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INTRODUCT ION

During the course of an investigation of the
natﬁral pigments of milk carried on in the Research
Laboratories of the Deiry Department, at the University
of Missouri, it became evident that more than one
pigment existed in the milk; namely that the pigment
which remained in the whey after the removal of
casein and fat was not identical with the pigment found
in the fat. The investigation reported here deals only
with the whey pigment.

The color of milk serum was observed as long
ag o as 1784 when Schoéff, in a very learned paper (1),
containing full references of the work of his predecessors
noticed the yellow color of the whey- "Liquidem colore
diluti citrinum".(a) Since that time several investigat-
ors have taken up the study of this pigment, but with
widely varying results. |

As far as could be ascertained no work has been

done toward determining the factors which influence the

amount of the pig~ment present in the milk serume.

(1) "Schoepff, Ludevicus Augustus,- Specimen Inaugurale
Chemico- medicum de Varus Lactis Buli Salibus alusque
Substantuis in ejusdem parte Aquosa Contentis, etc."

(2» Blyth, A. W., - Foods; Their Composition and Analysis.



The fact that large quantities of milk are
required to obtain & small amount of pigment, and that
the operation of the isolation is extremely tedious,
probably accounts in a large measure for the lack of
knowledge upon this phase of the chemistry of milk.

The object of this investigation was to re-
peat the investigations upon the chemical nature of this
pig-ment; to add any possible points; to coordinate
the varying results which have been obtained and to
determine the factors which influence the varying amount
of the pigment and if possible assign a reason for its

presence in the serum.



Pigments and Milk Constituente Studied.

Lactochrome-- In 1864, E. Millon and Comm-

aille (3) after coagulating and separating the casein

and albumen, obtained a precipitate from the yellow

whey of milk by means of a solution of mercuric nitrate.
This precipitate was white, amorphous, and became slight=
ly red on drying; it was insoluble in water, alcohol,

and ether. This precipitate was wash?d with water,

then with alcohel, and finally with ether. To this

body they ascribed the following formula - Czg Hqq N5 018 ’

Hg O Hg O, NO,, and gave it the name Lacto- proteine (3).

39
In 1879 A. W. Blyth (¥) in " Study of the Composition
of Cow's Milk in Health and Disease", isolated from

this Lacto- proteinglga%actin and a pigment to which

he gives the name LactOurome. He was able to separate
these compounds from the milk wheyyﬁre01pitating

with phospho-tungstic and phospho-molybdic acids, and

by precipitating with nitrate of mercury. The first

two methods had to bg abandoned béoauee of decomposition
in washing the precibitaté. The last method i.e. the
precipitation with nitrate of mercury, gave the so-called

Lacto-proteine of Millon and Commaille. Blyth showed

(3) "™M.°M. B. Millon et Commaille,- Comptes Rendus, 59,
p. 301, 1864."

(4) Blyth, A. W., - Journal of the Chemical Society of
London, 1879. ‘



that this precipitate was not a simple substance but

was a. mixture of galactin, lactochrome, and any

albumen which may have remained in the solution. This
precipitate after being separated by decantation, and
filtratioe,was well washed and decomposed with hydrogen
sulphide. Upon filtering and removal of the excess of
hydrogen sulphide, the filtrate yielded a lead salt with
lead acetate. To this salt . Blyth gave the name gala-
ctin. It was a fawn colored salt which was obtained
perfectly white by decomposing andreprecipitating. It
was noncrystaline, soluble in water, insoluble in strong
alcohol, and precipitated by the general alkaloidal
reagents of Sonnenschein. Blyth gave it the formula

(Pb 033) 054 Nog Ny 045.

The filtrate from which the galactin had been
separated was found by Blyth to contain a substance
which after any excess of lead had been removed, gave a
precipitate with mercuric nitrate. This he describes
as an alkalecidal coloring matter and gives it the name
lactochrome. He aecribe;'to it the formula Hg O Qa H18
N 06. He obtained the pigment in a frge state by
decomposing the mercury compound, and evaporating its
solution. "As obtained in this way it was in the form
of a bright red-orange;,; resin~like mass, softening at

100° C., .very soluble in hot alcohol but partially

separatdng out o-n cooling. It was freely scluble
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in water. The concentrated solution gives a simple
spectrum allowing most of the red and yellow rays to
pass throuéﬁ?nc bands were observed". (4)

Lactochrome is thought by several authors
and investigators to be the cause of éolor in butter.
Oliver(s) says: "Lactochrome is probably derived from
the haematin of the blood, is of a resinous character,
of a bright orangé color, and is soluble in water. This
causes the color of butter and of whey. It is in very
small proportions and varies much in that respect
according to the action of the alvealus cells." Blyth(4)
says- "Milk fat under the form of butter is comstantly
tinted more or.less yellow from digdlved lactochrome,
but it may by the use of suitable solvents, be c¢btained
almost colorless."

Orotic Acid (Drotsiure)

Biscaro and Belloni(6) in 1905, ,discovered a
new constituent in milk, which, because its method of
isolation was similar to that of lactochrome, was
studied in connection with this problem. It was found
howewer, to have no coanection with the color of
serum. The investigators isolated it as followsi:- 1 litre
of milk was precipitated with a few drops of rehnet,

filtered through a linen cloth and neutralized with sodium

carbonate to a weak acid reaction. It was filtered,

(56) Oliver,- Milk, Cheese, and Butter, Page 44.
(6) Biscaro and Belloni,- Chem. Central. 1905, vol. 3, p. 63,
(4) cit.



the filtrate and the lead precipitate
precipitated with basic 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 charcoal. Potassium
hydroxide was then added to a weak acid reaction. The
clrystalliine residue:, found upon evaporation was let
stand 48 hours with 55.% alcohol to free it of chlorides .
It was then let stand 34 houre with more alcohol and
finally allowéd to chirystallize from hot water.

Biscaro and Belloni gave this acid the formula

4 7 3?
at 260° G. It was slightly soluble inwater, slightly

05 Hy O, X Ez 0. It was clirystalline and decomposed

soluble or insoluble in organic solvents. The potassium,
silver, barium, and many other salts were made and des-
cribed by the authors.

Urobilin.~- Desmonliere and Gautrelet(7) in 1903
isolated a pigment from milk,which from .their investi-
gations they felt justified in calling Urobilin. Their
proceedure of i:olation'waa as follows:- several litres
of milk were coagulated and filtered through a cloth
and then through a paper. In this manner a slightly
cloudy liquid with a greenish yellow color and a slight
greenish flourescence was obtained. After acidifying
with H8 8 04 this solution was saturated with amgnium
sulphate and allowed to stand for several hours, then
filtered. The filtrate was entirely colorless. The
precipitate upon the filter paper was washed with a

T - ——— T c——— T — - —— ————————————— - T W W 2 T ———— T - ———————————— -~ —

(7) Desmonliere and Gantrelet,- The Constant Presence of Uro-
bilin in Cow's Milk.
Compt+ Rend. Soc. Biol. 55, 1903, P. 6323.



saturated solution of a%?nium sulphate and extracted with
90 4 alcohol. The alcohol took up the pigment and had
a yellow color with a greenish fluorescence.

This alcoholic solution :  was acidified/and upon
examination gave the absorption band of urobilin. They
also found the greenish fluorescence of this solution
was destroyed by acids; that the dicroism reappeared
by the action of ammonia and that there was a distinct
increase of fluorescence by adding ammoniacal zinc
chloride. This ammoniacal zinc chloride solution still
showed the absorption bands of urobilinme.

In order tovprecipitate %he pigments from the
remaining alcoholié goluticn, they evaporated to dry-
ness at a low temperature, took up the residue with
ammonia, acidified with Hy 8 0, end treated with an
excess 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 rigment did not show the character=
istic reactions of lipochrome, not giving the blue color-
ation withk concentrated sulphuric acid, or the green
coloration with concentrated nitric acid.

In order to show that the pigment exists in the
milk as isolaﬁed, and is not converted into urobilin
during the process of isolation, the investigators
saturated a volume of milk with ammonium sulphate and

added one half its volume of 95 % alcohol. The solution
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was shaken and let stands until a clear separation was
obtained. The alcoholic layer was colored a greenish

yellow éﬁch was 2ll the more pronounced because of the
lack of color in the remainder of the solution.

D&€smculiere and Gantrelet found the pigment to
exist in all milk examined in the same proportion and
because of this hoped to find a simple methcd of de-
tecting adulterated milk.

Urobolin is thought by a number of investigators (e)
to be identical with hydrobilirubin, a pigment of the
liver. Although at one time thought to be the principal
pigment of the urine, urobolin is now known to exit.. in
the freshly voided urine only as the chromogen-urobilinogen,
which by the action of light is converted into urobilin.

Urobilin according to Hammarsten(g) 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,
fibrile, physiological, and pathological urotilin « I%
is characterized by its greenish fluorescence and absorp-
tion spectra. It varies in color from brown, reddish
brown, red, to reddish yellow. It is easily soluble
in alcohol, amyl alcohol, and chloroform; with difficulty
soluble in ether, acetic ether and water; easily solu-

ble in water made slightly alkaline. It is completely

(8) Hawk,- Practical Physiological Chemistry.
{9) Hammarsten,- Text Books of Physiolog ical Chemistry,
8th English Edition, 1911, p. 704.
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precipitated from the urine by saturation with ammon-
ium sulphate. It is very soluble in alkalies and may

be precipitated from alkaline solutions by the use of
acide Neutral alcoholic solutions in strong concen-
tration are brownish yellow. In greater dilutions they
are rose colored or yellow} Upon addition of zinec
chloride solution to the ammoniacel solution of the
pigment, it becomes red and shows an :increase in the
green fluorescence. This solution in the spectroscope

shows a strong band between E and F.

Urochrome. Urochrome is the principal pig-
ment wﬂich imparts the coler to urine. It is closely
related to urobilin, according to Garrod (10) giving a
urobilin like pigment Dby the action of impure aldehyde.
This reaction is used by Garrod eas a test for urochrome.
It is also claimed that urobilin yields a pigment
similar to urochrome by the oxidizing action of per-
mangeanate. |

Urochrome according to Garrod and Hammersten(9)
has the following properties:- btrown, amorphous, readily
soluble in water and ordinary alcohol, but less soluble
in absolute alcchol. It dissolves slightly in acetic
ether, amyl alcohol, and acetone but is insoluble in
ether, chloroform, and benzene. It is rrecipitated by

8ilver nitrate, lead acetate, mercuric acetate, and

-
e e e B e B B B - B T e e e S EEENETE @ O O B FEETe @ e G e e S S G o - - - - -

(10) Garrod,- Jcurnal of Physiology, Vol. 21 and 39.
(9) Cit.



rhospho-molybdic and phospho-tungstic acids. "When ite
solution is saturated with ammonium sulphate the greatest
part of the pig ment remaine in solution" (9)« Urochrome
shows no absorption tands, does not fluoresce with zinc
chloride, and is easily decclorized by the action of

acids.



Experiments to Determine the Chemical Nature of the_

Pigments in Milk Serum.

A Study cf the Pigment obtained from Milk by the

Lactochrome Methode.

Lactochrome for these experiments was isclat-
ed from milk accerding to Blyth's method as follows:- |
1CCO cubic centimeters of separated milk was divided
into three portionse. Onhe of these portions was diluted
with water to about four times its original volume and
acidified with dilute aceticf&ntil the casein coagulat-
ed. The whey was then syphoned off into a second
portion of the milk,?%ore acid if necessary added. The
resulting whey was in its turn syphcned into the third
portion of the milk. More acid if necessary was added
and the casein filtered out. This solution, free from
casein, was now raised to the boiling point and gently
boiled for several minutes. The albumen coagulated and
was easily separated. The whey was then precipitated
with acid nitrate of mercury solution.* This dense
precipitate formed wae washed by decantation and sus-

pended in a small amount of water. It wae then

e e G B o B B e G G G S O e W B T B G B B W BT S e G o @ & G G O B W B Ge O B O O O G Gme Gl O G - P % @ W

*1]10C grams of pure mercury is dissolved in a litre

of nitric acid; & further quantity of acid added
until no red fumes are evolved; the solution is evap-
crated to & syrup, and after adding enough nitric acid
to prevent the formation of a basic salt, is made up

with distilled water to exactly 1400 cubic centimeters.
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decomposed with Hydrogen sulphide in an acid scolution
using either nitric or hydrochloric acide. The mere
curic sulphide was filtered off,f{he hydrogen sulphide
removed with the addition of heat. An excess of
acetate’of lead wae added, forming%&grty white pre-
cipitate of galactin. This was filtered from the solu-
tion, and the excees of lead acetate in the filtrate
decomposed with hydrogen~sulrhide. The lead sulphide
wae filtered off, the lactochrome remaining in solution.
This lactochrome in solution wae purified by reprecipi-
tating several times with mercuric nitrate, decompos-

ing the final mercury salt, evapcrating the aqueous
sclution to dryness, and dissolving the residue in hot
absolute alcohol. This alcocholic solution was considered
to be practically pure léctochrome.

Lactochrome as obtained by the above method
was amorphous, softening at 10C° C. and had a peculiar
odor. It conformed to the preparation obtained by
Blyth's The maximum yield obtained by this methcd was
.04 gzpaemf o]fit%xrilk. Some of the pigment was 1lost
wifh each rurification. About & gram in all was
obtained for the study of the pigment.

The sclution of lactochrome in absolute
alcohol which was judged to be approximately pure was
evaporated and the residue taken up with weter. The
agqueous solufion was divided; one portion was saturated

with pure ammonium sulphate. A scant brown precipitate
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was thrown ®own. It was filtered off, the filtrate
apparently retaining all of its former color. One half
its volume of absolute alcohol was added and the solution
well shaken. On standing the clear alcohclic layer

which separated had extracted practically all of the
color. The alcoholic layer was removed and evaporated

to 2 low volume. Absolute alcohol was then added until

no more precipitate of ammcnium sulphate came down. After
filteration, the clear yellow filterate was concentrated
to about 100 ce.c. The fcllowing tests were made upoc n
this solutioni- Mercuric nitrate readily preciritated
the coloring matter as did alsc silver nitrate, both
precipitates having a yellowish color. Lead acetate

also threw down the coloring matter from the alcoholic
solution but the precipitate was readily soluble in

an excess of léad acetate. A portion of the alcoholic
sclution was evaporated to dryness, the residue was brown
in color. It was readily soluble oirr?lin:lrgohcl. Chloroform
tcok up a mere trace 6f coler from the dried residue. A
drop of concentrated ammonium hydroxide seemed to increase
the coleor. Alcoholic zinc chloride when added however
caused no marked green fluorescence. Amyl alcohol

seemed to extract a slight amount of color from the

dried residue. The amount of color absorbed seemed to
increase on standing. Thie was probably due to the

traces of water in the amyl alcohol and also to the

absorption of water from the airy -- the pigment being



very soluble in water. The amyl alcohol solution
when acid with hydrochloric acid (which showed & good
yellow color when viewed through a 5 c. cm. layer)
showed no absorption bands when examined in the

spectroscopre.

Tests on the Aqueous Solution of Lactochrone.

The following tests were made upon the
' aqueous portion which had not been saturated with ammonium
sulphate. Mercuric nitrate readily precipitated the
pigment from this solution as did also silver nitrate,
beoth precipitates being brown in @olor. Lead acetate
when carefully added to the aqueous solution threw
down all of the o lor but the precipitate was readily
soluble in an excess. It was found that the lead salt
and ale:he.mercury salt of lactochrome was soluble in
ammonium acetate solution. Very little cf the ammonium
acetate was necessary to prevent the precipitation
with lead acetate; it required more however to prevent
the precipitation of the mercury salt.

Sincg in the preparation of the lactochrome lead
acetate does not precipitate the pigment, an explana¥
tion was sought of the apparent difference between
the 1isclated lactochrome and the pigment in the milk

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

for the separation of the so-called galactin and
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lactochrome, contains considerable free nitric or
hydrochloric acid whose presence was necessary in the
decémposition of the mercury salt by hydrogen
sulphide, the solubility of the lead salt of lactochrome
in nitric and hydrochloric acids was tried. It was found
to be soluble im both. The lead salt was not soluble, how-
ever )in acetic acid.

The lactochrome was found tq be very soluble
in milk serum, a very small porticn of it greatly
increasing the color of the‘serum, indicating that the
pigment is a very intense cne and that only a very small
amount is necessary to-give the normal milk serum its

coloration.

A Study of the Pﬁgment'obtainea from Milk by the
Urobilin Method.

About 6 liters of milk from cow 305 were taken
for thie experiment. The fat was separated by means of
a hand separator,:and the casein precipitated from the
s8kim milk by acidifying with acetic acid, and warming
to about 50° C. After filtering off the casein, the
8lightly cloudy serum had a good yellow color. This
color by %y boiling a smell portion, filtering and
then clearing up with ammonium hydroxide, gave a color-
ation of 4.5 units of yellow in the 10 c. cm. cell,
using the Lovibend Tintometer.
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The bulk of the precipitate was acidified

- with sulphuric acid, and saturated with ammonium
sulphate} After standing for some time the heavy
precipitates which . = forméd wase filtered off,

washed carefully with a saturated so lution of ammon-
ium sulghate, dried in a steam oven, and extracted with
90 % alcohol. A greenish yellow extract was obtained.
It was evaporated until all of the alcohol had been °
driven off, leaving the pigment dissolved in aqueous
ammonium sulphate solution. Some impurities which had
formed were filtered, and the filtrate saturated again
with ammonium sulphétg, after acidifying with sulphuric
acid. The precipitate which formed was filtered

off but it was noticed that most of the ®loring matter
was in the filtrate. The precipitate which had formed
was washed with a saturated solution of ammonium
sulphate, dried in a steam oven, and extradted with

hot absolute alcolol; The alcoholic extract had a
slightly greenish color. It was carefully evaporated
to dryness and taken up with cold absolute alcohol,

in which it was readily soluble. A golden yellow
solution was obtained which had a dark greenish fluo-
rescence. When acidified with hrdrochloric acid

it showed no absorption bands in the spectroscope.

- A small portion evaporated to dryness gave a brownish
residue which was only slightly soluble'in amyl
alcohol. Mercuric nitrate threw down a yellow pre-

cipitate from the slightly colored aqueous solution.



-19-

A similar residue was also readily soluble in chloroform
giving a yellow solution with a slight green fluoresccnse.
The addition of ammoniacal alcoholic zinc chloride to
the chloroform solution gave no indicitation of the
bright green fluorescence of the Wf?imy': test for
urobilin, and the solution showed no absorption bands.
Mercuric nitrate and silver nitrate threw down the color
from the alcoholic solution.

The filtrate from which this coloring matter
was precipitated with ammonium sulphate, and which as
noted above contained the bulk of the pigment which had
been precipitated from the original milk serum by means
of ammonium sulphate was treated as follows:~ one half
its volume of absolute.alcohol was added. The alcoholic
layer which formed on standing, had extracted all of
the color. The alcoholic solution was greenish yellows
It was evaporated almost to dryness in a vacum oven,
and the residue taken up with hot absolute alcohol, in
which it was much more soluble than in the cold. The
alcohol Was filtered off and tested as follows:i- the
alcoholic solution had a beautiful green fluorescence.
Mﬁ}ic nitrate precipitated the color from this solution
@8 did also silver nitrate. The precipitates had a brown—
ish color. Lead acetate also threw down a heavy pre-

oqerY
cipitate, readily soluble in an excess of the ﬂié&ant.
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A portion of the alcoholic solution examined in the
spect roscope showed no absorption bande. A portion
evaporated to dryness was very sparingly soluble in
hot chloroform. Alcoholic zinc chloride had no
effect upon this solution. The dried residue was
somewhat soluble in amyl alcohole. Silver nitrate
threw down the color from an aqueous solution of this
pigment.

As the serum from which Lectochrome is
obtained is first boiled tc remove the albumen it was
thought thét the heating might have changed the pigment
to such an extent that its propertieismight be
rendered somewhat different, ,and that a por tion of
it might no longer be precipitated by saturating with
amménium sulphate. To study this point the proceedure
was as follows:- Five to six liters of milk from a
cow giving a high colored serum was run through a cream
separator, the skim milk warmed to 50° C. and the casein
precipitated by 10 % acetic acid, using 70 c.c. per
‘liter. A slightly cloudy, brightly colored, yellow
serum was obtained. About half of this was then
boiled to remove the albumen, which was filtered off.
The filtrate was 8till slightly cloudy but had a high color
and a green fluarescence. The ®lor and the fluorescence
of this solution were unusually brilliant especially
in the sunlight. The solution was neutralized with

ammonium hydroxide and concentrated on the steam-bath



to about 6CC cec. 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 saturated with ammon-
ium sulphate. This solution was allowed to stand for
several hours, and the precipitate which had formed
filtered off, and the precipitate 6én 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 M, was
perfectly cleary, had a beautiful golden yellow
color, and a strong green fluorescence. It apparente
ly had retained all of its former coloring matter.

The paper containing the precipitate which had
been washed with ammonium sulphate solution was
allowed to drain until thoroughly dry, and the paper and
precipitate let stand under 90 % alcohol. The alcohol
slowly extracted considerable yellow color. After
several hours of such 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 ammchaium sulphate which formed
filtered off. The filtrate had a beautiful golden
yellow color and a green fluorescence. A small portion
carefully acidified with hyrochloric acid showed no

absorption bands in the spectrcscope. The remainder

was evaporated to dryness in the vacuum oven and



the residue extracted with absolute»alcohql as noted
before. A small portion was made ammoniacal and a
small amount of alcoholic zinc chloride added. There
was no increase of fluorescence. Mﬁzic nitrate as also
gilver 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 carefiully added, but the precipitate
was readily redissolved upoh addition of a little more
lead acetate. The remaindet of the alcoholic solution
was evaporated to dryness;jfne residue, of brownish color
was only with difficulty soluble in water.}v

The result of the tests upon this pigment
indicate that bciling the serum has no effect upon
the pigment which is precipitated by saturating with

ammonium sulphate.

A Study of the Pigment Isclated 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 wae found that on
saturating the'casein free milk serum and also the
albumen free milk serum, with ammonium sulphate, the
preo}pitates which formed yielding the pigments noted
in the preceeding raragraphs, that by far the greatest
rart of the solor remaiped in the filtrate. This

RN B TG B e B S EEEE S G EEE - G S Gm e e B e T S - e G G e e e e - e G - G G e o e -

(9) Cit.
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led to the isolation of the unprecipitated pigment
With a view of comparing its properties with those
of urechrome.

Although no special difference was antici-
pated the rigment was isolated separately’from the
serum which had been boiled to remove the albumen, and
thensaturated with ammonium sulphate, i. e. solution M,
noted above; and also from the filtrate which resulted
from saturating the unboiled but casein free serum, which
solution will be designated solution A.'

As the method of isolation of the pigment
from both sOlutionafdgﬁiy that from solution A will
be recorded.

| The volume of soclution A was 780 ceC.
Following the method of Desmouli®e and Gautrelet (7),
one half of this volume o f 90 % alcohol was
added and thoroughly mixed. On standing the alcoholic
- layer which separated en atanﬁing¢contained the bulk
of the pigment. The alcohol was decanted and the
remainder extracted again using 250 c.c. of 90 %
alcohol. The aqueous layer was now practically free
from coloring matter. The two alcohclic portions
were combined, filtered to remove suspended ammonium
sulphate, and concentrated onﬂ:se%eam bathtolsc CeCoe,
and the hot golden cclored solution poured on to
quite a bulk of solid ammonium sulphate. After
thorough shaking, . twc leyers formed, the ammon-
ium sulrhate having removed most of the water from

S et & Cm e B e 8 m T e B e EEE et e & e e S G . e - G- G e - -

(7) Cite.



the dilute alcoholic solution, leaving the pigment
concentrated in the emall alcoholic leyer. The
agueous leyer had‘taken up ccnsiderable of the
color, so the layers were thoroughly mixed again
and the solution let stand over night. The agueous
layer was then removed by means of a seperatory
funnel and about an equal quantity of zbsclute alco-
hol added to it. The alccholic layer whcih separat-
edhad now removéd practic:1lly all of the coloring
matter. As it however had taken up considerable
ammonium sulphate it was decanted and treated with
scl&d ammonium sulphate as before which removed the
bﬁlk of the water and ammnonium sulphzate. The alco-
heolic layer which separated was then added to the
other alcoholic solution and the combined solutions
evaporated in a vacuum. During the evaporation a slight
brownish precipitate came down u%§ch was filtered off.
Garrod (11) states that when fairly pure
concentrated alccholic solutians of urochrome are
poured into rather more than their own bulk of
ether much of the pigment is precipitated in an
amorphous state. Following this proceedure the above
cencentrated alcoholic solution was poured into a
bulk of ether. No precirpitation took place, prob-

ably the solution contained a little water, very

e B O G T - W G G B B G - e e G - G B B e G ST O S G e O B G e e e G O~ e e

(11) Garrod,- Proceedings of the Royal Society, vol.
55, 1894.
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little of which will prevent the precipitation
according to Garrcd.

The ether was evaporated off and the
residue taken +to dryness in a vacuum. It was let
stand for some time under hot absolute alcohol, +the
resulting extract having a golden yellow cclor,
leaving considerable brown=red color with the un-
dissolved residue. - This residue was very soluble
in water in which it wae taken upe. This aqueous
solution was saturated with ammonium sulphate and
absolute alcchol added. The @lcohol extracted
considerable color. It was decanted and the extrac-
ticn rereated. The combined alcoholic extracts were
eveporated to drynese on the steam bath and the
residue extwracted with absolute alcohol. The
golden yellow colored extract which resulted was
filtered off, and added to the similar extract ob-
tained abeove. after evaporetion in vacuum. The
setudy of the solutioQ’which may s8till be distinguish-
ed sclution M, and a similar sclution obtained
in practically the same mznner from solution A now
follows. Both cf these sclutions had a rich, warm
brown color with a dark green fluorescence which
was especially noticeable in the sunlight. Uponi
dilution these solutions passed through various shades

of yellow to greenish yellowe.



It was found that on evaporation of small
portions of these solutions that their residues
on heating emitted a strong ocdcr of acetic acid and
the fumes turned blue 1litmus paper red. The agyeous
seolutions from these residues althcugh having the
same yellow color of the alcoholic solutions,
and passing through the same shades cf color on di-
lution did not give rrecipitation tests with mercuric
nitrate, silver nitrate, and lead acetate. Both the
alccholic and aquecus solutions when made strongly
alkaline, and heated, gave cff ammonia. Ammonium ace-
tate is socluble in alcohol. It was found on study-
ing lactochrome as will be rembered, that the mercury,
silver, and lead salte were soluble in a smcll amount
of ammonium acetate which also prevented the precip-
itetion of the salts from the milk serum. These facts
were taken to show conclusively that soluticns A and
M were contaminated with ammonium acetate which was
preventing the precipitation of the metallic salte
of the pigment. While its presence seems hardly
probzble, yet the method of isolation from the milk
in which both acetic acid and ammonium hydroxide were
used renders its presenre highly possible, especizlly
since ammonium acetate is soluble in alcchol. An:
attempt was made to rid the solutions of ammonium
acetate. They were evaporated to dryness and heat-

ed strongly at the temperature of bolling watex,
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and the residues taken up again in absolute alcohol.
The evaporation and the heating rendered part of the
prigment insoluble. Garrod noticed this in his pre-
paration of Urochrome. The solutions however still
contained some ammonium acetate. It wae found necessary
to deccmpose it with dilute sodium Mydroxide before
the mercuric nitrate, silver hitrate, and lead nitrate
would throw down the coloring matter. The silver
precipitate of course consisted partly of the brown
silver oxide Ag50, but as the solution was left
cclorless it was concluded that the pigment was

also precipitated.

Ammoniacal soluticns,when alcoholic zinc
chloride was added ehowed no marked green fluorescence,
a8 in the Wirsmy's test for urobilin. Amyl alcohol
took up some color from the dried residues of the
pigment (due to water perhaps). When acidiified the
amyl alcchol 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 pigment as in all cfher piguen ts
etudied was soluble in an excess of the reagent,
and as in the case of lactachrome, also in nitric and

hydrochloric acids. It was not sobluble in acetic acid.

Study of the Pigment Urochrome.

FOr the sake of comperison a brief study



weas made of wurochrome.

For this a fairly pure alcoholic solution of
urochrome from human urine was used. The urochrome
wae obtained as follows:- about 150 c.c. cf fresh
urine were allowed to stand in the sunlight to trans-
form whatever urobilogen might be present into urobilin,
and the urine saturated with ammonium sulrhate. 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 filtrate. The alcohol-
ic layer had a g ood yellow color. It was decanted
and the extraction of the agueous solution repeated
and the two alcoholic portions combined. They were
then evaporated to a low volume, filtered and
absolute alcohol added, precipitating the dissolved
ammonium sulphate. The process of evaporation,
filtration, and addition of absolute aleochol was
continued until the solution was practicallyygfom
ammonium sulphate. The final rather crude alccholic
solution had a golden yellcw color. Silver nitrate,
mercuric nitrate and lead acetate, all threw down
a yellow precipitate from the alcoholic solution. A
portion was eveporated to drynese and taken up in
water, in lwich it is very soluble. Silver nitrate,
mercuric nitrate, and lead acetate threw down yellow
precipitates from thie solution. The first two
containing the bulk of the color, the last apparently

all. The lead salt was soluble in an excess of the



reagent.The alcoholic solution of urochrome shewed
ao-zbserptien showed no absorption bands in the
spectroscope when acidified with hydrochloric acide.

The solution showed no green fluorescence. Garrod (10)
claime that urochrome in alcohclic solutions is readily
transformed into urobilin by action of impure acetal-
dehyde.

When a small aﬁount of this active aldehyde
ie added to a dilute alcohclic solution of urochrome,
énd the solution warmed on the water bath, according
to Garrod in a very short time the soluticn changes

/
from a pale yellow to a rich orange tint, and exhibits

/
an absorpticn band in the identical position of that
of wurobilin., The solution at this stage will exhibit
a brilliemt fluorescence upon the addition of ammonia-
cal zinc chloride, and the band becomes narrower and
shift®. toward the red. If the action of the aldehyde
is allcwed to proceed the color of the liquid changes
to a dark red-brown, and a second absorption band
apreare in the vieolet, which will become equally
intense as the primary band. This 1is considered by
Garroed tc be the characteristic test for urochrome.
He states that it is so delicate that a solution of

one part of urochrome is 3C000 will yield the reaction,

even in crude solutions of urochrome.
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An attempt was made to obtain an active al=-
dehyde, its activity to be tested upon a crude
urochrome solution. The aldehyde used was obtained
in the ordinary way by distilling together ethyl
alcchol and @ dilute sulphuric acid solution of
rotassium.dichromate. Although when the alccholic
urochrome was heated &gtil some of this aldehyde,
the color of the solution passed through the coler
changes described by Carrcd, the absorption bands could
not be distinguished in the spectroscope. As Garrod
gives no way of distinguishing between active and
non active aldehyde other than its action on urcch-
rome, and as lack of time made it impossible to ex-
periment with other solutions of acet~aldehyde, it
was found necessary to abandon this test for urochrome
for the present investigation. FExperiients are being
ccnducted however with a view of finding an active
aldehyde, and cpplying it to urochrome, and the similar

pigment obtained from milk serum.



Experimente to Determine Factors Influencing the Color

of Milk Serum.

Methed for Determining the Relative Amount cf COlor

Present in the Milk Serum.

In order to eompare the amcunt of pigment
in different samples of milk, the proceedure was as
follows. The milk was collected at the barn in gallon
bottles. It wasl usually teken in the morning and run
through a cream separator within a few hours. The skim
milk wes warmed to about 35° C. and precipitated with tke
smallest possible amount of 10 % acetate acid. A
portion of this cloudy yellow serum was then boiled
for a few minutes to coagulate the albumen. After
filtering a yellow serum was cbtained which in some
instances was cloudy. To get a clear solution in every
case these solutions were neutralized with ammonium
hydroxide, heated and filtered at énce. In this way a
rerfectly clear yellow soluticn was obtained.

This yellow serum was then placed in a 100
centimeter cell and comrared with the standard coclors
in the Loyibond tintometer. The cclors were readily
matched. In some cases a few tenths“cf red were found

necessary.

Effect of Breed upon the Color of Milk Serum.
While working with milk serum tzken from

‘@ifferent animals, it was noticed that the serum taken

-3 1=
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from the Ayrshiree and Jerseye almost invariably

had a higher color that that of the Holsteins and
Shorthorns. In order to find what relation existed

the colorimetric teste in teble I were made. The
procedure which has already been described fecr taking tin-
tometer readings was used.

The University herd now in milk is composed
of 4 Ayrshires, 30 Jerseys, 15 Holsteins, and 4 Short-
herns. All of these animals are pure bred dairy
cows. They are giving milk varying from 23.7 to 3.1
pounds per milking; have been in milk for periods vary-
ing from 13 to 1 month, and vary in age from 15 to 3 years.

The average tintometer reading for the Ayrshi-
res was found to be 4.78 units of yellow; for the
Jerseys 3.59 units of yellow; for the Holsteins 3 .41
units of yellow, and for the Shorthorns 2.15 units of
yellow.

Even in the cloudy yellow serum after removal
of casein, it was easy to distinguish by mere observa-
tion the Ayrshires and Jerseys from the Holstein and
Shorthorne, and in some cases even between the
Ayrshires and Jerseys, the forms showing such a high
color in the serum.

The fact that such a marked difference exists
between the average of the readings for the different
breeds, each breed representing widely different

ccnditions of milk production and peried of lactation,
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indicate that the ccloration of the milk serum is
primarily a breed characteristic. Within a narrower
limit it ie elso ean individual characteristic. This
is emphasized by the fact that all of the animals
were receiving practically the same feed. Some data

on the effect of feed will also be given.
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Effect of the Period of Lactation upon the Color of the
Milk Serume.

In table II the cows are arranged according
to their period of lactation. This table indicates
that the cows of any of the breedes milked less than five
months havelless color in thedir milk serum {than those
of the same breed which have been milked for a longer
pericd. A calculation from the teble 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-
ever the difference is not pronounced enough to over-
balance the possibilities of ether factors entering in.

For thie reason definite conclusions can Bnot be drawne.
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.Cow Per- Tinte . Units of .. Cow .Per- .Tinto- .Units of
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: ©f . Read-  Comp. ve .cf .Read~ . Comp. :
Lact, . ing | with Av. .. Lac. .ing . with Av. :
) . for Br'd; . 5 : for Br'd :
T X ST LT T SRE SCRT DIPEL.
{27713 1 445 ¢ avove i 827 17 I 3.7 | poove
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301010 | 5.5 . Above i 2189 4 . 3.2 . Below
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233)10 ; 1.5 Below ;; 305 ; 3 45 . Below :
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Pl 7 3.5 1 59l 1 1 445 . pvove .
l4§ 7 4.3 Above 404; i 1.6 Below .
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Effect of Milk Production upon the Gclior of the

Milk Serume.

The results obtained in table III point to
mo definite connection between the milk production and
the color of the serum.

The fact that milk serum from fresh cows seemed
to have 1lees color might be thought to indicate that
cowe producing the most milk would give a low color.
This however does not seem to be the case.

The fact that the pigment is an intense one
might lead also t0 the supposition that the low
average color shown by the Holsteins would be explained
on the ground that they are the heavy milk producers.
The data doés not show this té be true. For instance
cow 2304 a Hdistein producing 23 lbs. of milk per milke=
ing gave a tintometer reading 3. while cow 2334 also a
Holstein but géving only 6 1lbs. of milk per milking
gave a lower tintometer reading i.e. 3.6. A similar
example can easily be found in the Jersey breed. Cow
134 producing iB lbe. of milk per milking gave a
tintometer reading of 5,. while cow 30 produced only
4+323bs.per milking and gave almost the . lowest reading
for the breed i.e. 3.7, Many other examples could be

given as the table will show.
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The Effect of Age ﬁpon 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 cows over seven years of age, are
above the average for the pérticular breed to which the
animal belongs. Of the cows under seven years of age
67+7% are below the average. Although the indications
are that as a cow gets older the amount of color in her
milk serum increases, these results would need further
corroboration before one could draw positive ceonclus-

ions.
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TABLE IV
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;3171 15° 53 1 Avove ! 215 % 5 3. . Avove
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59 1 6 ' 45  Above a7 13 3.7 1 Above
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Effect of Feed Upon the Color of Milk Serume.

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 same time and gave a read-
ing of 8. units of yellow in a cne inch cell. The same
animal was then fed for 12 . days upon green alfalfa hay
and yellow corne. At the end of this time the serunm
gave a reading of 3.5 units yellow while the fat reading
in the one inch cell had increased to 45 unites of yellow.

This data Jﬁll not conclusive, certainly
shows that feeds which have marked effects upon the
coler of the butter fat have nc effect on the color of
the milk serum. This will be further discussed in the

following paragraphs.
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Discussion of Results.

The properties of urobilin, urochrome, and
the pigments isolated from the milk serum are tabulated
in table V.

Pigment I is Blyth 'e Lactochrome. Pigment II
is the pigment isolated from milk by the urochrome
method. Pigment III is the pigment which remains in
solution on saturating with ammonium sulphate an
aqueous sclution of the pigment precipitated by saturat-
ing the unboiled serum with ammonium sulphate. Pigment
IV is the pigment which was precipitated from the
aqueous solution of pigment III, whose properties were
identical with the pigment obtained from the boiled
serum by the urobilin method.
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TABLE V (Part 1)
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, . Urobilin . Urochrome : Pigment I

..0.'...C.‘...'.QC..IQ.'Ol...l.:..i.'..'...i.QI‘l'..."’.'lll'...
Solubility in:-
ord. alcohol : 8lightly sol.; readily sol. & readily sol.

absolute " readily sol. ; readily sol. readily sol.

® o0 00 o0 o0 o0 P

.
.

: amyl " readily sol. : slightly sol.: slightly soluble
¢ chloroform : readily sol. ; insoluble - -f very sli. sol.

; Result of ; :

¢ saturating 3

P agu. 80l. : : :

twith ammn. : completely : slightly * slightly

! sulphate ¢ precipitated : precipitated f precipitated

¢ Action of :
precipitants @ : L
lead acet. @ precipitated : precipitated* precipitated
: : * (sol. in excess)

oo

: mercuric : not : .

! nitrate : precipitated : precipitated : precipitated
: silver : : :

: nitrate : : precipitated : precipitated
: rhos. tung. : :

¢ acid : precipitated : precipitated : precipitated
: rhospho : : .

! moly. acid : : precipitated : precipitated
: Color of ! brownish yel-: alcoholic sol: alcohclic

: alcoholic : low when con.: are golden f solutions

: solution ¢ Dil. so0l's : yellow when * are golden

: ¢ yellow or ¢ concentrated f yellow

: : rose col'rd. .

: Fluoresc. s f

: neutral : :

¢ alcoholic : : :

¢ soluticns : strong green : none : slight

: Aqueous - : :

- solutions : ! none : none

: Absorption : : :

! bands : one absorp'n : :

¢ Acid alc'hl *: band between : .

¢ Acid amyl ¢ green & blue : :

0 00 00 00 00 00 00 00 00 006 006 ovse @O 00 00 00 00 00 00 00 00 00 00 00 00 00 00 06 00 00 50 60 50 00 +0 00 00 OO 00 00 00 e0 60 80 00 00 00 06 o 00 o0 o8 o0 0o
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3 .
Lo IR B I R I T I S I S IR SN I A I IR BN IR I I R RN IR S I IR IR B I IR I I I B I I IR B I B A A A A A A N N E R R X )



0 00 0 00 00 00 00 00 00 00 oo

oo o0 00 o0 oo

. ammonium phosphate

e o

96 00 00 40 50° 00 00 06 00 00 00 00 00 00 ©0 80 60 00 00 00 oo

0 00 00 00 00 00 o0 060 00 00 09 s o0

i

TABLE V (Part 2)

.............l...........'......‘.........Q.........0.0Q.l.....‘0."

‘ pigment II . Pigment III : Pigment IV
Solubility in : :
water .readily soluble . readily solub.: slightly sol.

ordinary alc'h'l readily soluble

v we oo oo o0 oo oo

readily solub;&readily sol.

absolute " énot. read. sol. Qnot read. sol.Zreadily sol.

amy 1 " 'slightly sol. :slightly sol. : readily sol.

chloroform fvery slightly sé sparingly sol.; readily sol.
. : : (did not give
: : : Wirsmy's test)

Results of satur- .
ating aqueous
solutions with : :

elightly precip.not precipita. ! not precipe.

Action of precipi-

e ee oo 00 00 oo o

tants : :
lead acetate . : precipitated : precipitated
.(sol. in excess): (sol. in exc.): (sol in exc.)
mercuric nitrate.precipitated : precipitated : precipitated.
silver nitrate éprecipitated ; precipitated ;precipitated

phospho-tungst . iprecipitated
phospho-molyh. iprecipitated

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

Fluorescence of )
neutral alcoholic .
solution .strong green

ev ®9 oo oo

Aqueous solution istrong green

Absorption .
bands . .
acid . :
alcoholic . .
and :
acid

amyl

alcoholic .
solutions .none
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It will be noticed that as far as studied
the properties of the pigment which Blyth called lace
tochrome are identical with the properties of the
pigunent which for the most part remain in solution 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 Gantrelet state, is shown conclusively by the fact
that the milk pigment in no stage in its isolation
showed characteristic absorption bands of urobilin. Re-
reated attempts to make the properties of the serum
pigment conform with the properties of urobilin were
unsuccessful. Very few of these attempts are recorded
in this paper. The fact that only a very 8small portion
of the milk serum pigment was precipitated on saturating

with ammonium sulphate in itself disproves the work. 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 of this fact. The French
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 weas 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 was 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 proportiom in com-
parison to the one to which the serum owes its color.
It should be noted that a small portion of what may be
called the urochrome-like pigment was precipitated on
saturating the unboiled serum with the ammonium sulphate.
Thie is shown by the fact that pigment III showed the
properties of the urochrome-like pigment. It is intecrest-
ing to qote also that boiling the serum evidently remders

the urochrome-like pigment non-precipitable on saturating
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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 coloration of the milk
serun to the body which he called Latcochrome, and,
second, that the pigment which is largely responsible
for the color in the serum conforms closely to the
properties of the pigment Urochrome.

A stud& 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 characteristic, 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 surprising fact
that the Ayrshires, which have always been ranked bare-
ly above the Holsteins as color producers, rank ahead
of the Jerseys, the color producing breed, and far
ahead of the Shorthorne which have always been ranked
just below the Jerseys. In fact the color of the Ayr=-
shire serun is sometimes so intense, and the same may
be said of a great many Jerseys, that the yellow color
of the milk is undoubtedly in a large measure due to it.
This is emphasized by the fact that Holstein milk,
often called blue, sometimes shows practically no

color in the serum. The conclusion may well be drawn
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that the milk of some breeds owes its color only in
part to the color of the suspended fat g lobules, the
factor before considered entirely responsible for the
color.

The arrangement of the datg according to the
period of lactation, milk production and age of the
animal reveals several additional interesting 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 which is above the average for her breed. The
data also indicates that the milk production plays no
part whatever in the amount of color in the serum, and
also that the feed has no effact. The latter result
perhaps needs further corrobcraticn since the feed is
known to play an important part in the coloer of the
milk fat. As noted in the single exreriment 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 upron the coloration of the milk
serum. It should be mentioned also that the clover hay
and wnhite corn produced practically no color in the
milk fat while the green alfalfa hay and yellow corn
produced 2 highly colored fat. It was in 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 poseible 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 owes its
color is urochrome, the question at once arises as to
the explanation of ite preeence in the milk. Oliver
said that the lactochrome of Blyth is probably de-
rived from the haematin of the blood. This explanation
is the only one which experiments noted in the liter-
ature would justify. Mac Munn (13) prepared a pig-
ment by the oxidation ¢f haematin which was apparently
identical with urinary urobilin, and Riva (10) claimse
tc have obtained a body similar to urochrome by the
oxidation of urobilin. While these oxidations were
made with laboratory reagents the coneclusions would not
be Justifiedthat'they could not be easily carried out

in Nature's laboratory in the body of the cow.
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(12) 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 to0 a pigment with properties which
closely resemble those of urochrome, the primcipal -
ricment of urine, and not to the pigment urobilin.

I1I. A very small amount of the color may be

due to a urobilin-like pigment which wae isoclated by
aaturating the serum with the ammonium sulphate,

which pPrecipitated thé pigment along with the proteins.
The filtrate however retained the major pigment, i. e.
the urochrome;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 which causes the color of milk fat.

Ve The color of milk serum is due primarily to
the breed of cow, the four breeds studied ranking as
follows:~ Ayrshire, first; Jersey, second; Holstein,
third; and Shorthorn, fourth. The latter two are
practically the same.

VI. The period of lactation and age of the cow
slightly influence the color of the serum when consider-
ed with respect to the breed.

VIiI. The milk production and the feed of the

animal have no influence upon the color of the serum.
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