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cols; J. W. LeMaistre and L. A. Hart-
mann for devising the methylation pro-
cedure; and L. F. Gleysteen for helpful
discussions of the data.
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A colorimetric method is presented for determining choline in noodles as a measure of egg

yolk content.

not they have been altered by hydrolysis.
manufacturing conditions and storage history of the samples.

The method measures the total choline of the phospholipides whether or
Results are therefore independent of the

Typical analyses of dry

whole eggs, commercial egg yolk solids, durum semolinas, and semolina-farina blends are

reported.

HE EGG CONTENT of food products

has been a subject of investigation in
this country and in Europe for many
years; yet there are no totally satis-
facrory methods of analysis.

The egg component of foods is most
often estimated from an analysis of the
lipide phosphorus content. However,
manufacture and storage hvdrolysis of
phospholipides cause a transfer of phos-
phate from the fat-soluble phase to the
fat-insoluble phase. The lipide phos-
phorus content is affected by processing

! Present address, 8615 South Kenton
Ave., Chicago, Ill.

2 Present address, Clemson Agricultural
College, Clemson, S. C.

and storage conditions of the sample.
Cholesterol provides a more reliable
measure of egg content, but the com-
plexity of some methods for determining
cholesterol and the unreliability of
others have prevented their broad ap-
plication to food analysis problems.
This paper describes a colorimetric
method for determining choline in noo-
dles as an index of egg yolk content.
Choline is combined with phosphate,
or lipide phosphorus, in the lecithin
molecule, but differs from it in that the
solubility in the extraction solvent is
not significantly affected by hydrolysis
of the lecithin. The method therefore
measures the total choline content of
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the phospholipides whether or not they
have been altered by hydrolysis. This
report also presents analyses of egg
products and of flour and changes in
the phospholipide fraction of noodles in
storage under several conditions of tem-
perature and relative humidity.

Methods

Special Apparatus and Reagents.
Wiley mill, intermediate, equipped with
20-mesh screen (Fisher Scientific Co.
No. 8-3384A).

Soxhlet extraction apparatus,
equipped with 250-ml. flasks, 40 X 203
mm. extractors, and 33 X 80 mm. ex-
traction thimbles.
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Biichner-type glass funnels with fritted
disks, fine porosity, 30-ml. capacity.

Reinecke salt (ammonium reineckate),
29, solution in absolute methanol, pre-
pared fresh daily.

Procedure. Pass the sample of
noodles through a Wiley mill equipped
with 20-mesh screen.  Weigh 10.00 grams
of ground sample and 2 grams of filter-aid
(Hyflo Super Cel, Johns-Manville di-
atomaceous earth) into an extraction
thimble and mix thoroughly with a glass
rod. For the analysis of dry whole cgg
and dry egg volk use a 1.000-gram
sample; for flour use 10.00 grams. In-
sert a cotton plug into the thimble, and
extract continuously for 24 hours with
approximately 100 ml. of absolute meth-
anol, reagent grade.

Place the flask containing the methanol
extract on a steam bath and evaporate
it to a volume of approximately 5 ml.
Add 30 ml. of saturated barium hvdrox-
ide solution (reagent grade), cover the
flask with a small watch glass, and con-
tinue heating on the steam bath for an ad-
ditional hour.

Rinse the cover glass with a small vol-
ume of distilled water, and collect the
rinsings in the flask. Cool the flask to
room temperature and acidify the con-
tents with glacial acetic acid (reagent
grade) to the phenolphthalein (19 alco-
holic solution) end point. With the
aid of a glass rod, filter through a folded
12.5-cm. Whatman No. 42 paper into
a 350-ml. volumetric flask, and wash
the extraction flask with three 5-ml.
portions of distilled water. With the
aid of the glass rod, add each of the
washings to the funnel in such a manner
as to wash down the sides of the filter.
Dilute the combined filtrate and wash-
ings to 30 ml. with distilled water.

Pipet 10 ml. of the filtered solution
into a 50-ml. Erlenmeyer flask, In the
case of noodles containing 109 of whole
egg solids instead of the customary 5.5%
of egg volk solids, it is preferable to
dilute a 5-ml. aliquot with 5 ml. of dis-
tilled water. While swirling the flask,
add with a pipet 5 ml. of ammonium
reineckate solution.  Stopper the flask
with a rubber stopper and place it in
a refrigerator at 4° C. for 18 hours.
Also place a fritted-glass funnel of fine
porosity and n-propyl alcohol (reagent
grade) in the refrigerator.

Filter the precipitated choline reineck-
ate onto the cold fritted glass funnel
with the aid of a glass rod and suction.
Allow the precipitate to drain dry and
then wash the flask, funnel, and pre-
cipitate successively with three 2.5 ml.
portions of cold n-propyl alcohol de-
livered from a pipet. With each addi-
tion of n-propyl alcohol to the funnel,
mix the precipitate and alcohol with the
glass rod. Leave the glass rod in the
funnel for the rest of the procedure.

Suspend a 15-ml. graduated conical
centrifuge tube in the suction flask with
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a piece of wire held by the rubber stop-
per in the neck of the flask. The stem
of the funnel should extend a short
distance into the tube. Add 2 to 3 ml.
of acetone (reagent grade) to the Erlen-
mever flask to dissolve any remaining
crystals of choline reineckate. Transfer
to the funnel and mix the acetone and
precipitate with the glass rod. Then
apply verv slight suction to drain the
filter. Turn off the suction and repeat
the solution with acetone 2 or 3 times
more. There should then be no evi-
dence of pink crystals in the flask or
funnel, and the final volume of solution
in the graduated tube should preferably
be not more than 10 ml.

Dilute the solution in the graduated
tube to 10 ml. with acetone, or if the
volume is greater than 10 ml., record the
volume. Stopper the tube with a rub-
ber stopper and mix the contents by
inverting the tube several times. Trans-
fer the solution to a cuvette and measure
the intensity of the color with reference
to an acetone blank in a spectrophotom-
eter or colorimeter at 530 mu. In the
case of a series of tests, complete each
transfer and measurement before un-
stoppering the next tube.

Multiply the absorbance reading by
ml. of solution,
10
the corrected reading, 4., to milligrams
of choline by reference to a standard

curve.

the factor and convert

. _ mg. choline X 5
Per cent choline = W<
where W is weight of sample extracted
in grams; and V is volume of aliquot
taken for precipitation of choline rein-
eckate in milliliters. In order to express
results on a moisture-free basis, determine
the solids content of separate portions
of noodles, egg product, or flour by the
vacuum oven method (7).

Preparation of Standard Curve.
Weigh accurately approximately 2.3
grams of reagent grade choline chloride,
dissolve in distilled water in a 100-ml.
volumetric flask, and dilute to the mark.
Determine the concentration of this solu-
tion by titrating 15 ml. with standard
0.1V silver nitrate solution. (One millili-
ter of 0.1N silver nitrate is equivalent
to 12.12 mg. of choline.) Prepare a
working solution by diluting exactly
5 ml. of the stock solution to 100 ml.
with distlled water. Each milliliter
of the working solution contains ap-
proximately 1 mg. of choline.

Pipet 0- to 9-ml. aliquots of the work-
ing solution, in 1-ml. increments, into
50-ml. Erlenmeyer flasks. Dilute each
aliquot to 10 ml. with distilled warter.
Add 5 ml. of ammonium reineckate solu-
tion to each flask and continue with the
procedure described previously. Pre-
pare a standard curve relating absorb-
ance to milligrams of choline.
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Experimental

Extraction of Lipides. The extrac-
tion of lipides with methanol was tested
for periods of 18, 24, and 36 hours.
Recoveries from 5-gram samples of
ground noodles reached a maximum
within 18 hours, but 24 hours were
required for 10-gram samples. The
larger sample was specified in the pro-
cedure, however, because it provided
optimum conditions of concentration
and volume for the subsequent precipita-
tion of choline reineckate. The com-
pleteness of the extraction of phospho-
lipides from noodles and from dried
egg volk was further established by
extracting them for 8 hours with petro-
leurn ether after the customary 24-hour
methanol extraction. There was no
evidence of choline in the petroleum
ether extracts when thev were tested
by the reineckate method.

Some investigators (9, 22) have used
alcohol-ether extraction for the determi-
nation of choline in animal tissue. En-
gel (7), in testing for choline in biologi-
cal materials, and Rhian, Evans, and
St. John (28), working with feeds,
found methanol to be a more efficient
solvent than alcohol-ether. They and
others (70, 73-75) used methanol in con-
tinuous extractors for the extraction
of lipides from a variety of materials
preparatory to the determination of
choline. Successive extractions with al-
cohol and ether, according to the AOAC
method (3) for lipides in noodles, were
tried, but methanol extraction in a
Soxhlet apparatus was adopted be-
cause it gave greater recovery of choline
and with less manipulation.

Choline has been separated from an-
imal tissue (72) and from salad cream
and eggs (5) by hydrochloric acid
hydrolysis rather than by solvent ex-
traction of the lipides, but on noodles
this produced a charred mass which was
difficult to filter and results which were
erratic.

Hydrolysis  of  Phospholipides.
Phospholipides have been hydrolyzed
with hydrochloric acid (25) and with
potassium hydroxide (75) for the deter-
mination of choline. Barium hydroxide
has been used more often for this pur-
pose and was chosen here because of
Glick’s (74) statement that barium
hydroxide removes betaine and other
noncholine compounds, which would
otherwise interfere with the ammonium
reineckate reaction. One hour was ade-
quate for complete hydrolysis and repre-
sented a savings of time over the periods
commonly specified in other procedures.

Precipitation of Choline Reineckate.
Published methods for choline cover a
variety of materials and widely divergent
findings have been reported regarding
the optimum conditions of pH, tempera-
ture, and time for the precipitation of
choline reineckate. The precipitation
is accomplished in acid solution in



Table I. Recovery of Choline
Added to Spaghetti and Macaroni
Choline
Added
to 10-G. Choline Recovery
Sample, Found, of Choline
Mg. Mg. Mg. %
None 6.748
27.965 35.260 28.512 102.0
27.965 35.015 28.267 101.1
27 965 34.535 27.787 99 .4
Av, 100.8
None 6.605
28.085 35.015 28.410 101.2
28.085 35.500 28.895 102.9
28.085 34 535 27.930 99 .4
Av. 101.2

some methods (9, 75) and in alkaline
solution in others (74, 25). Glick (74)
claimed that precipitation in alkaline
medium minimized interference by com-
pounds other than choline. In the
procedure described here, the hydro-
lyzed extracts of noodles are adjusted
approximately to pH 8.3 before adding
the Reinecke sal:, whereas the choline
chloride solutions used for preparing the
standard curve have a pH of approxi-

quantity of choline up to 9 mg. The
regression line for the Coleman Uni-
versal spectrophotometer with 13-mm.
square cuvettes, calculated by the
method of least squares, was 9.632 4, —
0.028 = mg. of choline in the final solu-
tion, in which A; is the corrected ab-
sorbance of the soluton at 530 mu.
Standard error of estimate was0.050 mg.

Accuracy of Method. The efficiency
of recovery of choline was tested by add-
ing approximately 32 mg. of choline
chloride, in water solution, to 10 grams
of spaghetti or macaroni in a Soxhlet
extraction thimble prior to extraction
with methanol. The amount of choline
added was determined by applving the
reineckate method to other equal ali-
quots of the choline chloride solution.
The recovery of added choline was ap-
proximately 1019, (Table I).

The accuracy of the method was fur-
ther tested by analyzing samples of
known composition. Two samples of
egg noodles were prepared on a labora-
tory scale and air dried at room tem-
perature. Each consisted of approxi-
mately 350 grams; one contained
10.09, (moisture-free basis) of whole
egg solids, the other, 5.59; (moisture-
free basis) of commercial yolk solids.

ity of the analytical results regardless
of the proportions of durum semolina
and farina in noodle products. Pub-
lished values for egg products and flour
are shown also for comparison.

Phospholipide Composition of Egg
Products and of Flour. Inasmuch as
choline is derived principally from
lecithin, the choline-lipide phosphorus
molecular ratio provides an approxima-
tion of the lecithin-cephalin distribution
of the phospholipides of egg and flour.
The figures for choline in Table III
and values for lipide phosphorus derived
from Hertwig (20) give a choline-lipide
phosphorus mole ratio of approximately
0.75, for both products. This valve
agrees with others reported for eggs (23)
and for flour (27).

Egg Content of Noodles, The fol-
lowing expression relates the composition
of egg noodles to choline content:

C—F
E—-F

Per cent egg component = X 100

Table lll. Choline Content of Flour
and of Dried Egg Products

mately 6.1. Variations in pH from 6 The ingredients (semolina-farina blends, Product _Choline, Dry Basis, T
to 9 were found to have no effect upon dry whole egg, and dry egg volk) and C Resul Av.
the recovery of choline. the finished noodles were analyzed for urrent Results

The time and temperature require- moisture and choline. The results of Durum Semolina
ments for complete precipitation of the choline analyses on the noodles were gompany 1;‘ 809? 88(732 88?2
choline reineckate .h.ave been r.eported 100 and 1049, of the expected values ngig? a 0107/3 0072 0.073
to vary from a minimum condition of (Table II). Av. 0.072
10 minutes at room temperature (29) to AV B
overnight in the refrigerator (‘3, 7, 10 Results and Discussion 50-30 Se.molina-

22). In this study, recoveries were Farina Blend
always greater at 4° C. than at room The foregoing results indicate that Company A 0.075 0.069 0.07
! . ar Company B 0.071 0.071 0.071
temperature and at least 4 hours were choline can be measured reliably by Company C 0076 0.072 0 074
required for maximum precipitation. the reineckate method described. Company D 0073 0.072 0.073
As a matter of convenience, the pre- Choline Content of Egg Products and Av. 0.072
cipitates were allowed to stand in the of Flour. Table III shows the results of o
refrigerator overnight. choline analyses of durum semolina, Dry whole egg _

Colorimetric Estimation of Choline 50-50 blends of semolina and farina, dry {%}Va ) %786 %-262 1(7)8‘7*
Reineckate. The intensity of the color whole egg, and dry commercial egg Mizzgﬁg 1'723 16(9)8 17710
of the acetone solution of choline yolk. The averages of the results can Missouri 1.712 1.737 1.725
reineckate did nct change for periods up be used as tentative values for estimating Texas 1.645 1.599 1.622
to 21 hours. Ir the calibration curve egg content, but a more extended sur- Av. 1.690
prepared with standard solutions of vey, particularly of egg products, would )
choline chloride, there was a linear re- be desirable. The uniformity of the Drﬁ’/{?omm?r“al YOIkZ 287 2 334 2311

. . . . . . 1850 . / . .
lationship between color intensity and flour samples suggests the applicabil- MiSSOE;; 27360 2 419 2 394

Texas 2.278 2.278 2.278
Source unknown 2,305 2.259 2.282
Av. 2.316
Table ll. Choline Analyses on Samples of Known Composition Published Values
Composition Flour 0.053(25)
Dry Choline Content, Dry Basis, % 0.057 (&)
Component Basis, % Ay, 0.071 (74)
' 0.106-0.165 (76)
Dry whole egg 10.0 1.712 1.737 1.725
Semolina-Farina blend 90.0 0.073 0.072 0.073 Dry whole egg 1.54 (25)
Finished noodles 0.237 0.239 1.6 (9)
0.237 0.238 1.80 (77)
Calculated 0.238
Dry commercial yolk 5.5 2.369 2.419 2.394 Dry commercial yolk 2.2(3)
Semolina-Farina blend 94.5 0.073 0.069 0.071 ’ 2.31 (25)
Finished noodles 0.205 0.205 2.592(77)
0.207 0.206
Calculated 0.199 @ Not commercially prepared.
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where C is per cent choline in noodles;
E'is per cent choline in egg component;
and F is per cent choline in flour com-
ponent.

By substituting the average values
from Table III for £ and F the equation
is resolved into the following:

Per cent whole egg solids =
(C — 0.072) 61.80

Per cent commercial egg yolk solid =
(€ — 0.072) 44.56

Analysis of Noodles and Changes
in Phospholipides during Storage.
Hertwig (79), Buchanan (4) and others
have reported on the incomplete re-
covery of lipide phosphorus from noodles.
The high moisture content which exists
during the manufacturing process pro-
motes hydrolysis of the phospholipides
and the consequent transfer of phosphate
from the fat-soluble phase to the fat-
insoluble phase. It is general practice
to correct for this loss by adding 109,
to the determined value for lipide phos-
phorus—an empirical factor first pro-
posed by Hertwig (20).

There is a reduction of lipide phos-
phorus in noodles during storage also.
Hertwig (79) reported a loss of 339 in
only 6 days at room temperature under
extreme conditions of humidity. Bu-
chanan (J) reported losses of approxi-
mately 2297 in 1 year under less severe
conditions (approximately 9% moisture).
Koehn and Collatz (24) showed losses
of approximately 29 in 6 months but
did not describe the storage conditions.

Because of the instability of the
phospholipide fraction, interpretation
of lipide phosphorus determinations

for the purpose of estimating the com-
position of egg noodles is dependent upon
the effects of the manufacturing and
storage conditions of the samples. In
addition, there are many operational
difficulties in attempting accurate de-
terminations of lipide phosphorus. These
were reviewed comprehensively by Des-
paul, Weinstock, and Coleman (6).

The independence of the results from
the storage history of the samples was es-
tablished in a series of storage studies
which were designed to gain information
also on the effects of temperature and
moisture on the stability of the phospho-
lipides of mnoodles. In addition to
choline and moisture determinations
the following analyses were performed
on the samples in these storage tests:
lipide phosphorus, AOAC method for
lipoid phosphoric acid (2); sterol, dig-
itonin method (26).

Egg yolk noodles from a single lot
were air packed and sealed in size 300
X 308 lacquered tin cans, approximately
4 ounces per can. They were stored
at 40°, 70°, and 100° F. and one can at
each temperature was withdrawn at
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each storage period (Figure 1). Because
of the low moisture conteni—below
69 —the changes were insignificant at
all temperatures.

A sample of whole egg noodles was
ground to pass a 20-mesh screen in a
Wiley intermediate mill. The ground
material was transferred to glass jars
which were capped and stored at 40°,
70°, and 100° F. (one jar at each tem-
perature) (Figure 2). The moisture
content varied little during 12 months
of storage from the initial value of 8.59.
The only significant change was the
decline in lipide phosphorus at 100° F.
After 12 months, it was 839, of the
initial value whereas the choline content
after 12 months was 969 of the initial
value.

Egg yolk noodles were manufactured
and packaged in conformity with the
requirements of the federal specification
for noodles (77). The material was
packed in waxed paper-lined fiber-
board boxes—5 pounds to a box, The
boxes were stored at 40°, 70°, and 100° F.
and one box at each temperature was
withdrawn at each storage period
(Figure 3).

The initial moisture content of 11.49
was near the specification limit of 12.09.

It increased to 12.49, at 40° F., dropped
slowly to 10.6%, during 12 months at
70° F., and dropped rapidly to 6.5
during 12 months at 100° F. During
the first 9 months, there were no signifi-
cant trends in the data at any tempera-
ture except for the drop in lipide phos-
phorus at 100° F. to 779 of the initial
value. The decrease in choline from
the ninth to the 12th month at 70° and
at 100° F. was disturbing to the supposi-
tion that the results would be inde-
pendent of the age of the samples.
However, the percentages of choline
ranged more widely in this storage test
than in the others—from 88 to 1099 of
the initial value.

There was no control over the selec-
tion of the samples which were part of a
large procurement. A different box
of noodles was analyzed each time and
some of the variability in results may
have been due to differences among
samples. In order to check this point,
unused portions of test samples which
had been reserved in the refrigerator
were analyzed for the percentage of
sterols, which should remain unchanged
(78, 24). The sterol values also varied
widely from 94 to 1149 of the inital
value and dropped in the period from
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9 to 12
suggested

months. These results also
that the variability was due,
at least in part, to heterogeneous
sampling. Furthermore, the choline and
lipide phosphorus values after 18 months
at 70° F. were higher than at 12
months.

In order to test the combined effect
of high temperature and high humidity
for an extended period of time, samples
of noodles which contained 11.49,
moisture were placed in open crystalliz-
ing dishes over saturated salt solutions
in glass desiccators. Material held over
saturated disodium hydrogen phosphate
solution at room temperature (approxi-
mately 959 relative humidity) (27) be-
came moldy within 3 months when the
moisture content was 17%. Samples
over saturated sodium nitrate at 95° F.
(approximately 729, relative humidity)
(27) reached a moisture content of
149, and became moldy in 2 months.
Material stored over saturated co-
baltous chloride solution at 95° F.
(approximately 609 relative humidity)
(27) maintained a uniform moisture
content of approximately 11.59, and
remained free of mold. Under these
conditions, the lipide phosphorus con-
tent dropped to 689 of the initial
amount in 6 months, but the choline
content was 979, of the initial value
after 13 months (Figure 4).

The storage tests demonstrated that
the choline content of egg noodles was
independent of the age of the samples.
Even under condirions which promoted
hydrolysis of the lecithin, as evidenced
by the decrease in lipide phosphorus,
the analyses for choline represented the
entire choline content of the samples.

Acknowledgment

The authors acknowledge with ap-
preciation the assistance of Bernard
Lurie in performing the analyses for
lipide phosphorus and the cooperation
of Amgusta Felsher in preparing the
samples for egg noodles used as standards
of composition.

Literature Cited

(1) Assoc. Offic. Agr. Chemists, “Offi-
cial Methods of Analysis,” 7th
ed., Secticns 13.3, 13.98, and
16.3, pp. 192, 214, 275, 1950.

(2) Ibid., Section 13.36, p. 202; J.
Assoc. Offic. Agr. Chemists 36, 76
(1953) (amended).

(3) Assoc. Offic. Agr. Chemists, “Offi-
cial Methods of Analysis,” 7th
ed., Section 13.110, p. 215, 1950.

(4) Buchanan, Ruth, J. Adssoc. Offic.
Agr. Chemists 7, 407-24 (1924).

(5) Daubney, C. G., Sexton, G. E. W_,
Analvst 75, 305-9 (1950).

(6) Despaul, J. E., Weinstock, A,

1o 40°F. ﬁ" 110 70° F,
— GHOLINE :§
o k\_’//i/ EE |
2 1004 - T 400K N
s =< .o ] ~ SLSTEROL ) LIPIDE
2 -~ - LIPIDE 33 . P PHOSPHORUS
2 { T~ PHOSPHORUS 3
£ oo g % GHOLINE
w v
5 58
-
z —_
Y Yo 3 3 9 ] 15 18 2 0 3 € 9 12 15 18 20
e STORAGE PERIOD (MONTHS)
g -
- Ei2 100° F,
z 8
: [ 5 A
H Sol
H o N\
5 ; ‘
8 g '\\
o

§ L . MOISTURE
3 ~ LIPIDE & ...

sor RN NP g7 -~

LT K ‘ ,
° ] e ] iz 18 ] 21 9 3 0 ) i2 5 i@ 20

Figure 3.

STORAGE PERIOD (MONTHS)

starting at 11.4%

110y

Analysis of egg noodles during storage; moisture content variable,

§ 95 F.
s 2
.’:’ 100 N‘\‘\f’*w“ u[\ \“"_‘"——_R‘
H] \ MOISTLRE
s |0 c°
E sor \\ §9
= \ £ o
g N £
] A w7
g N g
z \\ 5 &
g 70t AN § E
) e~ LIP(DE
y ~ ., PHOSPHORUS o
g
3 69 N 3
o 3 6 9 -3 3 1] 21 o 3 € 9 12 L] 8 21

STORAGE PERIOD (MONTHS)

Figure 4. Analysis of egg noodles during storage; moisture content approxi-
mately 11.5%

(10)
(11
(12)

(13)
(14)
(15)
(16)
(17
(18)
(19)

(20)
@1

Coleman, C. H., J. Acr. Foop
CrEm. 1, 621-6 (1953).

Engel, R. W., J. Biol. Chem. 144,
701-10 (1942).

Engel, R. W., J. Nutrition 25, 441-6
(1943).

Entenman, C., Taurog, A., Chai-
koff, I. L., J. Biol. Chem. 155,
13-18 (1944).

Evans, R. J., Davidson, J. A,
Poultry Sci. 30, 29-33 (1951).

Federal Specification, Noodles, N-
N-591a, 1951, and amendments.

Fletcher, J. P., Best, C. H., Solandt,
O. M., Biochem. J. 29, 2278-84
(1935).

Glick, D., Cereal Chem. 22, 95-101
(1945).

Glick, D., J. Biol. Chem. 156, 64351
(1944).

Hack, M. H., Ibd., 169, 137-43
(1947).

Hadorn, H., Jungkunz, R., M.
Gebiete Lebensm. u Hyg. 44, 1-13
(1953).

Ibid., pp. 333-47.

Haenni, E. O., J. Assoc. Offic. Agr.
Chemists 24, 119-47 (1941).

Hertwig, R., lbid., 7, 91-8 (1923).

Ibid., 8, 107-19 (1924).

International Critical Tables, Vol.
1, p. 67, McGraw-Hill, New
York, 1926.

VOL

Jacobi, H. P., Baumann, C. A,
Meek, W. J., J. Biol. Chem. 138,
571-81 (1941).

Kaucher, M., Galbraith, H., But-
ton, V., Williams, H. H., Arch.
Biochem. 3, 203-15 (1943).

(24) Koehn, R. C., Collatz, F. A., J.
Assoc. Offic. Agr. Chemists 27, 451—
5 (1944).

(25) Munsey, V. E., Ibid., 36, 766-9
(1953).

(26) Ibid., 37,92 (1954).

(27) Rewald, B., Chem. & Ind. (London)
1936, pp. 1002-3.

Rhian, M., Evans, R. J., St. John,
J. L., J. Nutrition 25, 1-5 (1943).

Thornton, M. H., Broome, F. K.,
Ind. Eng. Chem., Anal. Ed. 14,

39-41 (1942).

(28)
(29)

Received  for  review  September 5, 1956.
Accepted  January 23, 1958. Division of
Agricultural and Food Chemistry, 129th Meet-
ing, ACS, Dallas, Tex., April 71956. Re-
search undertaken by the Quartermaster Food and
Container Institute for the Armed Forces. No.
608 in series of papers approved for publication.
The views or conclusions are those of the authors
and are not lo be construed as necessarily re-
flecting the views or endorsement of the Depart-
ment of Defense. The mention of commercial
products does not imply that they are endorsed or
recommended by the Department of Defense over
similar products not mentioned.

6, NO. 6, JUNE 1958

479



