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an abundance of nitrogen, phosphorus and potassium contained no sul­
fates. 

8. Where no sulfates were added to the soil, 90% or more of the total 
sulfur was found in the form of unoxidized sulfur, probably in proteins. 
In the normally grown plants examined this was from 50-65% of the 
total. The plant was evidently very economical of its supply and made 
healthy, vigorous growth where no sulfates could be found in the tissue. 

To Prof. E. B. Hart, at whose suggestion this work was undertaken, 
the author wishes to express thanks for his interest and encouragement. 
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The methods for the determination of fat in milk, in common use at the 
present time, may be roughly classified as follows: 

(i) Rapid methods, like the Babcock and Gerber methods, which de-
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pend on the separation of the fat by centrifugation after treatment of 
the milk with reagents which alter the protein constituents. The separa­
ted fat is collected into a narrow portion of the vessel and the amount 
of fat determined by the length of the fat column. 

(2) Methods like the Rose-Gottlieb-Farnsteiner and Meigs methods 
which depend on the direct extraction of the fat from the milk with fat 
solvents and determination by weighing the extracted material. 

(3) Methods like the Adams' which depend on the extraction and weigh­
ing of fat from the milk after drying on fat-free filter paper or sand. 

The method to be described is based on a new principle—the determina­
tion of the fat by comparison of the light reflecting power of a watery sus­
pension of the milk fat with that of a similar suspension of a standard fat 
(triolein), making use of the nephelometer. The watery suspension is 
obtained by flocking a colloidal solution of the fat with an electrolyte 
(hydrochloric acid has been found most suitable). The colloidal solu­
tion is produced by mixing an alcoholic solution of the fat with distilled 
water. The same principle has been made the basis of a method for the 
determination of fat in blood.1 

The nephelometric method possesses the advantage that it requires 
only a very small amount of milk—ordinarily i cc.—and should therefore 
be of special value in working with human milk or with that of small ani­
mals where it is inconvenient or impossible to obtain enough for the ordi­
nary determinations. The time, required is not greater than that needed 
for the "rapid" methods, while the accuracy is limited only by the ac­
curacy of the instruments. The nephelometer is simple both in prin­
ciple and construction and, while but little known at present, promises 
to come into general use, since it appears to be applicable to most quan­
titative uses, especially in the accurate determination of small amounts 
of material. 

The procedure is as follows: One cubic centimeter of the milk, meas­
ured with an accurate pipette, is run slowly and with stirring into about 
80 cc. of an alcohol-ether mixture (containing 3 parts of redistilled alcohol 
and i part of redistilled ether), in a 100 cc. graduated flask. (The meas­
urement may be checked by determining the weight of the added milk.) 
The mixture is raised to boiling by immersion in a boiling water bath, 
cooled to room temperature, made up to 100 cc. with the alcohol-ether, 
shaken and filtered. The filtrate is clear and almost colorless. 

For the determination, 5 cc. of the solution are run from a pipette, slowly 
with stirring, into 100 cc. of distilled water in a beaker, producing a slightly 
opalescent colloidal solution. The point of the pipette must be kept be­
low the surface of the liquid during the outflow. A similar solution is 
prepared with 5 cc. of the standard fat solution (see below). To the 

1 Bloor, / . Biol. Chem., 17, 377 (1914). 
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standard and to the test solutions are added, simultaneously, 10 cc. por­
tions of dilute (10%) hydrochloric acid and, after stirring, the solutions, 
allowed to stand for five minutes, after which they are transferred to the 
comparison tubes of the nephelometer. 

For the comparison, the two tubes, filled to the same height with the 
solutions, are placed in the nephelometer with the standard tube always 
on the same side. If bubbles appear in the walls of the tubes they are re­
moved by inverting two or three times. The movable jacket on the 
standard side is set at a convenient point, generally 50 mm. (Richards'' 
nephelometer), and comparisons made by adjusting the jacket on the test 
solution until the images of the two tubes show equal illumination. At 
least five readings are taken, alternately from above and below, and the 
average taken as the reading. This reading is corrected from the calibra­
tion curve of the instrument and the fat value of the milk calculated fromi 
the corrected reading. 

The standard solution used is an alcohol-ether solution of pure triolein,, 
made with freshly distilled absolute alcohol and pure dry ether, of which 
5 cc. contains about 2 mg. of fat. 

Remarks on the Procedure.—The application of the nephelometric prin­
ciple and the use of the' Richards' nephelometer in the determination of 
fats have been discussed in a previous paper1 and only the points essential 
to the use with milk will be mentioned here. 

The Extraction.—The solvent combines the penetrating power of alco­
hol with the greater solvent power of ether. Running the milk slowly 
into the solvent which is kept in motion, causes the precipitation of the 
proteins in a finely divided flocculent form—in excellent condition for 
extraction. Under these conditions the presence of the great excess of 
solvent and the short heating is adequate for complete extraction. 

The Standard.—The choice of triolein is empirical, triolein being readily 
obtainable of a good degree of purity. 

Choice of Time for Comparison.—Both the triolein and the milk fat 
solutions change (decrease) slowly in value after the addition of the pre­
cipitant. The rate of change is, however, practically the same in both 
for a period of an hour or more, so that if the precipitating acid is added! 
to both simultaneously, the readings may be made at once. Ordinarily, 
however, about five minutes is given to allow for slight differences in the 
time of addition of the acid. 

The Nephelometer—Calibration.—A form2 of the Richards' nephelom­
eter8 was used. It was found that the .addition of a rack and pinion to 
the jacket on the comparison side was a great convenience. Matched 

1 Bloor, Loc. cit. 
2 Made by the International Instrument Company, of Cambridge Mass. 
8 T. W. Richards, Z. anorg. Chem., 8, 269 (1895); Richards and Wells, Am. Chem.. 

J-, 3i> 235 (1904)-
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test tubes are used for comparison tubes and as it was not possible to 
find two tubes which, when filled with the same solution, would give the 
same readings on both sides of the instrument, the tubes were marked 
and always used on the same side, the one used for the standard solution 
being on the left. The average of many readings of the right hand tube 
was then taken as the potential height of the standard. 

Lacking a nephelometer, many colorimeters may be adapted for the 
purpose, as has been shown by Kober1 with the Duboscq colorimeter, 
and the author with the Schreiner2 instrument. 

Since the amount of light reflected is not exactly proportional to the 
depth and fat value of the solutions (because of different distances of the 
reflecting surfaces from the eye, absorption of light by the upper layers 
of liquid, different rates of flocking in solutions of different concentra­
tion, etc.), it is necessary to calibrate the nephelometer for different 
strengths of test solution, and for different standards, if more than one is 
used. The values obtained are plotted on a curve and corrections in the 
readings made from it. 

Again, since the total light reflected from a given depth of solution de­
pends as well on the size of the suspended particles as on their number, 
it is obvious that success with a nephelometric method depends on keep­
ing as constant as possible those physical and chemical conditions which 
influence the aggregation of the particles. The concentration of alcohol-
ether and acid, the rate of addition of the alcoholic fat solution, etc., 
should be the same; also the solutions to be compared should not be too 
far different in value, since strong colloidal solutions flock more quickly 
than weak ones. (Readings above 70 mm. and below 30 mm. with the 
standard at 50 mm. are rejected.) 

The calibration of the nephelometer for a given standard is carried out 
as follows: Suspensions of triolein of various known values are prepared 
as in the method, and compared with the similarly prepared standard 
triolein suspension in the nephelometer, with the movable jacket on the 
standard set as its usual place. The readings obtained are compared with 
the theoretical readings for the different values and the correction for 
each strength of solution determined. From these values a curve is plotted, 
from which intermediate values are obtained. In general, it is found that 
suspensions stronger than the standard give readings higher (i. e., lower 
fat values) than the theoretical, and solutions weaker than the standard 
give lower readings, indicating that probably the greater speed of flocking 
in the stronger solutions is the main factor in the abnormal readings. 

Correction for Reagents.—When freshly distilled alcohol and ether are 
used it is not ordinarily necessary to make any correction for reagents. 

1 Kober, J. Biol. Chem., 13, 485 (1913). 
2 Bloor, Proc. Am. Chem. Soc, Rochester, 1913. 
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Results.—Duplicate determinations made on the same milk agree with 
one another within the limits of error of the instrument (about 3%). 

In the table below comparison is made of values obtained by the nephelo­
metric method, the Babcock method and also in some cases, the Adams' 
method. In using the Babcock method, a calibrated pipette and spe­
cially prepared bottles were used. The cows' milk was mixed dairy milk 
collected from various sources. The human milk was from patients 
in the obstetric division of the Washington University Hospital, for 
which I am indebted to the kindness of Professor Henry Schwarz and Doc­
tor Q. U. Newell. The samples were from cases in various early stages 
of lactation and were selected so as to obtain as wide range of fat values 
as possible. 

TABLE I.—COMPARISON OP RESULTS OBTAINED BY THE NEPHELOMETRIC AND OTHER 

METHODS FOR PAT IN M I L K . 

Milk sample. Bat 

R. Kingston, Can 2 
B. Kingston, Can 3 
Hospital supply I., St. Louis, Mo 3 
U. D. I., St. Louis, Mo 3 
Hospital supply I I , St. Louis, Mo 3 
M. Kirkwood, Mo 3 
J. A., St. Louis, Mo 3 

Human milk. 
I. L. 22 days post partum 4 
II . V. 10 days pp. (child still-born) 8 
I I I . W. 11 days pp 3 
IV. G. 4 days pp 3 
V. N. 3 days pp. (colostrum) 3 
VI. M. 16 days pp 2 
VII. B. 8 days pp. (breast caked a little) 5 

The preliminary work on this method was done in the Gordon Hall 
Laboratories of Chemistry of Queens' University and in the Kingston 
Dairy School at Kingston, Canada, and I wish in conclusion to express my 
appreciation of the kindness of Professor W. L. Goodwin, of the Uni­
versity, and of Mr. Zufeldt, Director of the Dairy School, in placing at 
my disposal the facilities of these institutions. 
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