a little more 

lead acetate. The remainde T of the alcoholic solution 

was evaPo rated to dryness, T 11e residue
J 

of brownish color 

was only with difficulty soluble in water. 

The result of the tests upon this pigment 

intlicate ·that boiling the serum has ho effect upon 

the pigment which is precipitated by saturating with 

ammonium sulphate. 

A Study of the Pigment Isolated by the Urochrome 

Method. 

Hammarsten (9) states that on saturation 

of urine with ammonium sulphate a great part of the 

urochrome remains in solution. It was found that on 

saturating the casein free milk serum and aleo the 

albumen free milk serum, with runmon1um sulphate, the 

preoipitatea which formed yielding the pigments noted 
• 

in the preceeding paragraphs, that by far the greateat 

part of the solor remaiped in the filtrate. This --......... ~ ... -.-.. ~ --_ ........ ----- --- . ~ .... ~-- - ......... - - -~- .. ,-- .... ..... .... ~~--~--~ .. --~- ............ _ ...... -

(9) Cit. 





led to the isolation of the unprecipitated pigment 

W~tb a view of comparing its properties with thoee 

of urochrQme. 

Although no special difference was antici-

pated the pigment was isolated separately, from the 

serum which bad been boiled to remove the albumen, and 

the71aaturated with ammonium sulphate, i. e. aolut ion M, 

noted above; and also from the filtrate which resulled 

from saturating the unboiled but casein free serum, which 

aolution will be deai&nated solution A. 

A8 the method of isolation of the pigment 
. . ; Je-)Ct.C4( 

f rom both. Solutions'; only that from solut ion A will 
'" 

be recorded. 

The volume of solution A was ?60 c.c. 

Following the method of Desmouli~e and Gautre1et (7), 

one half of this vo!ume . .' 0 f 90 % alcohol waa 

added and thoroughly mixed. On standing the ~lcohclic 

. layer whioh separated ~ etendin&/contained the bulk 

of the pigment. The alcohol was decanted and the 

remainder ext~aoted again usin& 250 c.c. of 90 ~ 

alcohol. The aqueous layer was now practically free 

from coloring matter. The two alcoholic portiona 

were oombined, filtered to remove suspended ammonium 
the to 

sulphate,and concentrated on steam bath 150 0.c. 1 

and the hot golden colored solution .poured on to 

qu i te a bulk of so l id ammoni urn Bul ph ate. Afte r 

thorough ahaking, ' two layers formed, the a~~on-

ium" sulphate havin& removed moet of the water from 
-~--- .... - ---~ .... --... -------.. --.- . --.... -- ................ .. .. -- - . ~ ~ -~- ---- ...... _ .. ...... -.... -
(7) Cit. 
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the dilute alcoholic solution, leaving the pigment 

concentrated in the small alcoholic layer. The 

aqueous layer had taken up considerable of the 

color, 80 the layers were thorou&hly mixed again 

and the solution let stand over night. The aqueous 

layer was then removed by means of a separatory 

funnel and about an equal quantity of absolute alco-

hoI added to it. The alccholic layer whcih separat-

edhad now removed practic r lly all of the coloring 

matter. As it however had taken up considerable 
J J 

ammonium sulphate it was decanted and treated with 

sol~ ammonium sulphate as before which removed the 

bulk of the water and a~nonium sulphate. The a1co-

holic layer which separated was then added to the 

other alcoholic solution and the combined solutions 

evaporated in a ~acuum. During the evaporation a slight 

brownish precipitate came down ~ was filte~ed off. 

Garrod (11) atates that when fairly pure 

concentrated alcoholic solutions of urochrome are 

poured into rather more than their own bulk of 

ether much of the pigment is precipitated in an 

amorphous etate. Following this proceedure the above 

concentrated alcoholic solution was poured into a 

bulk of ether. No precipitation took place, prob-

ably the solution oontained a little water, very 
---------------------------------- ----------- --------
(11) Garrod,- Proceedings of the Royal ' Society, vol. 

55, 1894. 





-25-

little of which w1ll prevent the precipitation , 

according to Ga:crod. 

The ether was evaporated off and the 

residue taken to dryness 1n a vacuum. It was let 

stand for some time under hot absolute alcohol, the 

resulting extract havin, a golden yellow color, 

leaving considerable brown-r.~ ~·eolor with the un-

dissolved residue. This residue was very soluble 

in water in which it was taken up. This aqueous 

solution was saturated with ammonium sulphate and 

absolute alcohol added. The alcohol extracted 

considerable color. It was decanted and the extrac-

tion repeated. The combined alcoholic extracts were 

evaporated to dryness on the steam bath and the 

residue ex~acted with absolute alcohol. The 

golden yellow colored extract whicb resulted was 

filtered off, and added to the similar extract ob­

tained above " after evaporation in vacuum. The 

study of the aolution~which may still be distinguish­

ed solut ion M, and a similar so'lut ion obtained 

in practically the same manner from solution A now 

follows. Both of these solutions had a rich, warm 

brown color with a dark green fluorescence which 

was especially noticeable in the sunlight. 

dilution these solutions passed through various shades 

of yellow to greenish yellow. 
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It was found that on evaporation of amall 

portions of these solutions that their residue. 

on heating emitted a strong odt't of acetic acid and 

the fumes turned blue litmus paper red. The a'fU,leou8 

solution. from these residues although having the 

same yellow color of the alcoholic solutions, 

and passing through the same shades of color on di-

lut ion did not give rrecipitation tests with mercuric 

nitrate, silver nitrate, and lead acetate. Both the 

alcoholic and aqueous solutions when made strongly 

alkaline, and heated, gave off a~~onia. Ammonium ace­

tate is soluble in alcohol. It wae found on study­

ing lactochrome as will be rembered, that the mercurYI 

silver, and lead salts were soluble in a 8m2_II amOunt 

of ammonium acetate whldh also pre~ented the precip­

it_tion of the salts from the milk serum. These facts 

were taken to show conclusively that solutions A and 

M were contaminated with ammonium acetate which was 

preventing the precipitation of the metallic salts 

of the pi&ment. While its presence seems hardly 

probable, yet the method of isolation from the milk 

in which both acetic acid and ammonium hydroxide were 

used renders its pres8u~e highly possible, especially 

since ammonium acetate is soluble in alcchol. An · 

attempt was made to rid the solutions of a~~onium 

acetate. They were evaporated to dryness and heat­

ed strongl, at the temperature of boiling water, 
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and the residues taken up again in absolute alcohol. 

The evaporation and the heating rendered part of the 

pigment insoluble. Garrod noticed this in his pre­

paration of Urochrome. The solutions however still 

contained some ammonium acetate. It was found neceaaary 

to decompose it with dilute sodium ~droxide before 

the mercuric nitrate, ,ilver bitrat., and lead nitrate 

would throw down the coloring matter. The silver 

precipitate of course consisted partly of the brown 

silver oxide AlaO, but as the solution was left 

celorIel8 it was concluded that the pigment was 

also precipitated. 

Ammoniacal solutions)when alcoholic zinc 

chloride was adde~ showed no marked green fluorescence, 

a8 in the Wiramy'. test tom urobilin. Amyl alcohol 

took up some color from the dried residues of the 

pigment (due to water perhaps). When acitified the 

amyl alcohol solution showed no absorption bands in 

the spectroscope. Chloroform extracted practically 

no color from the dried residues of the pigment. . The 

lead salts of the pi&ment as in all other pigmm t. 

studied .as soluble in an excess of the reagent, 

and- aa in the case of lactachrom., also in nitric and 

hydrochloric acids. It was not aDluble in acetic acid. 

Study of the Pigment Urochrome. 

FOr the lake of comparison a brief atudy 
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was made of urochrome. 

For this a fairly pure alcoholic solution of 

urochrome from human urine was used. The urochrome 

was obtained as follows:- about 150 c.c. of fresh 

urine were allowed to stand in the sunlight to trans­

form whatever urobi10gen might be present into urobilin, 

and the urine saturated with ammonium sulphate. After 

standing for some time the precipitate which was form-

ed was filtered off. Half its volume of 95 % 
alcohol was then added to the filtrat •• The alcohol-

ic layer had a , ood yellow color. It waa decanted 

and the extraction of the aqueous solution repeated 

and the two alcoholic portions combined. They were 

then eVEiporated to a low volume, filtered and 

absolute alcohol added, precipitating the dissolved 

ammonium sulphate. The proceaa of evaporation l 

filtration, and addition of absolute aleohol waa 
'('-'~ 

continued until the solution was practically;from 

ammonium sulphate. The final rather crude alcoholic 

solution had a golden yellew color. S i 1 ve r nit rat e I 

mercuric nitrat~ and lead acetate, all threw down 

a yellow precipitate from the alcoholic solution. A 

portion was evaporated to dryness and taken up in 

water, inmich it is very soluble. Silver nitrate l 

mercuric nitrate, and lead acetate threw down yellow 

precipitates from this solution. The first two 

containing the bulk of the color, the last apparently 

all. The lead salt was soluble in an excess of the 
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reagent.The alcoholic solution of urochrome ehewe~ 

~o Ubeel~tioft showed no absorption bands in the 

spectroscope when acidified with hydrochloric acid. 

The solution showed no green fluorescence. Garrod (10) -

claims that urochrome in alcoholic solutions is readily 

transformed into urobilin by action of impure aoetal-

. debyde .• 

When a small amount of this active aldehyde 

is added to a dilute alcoholio solution of urochrome, 

and the solution warmed on the water bath, according 

o Garro~ in a ve ry short time the solution ohanges 

( r om a pale yellow, to a rich orange tint/ and exhibi ta 

an absorption band in the identical position of that 

of urobilin. The solution at this stage will exhibit 

a brilliamt fluorescence upon the addition of a.mmonia­

cal zinc chloride, and the b nd become narrower and 

shift ,S t ·toward the red. If the action of t he aldehyd.e 

is allowed to proceed the color of the liquid change 

to a dark red-brown, and a second absorption band 

appears in the violet, which will become equally 

intense as the primary band. This is oonsidered by 

Garrod t o be the charac t eristic test for urochrome. 

He states that it is 80 delioate that a solution of 

one part of urochrome 18 30000 will yield the reaction, 

even in crude solutions of urochrome. 
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An attempt was made to ob-yain an acttve al­

dehyde, ita activity to he tested upon a crude 

urochrome solution. The aldehyde used was obtained 

in the ordinary way by distilling together ethyl 

alcohol and a dilute Bulphuric acid solution of 

potassium.dichromate. Although when the alcoholic 
with 

urochrome was heated ~l some of this aldehyd~ 

the color of the solution passed through the color 

changes described by Garrod, the absorption banda could 

not be di8tinguished in the spectroscope. As Garrod 

gives no way of distinguishing between active and 

non active aldehyde other than its action on uroch­

rome, and as lack of time made it amps.sible to ex­

periment with other solutions of acet~aldehyde, it 

was found necessary to abandon this test for urochrome 

for the present investigation. Experiments are being 

conducted however with a view of finding an active 

aldehyde, and applying it to urochrome, and the similar 

P.i-&ment obt a ined from milk serum. 





Experiments to Determine Factors Influencing the Color 

of Milk Serum. 

Method for Determining the Reiative Amount of COlor 

Present in the Milk Serum. 

In order to eompare the amount of pi&ment . 

in different .ample. of milkl the proceedure was aa 

follows. The milk was collected at the barn in ga.llon 

bottle.. It was usually taken in the morning and run 

throUlh a cream separator within 8 few hours. The skim 

milk was warmed to about 3S0 ( C. and precipitated with tee 

smalleat possible amount of 10 ~ acetate acid. A 

portion of this cloudy yellow serum was then boiled 

for a few minutea to coagulate the albumen. After 

filtering a yellow serum was obtained which in Borne 

instances was cloudy. To get a clear solution in every 

case these solutions were neutralized with ammonium 

hydroxidel heated and filtered at once. In this way a 

perfectly clear yellow solution was obtained. 

This yellow serum was then placed in a 100 

centimeter cell and compared with the standard colors 

in the Lo~1bond tintometer. The colors were readily 

matched. In lome cases a few tenths of red were found 

neoessary. 

Effeot of Breed upon the Color of Milk Serum. 

While working with milk serum taken from 

different animals, it was noticed that the serum taken 
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from the Ayrshiree and Jerseys almost invariably 

had a higher color that that of the Holstein8 and 

Shorthorns. In order to find what relation existed 

the colorimetric teste in table I were made. The 

procedure which has already be&n described for taking tin­

tometer readings was used. 

The University herd now in milk is oomposed 

of 4 Ayrshires, 20 Jersey., 15 Holsteins, and 4 Short­

horns. All of these animals are pure bred dairy 

cows. They are living milk varying from 23.7 to 2.1 

pounds per m1lkin,; have been in milk for periods vary-

ing from 13 to 1 mont~, and vary in age from 15 to 3 years. 

The average tintometer reading for the Ayrshi­

re8 was . found to be 4.78 units of yellow; for the 

Jersey. 3.59 units of yellow; for the Holsteins '.41 

units of yellow, and for the Sho~thorns 2.15 units of 

y -.llow. 

EYen in the cloudy yellow serum after removal 

of casein, it was easy to distinguiah ·" b,- mere observa­

tion the Ayrshire. and Jerseys from the Holstein and 

Shorthorns, and in aome cases even between the 

Ayrshire. and Jersey., the forms showing such a hi'h 

color in the serum. 

The fact that such a marked difference exiate 

between the average of the readings for the different 

breed., eaoh breed "presenting widely different 

ocnditiona of mill production and period of lactation, 





indi~ate that the coloration of the milk serum is 

primarily a breed characteristic. Within a narrower 

limit it is also an individual characteristic. This 

is emphasized by the fact that all of the animal. 

were receiving practically the same feed. Some data 

on the effect of feed will also be given. 





TABLr. I. 
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23 

11 

41 

53 

16 
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10 

30 

54 

50 
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22 

59 
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3. 

a .7 
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3.5 

5. 
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3. 
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· . t - • 
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" 
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213 
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a10 
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.. 
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• • 
• · 
• • 
• · • • 
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1.7 

2.2 

a.a 
3. 

3. 

2.a 

a.6 
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400 
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1.6 
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Effect of the Period of Laotation upon the Color of the 

Milk Serum. 

In table II the cows are arranged according 

to their period of lactation. This table indicates 

that the cows of any of the breecls milked less than five 

months have less color in their milk serum t than those: 

of the same breed which have been milked for a longer 

period. A calculation from the table shows that 78.5 % 
of the cows which had been in milk for less than five 

months gave a tintometer reading below the average of 

the particular breed to which the cows belonged. How-

ver the difference is not pronounced enough to over­

balance the possibilities of ether factors entering in. 

For this reason definite conclusions can aet .'.oe drawn. 
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fABLE II 

· ............................ " ...... , ............................... . 
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37 
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Effeot of Milk Production upon the Oolor of the 

Milk Serum. 

The reaulta obtained in table III point to 

DO definite oonnection between the milk production and 

the color of the serum. 

The fact that milk serum from fresh COW8 'seemed 

to have leas color mi&ht be thought to indicate that 

00W8 productD·1 the most milk would give a low color. 

This however does not Beem to be the case. 

The fac t that'the pi&mentia an : intense one 

might lead aleo to the supposition that the low 

average color shown by the Holsteins would be explained 

on the ground that they are the heavy milk ' produoers. 

The data does not show this to be true. For instan'ce 

cow 204 a Holstein p,roducing a31bs. of milk per milk- . 

in, gave a tintolneter reading 3. whilecow ,224 also a 

Holstein but g'v1ng only 6 lbe. of milk per milking 

gave a lower tintometer reading i.e. 2.6. A similar 

example can easily be found in' the .. Jersey breed. Cow 

lftpro'ducing i 1'6s. of milk per milking gave a 

t intometer reading of ~, t wh ile cow 3C produced only 
'. 

" ,~o ~bs.per milking and gave almost the ! l.~werrt reading 

for the breed i.e. 2.', Many other examples could be 

given as the table will show. 





TABLE III 
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· · · . :. 

· · · · 
· · 

· .. 

• · 
· .. 





The Eff at of Age upon the Color of the Serum • . 

An examination of table IV shows .that age 

apparently has something to do with~he . color of milk 

serum. All of the COW8 over seven years of ale, are 

agave the average for the particular breed to which the 

animal belongs. O~ the COW8 under seven years of ace 
67 .7~ are below the average. Althou&b the indications 

are that as a cow geta older the amount of color 1n her 

milk serum increases, these results would need further 

corroboration before one could draw positive conclus­

ions. 
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,.ABLE IV 
. . . . . . . . . . . . . . . . . . . . · . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

: aow A&e: Tint. Units of :: Cow : A,e: Tint. Units of : 
: num- : read. yellow :: nurn-: read. yellow : 
: be r : 0 omp. wit h:: be r : 0 om p. with . 
:: a v • for b rd; .: a v • for b rd .' · ::: ::::: ~ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• · ... . . ... . .. ... . . ... . 

124 15 5. 

311 15 5.3 

16 13 

204 12 

27 10 

209 10 3. 

403 10 3. 

301 9 5.5 

all 7 " a.? 

210 7 . 2.2 

10 

5"1 6 2.9 

41 6 

53 6 

54 

50 

59 

213 

3 

217 

. . 
6 

6 

6 

6 2.2 

5 3. 

5 

. .. 

Above 

Above 

Average 

Above 

Above 

Above 

Above 

Above 

Above 

Below 

Average 

Below 

Below 

Avera&e 

Below 

Below 

Above 

Below 

Below 

Below 

· . · . aoe 5 2.2 Below · . · . · . · . 215 • 5 3. Above · · · . · . 305 • 5 4.5 Below 
· . · . 306 4 • · 4. Below · . · . · . 
:: 307 · . 4 5. Above 
· . · . 23 4 3 • Below 
· . · . 8 4 Below · . · . · . 

Below · . a 4 · . · . · . •• 223 4 1.5 Below 

219 4 2.2 Below 

222 4 3.6 Above · . 
1.3 Below :: 220 · . 4 

· . 
1.6 Below " 404 4 · . · . · . 
2.7 Below · . 30 3 · . · . 

22 3 5.2 Above 
· . 

4.2 Above · . 14 3 · . · . 
2.7 Above .• 22"1 · . 3 

2.6 Above 224 .. . . 3 

aas 3 Below 

406 3 Below · . ... . : . . . . . : . . . . : . . . . . . . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 





-41-

Effect of Feed Upon the Color of Milk Serum. 

A Jersey cow which had been fed for 24 days 

upon clover hay and white corn was tested in the usual 

way and gave a reading of 3.5 units of yellow. The 

butter fat was tested at the sa~e time and gave a read-

ing of 8. units of yelloW' in a one inch cell. The same 

animal was then fed for 18. days upon green alfalfa hay 

and yellow corn. t the end of this time the serum 

gave a reading of 3. 5 unilts yellow while the fat reading 

in the .one inch cell had increased to 45 units of yellow. 

conclusive , certainly 

shows that f eeds which have marked effects upon the 

color of the butter fat have no effect on the color of 

the milk serum. This will be further discussed in the 

following paragraphs. 





Discussion of Results. 

The properties of urobilinl urochromel and 

the pi&ments isolated from the milk serum are tabulated 

in table V. 

Pigment I is Blyth t. Laotochrome. Pigment II 

is the pigment isolated from milk by the urochrome 

method. Pigment II I is the pigment which remains in 

solut ion o'n saturat in, with ammonium sulphate an 

aqueous solution of the pigment precipitated by saturat­

ing the unboiled serum with ammOnium au~ate. Pigment 

IV is the pigment which was precipitated from the 

aqueous solution of pigment 1111 whose properties were 

identioal with the pigment obtained from the boiled 

serum by the urobilin method. 
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TABLE V (Part I) 

................................................................... 
· : Urobilin . . Uroohrome 

· · Pigment I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ ...............................•. ~ 
· · : Solubility in:-: 

· · · . · . 
· · 

· · ord. alcohol: slightly aol. : readily ao1. readily ao1. 
· · · · 
• · · · 

absolute " 

amyl " 
chloroform 

: Result of 
: saturat ing 
: aqu. sol. 
: with ammn. 

sulphate 

Action of 
prec ipi tant s 

lead aeet. 

· · : readily sol. 
· · : readily 801. 

readily sol. 

completely 
prec ipi tatedJ 

readily sol. readily sol. 

slightly sol. : slightly soluble 
· 

inB~lt1bl.; : .. : : very ali. sol. 

slightly 
precipitated 

sli~htly 
prec ipi tated 

· · 

· · • · • • · · 
• · • • 

• · 
precipitnted precipitated: precipitated 

(sol. in excess) : 
mercuric 
ni trate 

silver 
nitrate 

ph08. tung. 
acid 

phospho 
moly. acid 

Color of 
alcoholic 
solution 

Fluoreac. 
neutral 
ale,ohelic 
solutions 

Aqueous 
solutions 

Absorption 
bands 
Ac id. ale 'hI 
Ac id amyl 
alcthl 80l's 

not 
precipitateci 

prec ipi tated 

precipitated prec ipi tated 

precipitated precipitated 

prec ipi t ated prec ipi tated 

precipi tated precipitated 

brownish yel-: alcoholic sol: alcoholic 
low when con.: are gelden : solutions 
Dil. solts yellow when are golden 

: yellow or concentrated yellow 

. . 

rose col' rd. 

strong green 

one absorp'n 
band between 
green & blue 

none slight 

none none 

none none · . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

• · • · • • 
• · 
• · • • · · 

• · 

• · 
· · • · · · 

• · • • 

• • 
• · 





TABLE V (Part a) 

...................................................................... · . 
Pl&ment II ; Pi&ment III : Pi.ment IT • .. ' 

• : ..................................... : ............................... . '. . · · Solub1l1t:J in 
water :readily soluble ~ readily solub.; 91 i&ht.1Y sol ~ ' : · 

· • 
• • 
• • 
• • 
• • 
• • 

· · ordinary ale 'h' 1 ;readi}ly soluble; readily solub :~ t? readily sol. 

absolute 

~myl 

chloroform 

" 

Results of satur­
ating aqueous 

· · :not. read. sol. ; not read. sol.: readily sol. · 

· · · ;slightly sol. : sli&htly sol. : readily sol. 
· · ;very slightly 8.: 8paringly 801.: readily sol. 

: (did not g1 ve 
: Wirsmy' s test) 

solutions with 0 • 

ammonium phosphate;slightly preeip.:not preeipita. : not preeip. 

· Action of precipi-; 
tanta · lead acetate · : prec ipi tated : prec ipi tated 

;(801. in exoess): (sol. in exc.): (sol in exa.) 

· mercuric nitrate;preo1pitated : precipita.ted : precipitated. 
· · silver nitrate :precipitated · : prec ipi tated : prec ipi tate-d 

· ph08pho-tun&st. ;precipitated 

· phospho-molyh. ;precipitated 

· 

· . · 

0 ' 

o 

. 
t , 

· Color of alcoholic: · . · solution ;golden yellow greenish yel. : golden yellow 

Fluorescence of 
neutral alcoholic · solution ; strong green beautiful gr. : creen fluoresc 

· Aqueoul solution ; strong green 

Absorption 
banda 
acid · · alcoholic • · and · • • 
acid • 

amyl · .. 
alcoholic · · · .. 
solutions .none none : none 

· .. 
• · •••••••••••••••••• I • • • • • • •••• • • • •••• • • • • • • • • • • • ~ • .-•••••••• • • •••• 





It will be notioed that as far as studied 

the properties of the pigment which Blyth oalled lao­

tochrome are identical with the properties of the 

piginent which for the moat part remain in solut ion on 

saturating the milk serum with ammonium sulphate, to 

which the milk serum undoubtedly owes its color. It 

will also be noticed that these properties are practi­

cally identical with the properties of the pigment to 

which urine largely owes its color, namely urochrome. 

The only distinguishing property so far discovered is 

the strong green fluorescence of the milk pigment, . 

both in aqueous and alcoholic solutions. This property 

was not so noticeable however with Blyth's Lactochrome. 

This is probably dde to the method of isolation as all 

of the other properties are identical. That the color 

of the milk serum is not due to urobilin as Desmoulere 

and Gantr.let state, is shown conclusively by the fact 

that the 
:J 

milk pigment in no stage in its isolation 

showed characteristic absorption bands of urobilin. Re­

peated attempts to make the properties of the serum 

pigment conform with the properties of urobilin were 

unsuccessful. 

1n this paper. 

Very few of these attempts are recorded 

The fact that only a very 8mall portion 

of the milk serum pigment was precipitated on saturating 

with ammonium sulphate in itself disproves the wor k J of 
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Desmoulere and Gantrelet who claimed that the filtrate 

after this. treatment was entirely colorless. 

The claim of Blyth that the butter fat owes 

its color to the pigment which he called lactochrome is 

groundless, as the pigment is a water soluble one, 

which property has never been ascribed to the fat pigments. 

No further proof is needed o·f this fact. The Fr,ench 

authors claim that the milk owes its coloration to 

the pigment which they call urobilin and one would infer 

from their statement that the pigment which they isolat­

ed did not give the reaction of a fat pigment, that no 

fat pigment was present in the milk. This conclusion 

was too hasty. 

That a urobilin-like pigment is present in 

the milk in a very small quantity is indicated by the 

reactions of pigment IV in table V. It wae however not 

conclusively shown to be urobilin for it lacked the 

spectroscopic property of that pigment. It was also 

present in the milk in a very small proportion in com­

parison to the one to which the serum owes its color. 

It should be noted that a emaIl portion of what may be 

called the urochrome-like pigment was precipitated on 

saturating the unboiled serum with the ammonium Bulphate. 

This is shown by the fact that pigment III showed the 

properties of the urochrome-like pigment. It is interest­

ing to note also that boiling the serum evidently re ••••• 

the urochrome-like pigment non- eci~1table on saturat1n& 





with ammonium sulphate. Until the milk pigment can 

be shown to give Garrod's urochrome reaction with 

active acetaldehyde, the conclusion that the pigment 

is urochrome would not be warranted. The . - only safe 

conclusions at present are these:- first, that Blyth 

was correct in ascribing the ooloration of the milk 

serum to the body which he called Latcochrome, and, 

second, that the pigmen~ which is largely responsible 

for the color in the serum conforms closely to the 

propert ies of the pigment Urochrome. 

A study of the factors which influence the 

color of milk serum reveal very interesting facts, 

the chief one of which is that this property of milk 

is undoubtedly a breed characteristio, at least as 

far as the breeds studied are concerned. 

The grouping of the breeds according to the 

color of the milk serum results in the surprisin& fact 

that the Ayrshires, which have always been ranked bare­

ly above th. Holsteins as color producers, rank ahead 

of the Jerse~s, the color producing breed, and far 

ahead of the Shorthorn. whmch have always been ranked 

just below the Jerseys. In faot the color of the Ay~ 

shire serum is sometimes so intense, and the same may 

be said of a great many Jersey_, that the yellow color 

of the milk is undoubtedly in a large measure due to it. 

This is emphae1zed by the fact that Holstein milk, 

often oalled blu., sometimes shows practically no 

oolor in the serum. The oonolusion may .ell be drawn 
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that the milk of some breede owes its color only in 

part to the color of the suspended fat , lobule., the 

factor before considered entirely responsible for ~he 

oolor. 

The arranl.ement of the dat, according to the 

period of lactation, milk production and age of the 

animal reveals several additional intereetini facts 

which however are not as conclusive as those just dis­

cussed. The indications are, however, that a cow does 

not produce the maximum color for the breed until 

she has been in milk for several months, and that when 

she has reached the age of seven years she reaches a 

maximum whioh is above the average for her breed. The 

data also indioates that the milk production plays no 

part whatever in the amount of color in the serum, and 

also that the feed has no effect. The latter result 

perhaps needs further corrobQraticn since the feed is 

known to play an important part in the color of the 

milk fat. As noted in the single experiment recorded 

the animal was receiving such widely different feeds, 

when samples were taken for study of the serum color­

ation that one must conclude that at least these two 

feeds have no effect upon the coloration of the milk 

serum. It should be mentioned also that the clover hay 

and white corn produced practically no color in the 

milk fat while the green alfalfa hay and yellow corn 

produced a highly colored fat. It was 1n reality this 

difference of the milk fat coloration which warranted 
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the conclusion thatthe feed had no effect upon the 

color of the serum. It is possible that feeds might 

be found which would affect the color of the serum, 

but this is not likely. 

If the pigment to Which the serum o.es ita 

color i8 urochrome, the question at once arisea aa to 

the explanation of its presence in the milk. Oliver 

said that the lactochrome of Blyth is probably de-

rived from the baematin of the blood. This explanation 

is the only one which experiments noted in the li.er-

a tl.lre would just ify. Mac ~.(unn (la) prepa.red a pig­

ment by the oxidation of haematin which ••• apparently 

identical with urinary urobilin, and Riva (10) claim. 

to have obtained a body similar to urochrome by the 

oxidation of urobilin. While these oxidations were 

made with laboratory reagenta the conelusions would nct 

be jUstifiedthat ' they could not be easily carried out 

in Nature's laboratory in the body of the cow. 
~----~-~-~-----~- -~---~--------~~~------------~----

(la) Mac Munn,- Proceedings of the Royal Society, Vol. 31. 

(10) Cit. 





SUMMARY 

I. ' The color of milk serum free from fat and 

casein is due to a pigment with properties which 

closely resemble those of urochrome, the principal 

p~~ ent of urine, and not to the pigment urobilin. 

II. A very small amount of the color may be 

due to a ~robilin-like ' pigment which was isolated by 

saturating the serum with the ammonium sulphate, 

which precipitated the pigment along with the proteins. 

The filtrate however retained the major pigment, i. e. 

the uroohrome-like pigment. 

III. The urochrome-like pigment is identical with 

the pigment to which Blyth gave the name Lactochrome. 

IV. The serum pigment is in no way related to the 

pigment whioh causes the color of milk fat. 

V. The color of milk serum is due primarily. to 

the breed of cow, the four breeds studied ranking as 

follows:- Ayrsbire, firstj Jersey, secondj Holstein, 

third; and Shorthorn, fourth. The latter two are 

practioally the same. 

VI. The period of laotation and age of the cow 

sli htly influenoe the color of the serum when con' ider­

ed witb respeot to the breed. 

VII. The milk production and the feed of the 

animal have no influence upon the color of the serum. 
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