
TUESDAY-MORNING SESSION 

REPORT ON VITAMINS 

By CHESTER D. TOLLE (Food and Drug Administration, Federal 
Security Agency, Washington, D. C.), Referee 

Yitamin A.-The recommendations of the Associate Referee are ap
proved. 

Vitamin R1.-The recommencll1tions of the Associate Referee are 
approved. 

Vitamin B2 (Riboflavin).-The recommendations of the Associate Ref
eree on riboflavin are approved. 

Vitamin C.-The recommendations of the Associate Referee are ap
proved. 

Vitamin D.-The recommendations of the Associate Referee are ap
proved. 

Nicotinic A.cid.-The recommendation of the Associate Heferee on 
nicotinic acid is approved. 

Pantothenic Acid.-The Associate Referee made no report. 
Folic Acid.-The extensive coEaboraiive study conducted this year has 

tested the suitability of a number of methods for the determination of 
folie acid. Results of the study serve as a basis for selecting a single pro
cedure for intensive study next year. The Referee recommends that dur
ing the coming year a group of well-experienced collaborators study the 
procedure considered by the Assoeiate Referee to be the most RuitablE'. 

Carotene.-The recommendations of the Associate Rteferce on carotene 
are approved. 

REPORT ON VITAMIN A 

FURTHER COMPARISON OF THE SPECTROPHOTOMETRIC 
AND ANTIMONY TRICHLORIDE METHODS FOR 

VITAMIN A IN MARGARINE 

By .T. B. WILKIE (Food and Drug Administration, Federal Security 
Agency, Washington, D. C.), Associate Referee . 

Two years ago the results of a collaborative study of the determirmLion 
of vitamin A in margarine were discussed before this Association.1 The 
results of this study were not entirely satisfactory, but they indicated, 
as more recent work has, the nature of the principal faults of the method 
used. It was quite clear from these results that deterioration of vitamin A 
occurred at certain points in the procedure. It was suggested at that time 
that such deterioration might be prevented by proper use of vitamin A 

1 Wilkie. J. B., Report on Vitamin A, This Journal, 30, 382 (1947). 
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stabilizers, and by increasing the speed of the chromatographing step to 
minimize the loss of vitamin A on the column. 

Studies presented here are concerned with better use of the stabilizers 
normally present with vitamin A in natural sources. The use of diethyl 
ether in place of petroleum ether in the extraction step improves the 
extraction not only of vitamin A, but also of extraneous materials that 
may increase the stability of vitamin A. Absorption characteristics indi
cate that these consist chiefly of tocopherols. It is also clear from this 
~tucly that the use of a smaller adsorption column is advantageous in 
eluting the vitamin A rapidly and with greater certainty. 

The larger column previously recommended has been replaced by a 
smaller 1 cm diameter column, with a somewhat stronger mixture 1: 1 of 
magnesium oxide and Celite. The solution prior to chromatographing is 
now evaporated partially to dryness in the presence of sodium hydro sul
phite and then evaporated completely to dryness after decantation from 
the hydrosulphite. This more thorough evaporation eliminates extraneous 
volatile materials, some of which may also prove to be undesirable eluents. 
The material to be chromatographed is thus made more uniform from 
the standpoint of its behavior in the small column on which the vitamin 
A is more clearly defined and more sharply segregated. 

With these changes in the procedure the green fluorescent band seen 
on the adsorption column, with the use of the weak ultraviolet lamp 
previously described,2 is quite compact and its lower surface is sharply 
defined. The band can be well controlled and proceeds rapidly to the 
fritted exit disc of the column. The vitamin A band is then very rapidly 
eluted with 1 per cent of ethanol and the eluate is made to volume with 
petroleum ether. The density of this solution is measured at various 
·wave lengths and the vitamin A strength is calculated from the E value 
obtained at 340 mI-'. 

A ftwtor of 2375, which is in harmony with the 1894 U.S.P. factor, is 
now used to COl1\'ert the Eir~ values to units per gram.3 

DISCUSSION 

The summarized results in accompanying tables give the results ob
tained with this modified method. Two tables are given. Table 1 includes 
results from margarines labeled to contain 9,000 units of vitamin A per 
pound, and Table 2 from margarines labeled 15,000 units of vitamin A 
per pound. Values in these tables were calculated from the 325 ml-' 
absorption, from the 340 m,u absorption, and from the antimony tri
chloride method as well. The tabulated coefficients of variation are es-

, Wilkie, J. B. and Dc Witt, J, B., This Journal, 28, 174 (1945), "Spectrophotometric Procedure of the 
E Estimation of the Vitamin A in Oleomargarine." 

3 l'vlote recently the figure 1900 has been recognized as a conversion factor in connection with the 
adoption of vitamin A acetate 2.8 the internationa lst-andard. If this figure receives general re.cognition the 
vahw of 2375 should be changed to 2382. 
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pecially revealing. As shown in the third column the actual average unitage 
values from the two tables calculated from the 325 m", and the 340 m", 
absorptions check within 10 per cent and 6 per cent, respectively, and 
the 325 mj.t values are nearly always higher, as one would expect. Thus, 
the values based upon 340 m", value are but little different from 325 mj.t 
values, but, as indicated previously, they lack the extraneous absorption 

TABLE 1.-Summary of vitamin A determinations from .9000 u/lb margarines 

u/LB SPEC RATIO 

R'J.lifJ 
Spec Spec Spec 325 

SbCh i 
E 290 E 325 E 350 

325 m!, 340 ill!, ----
Method 

basis basis Spec 340 E 340 E 340 E 340 

Av. of 16 
Samples 10 ,556 9,668 1.10 8,680 3.56 1.% 0.68 

CV· 19.5 10.7 5.0 36.3 20.4 2.7 4.9 

* Coefficient of variation. 

TABLE 2.-Summary oj vitamin A determinations from 15,000 u/lb margarines 

u/LB SPEC R.\.TIO 

Ratio 

Spec Spec Spec 325 
SbCIa 

E 290 E 325 E :350 
325 ill!, 340 ill!, ----

Method 
--- --- ---

basis basis Spec 340 E 340 E 340 E 340 

Av. of 68 
Samples 16,122 15,645 1.06 15,360 2.7 1.:32 0.678 

av' 25.5 6.9 9.86 24.0 23.0 2.4 4.8 

* Coefficient of varia.tion. 

which may make the values derived from the 325 m", values about 8 per 
cent high, with the possibility of greater variation d this wave length. 
The coefficient of variation values calculated from these data substanti
ate the original judgment in this respect, 10.7 and 6.9 being the CV values 
from the 340 mp data, against 19.5 and 25.5 from the 325 mp data. 

The manner in which the antimony trichloride values compare with the 
340 mIL values is also of interest. The antimony trichloride unitage aver
ages were only 10 per cent and I! per cent lower than the 310 mp "spec" 
values, but the CV values were 36.3 and 24.0, against 10.7 and 6.9 values 
from the 340 m", spectrophotometric data. 

The ratio of the E290/E340 values have a relative high CV of 23 compared 
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with low values of 2.4 for the E325/E340 ratio and 4.8 for E350/E340 ratios. 
This merely reflects the variability in 290 m.u region undoubtedly caused 
by the variable extraneous material preeent and emphasizes the lack of 
such a disturbing factor in the 32.5 m.u to 340 m,u region. 

Thus the chromatographic spectrophotometric evaluation for vitamin 
A from readings at 340 miL has greater precision than that obtained from 
readings at 325 m.u or from that determined by the antimony trichloride 
method. 

It is believed tha t this superiority should warrant further collaborative 
work with the method as now modified. 

PROCEDURE 

(J) Prepara.tion of Test Solution by Saponification and Exiraction.- Weigh 10 g 
of oleomargarine into a 300 ml beaker and add 30 ml of boiling 95 % ethanol. Stir 
until sample is rompletely disintegrated. Add 2.'i ml of 50 % KOII soln. Stir continu
ously for.5 min. and allow Lo stand at room temp. for 15 min. (stirring occasionally). 

Transfrl' soln to a .'i00 ml scparatory funnel. Hinse hcaker with 100 ml of dis
Wlecl water in several portions, adding these rinsings to sp,paratory funncl. Add 100 
ml of U.S.P. ethyl ether. Shake vigorously, and allow to stand ca 2 minutes. Separate 
aqueous portion into another 500 ml separatory funnel. Likp,wisc extract thc aqueous 
fraction successively 4 times with .50 ml portions of ethyl ether, adding each in turn 
to the original extract. In case of slow separation add 2-.5 rn! of 9,", % ethanol and 
swirl gently. 

Pour two 200-ml portions of distilied water thru combined o(,her extracts and 
discard each washing without shaking. Shake once vigorously with ca 10 ml diluLc 
KOH soln (ca 0.02 }"/). TheIl pour distilled water with gp,ntle agitation thru extract 
until it is free from alkali as shown by phenolphthalein. Allow to stand 10 min., 
discard the separated water, and filter with aid of vacuum thru 2.5 em. of anhydrous 
Na,SO.l in a 2-cm fritLed filter. 

After adding ca 5 g of sodium hydrosulphite to the filtrate, evaporate this dry 
soln on steam bath in a 300-ml beahcr to volume of 25-50 ml. Transfer the soln by 
decanting to 50 ml beaker with 6 vigorous washings of the NazSzO, using 2-5 ml 
portions of diethyl ether to completely remove vitamin A from the residue. 

Evaporate this soln to dryness on the steam bath. (Dryness is taken to mean ces
sation of boiling.) Heat for precisely 2 min. after the cessation of boiling, then add .) 
ml of potroleum ether' and make to volum~ in a JO ml glass-stopperod flask witb 
petroleum ether. 

(B) Chromaio(j1'(Iphy.-Prepare column by using small diameter tube (1 r:m. in 
diam.) and ca 10 em long. (Bottom of tube should be fitted with sealeJ-in frit,ted 
disc of porosity suflicient to offer no significant" ret,ardation to flow of solvent or 
eluate.) 

Add 1: 1 mixture of MgO (Westvaco #2GU) and Celite to form colulllIl with 
height of 2-2.5 em in the tube. (This material should he packed with blunt rod un
der 20" of vacuum to the specified height. Add l.~ em of anhydrous N a2804 on top 
of this column.) 

Pipet 5 ml of the 10 ml test soln into a 10 ml beaker. After wetting column with 
petroleum ether and just before surface is dry, pour this 5-ml soln rapidly onto the 

1 The pt'troleum ether when measured in a 1 em qua.rtz cell "With an ultraviolet spectrophotometer 
against a no-cell blank should have a transmission of at least 85%. Better grades should ha.ve a transmi.s~ion 
of 90%. 

" If the disc wilIdlo,,' a hci!(ht of 5 ml of water to P~"s in less than 20 sec. the disc will probably be satis
factory ill this respect. 
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column. A vacuum of 20' should be maintained on the column during chromato
graphic separation. 

(The surface of the column should be kept wet with petroleum ether at all times. 
The segregation and progress of the vitamin A through the column is rapid and is 
easily followed at all times with the weak ultraviolet lamp' previously described.) 

The lower surface of the A hand progresses to the fritted disc with petroleum 
ether alone, using a 50 ml beaker in a micro-bell jar. The vacuum is then released 
and the eluate colleeted is discarded. Use a clean 50 ml beaker in the micro-bell jar 
to receive the eluted vitamin A. Elute this as rapidly as possible by the use of 1 % 
of absolute ethanol in petroleum ether. The passage of the A band thru the column 
should be completed in less than 10 minutes. 

Make the vitamin A eluate to volume of 10 ml with petroleum ether and make 
density determination with the spectrophotometer at 290, 325, 340, and 350 mil, 
respectively. Calculate the E;;:. value at 340 mil E;;:" (34.0 mil) X2375 = U.S.P. 
Vitamin A units/gm margarine. 

A.:.lTIMONY TRICHLORIDE CHECK METHOD 

The 5 ml of test solution remaining after removal of the spectrophoto
metric sample is made to 10 mI with petroleum ether. One ml of this solu
tion is utled for the antimony trichloride determination. This procedure 
uses distilled chloroform, 5 ml of reagent, and increment method and 
direct reading photometry. Since adequate details of this method have 
been published elsewhere, the unimportant minor modifications used in 
this paper will not be elaborated upon. 

RECOMMENDATIONS' 

After the following minor corrections are made it is recommended that 
the present tentative method for vitamin A in fish liver oils be made 
official, firRt action. 

In sec. 36.2, page 599, the ether should be specified as "U.S.P. ethyl 
ether in ~-pound cans, anesthesia grade, free from peroxides." 

In sec. 36.3, second sentence, the "ground glass joint" should. be 
changed to "glass joint." 

In sec. 36.3, seventh line, change the time from "2 minutes" to "allow 
the mixture to stand (about 2 minutes) until separation is visibly com
plete, as determined by the absence of refraction streaming and the pres
ence of distinct layers." 

Sec. 36.4, page HOD, "density of 004" should be changed to "0.398." 
Sec. 36.6, page HOI, the density values given in the transmittancy-

density table should be corrected to agree with the following: 

T. D. T. D. 
0.7 2.16 29.5 0.530 
7.0 1.16 32.5 0.488 

11.0 0.959 55.5 0.256 
26.5 0.577 63.0 0.201 
27.5 0.561 71.5 0.146 

:;: For report of Subcommit.tee A and action of the Associa.tion, see This Journal, 32,47 (1949). 
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REPORT ON THIAMINE (VITAMIN B1) 

By O. L. KLINE (Division of Vitamins,* Food and Drug Administra
tion, Federal Security Agency, Washington, D.C.), Assoct"ate Referee 

In accordance with the request of the Committee on Methods the pro-
cedures for the determination of thiamine (vitamin B1) contained in the 
Sixth Edition of Methods of Analysis have becn reviewed in the interest 
of revising their status, where necessary, in preparation for the forth
coming edition of Methods of Analysis. 

GROWTH METHOD 

The growth mcthod for vitamin Bl as it appears in the Sixth ,Edition of 
Methods of Analysis was adopted as the tentative method in 1940 and 
was sUbjected to collaborative study during the following year. The 
method was used extensively for low potency food materials during the 
period of development of the chemical and microbiological assay proce
dures and served well as a means of checking the biological specificity of 
those shorter procedures. The growth method is not in wide use at the 
present time, but it is considered advisable to retain it for the purpose 
of checking biological specificity and to have it appear as an official 
method in the next edition of Methods of Analysis. 

THE FERMENTATION METHOD 

This method appears in the Sixth Edition of Methods of Analysis with 
status undesignated. The procedure is based upon the effect of thiamine 
as a stimulating agent for the rate of yeast fermentation and is finding 
wider use as more investigators become familiar with its easy applica
tion to a wide variety of assay materials. It has the advantage of being 
rapid while possessing the important characteristic of biological speci
ficity. Yeast fermentation is stimulated by the pyrimidine of thiamine as 
well as by thiamine itself, necessitating the use of a sulfite blank step in 
,vhich the true thiamine is inactivated in the presence of the bisulfite 
ion. ThiR is of advantage in studies on stability of thiamine. In view of 
these advantages it is considered important therefore to retain the fer
mentation method for thiamine. 

FLUOROMETRIC (THIOCHROME) METHOD 

The thiochrome method was adopted in 1943 as tentative and following 
collaborative study last year (1947) was made official, first action. This 
method has now come to be used almost universally for the determination 
of thiamine in all types of materials. It has stood the test not only of ex
tensive collaborative study but of wide use in many countries. 

In the interest of widening the application of the official method as it 

* E. M. Nelson, Chief. 
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appears in the Sixth Edition of Methods of Analysis certain minor defin
itive changes are needed. 

RECOMMENDATIONS* 

I t is recommended-
(1) That the growth method for thiamine (vitamin B1) be adopted as 

official, first action. 
(2) That the fermentation method for the determination of thiamine 

be made official, first action. 
(3) That sec. 36.25 (Preparation of assay solution) be changed as 

recommended in the report of the Associate Referee. t 

REPORT ON RIBOFLA YIN (MICROBIOLOGICAL) 

By HENRY W. Loy, Jr. (Food and Drug Administration, Federal 
Security Agency, Washington, D.C.), Associate Referee 

The tentative microbiological method for the determination of ribo
flavin (TMs Journal, 30, 79) was studied collaboratively ( This Journal, 
24, 413; 25, 459; 26, 81; 28, 560 i 29, 25; and 31, 701). This method has 
been in use since such adoption and is regarded as suitable. Furthermore, 
this year's work on the chemical method for the determination of ribo
flavin induded a comparison with the microbiological method. The re
sults are included in that report (This Journal, page 4(1). More uniform 
results have been obtained in the later studies of the microbiological 
method than were obtained in the earlier studies, indicating that experi
ence with the method is helpful in its proper application. 

RECOMMENDATION~ 

It is recommended that the tentative microbiological method for the 
determination of riboflavin, as revised, be made official, first action. 

REPORT ON RIBOFLA YIN (CHEMICAL) 

By HENRY W. Loy, Jr. (Food and Drug Administration, Federal 
Security Agency, Washington, D.C.), Associate Referee 

Last year, it was recommended that further work be conducted on the 
fluorometric method (This Journal, 30,392; 31, 701) that was the subject 
of that year's study. Although many of the collaborators for last year 
obtained results that were in good agreement with those obtained by 
the microbiological method, there was a wide divergence of some of the 

*' For report of Subcommittee A a.nd acLion by the Association, see This J01trnal, 32, 47 (104.9). 
t Details of the revision ale given in This Journal, 32, 104 (1949). 
t For report of Sllbcommittee A anduction of the Association, see This Journal, 32, 48 (1949). Details of 

the revised method are given in This Journal, 32, 105 (1949). 
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results. Therefore, the study did not lead to the recommendation for 
adoption of a fluorometric method, but it seemed desirable to determine 
if further experience with the method would lead to more uniform re
sults. 

The fluorometric method used in this year's study was the same as the 
one used in last year's study, except for a few minor modifications, re
lated to more specific directions for some steps of the procedure. The 
collaborators were asked to submit results obtained by the specified 
fluorometric method, and, where possible, by the tentative microbiologi
cal method (This Journal, 30, 79) and any other methods in which they 
might be interested, for 3 samples: No.1, a solution of ribofiavin1 ; No.2, 
an enriched flour; and No.3, a dried brewers' yeast. 

Of the 9 collaborators who submitted results by the specified flu oro
metric method, 5 suhmitted results hy the tentative mirTohiological 
method. These collaborators also submitted results in 4 cases by fluoro
metric methods that differed from the specified method, and in 1 case, 
by a microbiological method that differed from the tentative method. 

TABLE I.-ResultH of collaborative study on Riboflavin 

COLLABORATOR 

NO. 

I __ FL_U_OR_O_ME_TR-,-I_C_>I_ET_H_OD_S __ I, MICRODIOLOQIC~.L_~~~ 
COLLA.BQRATIYlo1 1 OTIum TENTATIVE OTHER 

-----------------------1 
Sample No.1-Riboflavin Solution 

(Mg, of riboflavin per m!. of sf"mple) 
_______ , .. ________ . _____ , ___ ._0_'_' 

0.401 
2 0.39 
3 0.399 
4 0.40 
5 0.383 
6 0.381 
7 0.40 

0.39 

0.40 

0.3n 

0.400 
0.40 
0.438 
0.g96 

_____ ~ ________ ~ :~~~ -I _____ !~40~J-0 .42~_ 
Av. ± S.E. of A v. for thc 9 collabo-
rators on the fluorometric method 

A v. ± S.E. of A v. for the 5 collabo-
rators on both methods 

Student's t value for comparing 
both methods 

P value 

Comment 

0.394 
±0.00;3 

0.393 
±O .004 

I 
0.407 I 

±O .008 II 

=1,56 

I 
I 

No significant difference 

J This sample was n. 0.02 N acetic acid solution containing, per ml, 0.4 mg of U.S.P. Riboflavin Refer
~nce S •. andard. 100 rug of urea, and [J.O mg of chlorobutanol. 



TABLE l-(continued) 

~OLL"'BOR/:ITOH 

NO, 

I FLUOROMETRIC METHODS I MICl:OBlOLWICAL METHODS __ ~_I CO~':;:::T~ \ OTBER I TENT\TIVE I OTHER 

Sample K o. 2 ~-Enrichod Flour 
(;\f g. of riboflavin por lb. of sample) 

1.00 
2 0.96 
3 0.98 

1.0:) 
5 1.09 
() 1.01 
7 1.04 
8 1.10 
9 ] .05 

Av. ±S.R of Av. for the 9 colll1ho- ] .0:3 
J"ators on Lhe fluoromotric method ± 0 .02 

Av. ±S.R of AV.for theli colbbo- 1.03 
ralors on both methods ±O .02 

Student's t value for comparing 
both methods 

P value 

Comment 

1 .15 

1.01 

1.00 

0.08 
1.09 
1.04 
1.08 

1 12 

I 1.0(; 

I ± 0 .0,2 

! =1 .06 

=0.:32 

No significant difference 

l.03 

Sample No. 3-Dl'ied Brewers' Yeast 
(Mg. of riboflavin per g. of sample) 

:; 
(j 

7 
8 
9 

0.0399 
0.04 
0.0396 
0.041 
0.041 
0.04:31 
0.041 
0.0416 
0.0525 

Av. ± S.E. of Av. for the 9 collabo- 0.0422 
rators on the fiuorometric method ±O. 0013 

Av. ± S.E. of A v. for the 5 collaho- 0 .0434 
rators on both melhods ±O .002:3 

Student's t value for comparing 
both methods 

P value 

Comment 

0.04 

0.042 

0.0425 
0.043 

0.0397 
0.041 
0.041 
0.0390 

0.0413 

0.0404 
±O .0004 

=1.28 

No significant difference 

0.04:35 
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The results are shown in Table 1. In only one case, collaborator 9, 
sample No.3, in the specified fluorometric method, was there a wide 
divergence in the results. There is no explanation to offer for this wide 
divergence. Except for this one case, the results obtained by the specified 
fluorometric method arc more uniform than those of last year's study 
and compare favorably with results obtained by the tentative micro
biological method. From the results of the 5 collaborators who used both 
methods, the average results by the specified fluorometric method and 
the tentative microbiological method are, respectively, 0.393 and 0.407 
mg. per mI., for sample No.1; 1.03 and 1.06 mg. per lb., for sample No.2; 
and 0.0434 and 0.0404 mg. per g., for sample No.3. As can be seen from 
Table 1, in no instance is there a statistically significant difference be
tween the results of the two methods. 

This study indicates that experience with the fiuorometric method is 
helpful in its proper application. This has been found true with the mi
crobiological method as well (This Journal, 32, 105). 

COLLABORATORS 

William Davin, Kraft Foods Company, Chicago, Ill. 
Elmer De Ritter, Hoffmann-La Roche, Inc., Nutley, N. J. 
Norman E. Foster, Food and Drug Administration, Philadelphia, Pa. 
N. B. Guerrant, Pennsylvania State College, State College, Pa. 
Curtis R. Joiner, Food and Drug Administration, St. Louis, Mo. 
Henry W. Loy, Jr., Food and Drug Administration, Washington, D. C. 
F. G. McDonald, Mead Johnson and Company, Evansville, Ind. 
H. C. Schaefer, Ralston Purina Co., St. Louis, YIo. 
Vidor B. Williams and Laura M. Flynn, Univ. of Missouri, Columbia, Mo. 

The Associate Referee wishes to express appreciation to the collabora
tors and to their organizations for their cooperation in this study. 

RECOMMENDATION* 

It is recommended that the fiuorometric method t for the assay of ribo
flavin herein described be made official, first action. 

REPORT ON FOLIC ACID 

By LAURA M. FLYNN (Dept. of Agricultural Chemistry, University 
of lVIissouri, Columbia, Mo.), Associate Referee 

The microbiological method for determining folic acid was SUbjected 
to collaborative assay under the auspices of the Association of Official 
Agricultural Chemists in 1947. Results showed fair agreement among the 
seventeen laboratories participating in the study. However, the findings in 
this first collaborative investigation of the vitamin (1) indicated the need 
for further study of its determination. 

'~For report of Suhcommittee A and action of the Association, see This Journal, 32, 47 (194!1). 
t The details of the method are given in This Journcl, 32, 108 (1949). 
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Both Lactobacillus casei and Streptococcus faecalis have been used as 
test organisms in the microbiological assay of folic acid. S. jaecalis grO\I\[S 
well in a semi-synthetic medium, is less dependent on unidentified growth 
stimulants and is often read turbidimetrically after 18 hours' incubation. 
It does not respond to folic acid conjugaLes. On the other hand, L. ca8ci 
shows greater acid production, and is sensitive to the vitamin over a 
wider range and at a lower concentration. When turbidity is used as the 
criterion of growth dose-response curves for standards and for unknoyvns 
do not show parallelism until a long incubation period (40 hours or more) 
has elapsed, when L. casei is used. Comments on the 1947 assays indi
Gated that peptone is not a satisfactory source of the unidentified growth 
substances known to be necessary when this organism is used in folic 
acid assays. L. casci was selected for the 1947 study, and since half of 
those replying to the questionnaire sent with the 1947 samples indicated 
a preference for this bacterium, collaborators were asked to try it again 
in the 1948 investigation. 

Roberts and Snell (2) have recently proposed a medium for L. casei 
which might improve materially the assay for pteroylglutamic acid. Its 
content of trypsinized casein should insure rapid early growth of Lhe 
organism, thus overcoming one of the main objections to the use of L. 
casei . .For small laboratories, however, 'which often do occasional assays 
for several vitamins, it seems advantageous to use, whenever possible, 
only materials which are commercially available, constant in composition, 
and easily stocked and stored in quantity. This would cut to a minimum 
the time used by technicians in digestions, adsorptions, and the prepara
tion of special supplements of limited use. The utilization of materials 
commercially available should also make possible greater uniformity 
between laboratories in a collaborative assay. 

Several years ago Davis and Dubos (3) demonstrated that the eitrly 
growth of tubercle bacilli in submerged culture in liquid media wall facili
tated by the addition of the commercial product "Tween 80" (polyoxy
ethylene sorbitan monooleate). Unpublished data complied in the vitamin 
assay laboratory of the Department of Agricultural Chemistry at the 
University of Missouri have proved that "Tween 80" markedly sLimu
lates the early growth of L. casei also, in a semi-synthetic medium. Fur
ther studies in this laboratory showed that a modified Landy and Dicken 
medium containing "Tween 80" provides a very acceptable medium for 
use in folic acid assays. Since this medium had been used successfully for 
this purpose over a period of several months in the laboratory of the 
Associate Referee it was selected as the test medium for the 1948 study 
of the vitamin. This medium differs from the Teply and Elvehjem medium 
(4) which was used last year, as follows: Substitution of cysteine for 
cystine, omission of peptone and alanine, minor changes in the vitamin 
mixture, increase in the amount of manganous sulfate used, and the 
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addition of "Tween" and glutathione. The medium is easily prepared, is 
reproducible, and by altering the buffer it can be used successfully with 
either L. case'i or S. jaecalis. It gives much better results ,,,jth L. casP?: 
than the original Landy and Dicken medium (5). 

Detailed directions for the method were sent to all laboratories "'hich 
had expressed Y\'illingness to participate. Chemists co-operating in the 
study were asked to assay the samples by any other methods they were 
using routinely, if time permitted. :Five laboratories accustomed to mak
ing chick assays for folic acid agreed to assay the samples by chick meth
ods. 

The materials chosen for assay in 1948 ,yere (1) dehydrated powdered 
mustard greens, (2) soy flour, (3) dehydrated powdered egg yolk, and (4) 
brewers' yeast. In order to insure as much uniformity as possible among 
the laboratories each collaborator was sent a desiccated culture of bac
teria, crystalline pteroylglutamic acid for use as a standard, and suffi
cient desiccat.ed chicken pancreas for the enzyme hydrolysis of the sam
ples. It was requested that the culture be stored under refrigeration until 
used, then sub-cultured several times in a complete medium containing 
liver extract before its utilization as inocula or storage on agar. 

At the present time no material is available which is recognized as a 
reference standard for folic acid, although steps looking toward the de
velopment of a reliable reference standard have heen taken by the proper 
authorities. In the absence of an official standard the synthetic pteroylglu
tamic acid to be sent to collaborators (:Folvite 7-7904) was checked in 
the laboratory of the Associate Referee. A Deckman spectrophotometer 
was used in the measurement of extinctions at wave lengths 255, 282.5, 
and 365 millimicrons. Ei~ values at these wave lengths were, re
spectively, 555,545, and 190. The vitamin was tested at pH 11.5, at a 
concentration of 0.002%. The data given here will serve to characterize 
the material used as a standard by collaborators. Physical constants [or 
the compound, including extinction data, have been published by Parke, 
Davis and Company (6) and by the Lederle Labonttories Division of the 
American Cyanamid Company (7). From extinction data for crystaJline 
folic acid, as published by Parke, Davis and Co., chemists, the material 
llsed by collaborators would be calculai;ed to be about 90 per cent pure. 
On the basis of the extinction data for the crystalline compound as pub
lished by chemists at the Lederle Laboratories, the same material would 
be considered 98 per cent pure. 

COLLABORATORS 

The chemists co-operating in this study are listed below. Grateful ac
knowledgement is made of the generous and gracious help of all who took 
part in the endeavor. 

O. D. Bird, The R.esearch La.boratories, Parke, Davis & Co., Detroit 32, Mich. 
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Richard O. Brooke, and Stanley W. Tyler, Wirthmore Research Laboratory, 
259 Washington St., Malden 48, Mass. 

Hobart \'1. Cromwell, The Abbott Research I)aboratories, Abbott Laboratories, 
~ orth Chicago, Ill. 

W. R. Flach, Eastern States Fra,mers' Exchange, Buffalo 5, N. Y. 
'Laura M. Flynn, Victor B. Williams, Boyd L. O'Dell, Jimmie Savage, and 

A. G. Hogan, Dept. of Agricultural Chemistry, University of Missouri, Columbia, 
:'vIo. 

* Allred E. Harper and C. A. EI vehj em, Dept. of Biochemistry, College of Agri
culture, University of Wisconsin, Madison 6, Wis. 

Lloyd Hein and Carl H. Krieger, Wisconsin Alumni Research Foundation, 
Madison 5, Wis. 

H. A. Hoffmann and Mrs. Jean Eggemeyer, Research Division, Anheuser-Busch, 
Inc., St. Louis, Mo. 

B. Connor Johnson, Division of Animal Nutrition, University of Illinois, Ur
bana, Ill. 

*T. H. Jukes and Margaret Regan, LE'derle Laboratories Division, American 
Cyanamid Co., Pearl River, N. Y. 

Dorothy J. Longacre, National Dairy Research Laboratories, Inc., Oakdale, 
Long Island, N. Y. 

William Popper, Jr. and L. Werum, Reseal'oh Department, California Packing 
Corporation, 101 California St., San Francisco, Calif. 

L. R. Richardson, Dept. of Biochemistry and Nutrition, Agricultural and 
Mechanical College of Texas, College Station, Tex. 

Saul H. Il.ubin, Nutrition Laboratories, HolTmann-La Roche, Inc., :\'utley 10, 
N. J. 

*H. C. Schaefer and W. C Sherman, Ralston Purina Company, Checkerboard 
Square, St. Louis 2, Mo. 

Gerda L. Siegel and E. Goldenburg, Laboratory of Vitamin Technology, Chem
ical Division, 1352 East 55th Street, Chicago 15, IlL 

Edward W. Toepfer, Bureau of Human Nutrition and Home Economics, Agri
cultural Retsearch Administration, Washington 25, D. C. 

*John R. Totter, Esther Amos, Doris Warren, "William Martindale, Clarence 
Gossett, and Paul L. Day, Dept. of Biochemistry, School of Medicine, University 
of ArkansCls, Little Rock, Ark. 

RESULTS 

Assay results submitted by the co-operating laboratories are sum
marized in Tables 1-6. To facilitate comparisons, arithmetic means and 
median values are listed in the tables. In the calculation of these means 
and medians only one figure was used for each laboratory, an average of 
the several figures from each laboratory as shown in the tables. When a 
laboratory submitted several assay results the range of these is indicated 
in the tables. Frequently laboratories sent in only one estimate for each 
sample, but this estimate represented the average from several assays on 
the material. Several of the estimates listed, as is shown in the footnotes, 
were not included in the averages. In one case (Laboratory 12) the chem
ist sending in the data specified which one of his tests he considered best, 
giving; the reasons, and only that figure wat) included. The Associate 

* Assayed s3.mples by both microbiological and chick Iuethods. 
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Referee diu not include the data from Laboratory 15, using L. casei, in 
the averages because the blank was excessively high. To show the range 
of results in the hands of many technicians (of varying degrees of experi
ence in microbiological assays of folic acid) it seems worthwhile, however, 
to present in the tables all the data submitted. 

The fifteen laboratories submitting data from microbiological assays 
sent to the Associate Referee detailed information on at least two hun
dred microbiological determinations on the four samples tested. Assayists 
will appreciate the enormous amount of work involved in so large a num
ber of microbiological tests, as well as the effort expended in the time
and labor-consuming chick assays made in five laboratories. 

A comparison of results obtained when a laboratory carried out a mi
crobiological assay by more than one method, or with more than one or
ganism on Lhe same day, demonstrates that the varied procedures gave 
(within experimental error) almost identical results. Occasionally t~lis was 
not true. 

Results compiled in Table 1 (from assays with L. ca.sei in the medium 
specified for the assa,y) indicate remarkably good agreement bet\veen 
la,boratories. This is particularly encouraging since the data on "free 
folic acid," for which we are indebted to Laboratory 8, prove that the 
larger portion of the total folic acid in each sample (with the possible 
exception of the egg yolk) is in the form of conjugates. It is very satis
fying, also, to find that results from turbidimetric assays check closely 
with the results from assays evaluated by titration. 

When S. faecali.s was used as the test organism in the specified medium, 
there was a,gain good agreement among the results from various labora
tories and between acidimetric and turbidimetric determinations. Al
though fewer data were reported with S. faecali.s than with L. casei in 
the medium specified for the collaborative test, results shown in Table 2 
prove that estimates from assays with the two organisms were in har
mony with one another. 

Four laboratories contributed data showing comparison of results 
from assays with L. ca.sci in the specified medium and in other commonly 
used media. These data are shown in Table 3. Determinations made in 
L~boratory 3 showed that assays with L. ca.sci in the Roberts and Snell 
medium yielded results which paralleled those obtained with L. casei or 
S. faecah.s in the medium used for the collaborative study. Data showing 
results from assays with L. casci in the Teply and Elvehjem medium are 
too few to justify comparison with results in the other media. In Labora
tories 9 and 12 results from the several methods were in excellent agree
ment. In Laboratory 13 results from the Teply and Elveh,iem medium 
were slightly lower than those from the A.O.A.C. medium. In general it 
is observed that assay results from assays with L. casei in the various 
media are in good agreement. 



I 

L
A

D
. 

M
B

l'
rr

O
D

 o
r
 

N
O

. 
E

V
A

I.
U

A
T

IO
N

 

I 

2 
T

u
rb

id
im

et
ri

c 
I 

3 
A

ci
d

im
et

ri
c 

i 
3 

T
u

rb
id

im
e
h

ic
 

i 
7 

A
o

id
im

€
tr

ic
 

! 
8 

A
ci

d
im

et
ri

c 
i I 

9 
A

ci
di

m
et

.r
ic

 
13

 
T

u
rb

id
im

et
ri

c 

M
eo

D
 

T
u

rb
id

im
et

ri
c 

A
ci

di
m

et
ri

c 

M
ed

iF
m

 
'T

u
rb

id
im

et
ri

c 
A

ci
d

im
et

ri
c 

O
v

er
al

l 
T

u
rb

id
im

et
ri

c 
&

 
M

ea
n

 
A

ci
d

im
et

ri
c 

O
ve

ra
ll

 
T

u
rb

id
im

et
ri

c 
&

 
M

ed
ia

n
 

A
ci

di
m

et
.r

ic
 

_ 
.. 
__

 .
_

.
_

-
_

.
_

-
-

T
A

B
L

E
 
2

.-
R

c
su

li
s 

o
f 

1.
91

;8
 A

.O
.A

.C
. 

co
ll

ab
or

at
iv

e 
st

u
d

y 
o

n
 f

o
li

c 
ac

id
 

(A
ss

ay
s 

w
it

h
 S

t1
'e

pl
oc

oc
C

1l
S

 f
a

et
a

li
s 

in
 s

pe
ci

fi
ed

 m
ed

iu
m

) 

I 

S
A

M
P

L
E

 I
 

S
A

M
P

L
E

 I
I 

8
A
~
P
I
.
E
 
I
n

 

M
U

S
T

A
n

D
 G

U
E

}:
::N

S 
B

O
Y

 l
'L

O
U

n
 

]'
jG

Q
 

Y
O

L
K

 

A
V

E
.*

 
R

A
N

G
E

 
A

V
E

.*
' 

R
A

N
G

E
 

I 
A

V
E

.*
' 

R
A

N
G

R
 

U
W

I{
J
/(

J
 

m
?

1
l{

}/
O

 
m

m
o

jg
 

m
m

a/
a 

m
m

g
jg

 
1

II
rr

lg
/(

J
 

5
.1

3
 (

2)
 

2
.6

3
 (

1
) 

0
.1

9
2

(1
) 

9
.8

 
(1

) 
4

.2
 

(1
) 

0
.6

5
 

(1
) 

1
1

.1
0

 (
2)

 
1

0
.6

2
-1

1
.5

7
 

5
.3

0
 (

2)
 

5
.0

 -
b

.B
1

 
0

.S
9

5
 (

2)
 

o 
5 

-1
.2

9
 

8
.1

4
(1

) 
4

.0
7

 (
1)

 
1

.2
6

 
(1

) 

F
re

e 
F

re
e 

F
re

e 
1

.4
7

 (
1)

 
0

.5
0

 (
1

) 
0

.4
4

 
(1

) 
T

o
ta

l 
T

o
ta

l 
T

o
ta

! 
1

0
.7

0
(1

) 
5

.5
 

(1
) 

0
.6

5
 

(1
) 

7
.3

8
1

1
) 

3
.3

3
 (

1
) 

1
.0

8
 

(1
) 

9
.3

8
 (

1)
 

5
.0

3
 f

l)
 

0
.5

2
6

 (
1

) 

8
.5

4
 (

3)
 

5
.1

3
-1

1
.1

0
 

4
.3

2
 (

3)
 

2
.6

3
-5

.3
0

 
1

.1
1

 
(3

) 
0

.5
2

6
-1

.9
2

 
8

.7
6

 (
4)

 
7

.3
8

-1
0

.7
0

 
4

.2
7

 (
4)

 
3

.3
3

-5
.5

0
 

0
.9

1
 

(4
) 

0
.6

5
-

1
.2

6
 

9
.3

8
 (

3)
 

.5
.1

3
-1

1
.1

0
 

);
.0

3
 (

3
) 

2
.6

3
-5

.3
0

 

I 
0

.8
9

5
 (

3)
 

0
.5

2
6

--
1

. 9
2

 
8

.1
4

-9
.8

0
 (

4)
 

7
.3

8
-1

0
.7

0
 

4
_

0
7

-4
.2

0
 

3
.3

3
-5

.5
0

 
0

.6
5

-1
.0

8
 (

4)
 

0
.6

5
-1

.2
1

; 

8
.7

7
 (

7)
 

5
.1

3
-1

1
.1

0
 

4
.2

9
 (

7)
 

2
.6

3
-5

.5
0

 
0

.9
9

7
 (

7)
 

0
.5

2
6

 -
1

.9
2

 

II 
.3

8
 (

7)
 

5
.1

3
-1

1
.1

0
 

4
.2

0
 (

7)
 

2
.6

3
-5

.5
0

 
0

.8
9

5
(7

1
 

O
.5

2
6

-1
.9

:.
! 

-
_

 ... _
-
-

* N
u

m
b

er
s 

in
 p

ar
en

th
es

es
 i

nd
io

at
e 

n
u

m
b

er
 o

f 
re

su
lt

s 
in

cl
u

d
ed

 i
ll

 a
v

em
g

e.
 

I 
S
A
~
l
P
L
I
<
}
 

IV
 

I 
H

H
T

:':
\Y

E
R

S
' 

Y
£

A
8

1
' 

I 
A

Y
E

.*
 

R
A

N
G

B
 

m
m

g
!Q

 
fl

U
n

g
/a

 
1

1
.4

7
 (

1)
 

2
2

.0
 

(1
) 

2
2

.5
4

(1
) 

1
9

.6
0

 (
1)

 
F

re
e 

0
.5

4
 (

1)
 (

1)
 

T
o

ta
! 

2
4

.4
 (

1)
 

1
7

.0
9

 (
1)

 
2

4
.1

1
;(

1
) 

1
9

.3
9

(3
) 

11
 .

4
7

-2
4

.1
5

 
2

0
.7

7
 (

4)
 

17
.0

\)
--

24
.4

 

2
2

.5
4

(3
) 

1
1

.4
7

-2
4

.1
5

 
1

9
.6

 -
2

2
.0

(.
1

) 
1

7
.0

9
-2

4
.4

 
-
-
-
-
-
-

:"
0.

1&
 (

7)
 

1
1

.4
7

 
2-

1.
4 

I 
2

2
.0

 
(7

) 
1

1
.4

7
-2

4
.4

 

.... ~ C
 :;.
 

(f
1 

U
! o S :;.
 
~
 o z o >.
; o ~ (
)
 ;;: t"
' :;.
 o ~ (

)
 

q t-<
 

>-:
3 q ~ t"
' 

(
)
 

~
 

t':
 
~
 W
 

>-3
 

U
1 -.::
; ?- ~~
 

>
 

::;>
' 

C
,(

; 



L
A

B
. 

N
O

. 

\)
 

12
 

13
 

O
ve

r-
al

l 
:M

ea
n 

O
V

eI
-.

lI
 

l'.
-1

ed
irm

 

M
E

T
H

O
D

 O
F

 

E
Y

 A
L

U
 A

'r
W

N
 

T
u

rb
id

im
et

ri
o

 
A

ci
di

m
e-

tr
ic

 
A

ci
d

im
et

ri
c 

A
ci

d
im

et
ri

c 
A

 c
id

il
l1

ct
ri

c 
(7

) 

T
A

lJ
L

B
 3

.-
R

e
su

ll
s 

o
f 
19

.~
8 

A
.O

.A
.C

'. 
co

lla
/w

ra
tiv

(;
 s

tu
d

y 
on

 f
ol

ic
 a

ri
d 

(A
ss

ay
s 

w
it

h
 L

. 
ca

se
i 

in
 m

ed
ia

 o
t-

he
r 

th
a
n

 t
h

a
t 

sp
ec

if
ie

d)
 

=
=
=
=
=
=
c
=
=
=
=
=
=
=
-
-
~
-
-
-

-
fl

A
M

P
I;

ii
l 

I 
S

A
M

P
L

E
 ]

I
 

I
·
 SA1

1PI
.E-

I~~
--·

--
,
-
-
-
-

S
A

lH
lL

E
 l~'

 
M
E
;
D
I
U
~
[
 

M
U

S
T

A
R

D
 
G

R
E

E
N

S
 

S
O

Y
 F

l.
0

U
n

 
_

_
_

 ~
~
~
~
~
_
.
 

_
_

 . _
_

 
B
R
E
W
E
R
~
~
~
_
 

A
V

F
-J

.*
 

IU
 .. N

U
g

 
A

Y
E

.o
f:

 
It

A
.N

G
E

 
I 

A
Y

E
.*

 
R

A
;.

\l
G

E
 

I 
A

V
E

.*
 

R
A

N
O

B
 

m
m

{}
/g

 
m

m
g

/(
J 

m
1!

10
/0

 
m

m
g

/r
; 

I'--
----

::,,
~({J

 
-~
 f1

jl
lt

(I
(~

~-
I~

-:
::

a;
;-

--
mm

{J
-;

--
-

H
o

b
er

ts
 a

n
d

 S
no

ll
 

1
0

.9
3

 (
1)

 
5

.0
9

5
 (

1
) 

0
.5

8
1

 (
1

) 
3

0
.2

4
3

 (
1)

 
R

o
h

o
rt

s 
an

d
 S

ne
ll

 
1

0
.0

0
 (

1)
 

5
.0

0
 

(1
) 

0
.5

5
6

 (
1)

 
. 

28
.M

) 
(1

) 
M

o
d

if
ie

d
 

T
ep

ly
 

an
d

 
E

lv
eh

je
ID

 
6

.9
4

 (
1)

 
5

.0
9

 
(1

) 
T

ep
ly

 a
n

d
 E

lv
eh

je
m

 
1.

1.
5 

(1
) 

3
.2

 
(1

) 
T

ep
ly

 a
n

d
 E

lv
eb

je
m

t 
7

.5
 

(1
) 

3
.3

2
 

(1
) 

T
ep

ly
 a

n
d

 E
lv

eh
ie

ru
t 

7
.9

6
 (

4)
 

7
.5

0
-8

.7
2

 
3

.3
0

 
(4

) 

8
.3

1
 (

0)
 

0
.5

0
-1

0
.9

3
 

4
.1

7
 

(0
) 

3
.1

0
-3

.6
7

 

3
.2

0
-5

.0
9

5
 

0
.6

5
 

(1
) 

0
.4

9
 

(1
) 

0
.6

9
7

 (
4)

 
0

.5
3

9
-0

.8
7

0
 

0
.5

0
5

 (
,'»

 
O
.
~
9
(
)
-
(
)
.
1
l
9
·
;
 

1
7

.7
 

(1
) 

1
5

.3
6

 
(1

) 
1

5
.5

2
 

(4
) 

1
4

.1
2

-1
7

.0
9

 

2
1

.4
6

 
(5

) 
1

0
.3

6
·-

3
0

.2
1

 

7
.5

0
-7

.9
6

(0
) 

6
.5

 -
1

0
.0

3
 
I 

3
.3

2
 -

5
.0

0
(6

) 
3

.2
0

-5
.0

9
1

3
 

I 
0

.5
8

1
 (

5)
 

0
.4

9
0

0
.8

0
7

 
1

1
7

.7
0

(5
) 

1
5

.3
f>

-3
0

.2
4

 

* N
u

m
h

cI
s 

in
 p

2.
l'c

nt
he

c:
es

 i
n

d
ic

at
e 

nu
rn

h;
}I

' o
f 

rc
'm

lt
s 

in
cl

nd
rc

l 
in

 a
ye
r~
g(
>,
 

t 
H

y
d

ro
ly

ze
d

 w
it

h
 h

og
 k

id
ne

y 
en

zy
m

e.
 

t 
H

y
d

ro
ly

ze
d

 w
it

h
 c

hi
ck

en
 p

an
cr

ea
s 

C
tl

l.
yr

::
H

c'
, 

' '0
 

..;
,...

 
.5:

2 

"'
j 

t"
 

>-<
i 

Z
 

Z
 '" M
 

"tJ
 o >d
 

>-3
 o Z
 

>
rj o t"
 

C
 

;;.
 

Q
 .... t)
 

e
f'

 
-
l 

>
-'

 



_
.
-

L
A

D
. 

M
E

T
H

O
D

 O
F

 

N
O

, 
E

V
A

L
U

A
T

iO
N

 

2 
T

u
rb

id
im

ct
ti

c 
4 

? 
5 

T
ur

bi
di

m
f.

::
lr

ic
 

6 
? 

8 
T

u
rb

id
ll

ll
et

ri
c 

11
 

T
u

rb
id

im
et

ri
c 

I 
14

 
? 

O
ve

r-
al

l 
M

ea
n

 
f'!

l 
O

ve
r-

al
l 

1i
ed

ia
n

 

T
A

ll
L

];
l 
'i

.-
R

e
su

lt
" 

of
 1

94
8 

A
.O

.A
.C

. 
co

lla
bO

/'a
t'i

ve
 s

tu
d

y 
o

n
fo

U
c 

ac
id

 
(A

ss
ay

s 
w

it
h

 8
, 

fa
ec

a
li

8
 i

n
 m

ed
ia

 o
th

er
 t

h
a
n

 t
h

a
t 

sp
ec

if
ie

d)
 

I 
8

A
1

[P
L

E
 I

 

I 
S

A
M

P
L

E
 I

I 

I 
8

4
.M

P
L

E
 I

II
 

M
U

S
T

A
R

D
 G

R
E

E
N

S
 

S
O

Y
 F

L
O

U
R

 
E

G
G

 Y
O

L
K

 
M

E
D

IU
M

 

A
V

E
.*

 
R

A
N

G
E

 
I 

A
V

E
.*

 
fl

A
N

G
E

 
A

.Y
E

.*
 

R
A

N
G

E
 

-
-
.
 

m
m

O
/f

l 
m

T
tl

O
((

j 
m

m
g

jy
 

m
m

g
/{

] 
tw

m
g!

o 
m

1
n

{}
/{

J
 

-
2

9
,1

7
t 

1
6

.8
2

t 
9

.0
7

t 
? 

4
,8

 
(1

) 
3

.4
 

(1
) 

0
.5

5
 (

1)
 

M
od

if
ie

d 
T

ep
ly

 a
n

d
 

E
lv

eh
ie

m
 

7
,3

 
(l

)t
,t

 
3

.8
 

(1
)U

 
0

.6
6

 (
l)

t,
t 

R
ab

in
o

w
it

z 
an

d
 S

ne
ll

 
6

,8
 

(1
) 

3
,6

 
(1

) 
0

.6
6

 (
1)

 
? 

1
0

,5
 

(1
) 

6
,3

5
 (

1)
 

-
T

ep
ly

 a
n

d
 E

lv
eh

ie
m

 
1

2
,4

 
(1

) 
7

,1
 

(I
) 

3
.g

 
(1

) 
T

ep
ly

 a
n

d
 E

lv
eh

je
m

 
1

2
.3

5
(2

) 
5

.4
 

(2
) 

0
.7

3
 (

2)
 

9
,2

1
 (

5)
 

4
,8

0
-1

2
.4

0
 

5
,1

7
 (

5)
 

3
.1

0
-7

,1
0

 
1

,4
6

 (
4)

 
0

,5
5

-3
,9

0
 

1
0

.5
0

 (
5)

 
4

,3
0

-1
2

.4
0

 I (
;,

4
0

 (
5)

 
3

.4
0

-7
.1

0
 I 0

.5
6

-0
,7

3
 (

4)
 

0
,5

5
-3

,9
0

 I 
S

A
M

P
L

E
 I

V
 

B
R

E
W

E
R

S
' 

Y
E

A
B

'I
' 

A
Y

E
.*

' 
R

A
N

G
E

 

m
m

g
/g

 
m

m
g

/u
 

3
1

.0
·1

t 

1
9

.6
 

(l
H

,t
 

1
3

,3
 

(1
) 

2
1

.6
 

(1
) 

3
0

,2
 

11
) 

2
2

,1
5

 (
2)

 

2
1

,8
1

 (
4)

 
1

3
,3

0
-3

0
,2

 

2
1

,6
0

-2
2

,1
5

 (
4)

 
1

3
,3

U
-3

U
.2

 
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-

* 
N

um
be

-r
tl 

.in
 p

ar
en

th
es

es
 i

n
d

ic
at

e 
th

e 
n

u
m

b
er

 o
f 

re
su

lt
s 

in
cl

u
d

ed
 i

n
 a

ve
ra

ge
. 

t 
K

a
t 

in
cl

u
d

ed
 i

n
 c

al
cu

la
ti

on
 o

f 
m

€u
n

 a
n

d
 m

ed
ia

n
. 

t 
A

 d
if

fe
re

nt
 p

te
ro

yl
gl

ut
9.

m
ic

 a
ci

d 
st

ll
n

d
n

rd
 W

R
S

 u
se

d
 h

er
e.

 

fi'
. 

-
.j

 
tv

 

» if
l 

if
l o C
 

>
- P> ~
 

H
 

C
 
~
 

C
 

":I
 o ":
I ":
l o >
-;

 
;..

 
t"

 > o >0
 

(=)
 :5 ~
 

q ~ t"
 

o :r: t'i
 ;::: ~ 1J
l ~ -~
 ~ "" 



1.949J FLYNI\; REPORT ON FOLIC ACID 

The estimates of folic acid based on assays with S. faecalis in media 
other than that specified for collaboration are summarized in Table 4. 
Thef:c data are too fe,v to warrant more than brief eomment. Checking 
these results with other results from the same laboratories, however, re
veals good agreement within each laboratory in tests with S. jaecaZ7's, re
gardless of the medium chosen. 

Results from chick assays in i:leverallaboratories have been assembled 
in Table 5. The values listed for Laboratory A were averaged in the office 
of the Associate Referee from data submitted by the aforementioned 
laboratory, showing estimates at several dosage levels for the test ma
terials. The range of the estimates averaged is indicated. The values listed 
for Laboratory B were calculated by these assayists as tentative estimates, 
pending a statistical evaluation of their data by the Method of Least 
Squares. The data shown in Table 5 indicate good agreement in the re
ports from the different laboratories. As pointed out by the chemist sub
mitting the report for Laboratory C, "assays based on total cell count 
and hematocrit are in agreement with the microbiological results but are 
divergent from the weight assay data. The reasons for this are not known 
but may be due to an influence of the 'liver principle.'" The divergence 
between folic acid estimates based on chick weight and those based on 
blood tests or microbiological tests is particularly marked in the case of 
the dried egg yolk. This material may be a comparatively poor source of 
folie acid, but it apparently is an excellent source of unidentified growth 
stimulants for both chicks and baeteria. 

Data showing averages from assays by various methods are compiled 
in Table 6, to enable comparison of results from the different methods. 
This summary reveals excellent agreement among folic acid estimates 
from assays by varied microbiological procedures. From these findings one 
may conclude that it is possiblc to obtain very good results from assays 
,,,-ith either L. ca8ei or S. faecalis, using the organisms in anyone of several 
media. 

INFORMATION FROM QUESTIONNAIR.bJS 

Standard cultures.~Collaborators were asked to submit specific data 
from acidimetric or turbidimetric tests, showing bacterial growth in 
standard and test cultures in folic acid assays. Almost without exception 
these data were excellent. When L. caseiwas used in the medium specified 
the blanks were low (usually one ml. or less of 0.1 N acid) and the acid 
production was high (10 to 14 ml. of 0.1 N acid at a dosage of one millimi
cron of folic acid). Several collaborators compared L. casei in the medium 
suggested by the Associate Referee with L. casei in the Teply and Elveh
jem medium, and felt that the medium with "Tween" and glutathione 
gave lower blanks, better acid production, and more satisfactory results 
in general. It was pointed out last year by several collaborators that L. 
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casei gives very acceptable results in a modified Teply and Elvehjem 
medium, without peptone, but using commercial enzyme-hydrolyzed 
casein as the source of both amino-acids and growth stimulants. S. fae
calis also gave very acceptable results in the medium suggested by the 
Associate Referee, or in a modified Teply and Elvehjem medium. 

Basal media.-Very few comments concerning media ,vere made by 
collaborators. One suggested that the stock solutions specified for the 
collaborative medium were too dilute for easy handling; he preferred 
them about four times as strong. Another felt that the medium suggested 
was more complex than was justified by its advantages; he likes as a 
medium for L. casei the old Mitchell-Snell medium with pyridoxine in
creased and using Difco Casamino acids as a source of hydrolyzed casein 
(8). Four remarked that they liked the medium suggested by the Associ
ate Referee for L. casei. 

Choice oj test oTganism.-Of the twelve collaborators expressing a pref
erence eight prefer S. Jaecalis for folic acid assays, while four liked L. 
casei better. It is agreed that it is easier to get low blanks with S. Jaccalis, 
that it can be read turbidimetrically after a very short incubation period, 
and that its nutritive requirements are less fastidious. L. casei, however, 
gives markedly better acid production, shows greater sensitivity to the 
vitamin, and is sensitive to it at a lower level of potency. The following 
comments by three collaborators are typical of the opinions of others: 
Laboratory 5, "S. JaecaZis when used with the medium of Teply and 
Elvehjem but omitting peptone supplement gives more consistent and 
reproducible results. Also it is much easier to obtain proper blanks with 
S.faecalis;" Laboratory 8, "We like S.jaecalis-we have had much greater 
experience with it and it is faster. Obviously on some determinations L. 
casei must be used." Laboratory 13, "We prefer L. cascio In our experience 
it has given more consistent results on day-to-day testing and in replicate 
cultures on the same day." 

From the data submitted by many collaborators it seems obvious to 
the Associate Referee that either organism may be used with excellent re
sults for folic acid tests. 

Purification of casein hydrolysates.-Whenever it is wished to use L. 
casei in assays of folic acid it is essential that the hydrolyzed c::1sein used 
in the medium shall be very low in the vitamin. From data submitted in 
this collaborative assay it is evident that S. jaecalis responds quantita
tively to the vitamin in the range 0.5 to 5 (or perhaps to 6 or 7) millimi
crogmms per 10 ml. of culture. L. casei is sensitive to the vitamin in the 
range 0.1 to 1 (or probably 2) millimicrograms per 10 ml. culture. Several 
of the chemists co-operating in this study commented on special adsorp
tions needed to make casein hydrolysates suitable for use with L. casei 
in folic acid tests. Laboratory 1 found it necessary to treat the hydrolysate 
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with Norite after an earlier treatment with Nuchar; Laboratory 6 ob
served that they obtained lower blanks with GBI vitamin-free casein 
after treating it with Norite; Laboratory 7 had difficulty with high blanks 
in tests with L. casd, and subsequent tests on various casein hydrolysates 
made it seem very possi_ble that their earlier difficulties were caused by 
folic acid in the casein. Laboratory 3 finds that Darco is a suitable adsorb
ent for freeing Difco casamino acids from folic acid, for use in tests for 
the vitamin. 

Extraction procedures.-Only one laboratory submitted data showing a 
comparison of findings when a variation was made in the extraction pro
cedure. Data submitted by Laboratory 13 (listed in Table 3) show very 
little difference in results when hog kidney enzyme was substituted for 
chicken pancreas enzyme in the hydrolysis of samples. It is apparent 
that the suggested procedure for extraction is adequate, in the assay of 
the mustard greens, soy flour, brewers' yeast, and of the spinach sample 
assayed collaboratively last year. Very possibly the procedure for extrac
tion of the egg yolk needs further study. 

In the 1947 collaborative study of folic acid, reports on the microbiologi
cal assay of the spinach sample showed a mean value of 12.89 mmg.jg., 
and median values of 12.9-13.7 mmg.jg. using L. casei in the Teply and 
Elvehjem medium. Three laboratories, all experienced in folic acid assays, 
reported values of 14.4 to 17 mmg.jg. Two laboratories reported results 
from chick assays, 11 and 16 mmg./g. Because of the divergence of these 
findings further study was made of the potency of the sample. The desic
cated spinach was stored at -400 and was submitted to chick assay again 
in 1948. Data on the spinach as listed in Table 5 are in harmony with the 
higher results [rom microbiological assays in the 1947 study. 

In commenting on extraction procedures, attention should be called to 
data submitted by Laboratory 2, as shown in Table 4. The results listed 
were obtained in assays after the samples were submitted first to treat
ment with papain (Caroid) and takadiastase (Mylase P) before the addi
tion of pancreas enzymes. Because these data are out of line vvith the re
sults of other microbiological assays and of the chick tests they were 
not included in the averages. 

Logarithm£c plotting.-In reply to a question whether collaborators 
considered logarithmic plotting (as suggested by Wood (9)) an aid in 
evaluating, criticizing, and calculating data, differing opinions were ex
pressed. Seven find logarithmic plotting an aid, three do not consider it 
helpful, and several made no comment. Observations typical of those ex
pressed by others are quoted here: The chemist reporting from Laboratory 
8 says, "It is of value in criticizing data but of little benefit for calculation. 
The characteristics of some turbidimeters place a break in the turbidit,y 
curves, even with logarithmic plotting." The person reporting for Labora-
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tory \1 remarks, "Arithmetric grid papor gives satisfactory curves, il5 
easy to work ,vith, easier to read, and cheaper to buy. Perhaps a person 
thoroughly accustomed to working with logarithmic plotting might find 
it simpler but I do not." From graphs sent in by collaborators and from 
graphs plotted by the Associate Referee from the collaborator's data, it 
appears that acidimctric data, almost without exception, can be criticized 
easily when plotted on a log-log grid; turbidimetric data can very fre
quently be evaluated very easily when plotted on such coordinates. Ho,\'
ever, regardless of the type of graph paper used, the graphical representa
tions sent in and the calculations made by the persons submitting results 
were without exception of unquestioned excellence and beyond criticism. 

SUMMARY 

The microbiological method for determining folic acid was subjected 
to collaborative assay in 1948. Chick tests on three of the four samples 
''lere made in five laboratories, as a check on the microbiological methods. 
Results showed excellent agreement among the laboratories. 

Whether L. casci or S. JaccaZis was used in the medium suggested by 
the Associate Referee, and whether response of the test organism to the 
vitamin was measured acidimetrically or turbidimetrically, assay results 
were very acceptable. 

The usc of either of the bacteria in other media, measuring response 
either acidimetrically or turbidimetrically, gave results in harmony with 
those found in the medium suggested by the Associate Referee. 

Folic acid values as determined by chick tests were higher than values 
obtained by microbiological assays. These findings emphasize again the 
need for further study of methods of extraction of the vitamin, and the 
possible in f'tuence of unidentified growth stimulants. New knowledge 
seems essential before results from microbiological assays will duplicate 
the results from chick tests. 
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REPORT ON NICOTINIC ACID (NIACIN) OPe 
NICOTINAMIDE (NIACIN AMIDE) 

MICROBIOLOGICAL METHOD 

By RENHY \:V~. Loy, Jr. (Food and Drug Administration, Federal 
Security Agency, Washington 25, D.C.), Associate Refcree* 

-179 

The 1945 U.S.P.-A.O.A.C. official, first action, method for nicotinic 
acid, as described in This JournQ,l, 30, 82 (1947), has been revised, and it 
is recommended t that this revised method be approved. The details of the 
method as revised are published in This .Journal, 32, 110 (t949). 

REPORT ON VITAMIN C (ASCORBIC ACID) 

By WALLACE L. HALL (Food and Drug Administration, Federal 
Security Agency, Washington, D.C.), Associate Referee 

RECOMMENDATIOJ\St 

It is I'ecommcnded-
That the official, first action, method for vitamin C (36.47,36.48) be 

made official, final action, after the following minor corrections and au
ditions are made: 

(1) Add to the first sentence after "ferrous Fe," "stannous 8n and 
cuprous Cu." 

(2) Change under REAGENTS (a), second line, "freshly pulverized 
stick HPO/, to read, "glacial HP03, pellets, or freshly pulverized stick." 

(3) Change "Note" to read as follows: "Products containing ferrous Fe, 
stannous Sn, and cuprous Cu give values in excess of their actual ascorbic 
acid content by this method." 

Following arc simple tests to ascertain whether these reducing ionR arE' 
present in appreciable quantities to invalidate analysis: Add 2 drops of 
0.05% H 20 soln of methylene blue to 10 ml of freshly prepared mixture of 
juice and the IIPOa-acetic acid reagent, mix. Disappearance of methylene 
blue color in 5-10 seconds indicates presence of interfering substances. 
Stannous Sn does not give the test and may be tested for by using another 
10 ml sample soln to which 10 ml of 25% Hel is added, mix, then 5 drops 
of 0.05% H 20 soIn of indigo carmine, mix. Disappearance of indigo car
mine color in 5-10 seconds also indicates presence of interfering substance. 

No report ,vas given on vitamin D-poultry. 

* Appointed to succeed Frank !V!. St.rong, rcsir;ned. 
t For report. of Subcommittee: B aIld action of the Association, see This Journal, 32, 48 (1949) . 
... H",...,.,.. ..... ...-..n. ... t Af ~llh ... r.rnl'Tlit,tpp A H.TIn 'l.r:tion of the Asso<...'iati(lll . ."lee This Journal, 3Z, 48 (1049). 
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REPORT ON VITAMIK D 

By CHESTER D. TOLLE (Division of Vitamins, * Food and Drug 
Administration, Federal Security Agency, Washington, D.C.), 

itssociate l£ejeree 

VIT A MIN D IN MILK 

The method for vitamin D in milk was proposed in 1937, and after 
collaborative study, was adopted in 1938. The procedure as it appears in 
the Sixth Edition of Methods oj itnalysis has been found entirely satis
factory and it is generally used in the assay of vitamin D in both fluid 
and evaporated milk. It is important to retain this method in the next 
edition of Methods oj itnalysis. 

RECOMMENDATIONt 

It is recommended that the method for determining vitamin D in 
milk, which appears in the Sixth Edition as a tentative procedure (36.49-
36.60, p. 621-(25), be made official, first action. 

REPORT ON CAROTENE 

By F. W. QUACKENBUSH (Department of Agricultural Chemistry, 
Purdue University Agricultural Experiment Station, 

Lafayette, Indiana), Associate l£ejeree 

Since the dropping of the phasic separation method for the determina
tion of carotene in 1916, the Association has had no official method for 
the determination of carotene in foods and feeds. Two tentative methods 
have been introduced, one in 1946 and one in 1947. The objective this 
year ,yas to compare these two tentative methods in collaborative study 
to determine 'whether one might be sufficiently satisfactory to be con
sidered for adoption as an official method. A third method was also in
cluded for comparison. This method included two features which had 
been requested by several laboratories, namely, cold extraction and chro
matography with a lower concentration of acetone. 

Procedure I was the tentative procedure introduced in 1946, This 
Journal, 30, 84 (1947). 

Procedure II was the one introduced in 1947, Ibid, 31,111 (1948). 
Procedure III was essentially the procedure of Bilker, et al., Ind. Eng. 

Chem. (Anal. ed.) 16,513 (1944). The details sent to collaborators were 
as follows: 

Exlraction.-Weigh accurately a 1-2 gram sample into an Erlenmeyer flask or 
sample bottle, add 60 ml of a mixture of 1 part acetone and 2 parts hexane (Skelly
solve B). Shake mixture, stopper container tightly, and set in the dark for 16-

* E. M. Nelson, Chief. 
t For report of Subcommittee A, and action of the Association, see This Journal, 32, 48 (1949). 
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18 hours, usually overnight. Filter extract thru a Buchner funnel and wash the 
residue thoroly by decantation with several portions of hexane. Heat extract on a 
steam cone to drive off most of remaining acetone and to eoncentratc the soln to a 
volume of ca 40 m!. 

This concentration is usually accomplished in 15 minutes. The entire 
solution is now chromatographed. 

Chromalography.-Prepare a column and chromatograph thc soln as in Procedure 
II, but use a 1 :24 mixture of acetone and hexane instead of 1: 9 for elution of the 
carotene. Collect the carotene eluate, make up to volume with 1 :2,1 mixture of 
acetone and hexane, and determine the carotene concentration as directed under 
Procedure IL 

Directions were sent out to a large number of laboratories and samples 
were mailed to each about two weeks later. Analyses were to be post
marked not later than ten days after the mailing date of the sample, 
and collaborators were instructed to hold samples at room temperature 
prior to analysis. Two samples of alfalfa meal were sent to each of the 
collaborators. One was a comparatively fresh dehydrated sample, the 
other had heen in storage for a long period and had undergone consider
able deterioration in carotene. The Referee is indebted to Herbert 
Schaefer, of the Ralston Purina Company, for packaging and distributing 
the samples. 

COLLABORATORS 

State and federallaboratories.-California, Indiana, Louisiana, Maine, Michigan, 
New Hampshire, North Dakota, Ohio, Oregon, South Dakota, Texas, Utah, Wash
ington; Botany Laboratory, University of Chicago; Kansas State Collcge; Utah 
State Agricultural College; Eastern, Southern, and Western Regional Laboratories; 
U. S. Food and Drug Administration, Washington, D. C.; Fish and Wild Life Serv
ice, Laurel, Maryland. 

Industrial laboraiories.-Wirthmore Research Laboratory, Malden, Mass.; The 
Best Foods, Inc., Bayonne, K. J.; Coop. G. L. F. Exchange, Inc., Buffalo, N. Y.; 
Eastern States Farmers' Exchange Incorporated, Buffalo, N. Y.; Central Mills, 
Inc., Dunbridge, Ohio; General Mills, Inc., (Larrowe Division), Rossford, Ohio; 
General Biochemicals, Inc., Chagrin Falls, Ohio; B. F. Goodrich Chemical Com
pany, Akron, Ohio; M. F. A. Milling Company, Springfield, Mo.; Ccrophyl Labora
tories, Inc., Kansas City, Mo.; Ralston Purina Company, St. Louis, Mo.; National 
Alfalfa Dehydrating and Milling Company, Lamar, Colo.; Laucks Laboratories, 
Inc., Seattle, Wash.; Ayerst, McKenna and lIarrison Limited, Montreal, Quebec. 

SUMMARY OF SELECTED COMMENTS OF COLLABORATORS 

The willing cooperation of the various collaborators is gratefully ac
knowledged. The individual comments were helpful in giving the full 
comparison of the procedures and it is regretted that space will not permit 
the full statement of each. Some of the most pertinent statements are 
quoted below. 

Coil. No. i.-In Procedure III it was necessary to increase the acetone concen
tration for satisfactory elution. A 2 :23 acetone-hexane mixture was used. 
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Coli. No. 2.,,-·"A mixture'of magnesium oxide and magnesium carbonate W11,5 

used in Procedure 1. 
Coil. No. 5.-'IV c believe t.hat the presence of stereoi50mers of beta-carotene 

should eventually require reinvestigation of thc applicability of the absorpt.ion 
coefficient 196 ltt 435 millimicrons. 

Coil. No. S.-In Procedure II 50 m!. of acetone-hexane mixture was insufficient 
to wash the carotene through the absorbent. At least 100 ml was required. 

Coil. No. g.-Procedure II is susceptible to giving excessive values through too 
strong an eluting action. 

Call. No. ll.-We do not believe that anyone method has all the features de
sirable in an official method. Each method has, we feel, one or more steps which 
need further study. As now writ.t.en, however, our choice would be for Method 
No.2, 

Call. No. l4.-N 0 Magnesia #2642 available. Used #2641 in Procedures II and 
III. 

Coil. No. 15.-Satisfactory separation of pigments could not be obtained by 
magnesium carbonate as adsorbent. 

Coli. No. l6.-Procedure I should be abandoned for studies on dehydrated leaf 
material. It is far too laborious. 

Coli. No. 23.-In Procedurfl III the 1 :24 acetone-hexane would not elute caro
tene. 

Cull. No. 26.-We had difficulty in elution of the carotene with 1 :24 acetone
hexane. 

Coli. No. Sl.-Procedure II seems most adaptable to rouLine or control analyses. 
An overnight wait is undesirable in a control method and in this case gave lower 
results in our hands. Procedure I has many of the cumbersome separatory funnel 
operations of earlier procedures which it is desirable to avoid. 

Coil. No. 32.-In Procedures II and III, using Westvaco 2642 magnesia 1: 1 
with Supel'ccl, we find the carotenes pass through very slowly. 

Coil. No. 34.~-Certain lots of HyRo Supercel will retain more than 5 per cent of 
carotene. 

RESULTS AND DISCUSSION 

The experimental results, received from thirty-five laboratories, are 
summarized in Table 1. 

Procedure I gave the lowest average results. As pointed out by some 
eollaborators, conditions used in this procedure favor isomerization. 
Isomers sueh as neo-beta carotene B with maxima shifted to lower wave 
lengths would predominate, thus resulting in low values when read at 
450 millimicrons and calculated with the extinction coefficient of 2580. 
Actually, Collaborator 14 found the results to be 12 per cent higher when 
his solutions from Procedure I were read at 436. This evidences the high 
degree of isomerization in Procedure 1. If 12 per eent were added to the 
average results of Beckman users for this procedure, the results would 
be 38 for the old sample and 131 for the fresh sample, which are probably 
nearly correct. 

Procedure II gave the highest results. One collaborator (No.9) re
ported that the acetone content of the solution during chromatographing 
was high enough to elute non-carotene pigments. However, studies in the 
Referee's laboratory do not substantiate this and other collaborators do 
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TABLE I.-Results of analysis of alfalfa m.eal samples 

OOLL. 

NO 

1 
2 
:3 
4 
5 
6 
7 
8 
9* 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

I~S':'HUMEN'T' 

Beckman-DU 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

Averages, Beckman 

26 Coleman-II 
27 " 
28 " 
29 " 
30 Evelyn 
81 " 
32 " 
38 Cenco-Sheard 
34 Cenco 
35 Klett-Sum-

merson 

Averages, other instru-
ments 

A verages, all values 

FRESH SAMPLE" ""- I 
----PR-OCE-,-DUR-"E-- -----1 

I II III I 
I 

-~'" ~-". 

37 34 32 
31 51 37 
32 36 30 
33 39 21 
35 38 35 
39 36 36 

J 26 47 30 
29 38 ;j6 
20 T' " 11 
- 32 33 
29 35 32 
- - -
48 45 38 
30 44 38 
44 48 31 
- 39 39 
35 34 35 
- 36 32 
42 39 30 
36 42 -

34 3;~ 37 
34 :;9 31 
34 :n -

27 47 38 
- 34 -
34 39 :34 

33 37 32 
32 34 :j:l 
39 41 35 
34 :",7 82 
89 39 :~8 
;jij 89 :;2 
38 36 36 
40 48 41 
.'37 84 84 

32 41 -

36 39 35 

35 39 :14-

* Values not included in o.ver"ges. 

OLD SAMI':WE 

PROC:lWum:-

I II 

122 123 
115 133 
115 128 
119 115 
119 129 
122 118 
106 140 
117 131 
92 340 

- 129 
110 124 
- 120 
127 143 
102 146 
99 164 

- 136 
129 131 
- 136 
124 129 
124 135 
120 If9 
123 129 
120 IHl 
96 136 

- 124 

117 131 

136 135 
10:1 113 
141 140 
120 128 
1:1S 137 
127 13.') 
]40 138 
lOS 150 
132 124 

142 130 

129 133 

120 131 

48,j 

--

III 
-

123 
124 
117 
101 
1:30 
125 
115 
13] 
120 
136 
115 
128 
133 
111 
164 
142 
129 
125 
124 
-
118 
128 
-
125 
111 

--" 
12.5 

123 
121 
122 
]31 
140 
126 
1 ::\2 
1:35 
Jl9 

-

128 

126 
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not seem to have experienced such difficulty. Some indicated preference 
for the use of a thimble in the extraction. In our experience this necessi
tates a much longer period of heating to effect complete extraction and 
results in a substantial increase in isomerization of the carotene. 

Procedure III gave lower results than Procedure II in twenty cases, 
equal or higher results in eleven cases. Several collaborators expressed 
doubt on the stability of carotene solutions in the desk overnight, Four 
collaborators who obtained low values stated that the 4 per cent acetone 
solution did not elute all of the carotene. Three of these considered their 
results unreliable and did not report them. 

To the question "Do you feel that any of the three procedures should 
be adopted by the A.O.A.C. as official?" twenty recommended that Pro
cedure II be adopted, three others voted for either Procedure II or III, 
three expressed preference for Procedure II but did not recommend offi
cial adoption, one recommended Procedure III only, one preferred Pro
cedure I, four recommended other procedures than those used in the 
collaborative study, and four offered no opinion. In view of the recom
mendation by a large majority it is felt that Procedure II should be 
adopted as official, first action, for hays and dried plants. 

The instrument used for analysis of the carotene fraction following 
chromatography apparently had little influence on the result, since the 
averages of twenty-five values obtained with Beckman spectrophotome
tel'S agreed well with the averages of ten values obtained with other in
struments, except in the case of Procedure 1. This difference possibly re
flects the error mentioned above, of measuring alkali-treated carotenes 
at 450 millimicrons. Further efforts should be made to work out analytical 
procedures which will not produce isomerization. Until such time as this 
is accomplished total carotenes must be measured. The high selectivity 
of the Beckman instrument is probably not advantageous for the routine 
measurement of total carotenes in chromatographed extracts from leafy 
materials. Less costly equipment should serve the purpose equally well. 

RECOMMENDATIONS* 

It is recommended-
(1) That Procedure II (This Journal, 31, Ill, 1948), which was adopted 

in 1947 as an alternative tentative method, be adopted as official, first 
action, for analysis of hays and dried plants. 

(2) That Procedure I (Thz"s J ournaZ, 30, 84, 1947) be discontinued as a 
method for hays and dried plants, but that it be continued as a tentative 
method of analysis for other materials. 

(3) That studies on analysis for carotene be continued. 

]'I.;" 0 report was given on pantothenic acid. 

>I< II'or report of Subcommittee A and action of the Association, see Th.is Journal, 32, 48 (1949). 
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REPORT ON PRESERVATIVES AKD ARTIFICIAL 
SWEETENERS 

485 

By MARGARETHE OAKLEY (State Department of Health, Baltimore 
18, Md.), Referee 

The chapter on Preservatives and Artificial Sweeteners got off to an 
auspicious start this year with requests for the assignment of ten topics 
for study and the final assignment of nine of these. No Associate Referee 
was obtained for the sweetener 1-propoxy 2-amino 4-nitrobcnzene. 

Saccharin.-Early in the year the Associate Referee on saccharin asked 
to be relieved of the assignment because of the pressure of routine work 
and requested that it be transferred to W. S. Cox of Atlanta, who is at 
present interested in both saccharin and dulcin but is not doing A.O.A.C. 
\vork on them. 

Dulcin.-No report was received from the Associate Referee on aulcin. 
With the increase in sugar supplies the urgency of the problem has 
passed; however, it is deemed advisable to continue with this work, 
especially since the present method has been so roundly condemned by 
those called upon to refer to it. 

It is therefore recommended that both dulcin and saccharin be reas
signed for study during the coming year. 

Quaternary Ammonium Compounds and Monochloracetic Acid.
Methods for determining quaternary ammonium compounds and mono
chloracetic acid were completed last year. The work for the current year 
was to extend the application of these methods to a greater variety of 
foods and to study further details of the methods collaboratively. 

Dichloracetic Acid.-No report on dichloracetic acid was submitted, 
the Associate Referee being unable to find time this year to devote to 
the problem. This subject was covered very ably and thoroughly by 
Charles F. Bruening (This Journal, 28, 620 (1945)). He presented a pro
cedure for the quantitative determination of dichloracetic acid in food 
products involving its isolation by an ether extraction and the conversion 
of the chloride of the acid to the ionic form by ignition with sodium car
bonate. The chloride thus formed was determined by the Volhard method. 
In the same article Mr. Bruening gave an identification test for dichlorace
tic acid involving the preparation of the p-toluide derivative of the acid 
which is characterized by a melting point determination. 

With this work as background it was thought that a little collaborative 
work would be all that was necessary to complete the problem. However, 
since the methods for extraction and determination are the same for 
mono and dichloracetic acids and it has been submitted to collaborative 
study with monochloracetic acid, the identification test for dichloracetic 
acid is the only part of this problem remaining. In view of the extremely 
slight need for this identification test and since the work of Mr. Bruening 
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is available in The Journal for those who do need it; and considering the 
policy of pruning the Methods oj Analysis to the very essentials, it is 
therefore recommended that the subject of dichloracetic acid be dropped 
for the present. 

Thiourea.-The Associate Referee has studied a short oxidation method 
for thiourea before its reaction with Grote's reagent and has already sub
mitted it to collaborative study. He is enthusiastic about the results of 
his study and recommends its substitution for the present tentative 
method. 

Formaldehyde.-After a review of the many tests for formaldehyde in 
the Book of Methods, and elsewhere, the Associate Referee offered many 
recommendations including the deletion of three present methods. Two 
other present methods he recommends for collaborative study and to all 
of these he adds one modified and two new methods which he recommends 
for collaborative study. The Referee concurs and hopes that the final out
come of these endeavors will produce one or two satisfactory procedures 
to replace the present seven antiquated ones. 

Esters oj Benzoic and Vanillic Acids.-The Associate Referee worked on 
the recovery of ethyl vanillate from orange and tomato juices. He used 
an extraction method, determining the vanillic acid by actual weighL 
The method proved satisfactory in his hands but he does not recom
mend submitting it to collaborative study. Information received by him 
indicates that ethyl vanillate is not being manufactured commercially 
and under those circumstances he feels it cannot be a regUlatory problem 
at present. 

The questions with regard to this Associate Refereeship are: (1) Are 
there any hydroxy benzoates being sold in the United States at present'? 
and (2) Are the methods for benzoates in the chapter on Preservatives in 
Methods of Analysis adequate for their determination'? 

Formic Acid.-There has been some discussion relative to the advisa
bility of eliminating the formic acid method from the chapter on Pre
servatives and Artificial Sweeteners, putting in its place a reference to 
the formic acid determination along with the other volatile acids. The 
Referee recommends the appointment of an Associate Referee on formic 
acid to study the subject, to confer with Mr. Hillig concerning elimina
tion of duplication in the Methods of Analysis of the formic acid determi
nation, and also to investigate the colorimetric method for the detection 
of formic acid which appeared in Analytical Chemistry, 19,206-7 (1947). 

Mold Inhibitors-Propionates.-The Associate Referee concentrated 
his efforts during the past year on determining the loss of propionates and 
diacetates during baking and subsequent air drying of bread. He recom
mends determination on the fresh basis and warns that acetic acid is pres
ent normally in bread in amounts that must be taken into consideration 
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in the detection of added acetic acid or sodium diacetate. He further rec
ommends that an alternate chromatographic technic for the identifica
tion and estimation of volatile fatty acids in bakery products be under
taken. 

RECOMMENDATIONS* 

The Referee concurs in the recommendations of the Associate Referees 
on preservatives and artificial sweeteners which have been presented. 

REPORT ON BENZOIC AND VANILLIC ACID ESTERS 

By W. J. MCCARTHY (Food and Drug Administration, Federal 
Security Agency, Cincinnati 2, Ohio), Associate Referee 

During the past year experimental work on the recovery of ethyl 
vanillate from orange juice and tomato juice was carried out on solutions 
of the juices made up to contain 0.1 per cent ethyl vanillate. For this work 
a stock solution of ethyl vanillate was prepared by dissolving the required 
amount in a slight excess of normal sodium hydroxide solution and then 
adding distilled water to desired volume. 

The method of analysis used on these samples was the general outline 
as described in the previous report October 1947,** except that chloroform 
was used as solvent instead of ether, and any alcohol formed on hydroly
sis was not removed. Recovery of ethyl vanillate from the orange juice 
preparation was 95.4 per cent, and from the tomato juice 94.6 per cent. 
The vanillic acid was determined by actual weight along with melting 
point. 

In view of the fact that ethyl vanillate is not manufactured commer
cially and hence is not being used in food products, the above method has 
not been tmbjected to collaboration. 

It was noted in last year's report that ethyl vanillate was not available 
commercially, and recent information from the Institute of Paper Chem
istry, Appleton, Wisconsin, shows that the same situation exists today. 

Since the use of ethyl vanillate as a preservative for food is not a cur
rent problem, and in view of the workable method herein described, it ill 
recommended t that work on this subject be discontinued until a regu
latory problem exists. 

* For report of Subcommittee C and action of the Association, 8ee This Journal, 32~ 57 (1949) .. 
•• This Journal, 31,478 (1948). 
t For report of Subcommittee C and action of the Association, see This Journal, 32, 51 (1949). 
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REPORT ON QUATERNARY AMMONIUM COMPOUNDS 
IN FOODS 

By .TOH~ B. WILSON (Food and Drug Administration, Federal Security 
Agency, Washington, D.C.), Assodate Referee 

This year the Associate Referee made up samples of thirteen foods by 
adding quaternary ammonium compounds to them and submitted them 
to nine collaborators. The samples could not be sent out until the latter 
part of July because of difficulties encountered in obtaining some of the 
groceries which had been selected for study. So far, complete reports 
have heen submitted by only three collaborators and partial reports from 
three others. The Associate Referee feels that more time should be al
lowed the collaborators and is postponing the report on these samples for 
another meeting of the Association. The foods used fall into five groups, 
as follows: 

1. Beverages: Root beer, creme soda, imitation grape soda. 
2. Dressings: Mayonnaise, French dressing, sandwich spread. 
3. Milk: Two water solutions to be added to milk. 
4. R.elish: Chopped pickle relish with the addition of quaternary ammonium 

compounds at two levels. 
5. Fruit Juices: Apple, tomato, orange. 

It is hoped that the remaining collaborators will have an opportunity 
to complete the analyses during the coming year and have reports ready 
before the next meeting. 

RECOMMENDATIONS* 

It is recommended-
(1) That the ferricyanide method for quaternary ammonium com

pounds in commercial preservatives, This Journal, 31, 105 (1948), be 
made official, final action. 

(2) That the method [or table sirup, Ibid., 31 :108 (1948) be made 
official, final action. 

(3) That the method for bottled beverages containing fruit juices, Ibid., 
31,106 (Hl48), be made official, final action. 

(4) That the method for beer, Ib1:d., 31, 108 (l948), be made official, 
final action. 

(5) That collaborative study be continued on the following meLhod~: 
(a) Method for Fruit Juices, Ibid., 29, 318 (1946). 
(b) Shorter Method for Fruit Juices, Ibid., 29, 319 (1946). 
(c) Method for Bottled Sodas, Ibid., 29,323 (1946), subject to 

increasing the volume of bromophenol blue reagent to 5-10 ml. 
(d) Method for Milk, Ibid., 29, 324 (1946), on samples containing 

preservative quantities of quaternary ammonium compounds. 

" For report of Subcommittee C and action of the Association, see This Joumal, 32, 57 (1949). 
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(e) Method for Mayonnaise, Salad Dressings, and Sandwich 
Spreads, Ibid., 29, 323 (1946). 

(f) Method for Pickles and Relishes, Ibid., 29,326 (1946). 

REPORT ON MONOCHLOROACETIC ACID 

By JOHN B. WILSON (Food and Drug Administration, Federal 
Security Agency, Washington, D.C.), Associate Referee 

INTROD UCTION 

Collahorative samples 5-101 were submitted to the collaborators listed, 
with the instruction given below. 

Sample 5 was a commercial preservative. 
Sample 6 consisted of canned orange juice to which a weighed amount 

of monochloroacetic acid vvas added and mixed in a five-gallon bottle. 
The mixture was filled into quart bottles which were then heated at 
100°C. in an "Arnold Steam Sterilizer" for 30 minutes 'with the screw 
cap barely loose to permit the escape of air. 

Samples 7, 8, and 9 consisted of Orange Soda, Imitation Strawberry 
Soda, and Beer, respectively. In these cases water solutions of mono
chloroacetic acid were prepared containing such quantities of the chemi
cal that when 5 ml of the solution was pipetted into a bottle of the prod
uct it would impart the desired amount of the preservative. As the:se 
products were all carbonated and closed with crown caps, they were 
cooled in a freezing room for several hours. When cold the crown cap 
was removed, 5 ml of the appropriate solution added with a pipet, the 
bottle re(:apped at once, and mixed. 

In the preparation of Sample 10 a weighed quantity of monochloroaee
t.ic acid was dissolved in 16 liters of red wine and after thorough mixing, 
filled into quart bottles closed with screw caps. 

DIRECTIONR FOR COLLABORATORS (1948) 

1. Efficiency of Extrac/ors. 
Before proceeding with the analysis, determine the effieiency of your extractors 

as follows: 
Prepare a solution containing 1 gram of monochloroacet ic acid per liter. Follow

ing the method, extract several aliquots (100 ml, 50 rol, 25 ml) diluted to 100 ml with 
water, for various lengths of time (2 hrs, 3 hI'S, 4 hrs, etc.), hydrolyze and determine 
Cl in order to find the time needed to obtain a recovery of 95 % or more. 

II. Sample 6. Preservative. 
(a) Pipet a portion of sample into a volumetric flask, make up to the mark 

with water and determine monochloroacetic acid in duplicate, in aliquoLs containing 
1 to 2 ml of the original sample, by methods 1 and 2 below. Report as mg CII2Cl 
COOH per 100 ml. 

Method 1. Follow This Joumal, 31, 104 (1948). 
Method 2. To 100 1111 of sample add 3 ml of H 2SO, and shake in a separatory 

~ For last year's report, using 4 8s,mples, see This Journc.l. 31, 484 (1948). 
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funnel with three equal volumes of ether. Unite the ether extracts and wash by 
shaking with two 30 ml portions of 1 N NaOH. Hydrolyze for 2 hrs on the steam 
bath and determine CI as in Method 1. 

Barium Test 

(b) Dilute 4-5 ml of sample to 100 ml, add 6 ml of H 2S04 (1+1), and extract 
with an equal volume of ether in separatory funnel. In cases where emulsions form, 
extract in a continuous extractor for 1 hour. Transfer the ether extract to a separa
tory funnel, add a few drops of phenolphthalein indicator, 5 ml of ±0.1 N Ba(OH)" 
and shake for SO seconds. If the water layer takes on the pink color of phenolphtha
lein, transfer thru a filter paper to a small beaker. Add ±0.05 N acetic acid until 
colorless and evaporate to 1-2 ml on the steam bath. Allow the remaining liquid to 
evaporate spontaneously in the air and finally in a desiccator. If 5 ml of Ba(OI-Ih 
does not give a pink water layer, add 5 ml more before separating. Hepeat the ex
traction with Ba(OHJ, several times or until a pink soln is obtained, evaporating 
each barium soln in a separate beaker. Examine the crystals under the polarizing 
microscope. 

Optical-Crystallographic Properties oj Barium !vI onochloracetate 

Barium monochloracetate monohydrate crystallizes from water in plates, many 
of which are hexagonal in habit and frequently forming in overlapping layers. Even 
in material that has been finely powdered for microscopic examination, the pointed 
terminations of the plates, often in pairs, can be observed. In parallel polarized 
light (crossed nicols), the extinction is parallel and the sign of elongation negative on 
the more elongated plates. The plates invariably extinguish sharply with crossed 
nicols and therefore interference figures were not observed in convergent polarized 
light (crossed nicols). In view of the fact that the plates persistently lie in one orien
tation the significant refractive indices were determined by the statistical method, 
measuring the lowest and highest indices, respectively, on plates showing the maxi
mum amount of double refraction. These two indices are therefore arbitrarily desig
nated as n" (the minimum value) and ny (the maximum value). The two significant 
refractive indices are: n" = 1.582 and ny =1.611, both ±0.002, and frequently 
shown on the platy fragments. . 

Solutions containing dichloracetic acid yield a barium compound that produces 
a vitreous residue, which is hygroscopic. A crystalline barium trichloracetate is 
formed under the conditions set forth, but so far it has not been found suitable for 
microscopic identification although it crystallizes in a habit distinctly different from 
barium monochloracetate,2 

(c) Barium-Indigo Test 

REAGENTS 

(1) Anthranilic acid reagent.-Dissolve 1 g anthranilic acid in 40 ml of H 20, 
add O.S g NaOH, and make up to 50 m!. 

(2) Caustic soda soln.-Dissolve 10 g N aOH in 10 ml H 20 and filter if necessary. 

PROCEDURE 

Dissolve 0.17 g of the barium salt in 5 ml H 20 in a 10 m! graduate, add 1.05 
ml of 1.0 N H 2SO., make up to 10 ml, and mix. Let stand until the precipitate 
settles or filter if preferred. Pipet 3 ml of the clear liquid into a small beaker, add 2 
ml anthranilic acid reagent and 30 mg Na,CO. (weighed). Test with litmus paper. 

:1 NOTE: Have a field chemist familiar with the procedure make the microscopic examination of the 
crY:.:Jtals (This Journal. 27, 447 [1944]). and send any remaining crystals to the Microchemical Section for 
check ana.lysis. 
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If acid, add one additional ;:;0 mg of ~ a.CO,. Pour into test tube and heat in water 
bath for ~ hour. Place the test tube in an oven at 125° ±5°C. until only a moist resi
due remains. Remove from the oven, add 2 drops of caustic soda soln directly upon 
the residue. (If the residue is entirely dry, add 1-2 drops H 20 and let stand until 
absorbed by the residue before adding the strong NaOH), return to the oven until 
completely dry (at least 1 hour). Remove from the oven and heat the test tube at 
310°-320°C.' until the contents assume an orange color. (This requires 15 seconds 
to 2 min., but must be carefully watched to remove from the heat as soon as the 
reaction is complete). Cool slightly, add 5-7 ml H 20 from a wash bottle, splashing 
the water to incorporate air into it. 'Warm over a flame and blow air thru the soln 
1-2 min. using a pipet or glass tube. Heat to boiling over the flame and again blow 
air thru the soln. (As the oxidation progresses, the soln turns red if monochloroacetic 
acid is present, then green or blue or a combination of the two, and finally solid par
ticles of indigo separate out. They have a tendency to rise to thc surface at first.) 
Let the mixture stand about 10 min., then acidify slightly with HCI (1 + 1). After 
standing further for! hr. filter and wash the precipitated indigo with watcr to remove 
acid. Allow t.he paper to dry in the air and preserve as an exhibit. 

Indigo Test 
(d) Dilute 2 ml of sample to 100 ml, add 3 ml of H 2S04 and shake with 100 ml 

of ether. Add i\ ml of anthranilic acid reagent to the ether extract, evaporate at a low 
temp., filter off any insoluble matter and apply the indigo test as under (c) beginning 
"Test with litmus paper, etc." 

Pyridine Test 
(e) Extract 2 ml of sample as under (d) and treat the ether extract by the method 

in This Journal, 29: 104 (1946) under the heading "Qualitative method applicable 
to Beverages and Fruit Juices" parts 1 and 2. 

III. Samples 6 to 10, inclusive. 
(a) Mark the contcnts level of the bottles containing samples 7, 8, and 9 so that 

they may be measured subsequently and report the contents measured. 
(b) Determine monochloroacetic acid in duplicate in 100 ml of sample by meth

ods 1 and 2 above, p. 489. Report as mg CH2CI COOl{ per 100 ml, and in case of 
Samples 7, 8, and 9 also rcport as mg CH,Cl COOR per bottle. 

PREPARATION OF SAMPLE 

(c) Acidify two 100 ml portions with 3 ml of H,SOI and extract, using either COll

tinuous extractors or separatory funnels (state which is used) and apply the indigo 
test to one extract and the pyridine test to the other. 

1. Indigo test.-Add 3 ml of anthranilic acid reagent to the ether extract and 
evaporate at a low temp. If any insoluble matter (oily or solid) separates out, filter 
the remaining liquid thru a small wet filter paper into a 50 ml beaker. If no insolubles 
come out, transfer the residue to beaker. Now apply the test as described under II 
(c) "Barium-Indigo Test" beginning "Test with litmus paper, etc." 

2. Pyridine test.-Treat the extract by the method in This Journal 29: 104 
(1946) under the heading "Qualitative Method applicable to Beverages and Fruit 
Juices," parts 1 and 2. 

(d) In the case of Samples 9 and 10 apply the Mallory-Love procedure to 100 
ml of sample. Ind. Eng. Chem., Anal. Ed., 15: 492, (1943) . 

.B For the fusion at 31D-320°C use a. brass block having a well to contain the test tube :':!.nd a second 
well to contain a thermometer. The block is wrapped with" coil of nicrome wire and the heat controlled 
by 3. variable voltage transformer. Analysts ha.ve used muffle furna.ces, micro-burners, WoodIs metaL or 
Bolder baths, etc., for the fu~ion with equal success. 
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The following persons collaborated in these tests: H. M. Bollinger, Los Angeles, 
Calif.; Harry W. Conroy, Kansas City, Kans.; Joyce Holberg, Minneapolis, Minn.; 
Gardner Kirsten, New York, N. Y.; D. W. McLaren, Buffalo, N. Y.; Angus J. 
Shingler, Atlanta, Ga.; John D. Wilson, Washington, D. C. All were members of the 
staff of the U. S. Food and Drug Administration, Federal Security Agency. 

Since most of the collaborators reported the results obtained in the 
determination of the efficiency of their extractors, they have been brought 
together in Table 1. 

TABLE l.~Efficiency of extractor.5 llsed on monochloroacetic acid 

TIM£:. 

cor .. LABORATOR 

PRESENT 2Ims. 3 1ffi8. 

------~~····-····----------I-----------· 

H. M. Bollinger 

Harry W. Conroy 

.Joyce Holberg 

D. W. McLaren l 

Angus J. Shingler 

.John B. Wilson 

my 

25 
50 

100 

25 
,'50 

100 

25 
100 

25 
50 
50 

100 

25 
50 

peT cr,nt 

92 
93 

94 
92 
87.5 

102.3 
99.7 

94.0 
97.6 
98.6 
93.5 

90.8 
94.6 

per cent 

97 

99 

Over 95 

97 
94.5 
97 

10,2.3 
99.7 

99.2 
99.2 
99.2 
99.0 

95.2 
99.2 

1 Extractors used by this collaborator are made of tubing 1 inch in diameter. They are about 47 inch,,:~ 
in length, with the delivery tube 30 inches from the bottom. The 100 ml of sample was diluted "''ith 100 ml 
of water for the extraction. 

The results obtained with quantitative methods 1 and 2 (which differ 
as to mode of extraction) are given in Table 2. The average recoveries 
by both methods are well above 90 per cent for all samples except the 
orange juice. 

QUALITATIVE TESTS 

The collaborative results on the qualitative tests are given in Table 3. 
These results warrant the adoption as official, first action, of the fol

lowing qualitative tests; 
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A. For use on commercial preservatives: 
(1) The Barium Test, accompanied by microscopic identification 

of the crystals. 
(2) The Barium-Indigo Test. 
(3) The Pyridine Test. 

B. For use on carbonated beverages, fruit juices, and beer: 
(1) The Indigo Test, as given in this report. 
(2) The Pyridine Test. 

Several collaborators consider the Mallory-Love version of the indigo 
test too tedious and others lack confidence in it because of frequent fail-

TABLE 3.-Monochloroacetic acid (qualitative tests) 

'I'EST SAMPLE B C G H K MeL S W 

Barium .5 +, +, +' ~2 +, +, +' 
Indigo Barium 5 + + + + + + + 
Indigo I'i + + + +, +, +, +, 

6 +' +, + +' + + - + 
7 + + + + + + + 
8 + + + + + + + + 
9 - + + + + + - + 

10 - + + + - + + 
Mallory-Love 9 - + + + + + 

10 + + + + + + 

Pyridine 5 + -r + + + + + 
6 + + + + + + - + 
7 + + + + + + + + 
8 + + + + + + + + 
9 + + + + + + - + 

10 + + + + + + + + 
--

1 CrYRi,als of burium monochloracetate were identified microscopically by W. G. Helsel l Microarutlytical 
Section. 

,. Crystals of barium monochloracetate were also identified microscopically by C. A. Wood, New York, 
N. Y. 

a: Extractions for these tests made with a continuous extractor. 
" Extractions for these tests made in separatory funnels. 

ures to obtain the test when they felt certain that monochloroacetic acid 
was present in the sample being examined. However, the Associate 
Referee freely admits that no qualitative test for monochloroacetic acid 
has yet been devised which can be guaranteed against failure, so that 
he has reached the conclusion that while a positive test by any of the pro
cedures studied is conclusive evidence of the presence of monochloroacetic 
acid, a negative test by any or all of them is no guarantee of the complete 
absence of monochloroacetic acid. 
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For in~tance, on frequent occasions it has been found that the barium 
monochloracetate crystals in the residues obtained from food samplee 
·were very much like the proverbial needle in a haystack. For this reason 
it has been decided to limit its use to commercial preservatives. There 
have been times, however, when the crystals could not be found but the 
Indigo test on the crystals was successful. 

The Pyridine test has been subject to failure at times because of un
known impurities which interfere with crystallization of the betaine. 
However, most acid substances are eliminated if sufficient pyridine is 
added in the test. If morc than 5 ml of normal sodium bicarbonate solution 
is required to extract the acids from the ether, as has happened frequently 
in this laboratory, there should be a corresponding increase in the quan
tity of pyridine added, in which case the acids distil off under diminished 
pressure with the pyridine. 

The Indigo test is subject to failure because the dried mixture in the 
test tube may be so dark that the color changes during the fusion cannot 
be observed, and the analyst is not only deprived of seeing the color 
changes which show the presence of the chemical, but is even unable to 
tell when the requisite fusion period is over. 

In the Mallory-Love version of this test there are three evaporations, 
(1) in a dish from ether and alcohol, (2) in a beaker from ether, and (3) in 
a beaker from benzene. Monochloroacetic acid may be lost at any of 
these points if the residue is allowed to go completely dry, The vessel 
must be removed from before the fan at just the right moment to have the 
test work perfectly. 

Another danger point is in the extraction with benzene, since an exces
sive quantity of water at this point will cause enough loss of monochloro
acetic acid in the water layer to vitiate the test. 

Members of the Food and Drug Administration in Cincinnati, Chicago, 
and Buffalo have suggested procedures for purification of the ether extract 
by treatmenL with barium hydroxide and other means which the Associ
ate Referee will investigate further for next year's work on the analysis 
of wine. 

RECOMMENDATIONS' 

It is recommended-
(1) That the method for the determination of monochloroacetic acid, 

This Journal, 31,104 (1948), be adopted as official, final action, for carbo
nated beverages. 

(2) That the method for the determination of monochloroacetic acid, 
Ibid., 31,104 (1948), be adopted as official, first action, for beer and wine. 

(3) That the fonowing parenthetical expression be added to the method 
for monochloroacetic aeid in carbonated beverages, beer, and wine (Ibid., 

* For report of Subcommittee C and a.ction of the Association, see This J ournel, 32. 57 (1949). 
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p. 105) after the sentence ending "extract with ether 2-3 hours." "(Use the 
length of time found necessary for a recovery of at least 95 per cent when 
known quantities of monochloroacetic acid are extracted in the ap
paratus.)" (Official, first action.) 

(4) That the following paragraph be added to the method for mono
chloroacetic acid: (Ibid. 104 (1948): "The following equally efficient means 
of extraction may be used: 

'To 100 ml of sample add 3 ml of H 2S04 and shake in a separatory funnel with 
three equal volumes of ether. UniLe the ether extracts and wash by shaking with 
two 30 ml portions of 1 N NaOII. Unite the two I\aOH solutions and digest as 
above.'" Orficial, final action. 

(5) That the following method be adopted as official, first action. 

Determination of Monochloroacetic Acid in Commercial Preservatives 

Prepare a dilution of the sample that will permit the mcaSUl"ement of a con
venient aliquot containing SO-IOO mg of monochloroar,et,ic acid and determine ill 
such aliquot as directed under the method for carbonated beverages. 

(6) That the following qualitative tests for monochloroacetic acid in 
commercial preservatives be adopted as official, first action, as given 
above under "II. Sample 5." Barium Test; Barium-Indigo Test; Indigo 
Test; Pyridine Test. 

(7) That the following qualitative tests for monochloroaceLic a6d in 
carbonated beverages, orange juice, beer and wine be adopted as official, 
first action, as given above under "III. Samples 6-10, inclusive." Indigo 
Test; Pyridine Test. 

(8) That further work be done on the determination of monochloroa~e
tic in fruit juices including orange juice. 

(9) That further work be done on qualitative tests for monochloroace
tic acid. 

REPORT ON MOLD IN'HlBITORS 

By LEWIS H. McROBERTS (Food and Drug Administration, Fed~ral 
Security Agency, San Franci::3co, Calif.), Associate Referee 

LOSSES OF PROPIONIC AND ACETIC ACIDS IX THE BAKING 
AND AIR DRYING OF BREAD 

The previous report (1) outlined procedures for thc detection of added 
propionates in hakery products. Samples of air dried ·white bread prepared 
with sodium propionate were submitted to collaborators for analysis by 
the method now adopted as "tentative" (2). These experiments disclosed 
a loss of propionate that apparently took place during baking and/or air 
drying in preparation of samples. The present investigation has been 
directed to determining the source or sources and the magnitude of this 
loss. The experiments were expanded to include the addiLion of acetic 
acid by means of the product "sodium diacetate" and to both white and 
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"'hole "wheat breads. The fresh bread was analyzed to detect baking loss 
and the air dried bread to determine total loss by that method of sample 
preparation. The total loss less the apparent baking loss was then at
tributed to air drying. 

BREAD PREPARATION 

The bread for the experiments described in this report was baked m 
the cereal ;,;ection laboratory of the U. S. Food and Drug Administration 
in Washington, D.C., by V. E. Munsey, and was forwarded by air expreDD 
to this destination. The following descrihed formula ,\"as used for both 
white and whole wheat breads: 

Flour 315 gms. Lard 10 glll5. 

IVater 198 gms. Sugar 12 gms. 
Yeast 8 gms. Salt 7 gms. 
Dry Skim Milk 12 gms. 

The first baking consisted of nine one-pound, white loaves of ,vhich 
three were for control, three contained added "sodium diacetate" and three 
contained added sodium propionate. The inhibitors were added to the 
flour in the proportion of 0.25 per cent diacetate and 0.20 per cent propion
ate, or, respectively, 0.16 per cent and 0.12 per cent in the bread. This 
series of samples was then duplicated in whole wheat bread with the 
exceptions that the inhibitors were added to the dough for each loaf in 
amounts of 0.16 per cent of propionate or diacetate on the finished bread 
hasis. The loaves were ,yeighed one hour after baking and upon receipt at 
destination. Weight losses in transit were found to be 3-5 per cent. Analy
ses were started on the fresh bread in from one to two days following 
baking. The white bread was air dried for four days and the whole wheat 
bread for seven days at 23-25°C previous to grinding to 20 mesh in a steel 
burr mill. 

Samples of the propionate-flour mixture, diacetate-flour mixture, wheat 
flour, sodium propionate, and "sodium diacetatc" used in preparing the 
breads were analyzed to check the mixing of Hour and inhibitor, the 
amount added, and the purity of the inhibitors as to propionic or acetic 
acids available. 

SAMPLE PREPARATIO:'\ 

The three loaves of each batch were sliced to give about eighteen slices 
per loaf and divided into two composites by alternate slices. The com
posites were then weighed and designated as one portion to be analyzed 
fresh and one portion for air drying. From this point, subsequent prepara
tion was as previously described (2). 

METHOD 

The tentaijve method for volatile fatty acids in bakery products (2) was used in 
the analysis of all samples. Flour mixtures with added inhibitors were treated the 
same as air dried bread. Sodium propionate or sodium diacetate were distilled di
rectly on the basis of 500 mgs of the original inhibitor in the distillation flask. 
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RESULTS 

(1) Sodium Propionate.-The propionate added in the preparation of the bread 
was laheled sodium propionate. In that the calcium salt is often used for the same 
purpose, tests were made for calcium with negative results. The pH of a 0.5 per cent 
solution was found to be 6.9. When distilled (3) from a solution made acid to Congo 
Red with sulphuric acid, propionic acid was identified by the standard "C" ratio 
for that acid, and by the formation of characteristic mercurous propionate crystals. 
:'J 0 other volatile aeids were detected. The purity as sodium propionate was cal
culated to be 98.5 per cent. 

(2) "Sodium Diacetate."-The chemical sold under this name has been described 
as a "solid form of acetic acid." The powder is acid to litmus and has a faint odor of 
acetic acid. The pH of a 0.5 per cent solution was found to be 4.7. Free acid was 
determined by titration to phenolphthalein end-point. When distilled (3), acetic acid 
was identified as the only volatile acid present. Total titrations on the basis of 250 
ml distilled were calculated to this acid. The following results were obtained: 

Free acid calculated as acetic 
Total volatile acids as acetic 
Combined acid (By difference) 
Combined acid (Calc. as anh. sociium acetate) 
Total Calculated 

Per cent 
34.02 
76.81 
42.79 
58.45 
92.47 

The figure of 76.8 per cent total available acetin acid was used in calculating 
rewveries of added "sodium diacetate." 

(3) White flour-sodium propionate rnixtU1 (. 
Added 0.20 % soJium propionate 
Determined:-Formic Acid- 1.3} A 

1.3 v. 1.3 mgs·/IOO gms. 

Acetic Acid--None detected 
Propionic Acid- 168.01 

165.of Av. 166 .. 5 mgs./l00 gms. 

Calculated:- Sodium Propionate- 216.5 mgs./100 gms. (0.22%) 

(4) While flour-sodium diacetate mixture. 
Added 0.25% sodium diacetate 
Determined:-Formic Acid- 1.3

1 
A 14 /100 

1.5 v. . mgs., gms. 

Acetic Acid- 204.1 
200.8f Av. 202.5 mgs·/100 gms. 

Propionic Acid-None detected 
Calculated :-Sodium Diaeetate- 263.7 mgs./lOO gms. (0.26%) 

(5) Flout. 
(a) White flour. Previous analyses of starch and white flour by the volatile 

acid procedure (2) indicated trace amounts of acetic acid (less than 
0.01 %). 

(b) Whole wheat flour. The whole wheat flour used in the preparation of the 
wheat bread was analyzed (2) with the following results: 

Formic Acid 3.8

1 
A 

3.4 lW. 3.6 mgs·/lOO gms. 

Acetic Acid 7.0 A 

7.5 ">.V. 7.3 mgs·IIOO gms. 

Propionic Acid None 
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[The above described analyses show that the inhibitors were thoroly mixed with 
the white flour and that the method gave efficient recoveries when applied to 
these mixtures. Recovery experiments were previously reported wherein propionic 
acid was added to air dried bread (1)1. 

(6) White and Whole Wheat Breads-Propionate and Diacetate Recovery. 
The results of analysis for volatile fatty acids on control breads and breads COIl

taining added inhibitors are listed in Table]. All of the results on fresh bread and on 
air dried samples have been calculated to the original fresh basis-one hour after 
baking. 

DISCUSSION 

Substantial losses of both propionate and diacetate have been found 
to take place during baking and for the most part additional greater 
losses during the air drying of bread in sample preparation. Bread is 
slightly acid and it would be expected that losses of the volatile acids 
would occur at the relatively high temperature of baking. The time re
quired for the air drying of bread to about 10 per cent moisture depends 
on the relative humidity and circulation of air. From two to four days are 
allowed at this location. Apparently there is a gradual loss of propionic 
and acetic acids during the period of drying. Greater ail' drying losses 
are observed in the wheat bread than in the white bread. The pH of both 
types of the samples analyzed is about the same and does not affonl any 
basis for conclusion as to the reason for this difference. The difference 
may have been due to the longer period of drying for the wheat bread. 

Where propionates are used in amounts considered general commercial 
practice (0.2-0.25% in the flour or 0.12-0.16% in the fresh bread) they 
may be detected in the analy::;is of air dried bread by the volatile acid 
procedure described in the previous report. However, the results of the 
present experiments indicate the fresh sample basis to be preferable even 
though it is necessary to air dry for reserve and subsequent analysis. 

No propionic acid was calculated in the control samples or in samples 
with added diacetate. 

All previous and presf'nt analyses made by the Associate Referee in 
the determination of volatile fatty acids in bread show that acetic acid 
is normal in bread and in amounts that must be taken into account in the 
detection of added acetic acid whether from vinegar or sodium diacetate. 

ACKNOWLEDGMENT 

The Associate Referee acknowledges with appreciation the assistance of 
V. E. Munsey (U. S. Food and Drug Administration, Washington, D. C.) 
in the preparation of the bread samples that are the basis of the present 
report. 

It is recommencled* that investigation 01 an alternative chromato
graphic technique (4) for the identification and estimation of volatile acids 
in bakery products be undertaken. 

* For report of Subcommittee C and action of the Association. see This J Dumal, 32, 57 (19{9). 
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REPORT ON THIOUREA IK FOODS 

By W. O. WINKLER (Food and Drug Administration, Federal 
Security Agency, Washington, D. C.), Associate Referee 

In last year's report, two methods were proposed for the determination 
of thiourea; one f or oranges or orange juice and the other for frozen dessert 
peaches. These methods were proposed as tentative. The one for orange 
juice employed amyl alcohol for the extraction of thiourea from the con
centrated sample and the removal of the thiourea from the amyl alcohol 
by a water extraction. This procedure was followed in order to separate 
the thiourea from a substance in the juice which inhibited the reaction 
with a hydrated form of sodium cyano ferrate (modified Grote's reagent). 

It was stated in last year's report that the inhibitor appeared to be a 
reducing agent. Experiments this year have shown that ascorbic acid 
exerts a similar inhibitory effect on the reaction between thiourea and the 
modified Grote's reagent. The ascorbic acid in the juice therefore is evi
dently one substance which inhibits the above reaction. Inasmuch as the 
reagent apparently oxidizes1 the thiourea first to formamidine disulfide 
before the coupling reaction, it seems possible that the effect of the in
hibitor (ascorbic acid) might be removed by a preliminary oxidation of 
the sample. At the same time, the thiourea (being easily oxidized) would 
be oxidized to the disulfide stage and could be determined if conditions 
were such that it remained stable during the course of the determination. 

The disulfide has been shown to form rather stable salts with some 
strong acids. However, the reaction with the cyano ferrates does not take 
place readily in too strong acid solutions. 

In view of these findings a direct and rapid method was devised which 
gave excellent results, in the hands of the Associate Referee, on samples 
of fresh orange juice containing known quantities of added thiourea. 
Briefly, the method consists of the clarification of the strained orange 
juice, oxidation with excess of standard iodine solution in strong acid, 
reduction of acidity with sodium acetate, and determination of thiourea 
by use of sodium cyano ferrate reagent (modified Grote's reagent) and a 
photometer. Some results obtained by the Associate Referee are given in 
Table 1. 

In the opinion of the Associate Referee, the results obtained are ex
cellent. 

1 Thi. Journal, 31, 476 (1948); Analyst, 71, 562 (1946). 



1949] WINKLER: REPORT ON THIOUREA IN FOODS 503 

A sample of orange juice was prepared, to which was added 30 p.p.m. of 
thiourea, and after thorough mixing was placed in pint bottles having 
plastic caps. The bottles were loosely capped and placed in an oven at 
100°C for 30 minutes to sterilize the sample. The bottles were then tightly 
capped and allowed to cool. After cooling and standing, the samples 
appeared dark, with a rather brownish cast. 

One bottle of the sample was sent to each of a number of collaborators, 
with the request that they determine thiourea both by the tentative 
method proposed last year and by the new rapid oxidation method. The 
results obtained by collaborators and the Associate Referee were disap-

TABLE 1.-Results oj thiourea determination on fresh orange juice, 
by th,e rapid oxidation method 

THIOUREA. THIOUREA 
DTF!i"ERENCE 

A.DDED FOUND 

p.p.m. p.p.m. p.p.m. 

9.1 9.2 --'-0.1 
18.2 18.2 +-0.0 
30 29.0 -1.0 
27.3 27.4 +0.1 

pointing. Those obtained by the rapid oxidation method varied from 20.7 
to 24.9 p.p.m., and results by the tentative method varied from 16.5 to 
26.0 p.p.m. 

Immediately after making the determination on the A.O.A.C. sample, 
the Associate Referee prepared a sample of fresh orange juice to which 
were added 30 p.p.m. of thiourea; no heat treatment was applied. Determi
nations of thiourea were made on this sample by the rapid oxidation 
method and recoveries of 29.0 and 29.1 p.p.m. were obtained. 

It is the opinion of the Associate Referee, therefore, that the heat treat
ment for sterilization of the A.O.A.C. sample was too drastic and de
stroyed a portion of the added thiourea and partially caramelized some of 
the sugars, as shown by the dark color. No doubt this accounts for the 
low, rather erratic results obtained by collaborators. Comments by col
laborators indicated that the rapid oxidation method was much preferred 
to the tentative method. The rapid method is proposed as a tentative 
method until further collaborative work can be done. Details of the rapid 
oxidation method are given in the February number of This Journal, on 
page 100, under "Changes in Methods of Analysis." 

RECOMMENDATIONS* 

It is recommended-
(1) That the rapid oxidation method for thiourea in oranges or orange 
* For report of Subcommitt.e«:> C and action of the Association. see This Jou1'nal, 32, 58 (1949). 
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juice, given in this report, be adopted as tentative, and that the present 
tentative method for thiourea in orange juice be dropped. 

(2) That work on the detection and determination of thiourea in foods 
be continued. 

REPORT ON FORMALDEHYDE 

By HOWARD P. BENNETT (Food and Drug Administration, Federal 
Security Agency, ~ew Orleans, La.), Associa.te Refe7"ee 

Methods for the detection of the toxic preservative, formaldehyde, have 
not heen extensively studied by the Association for many years. Work 
done by Oakley (1) pointed up a need for restudy of this topic. Two recent 
references in the literature (2, 3) show that the use of this compound is 
not exactly a dead issue and there is an ever present temptation to apply 
it to food material. 

The Association has indicated that present unused and out-dated 
method<i should be deleted from the j1;fethods of Ana.lysis and newer meth
ods for the dotection of formaldehyde studied. The study of Oakley, 
mentioned above, shows well the strength and "\vcakness of present meth
ods. The writer undertook the study of some new methods; and on the 
basis of these studies, the following recommendations are made. 

RECOMMENDA TIONS* 

It is re<.:ommended that the Hehner Test (32.21) for testing milk be 
studied as modified according to directions of Fulton (4), as follows: 

HEHNER-FULTON TEST FOR FORMALDEHYDE IN MILK 

Dilute 8 ml of coned. sulfuric acid with 5 ml of water, cool, and put 4 ml of this 
diluted acid in a test Lube. Add 1 rol of the milk t,o the sulfuric acid slowly and mix 
with cooling. A clear and practically colorless soln results unless a large proportion 
of formaldehyde is present. Prepare a bromine oxidizing soln by mixing equal vol
umes of coned. sulfuric acid sond saturated bromine water, and cooling. Add ca 0.5 
ml of this oxidizing 50ln to the sulfuric acid milk soln and shake. In the presence of 
formaldehyde a viold color develops at once, a color ranging to light purplish pink 
for very small SlUounts of formaldehyde. Make a blank determination for com
parison. 

It is further recommended that, the two following methods be tiubjected 
to collaborative study at an early date. 

TANNIC ACID TEST FOR FORMALDEHYDE 

Reagenl.-Dissolve 50 mg of tannic acid in 100 ml of concd. sulfuric acid. 

THE TEST 

To 5 rol of the reagent in a small casserole add 1 ml of the distillate (32.19). 
Heat on steam bath for 5 min. The appearance of a green or blue-green color indi-

* For report of Subcommitt.ee C a.nd action of Ole A::;.s<'lcio..tion, see Tliis Journal, 32,57 (1949). 
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cates formaldehyde. Make a blank determination for comparison. (As little as 2 
micrograms of formaldehyde can be detected.) 

CHROMOTROPIC ACID TEST FOR FORMALDEHYDE (5) 

Reagent.-Yrake a saturated soln of purified chromotropic acid (ca 500 mg/IOO 
ml) in ca 72% sulfuric acid. 

1'HE TES~' 

Place 5 ml of the reagent in a test tube, and add with mixing 1 ml of the dis
tillate (32.19). Place in a boiling water bath for 15 min. The presence of formalde
hyde is indicated by a light to deep purple color, depending upon the amount pres
ent. (As litt,]e as 4 micrograms may be detected, and thi) test is very specific.) 

LITERATURE CITED 

(1) OAKLEY, MARGARETHE, This JO'urnal, 28, 296 (1945). 
(2) Chemical Abstracts, 38, 4706 (1944). 
(3) Ibid., 42, 2687 (1918). 
(4) FULTON, C. C., Ind. Eng. Chem., Anal. Ed., 3, 199 (19:31). 
(Ii) EEGRIWE, EDWIN, Z. Anal. Chem., 110, 22 (1937). 

No report was given on saccharin, dichloroacetic acid, dulcin, or 1-
propoxy, 2-amino, 4-nitro benzene. 

No report was given on fill of container methods (food, drugs, and c()~
metics), or on coffee and tea. 

REPORT ON EGGS AND EGG PRODUCTS 

By FRANKLIK J. McNALL (Food and Drug Administration) Federal 
Security Agency, Cincinnati, Ohio), Refel"N: 

ADDED GLYCEROL 

During the past year the Associate Referee, George Keppel, has de
vised a pm'iodate method for the determination of added glycerol. It 
is recommended that this work be continued and the method be sub
mitted for collaborative study. 

ACIDITY OF FAT 

No report on acidity of fat was given by the Associate Referee. It is 
rece>mmended that this study be continued. 

RECOMMENDATIONS* 

In line with the Report of Committee on Classification of Method", 
the following recommendations are made: 

(1) That an Associate Referee be appointed to study the present tenta
tive method for Fat by Acid Hydrolysis (23.8). This method was adopted 

*" For report of Subcommitt.ee C and action of the Associa.tion, see 'l'h1'S Journal, 32, 5..'i (1949). 
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as tentative in 1933 but was never made official because of the lack of 
collaborative study. 

(2) That the tentative Qualitative Method for Glyccrol (23.25) be 
made official, first action, This test was given some collaborative study 
in 1932 and 1933 and it should be made official. 

(3) That the tentative Rapid Method for Acidity of Ether Extract 
(23.31) be made official, first action. The 1938 report shows method gives 
results in close agreement to present official method (23.29). 

(4) That an Associate Referee be appointed to study the tentative 
Method for Ammonia Nitrogen (23.33). It is our understanding that 
several states use this method or a similar one for the interpretation of 
cases involving the age of shell eggs. 

(5) That an Associate Referee be appointed for Succinic Acid in Eggs 
and that the method be studied collaboratively next year. 

REPORT ON ADDED GLYCEROL IN EGGS 
AND EGG PRODUCTS 

By GEORGE E. KEPPEL (Food and Drug Administration, Federal 
Security Agency, Minneapolis 1, Minn.), Associate Referee 

Studies were continued with special reference to the problem of isolat
ing glycerol from interfering compounds normally occurring in egg yolk 
and in whole egg. The method used for examining the isolated glycerol 
is based on a modification of the periodate oxidation procedure by New
burger and Bruening.! To obtain a sharper end point in titrating the 
formic acid formed, the excess periodate is reduced, and bromcresol pur
ple is substituted for methyl red as the indicator. 

EXPERIMENTAL 

Samples of fresh egg yolk containing no added glycerol were mixed with 
water and clarified by treatment with sodium tungstate solution and dilute 
sulfuric acid. This is essentially the method of Folin and Wu, commonly 
used in blood analysis for the preparation of protein-free blood filtrate. 
Aliquots of the egg filtrate, analyzed by the modified periodate method, 
show blanks of 0.2-0.3 per cent apparent glycerol. A number of other 
clarification reagents gave poorer results. Lead acetate, for example, in
troduces a buffer effect that interferes with the subsequent neutralization 
and titration. Lead nitrate-sodium hydroxide gives excellent clarification 
but the excess lead reacts with periodate and must be removed by sepa
rate steps. The same is true of other precipitants such as copper, zinc, or 

1 :-<ewburger, S. II., and Bruening, C. F., This Jo'urnal, 30,651 (1947). 
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mercury salts. Phosphotungstic acid yields clear filtrates, but titration 
end points are not as sharp as with tungstate. 

The nature of the interfering substances is not definitely known, but it 
appears that it may consist chiefly of dextrose, small amounts of which 
are normally present in eggs. Dextrose is one substance which would not 
be removed by the above clarification methods and which \vill yield acid 
by periodate oxidation. 

As the result of a number of mq)eriments designed to eliminate or reduce 
dextrose interference, a technique was devised which is effective in re
ducing blank values to the range of 0.05-0.08% apparent glycerol. An ali
quot of the filtrate is made alkaline and heated to boiling. This treatment 

TABLE I.-Effect of alkaline treatment on dextrose 

APPARENT GLYCEROL 
A.PPARENT 

REDUCTION IN 

DEXTfWSB 
GLYCEROL 

AFTER APPARENT 

ALKALINE TREATMENT GLYCEROL 
-_. 

mo rna rna per cellt 

5 3.96 1.34 66.2 
10 7.92 2.78 64.9 
25 19.80 7.80 60.8 
50 39.6 15.07 61.9 

100 79.2 25.30 68.1 

is based on the instability of reducing sugar solutions when heated in the 
presence of alkali. The solutions become yellow to brown in color, and 
various products of an acid nature are among the substances formed. 
According to Browne and Zerban2 1actic acid is produced in considerable 
amount by the action of alkalies upon many reducing sugars in the pres
ence of air or oxidizing agents. Among the other oxidation products, formic 
acetic and oxalic acid have been found. 

Results on dilute dextrose solutions treated with alkali and heated are 
shown in Table 1. In each case the dextrose solution was diluted to 25 m!. 
in an Erlenmeyer flask, 2 ml. of 10% N aOH added, mixed, heated to boil
ing, and boiled 15 seconds. To eliminate carbonate which interferes with 
the formic acid titration, the alkaline mixture is acidified, again boiled and 
cooled. It is then neutralized and the glycerol determination made. 

The results show that not all of the dextrose interference can be re
moved by alkaline treatment. However, in the case of quantities of sugar 
comparable to those found in normal eggs, the interference can be re
duced to a relatively small value. 

On the basis of the experimental_work described, a tentative method 
was devised to be used on egg products containing no added sugars. 

'Browne. C. A .• and Zerban. F. W .• "Physical and Chemical Methods of SUIt",r Ano.lysis." p. 653. Third 
Edition (1941). 
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METHOD 

REAGENTS 

Sodium tungstate soln.-Dissolve JO g of reagent grade sodium tungstate 
(Na2WO, ·2H20) in water and dilute to 100 ml. 

Potassium periudate, .02 lIf.-Dissolve 4.6 g of C.P. KIO. in ca 500 ml of hot 
water. Dilute to about 900 ml with water, ~ool to room temp., and make to 1 
liter. 

Sodium hydroxide, .02 N.-Dilute 100 mlO.l N N aOH to 500 ml with CO2-free 
water. 

Btomcresol purple ·indicator.-Dissolve 0.1 g of indicator in 100 ml of alcohol. 
Pr-opylene glycol.-Use a pure product containing no free acidity or liberating 

acidic substances on oxidation. 

DETERMIKATIO~ 

Weigh accurately by difference oa 2 g of well mixed sample 23.1(a) or (b) into 100 
ml volumetric flask containing 50-75 ml of H 20. Mix and add 2 ml of the sodium 
tungstate soin. Add slowly with continuous mixing 2 ml of 1 N H 2S04. Dilute to mark 
with H 20, mix well, and filter (18.5 cm folded f,lLer). 

Transfer 20 ml of filtrate containing not more than 40 mg of glycerol to a ilOO ml 
Erlenmeyer flask. Add 2 ml of 10 % N aOH, heat to boiling, and boil for ilO sec. 
Cool slightly, add 2 drops of bromcresol purple indicator, neutralize with 1 N 
H2SO.! and add 2-·3 drops excess. Boill min. and cool Lo room temp. Neutralize with 
0.02 N N aOH, titrating to light purple shade. 

Add ml 0.02 M KIO" mix, wash down sides of flask with H,O, and allow to stand 
ilO min. Add 10 drops of propylene glycol to the oxidized mixture, mix and let 
stand for 10 min. Add 3 drops of bromcresol purple indicator and titrate with 0.02 
NNaOH. 

1 ml 0.02 N ~aOH = 1.84 mg. glycerol. 

To correct for error due to volume occupied by insoluble matter, rcpeat deter
mination, weighing same quantity of sample into 200 ml volumetric flask, and pro
eeed as directed above, except that a 40 ml aliquot is used for the determination in
stead of 20 ml. To obtain amount of glycerol subtract % glycerol obtained in 100 ml 
dilution from twice % obtained in 200 ml dilution determination. 

Results on a variety of egg products containing no added glycerol are 
shown in Table 2, indicating the blank range and substances which inter
fere. 

TABLE 2.-Results on egg products containing no added glycerol 

Whole egg 
Egg yolk 
Egg white 

PRODuer 

Frozen whole egg (decomposed) 
Dried whole egg 
Whole egg containing 10% salt 
""hole egg containing 10% sucrose 
Whole egg containing 3.53 % dextrose 

APPARENT 

GLYCEROL 

per cenl 

0.05 
0.05 
0.08 
0.07 
0.06 
0.06 
0.63 
0.B7 



1949J KEPPEL: A IN EGGS AND EGG PRODUCTS 509 

As shown, sucrose and dextrose interfere appreciably. Salt has no ap
parent effect. The frozen whole egg sample was a commercial product 
classified as decomposed when originally sampled. After sampling, it had 
been kept under cold storage for about 1 year. The product had a strong 
disagreeable acid odor. 

Results on recovery of glycerol added to whole egg or egg yolk are 
tabulated under Table 3. Glycerol used was USP grade glycerin, and its 
strength was checked by periodate oxidation, by dichromate oxidation, 
and by specific gravity. The various batches were prepared by weighing 
glycerol and fresh egg, laboratory separated, into glass-stoppered flasks. 
Contents were mixed by shaking the closed flask and allowed io stand 
overnight in a refrigerator to insure uniformity. 

PRODuCT 

Egg yolk 

Egg yolk 

Egg yolk 

TABLE 3.-Application of method to eggs containing 
known amounts of glycerol 

.. 

GLYCEROL 
.. _-

PRESENT FOUND 

.. -
per cenl per cent 

9.74 

I 
9.8.5 
9.91 

11.44- 11 . .56 
11.60 

7.36 7.14 
7.12 

\\'hole egg 10 .40 10.11 
10.35 
10.39 

. 

RECOVERY 

per cent 
101 . 1 
101.7 

101.0 
101.-4 

101.1 
100.8 

100.1 
99.5 
99.9 

These results are uncorrected for volume occupied by insoluble ma
terial. Table 4 gives results on a series corrected by the method of double 
dilution and a comparison with the uncorrected results. 

TABLE '1. -Glycerol results of double dilution method 
.. -." .. _ ... __ .. -

_0 

I 
GLYCEROL FOUND RECOYEnIES 

GLYCEROL 
"f'RODUCT L'OTIEL:!r. 

PRESENT I BY DOUBLE 
UNCORREC'tED 

DILUTION 
UNCORTIECTED DILUTIO); 

per cenf per cent per cent per cent peT cent. 

Egg yolk 7.36 7.43 7.38 101.0 100.3 
Whole egg 7.68 7.71 7.69 100.4 100.1 
Whole egg 10.40 10.38 10.34 99.8 99.4 

_._, 

An unsuccessful attempt was made to obtain samples of commercial 
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egg preparations containing added glycerol for examination by the 
above method. It appears that very little of this type product is being 
manufactured at the present time because of the current high price of 
glycerol. 

Because of lack of time no comparisons have been made with the pres
ent tentative method for glycerol, and no collaborative work has been 
done. 

It is recommended* that study on methods for isolating glycerol from 
egg mixtures be continued. 

Ko report was given for acidity of fat (in egg products). 

A contributed paper, by F. Rillig, on "Water-insoluble Acids in Dried 
Eggs," was published in TMs Journal, 31,731 (1948). 

No report was given on microbiological methods for canned fishery 
products, canned meats, canned acid foods, canned vegetables, eggs and 
egg product~, nuts and nut products, frozen fruits and vegetables, and 
sugar. 

REPORT OK DECOMPOSITION IN FOODS 

By W. 1. PATTERSON (Food and Drug Administration, Federal 
Security Agency, Washington 25, D. C.), Referee 

R.ECOMMENDATIONSt 

Recent progress in the chemical detection of cow manure in milk sug
gests that the subject of filth in foods might be included under a title 
still to be selected in the 1919 A.O.A.C. list of subjects. In the Referee's 
opinion, the simplest way is to combine it with decomposition, one possible 
title being "Chemical Indices of Filth and Decomposition in Foods." It 
is recommended that the scope of the subject "Decomposition in Foods" 
be broadened to include chemical methods for detecting filth in foods. 

The Referee concurs in the recommendations of the Associate Referees 
for decomposition in foods, as follows: 

(1) For decomposition in dairy products, that the method for water 
insoluble acids in butter and cream be adopted as official first action, and 
that the study of other chemical methods for decomposition in dairy 
products be conducted. 

(2) For decomposition in fish, that the revised method for volatile 
acids in fish be studied collaboratively. 

* For report of Subcommittee C and a.ction of the Association, see Thi.~ JoU'rn(Jl, 32,53 (1949). 
t For report of Subcommittee C and a.ction of the Association, see This Journal, 32, 54 (1940). 
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(3) For decomposition in fruit and fruit products, that the study of 
chemical tests for "blackheart" in pineapple be developed further, and 
that the study of other possible chemical means of detecting decomposi
tion in fruit products be pursued. 

REPORT ON DECOMPOSITION IN FRUITS 
AND FRUIT PRODUCTS 

By W. O. WINKLER (Food and Drug Administration, Federal Security 
Agency, Washington D. C.), Associate Referee 

INTRODUCTION 

The first report on decomposition in fruit products was made last year 
by T. H. Harris. 1 That report dealt mainly with the problem of detecting 
the use of rotten fruit in the preparation of apple juice or apple butter. 
After considerable research, three products of decomposition, probably 
from the pectin, were found. These were an alcohol soluble non-dialyzable 
substance, alcohol soluble furfural-yielding substances, probably pentoses, 
and D galacturonic acid. Of these products Dr. Harris concluded that the 
D galacturonic acid offered more promise as a criteria of rot than the other 
substances studied. A method was proposed for the determination of D 
galacturonic acid, which was a modification of the Deichman and Dierker 
method2 using napthoresorcinol. It was shown by the method that some 
of the galacturonic acid was present in sound, ripe fruit, but the amount 
in rotten fruit greatly exceeded (20 times or more) that in the sound fruit. 
However, the reagent used is not specific for galacturonic acid, producing 
small quantities of color with various other acids. A study of the conditions 
of the reaction may further improve the specificity of the reagent. 

Determinations of galacturonic acid in sound and rotten apples have 
been made by the writer, using the proposed method, but the results 
showed somewhat less difference in galacturonic acid content of these 
substances than was reported by Dr. Harris. A part of this reduction in 
the ratio of rotten to sound fruit may be due to the greater age of the 
materials used. Further study of the reaction conditions should render 
the method more valuable. 

The writer has approached the problem more from the biochemical 
standpoint than as a strictly organic chemistry problem. Nearly all food 
decomposition is the result of the biological action of microorganisms, 
the chemical changes which they initiate being the result of the action of 
enzymes which these organisms secrete. The problem is therefore closely 
associated with the metabolism of the various microorganisms. The prod
ducts resulting from the metabolic action are different in different groups 

1 This J01'mal, 31, 501 (1948). 
2 J. BioI. Chern., 103,753 (1946). 
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but probably similar in related species. The decomposition of most fruits 
is brought about by the action of molds or yeasts. Bacterial action causing 
rot in fruit is rather rare. 

Many fruits and, no doubt, other foods are attacked generally by a 
particular group of microorganisms. Rot in apples is usually caused by 
the molds Penicillia expansum or the Jlucor8, particularly ~Mucor racemo-
8US. In oranges or citrus fruits we usually haveP. digetatum andP. italcum." 
RhizopU8 nigricans is important in the spoilage of strawberries and stored 
potatoes; etc. 

The biochemistry of the molds has been studied systematically and 
very extensively by Raistrick4 and his co-workers in England. These in
vestigators have cultured many of the fungi, have made an intensi,'e 
study of the media, and ha ve isolated many of the products of mold me
tabolism. They have isolated and studied numerous compounds resulting 
from the biological processes of the various species of these organisms. 
They developed a rather ingenious scheme of analysis for determining the 
presence of metabolic products in the culture filtrate. The writer believes 
it would be profitable to follow a course similar to the one they have 
outlined. 

Among the rather common compounds which have been isolated as 
products of mold met.abolism are: ethyl alcohol, acetic acid, formic acid, 
oxalic acid, citric a.cid, succinic acid, fumaric acid, mannitol, butanol 
acetuJdehyde, glycerol, acetone, fatty acids, and galacturonic acid. Among 
the products 'which are more particubrly characteristic of mold metab
olism are kojic, fUl'oic, aspergillic, penicillic, carolic, carolinic, earlic, 
carlosic, aconitic, gentisic, fulvic, luteic, glycolic, and tetronic acids; ci
trinin, citl'omyceLin, boletol, catenarin, and other anthroquinone deriva
tives; sterols, glycerides, and some polysaccharides. Ethyl acetate is also a 
rare product of some molds. Numerous other substances have also been 
found as products of mold metabolism, 

The compounds citrinin and citromycetin are produced by the molds 
Penicillium citrinum and Citromyces and appear to be characteristic of 
these organisms. The determination of these constituents would be effec
tive in establishing the use of moldy, decomposcd fruit. 

Time did not permit of a search for many of the products enumerated, 
but a limited search was made for the presence of mannitol, kojic acid, 
glycerides, sterols, and polysaccharides in rotten and sound apples. The 
Flresence of mannitol was investigated hy two polarimetric meLhods based 
on rotation as a result of complex formation of the mannitol with borax 
or molybdate. These methods gave indication of the presence of mannitol 
in rotten apples in significant amounts, but also showed lesser and vary-

'J. Soc. Chem. Ind .. London, 581 (1936). 
, Trans. Roy. Soc. (London), B no, 1-367 (1931), and Bioch&m. J., 26, 1441 (ID02), 1907 (1932), to 

1M7. 
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ing amounts in different varieties of sound apples. It is thought probable 
that other substances may affect the determination, and more sensitive 
and specific methods for mannitol will be sought. 

Tests for kojic acid, in the rotten apple extracts tested, proved negalive. 
Tests on glycerides and sterols were not conclusive, an account of the 

difficulty of removing the natural waxes; but indications of the presence 
of sterols were obtained and these substances will be further investigated. 

A study of the constituents of rot Len apple tissue revealed the presence 
of a substance which appears to be a polysaccharide but not a starch or 
a pentosan. The material is of a mucilaginous character and was presem 
in considerable quantity, approaching 0.8%, in rotten apple juice, but 
in very small quantity in the sound apple juice. The identity of this 
material has not been determined but will be investigated, and its use as 
a criterion of rot, particuIn,rly in apples, will be ascertained. 

"BLACKIIEAltT" IN PINEAPPLE 

At the beginning of the work on decomposition of fruits, the problem 
of detecting the condition called IIblackheart" in pineapple which had 
been frozen in the fresh condition was assigned to the ·writer. There ap
pears to be some confusion in the minds of the public regarding the terms 
"blackheart," "black rot," etc. As far as can be determined hy the writer, 
the condition callcd "black rot" is due to the fungus Thiela.viopsis para
doxa. This organism soon disintegrates the fruit to a watery consistency. 
The maCl"O::;pores of the fungus form on exposed tissues and on decayed 
til:3:mes near the core of the fruit, turning it black. 5 

In the condition known as "hlackheart" and also termed "internal 
breakdown," fungal growth or spores are not apparent. The flesh becomes 
dark near the core and I:3preads outward toward the surfacc. The dis
colored flesh often appears firm but is fiat and insipid to the tasLe. Exami
nation of a considerable number of these fruits (containing so-called 
"blackheart"), by the Microbiological Division of the Food and Drug 
Administration, failed to reveal the presence of the spores or hyphae of 
fungus growLh. Also, samples sent to the Agricultural Research C~nter 
at Beltsville, Maryland, failed to disclose the presence of microorganisms. 
The decay or breakdown appears to be brought about as the result of an 
abnormal physiological development and is stimulated or acceJerated by 
adverse conditions of moisture and temperature. The ploblem was at
tacked from this point of view. In cooperation with W. 1. Patterson, the 
Referee, it was determined that the darkened color in the fruit was no 
doubt a melanin type compound probably resulting from the enzymatic 
Qxidation of the amino acid tyrosine. 

A search of the literature ,vas necesBary to obtain a satisfactory method 
for tyrosinase (catecholase) activity. The method finally used is a modifi-

5 U.S.D.A. Circulor No. 511. 
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cation of the chronometric method of Dawson and Nelson,6 and is based 
on the catecholase activity of the material. Results by the method showed 
a very striking difference between the sound and the blackheart samples. 
Of the samples so far tested, blackheart samples showed comparatively 
strong catecholase activity, while sound, just-ripe samples of pineapple 
showed only a trace or no activity. Sound, rather overripe samples showed 
only a weak activity. Although the catecholase activity test hai:l not been 
proven specific for blackheart, it has been found to be capable of detect
ing the presence of blackheart in the authentic samples examined. There
fore, the procedure is proposed as a method for the detection of blackheart 
or of other types of decomposition in samples of fresh frozen pineapple 
which may show catecholase activity. The reactions involved in the de
termination are as follows: 

When ascorbic acid is present: 

o 
,f' 0 

/'V 

I,,~) 
+AH2 -+ 

ascorbic acid 

When no ascorbic acid is present or it has been used up, the reaction of 
the o-benzoquinone continues as follows to form the colored product. 

OJ. Amer. ell,"m. Soc., 63, :l:l75 (1941). 
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METHOD FOR THE DETECTION OF BLACKHEART IN FROZEN PINEAPPLE 

REAGENTS 

(a) Buffer soln.--O.2 M citric acid.--OA M secondary sodium phosphate. 
(b) Pyrocatechol soln.--O.2%.-200 mg catechol in 100 m!. 

515 

(c) Sulfuric acid pyrogallol.-2 M sulfuric acid containing 1 % pyrogallol pre-
pared fresh each day. 

(d) Potassium iodide.-lO% soin of KI freshly prepared each day_ 
(e) Starch indicator-l % soln of soluble starch. 
(f) Ascorbic acid soln stock (strong). 100 rug ascorbic acid U.S.P. in 100 mlof 

0.1 % metaphosphoric acid.-Keep at 40°F. 
(g) .1scorbic acid (weak). 10 mg per 100 mI.-Place 10 ml of soln (f) (stock) in a 

100 ml flask and make to volume with 0.1 per cent metaphosphoric acid 
(BPO,). Prepare fresh from reagent (f) each day. 

PREPARATION OF SAMPLE 

Cut the frozen material in the opened package with a knife completely across 
from side to side, cutting first in half, then in quarters, eighths, sixteenths, etc., until 
the contcnts are well chopped. Pour the chopped material into a large beaker or 
casserolc, chop up any remaining lumps, and mix by stirring well. 

Wcigh 100 grams of chopped sample into a tared beaker (400-600 ml). Then add 
100···110 grams of acetone and stir with a glass rod to mix contents. Decant mixture 
into a Waring blendor and rinse in any material in the beaker with 60 % acetone 
(volume). Thoroly disintegrate the material by blending for 1 min. 

Pour out the blended mixture into original beaker, allow to drain ca 20-30 sec
onds, and rinse blendor well with 60 % acetone. Filter mixture on a rapid fluted filter 
(E & DNa. 195 is suitable) IS! to 24 em in roam. Allow the filtrate to run t.hru 
until there is only a slow dropping, then rinse the beaker and filter with ca 100 ml 
of 60 % acetone. When almost all the liquid has passed thru and there is only a slow 
drip of filtrate, remove filter and precipitate to a wide-mouthed short-stemmed 
funnel set in an 800 ml beaker. Puncture filter and wash precipitate from the filter 
into the beaker with 60% acetone from a wash bottle. Stir to disperse the solid. Fil
ter mixture on a Buchner funnel (11 cm. roam.) using two No. 54 or 4] B What man 
filter papers with aid of gentle suction. Rinse beaker and transfer any residue quan
titatively to funnel with 60 % acetone. When most of liquid has passed thru and 
residue has formed a rather firm cake on the filter (filtrate is only a trickle or 
dropping), wash residue with another 75-80 ml of the 60 % acetone wash. Allow the 
residue to suck dry until no more filtrate passes thru the filter and the residue be
comes a firm hard cake. Discard the filtrate. 

Strip the filter from cake of pineapple residue and transfer the latter quantita
tively to a dry Waring blendor. Remove any solid from sides of funnel with a spatu
la. Add 195 ml (graduate) of water to the blendor and blend for 1 min. Pour the 
blended material into a 250-ml centrifuge bottle, stopper and shake for 30 seconds, 
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then c;;utrifuge for 12-14 min. at ca 1800 r.p.m. Remove the bottle and filter the 
supernatant liquid thru a rapid filter (E and DNa. 195 is suitable). Use portions of 
filtrate (X) for determination of catecholase activity. 

DETERMINATION OF CATECHOLASE (TYROSINASE) ACTIVITY 

(A) By oxidation oj ascorbic acid-
Place a 300-500 ml round-bottomed three-neck flask in a bath held at 25 a C. 

± 0.5 0
• Insert a glass tube having a spray bulb at end, fitted in a slop per in the one 

side-neck so that the tube extends to near bottom of flask. (This tube is to carry a 
current of ail' of ca 0.35 liter per min. from an air hose.) In the other side-neck, fit 
a capillary (l mill bore) siphon Lube the inside end of which will extend about two
thirds of the way below the surface of a quantity of 100 ml of liquid in the flask. The 
outside end of the tube is longer, extending below bottom of flask. Below the end of 
this tube is placed a 250-ml white casserole as a receiver. 

Place 10 ml of buffer soln (reagent (a») in the three-neck flask. In each of two 
250 ml white porcelain casseroles place 25 ml of reagent (c), 25 ml of reagent (d), 
and 5 ml of reagent (e), and stir with glass rods to mix. Place one of the casseroles 
as a receiver under siphon tube. (Measuring of these reagents into casseroles should 
be done immediately before time to add other reagents to flask.) 

Measure 30 ml of the sample filtrate (X, above) into a graduate and 50 ml of 
water into a second (50 ml) graduate, and measure also 10 m! of reagent (b), catechol, 
into a 10 ml graduate. Pour ca 25 ml of the water from graduate into flask, then 
pour in the 30 ml of sample soln. Now add 1 ml reagent (g) (0.1 mg ascorbic acid*). 
Hinse the cylinder which contained the sample soln with remaining water in the 
graduate and pour. into flask, rinsing down the sides of the latter. Rotate to mix con
tents, place in position, and immediately start the air bubbling thru the spray tube. 
(The rate should have been previously adjusted to 1 liter every 3 min.) Finally, pour 
in the 10 ml of catechol soln (b) and start a stopwatch when this is added. Rotate 
the flask once or twice to bring all of the last soln into the body of the liquid. 

Now (within 15 seconds after addition of catechol) start the siphon by momen
tarily closing the center neck of the flask with a stopper. Gently stir the liquid in the 
receiver as the liquid drops in from the siphon tube. Note the time required to de
velop a pronounced pink color, and the time to produce a purple color in the receiv
ing soln. Compare the color in the receiver with the liquid in the other casserole. 
A definite or pronounced pink color should not develop in less than 5* min. with 
sound pineapple samples, nor a purple color in less than 8* min. If a sample gives 
an almost immediate pink or purpJe color at the entrance of the drops, the activity 
can be more closely measured by using a larger quantity (0.4-0.5 mg) of ascorbic 
acid on another portion of sample soln (X) A strong catecholase activity indicates 
blackheart. 

(E) By the development of color in the aerated solulion-
Place 10 ml of buITer soln (a) in a 300 ml round-bottomed flask. Measure 30 ml 

of the preparcd sample soln (X) into a graduate and 50 ml of water into a second 
graduate. Add a portion of the water to the flask, pour in the sample soln (X) and 
rinse the graduate with the remaining water. Finally, add 10 ml of reagent (b) 
(catechol). Rotate the flask a few times to mix the contents. Aerate by passing a 
stream of air thru the spray tube as in determination (Al, at the rate of ca 0.35 
liter per min. for a period of one hour. Remove the air tube, pour the soln into an 
Erlenmeyer fbsk, and call this soln "P" (phenol catechol treated). 

Determine the increase of color and turbidity in the treated aerated soin P 
(phenol treated) over that of the original sample by obtaining the following color 
and turbidity index: 

* These figu:os are aubjeot to revision. 
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where 
T,+,=oolor and turbidity index. 
Tgp =·transmittancy in the green (520 MIL) of soln P compared to soln S 

where 
S is given a transmittancy of 1. 

Dilute some of the original sample soln eX) with the same relative amounts of 
buffer and water as used in the aerated catechol-treated portion, but omit the addi
tion of the catechol soln and substitute water in its place. Designate this prepared 
standard soln as "S." In a photoelectric photometer or spectrophotometer cell, 
place somo prepared soln S, above, and using a wave length of 520 millimicrons set 
the instrument so that a reading of 100 (100% transmission) is obtained with this 
soln. In a second matched cell place some of the soIn P and obtain the per cent 
transmission of this soIn. 

Obtain the color and turbidity index by the formula above. Repeat the readings 
after the solns "P" and "S" have stood overnight. 

The index Ic+t on sound samples of frozen pineapple should not be above 0.1 * 
for the immediate reading, or more thlJ,n 0.2* for readings after standing over
night. 

Increase in color may be determined and referred to standard soln of caramel 
in glycorol if this is found more desirable. 

DISCUSSION 

Since the oxidation of a known quantity of ascorbic acid is u8ed in one 
part of the method as a measure of the o-benzoquinone produced by the 
enzyme, it was reasoned that, if an analogous reaction occurred with the 
tyrosine in the sample, the at3corbic acid would be destroyed in a similar 
manner and no melanin compounds would be formed until all the ascorbic 
acid had been oxidized. Determinations of ascorbic acid, together with 
catecholase activity, were therefore made on samples of sound, fully ripe, 
just-ripe, or 81ightly underripe pineapple, and on samples of pineapple 
containing blackhcart. Results of the determination of catecholase activ
ity and ascorbic acid are given in Table 1. 

Examination of the data show that no ascorbic acid remained in the 
samples of blackheart pineapple, and as previously stated, these samples 
gave relatively strong tyrosinase activity as measured by oxidation of 
catechol. Samples containing 80 or 90 per cent of sound pineapple and 
20 or 10 per cent of blackheart pineapple, respectively, showed a rather 
readily distinguishable increase in tyrosinase activity. 

RECOMMF.NDATIONS* 

It is recommended-
(1) That work on the detection of decomposition in fruits be continued. 
(2) That the study of the method for galacturonic acid as a criterion 

of rot in apple products be continued. 
(3) That the study of the polysaccharide, described in this report as 

a criterion of rot by mold, be continued. 

* For report of Subcommittee C and action of the Association, see This Journal, 32, 54 (1949). 
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(4) That the determination of mannitol as an index of mold decompo
sition in fruits be continued. 

(5) That other compounds elaborated by microorganisms, as indicated 
in this report, be investigated. 

(6) That the method for detection of hlackheart in pineapple bytyrosin
ase activity, given in this report, be studied further. 

REPORT ON DECOMPOSITION IN DAIRY PRODUCTS 

WATER-INSOLUBLE FATTY ACIDS IN CREAM AND BUTTER 

By FRED HILLIG (Food and Drug Administration, Federal Security 
Agency, Washington 25, D. C.), Associate Referee 

In a previous paperl a method for the determination of water-insoluble 
ftLtLy acid8 in cream and butter was proposed. The method was submitted 
to the New Orleans, Cincinnati, and St. Louis Stations of the Food and 

TABLE 1.-WI A in butter·--collaborativc results 

COLLABORATOR 

2 

3 

W.LA. 

m,q/l00 f]1ams 

C'incinnati Stalion 
796 
762 
773 
763 

843 
790 
852 
862 

830 
788 
78:~ 

813 

UOlrLAHOHATOlt 

4 

5 

7 

7 

\V.LA. 

mg/l00 ,rams 
St. L01l1:s Station 

2484 
2574 

2640 
2668 

N en> Orleans Station 
Sample 1 

356 
343 

354 
376 

Sample 2 
344 
349 

364 
3:34 

Drug Administration for trial. The results obtained by these stations 
on samples of butter obtained in their respective cities are given in Table 1. 

J This Journal, 30, 575 (1947). 
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Duplicate determinations were satisfactory and the analysts at the re
spective stations closely checked each other. No comparison of results be
tween stations is possible, since each station had different butter :;;amples 
on which to work. 

Four samples of butter were next submitted to collaborators in Cincin
nati, SL Louis, New Orleans, and 'Washington. The results giyen in Table 
2 are satisfactory. 

TABLE 2.-WIA in butler-all collaborative results: same sample 
mg/lOO g 

COLLAUOllAl'OR SAMPLE 1 SAMPLE 2 SA.MPI,E 3 SAMPLE 4 

:3 178 245 248 420 
176 240 242 437 

2 168 232 250 432 
16,5 224 250 447 

4 161 207 180 421 
164 200 178 413 

8 163 200 237 429 
159 210 247 432 

0 ]58 218 250 428 
159 212 249 424 

10 157 195 424 
165 268 186 432 

It is recommended that the method for the determination of water
insoluble fatty acids in cream and butter be adopted as official first action. 
It is further recommended that the study of chemical methods for t.he 
detection of decomposition in dai.ry products be continued. 

The Associate Referee wishes to thank the following m~mbers of the 
Food and Drug Administration who collaborated in this work: Ii'. M. 
Garfield and M. A. Braun, St. Louis Station; S. D. Fine, F . .T. McXall, and 
H. C. Van Dame, Cincinnati Station; George McClellan, R. E. Duggan, 
and II. P. Bennett, New Orleans Station; and Dorothy Montgomery, 
Food Division, Washington, D. C. 
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REPORT ON DECOMPOSITION IN FISH PRODUCTS 

TIy FEED IIILLIG (Food and Drug Administration, Federal Security 
Agency, Washington, D. C.), Associate Referee 

Subsequent to the work which led to the adoption of the method for 
volatile acids as official,! a method appeared in which a mixture of volatile 
acids was separated on a chromatographic column and the amount of each 
acid from the column determined by titration.2 Numerous analyses on 
fish have shown thit! procedure to be satisfactory, once the volatile acids 
are isolated from the fish. This is accomplished by a simplified stearn dis
tillation in ·which the carefully controlled conditions of the former method 
are unnecessary. The equations used in the former method for calculating 
the results are not needed in the chromatographic procedure, although a 
simple calculation based on the percentage of each acid which distils in 
200 mI of distillate is used. Any standard 500 ml distilling flask with side 
arm midway of the neck and assembled as previously described1 is satis
factory. 

It is recommended that the simplified distillation procedure, followed 
by a chromatographic separation of the isolated volatile acids, be studied 
eollabora ti vely. 

Preliminary work on ,vater-insoluble fatty acids in fish and fish products 
indicates thr,t this may be another method for the detection of the use of 
decomposed material. Likewise, succinic acid has been found to offer 
similar possibilities in fish. 

N 0 r8port~i were given for decomposition in shellfish, or in apple prod
uct". 

A contributed paper, entitled "Water-insoluble Fatty Acids in Cream 
and Butter," by Fred Hillig and S. W. Ahlmann, was published in This 
.Jm£rnal, 31, 739 (1948); and a paper entitled "Volatile Acids in Cream 
nne! Butter," in two sections, "Part I, The Development of Butyric Acid 
During th0 Progressive Der,omposition of Cream," by Fred Hillig, and 
"Part II, Butyric Acid in Commercial Creams and Butters," by Fred 
Hillig and Dorothy Montgomery, was pUblished in This Journal, 31, 750 
(1948). 

'Methods oj Analysi" A.O.A .C., 6th Ed., p. 361 (1945). 
2 This Journa:. 28, 644 (1945). 
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REPORT ON GELATIN, DESSERT PREPARATIONS, 
AND MIXES 

523 

By S. C. HOWE (Food and Drug Administration, Federal Security Agency, 
Washington 25, D. C.), Referee 

Last year your General Referee recommended that collaborative study 
be undertaken of the jelly strength methods for plain gelatine and gelatine 
dessert pO'wders in paragraphs 9.6 and 9.12. The Associate Referee on 
jelly strength is Paul A. Kind of the Kind-Knox Gelatine Company, 
Camden, New Jersey, assisted by Dr. D. Tourtellotte, of that firm. Dur
ing the year, the Association was fortunate in securing the services as 
Associate Referee on Gelatin and Gelatin Desserts (Constituents) of Dr. 
Joseph H. Cohen, General Manager, Atlantic Gelatin Division, General 
Foods Corporation. 

No report on jelly strength was received in time for this meeting. The 
recommenclation* of last year is repeated, that the methods for jelly 
strength (This J01l"Tnal, 31, 74 (1948) and paragraph 9.12) be studied co1-
laboratively with a view to making them official. In addition, it is recom
mended* that the methods for sucrose, dextrose, and starch (paragraphs 
9.13, 9.15, and 9.21) be studied collaboratively with a vie\y to making 
them official for the 19.50 Edition of Methods of A.nalY81:8. 

No report was given on jelly strength. 

REPORT ON GUMS IN FOODS 

By F. LESLIE HART (Food and Drug Administration, :Federal Security 
Agency, Los A~geles, California), Referee 

Last year the Association recommended that further ,york be done on 
detection of gums in curd cheeses, cacao products, frozen desserts, and 
salad dressings. Only one formal report was received by the Referee, 
that of ASl:3ociate Referee Coulter on detection of gums in mayonnaise 
and French dressinp;. The Associate Referee has shown that the amended 
method, 33.5, adopted as tentative in 1945, and published in lvIethods oj 
Analysis, Sixth Edition, is applicable to the detection of gums in these 
products, and he recommends its adoption as official after minor changes 
in wording. Your Referee concurs in this recommendation. 

Associate referees assigned to the :subjects of cacao products, and soft 
curd cheeses have both done work during the year, but they have not 
progressed mfficiently to render a formal report. No work was done on 
frozen desserts during the year. 

;I< For report of Subco:t::1mittee C H,no action of the A33ociation, see This Journal, 32, 54 (1949) .. 
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RECOMMENDATIONS" 

It is recommended-
(1) That the method for detection of gums in mayonnaise and French 

dressing, given in Methods of Analysis, Sixth Ed. 33.57, be amended by 
substituting "50 ml" for "1.5 oz." in line 3, paragraph 2, and that the 
method, as amended, be adopted as official, first action. 

(2) That studies be continued on the detection of gums in soft curd 
cheeses. 

(3) That Btudies be continued on the detection of gums in cacao prod
ucts. 

(4) That studies be continued on the detection of gums and other 
stabilizers in frozen desserts. 

(5) That an Associate Referee be appointed to study detection of gums 
in catsup and related tomato products. 

REPORT OK GUMS IN MAYO)JNAISE 
AND FRENCH DRESSING 

By E. W. COULTER (Food and Drug Administration, Federal Security 
Agency, Chicago 7), Associate Referee 

The Associate Referee on Gums in Mayonnaise and French Dressing 
recommended, in 1945, that "the amended method be adopted as tenta
tive and that studies on the detection of gums in Mayonnaise and French 
Dressing be discontinued." The amendment referred to was a change in 
the wording which would aid the analyst in differentiating between the 
precipitate due to added gums and that due to spices. Since no collabora
tive work was done following this change in wording, Subcommittee C in 
1947 recommended that Gums in Mayonnaise and French Dressing be 
studied. 

Collaborative work completed this year is confined to the detection of 
added gum in mayonnaise. Four different brands of mayonnaise were 
examined for gums by method 33.57, page 548, Methods of Analysis, 6th 
edition. All four were negative for added gum, but varying amounts of 
precipitate due to spices were obtained. The brand giving the largest 
amount was used in preparing samples for collaborative study. 

These samples ,vere prepared by adding to the mayonnaise 0.2 per cent 
by weight of the dry powdered gum. The powder was incorporated into 
the mayonnaise by thorough hand stirring with a broad spatula. Each 
batch consisted of sufficient mayonnaise to yield six 225 gram portions. 
Three gums were used-tragacanth, guar, and carob bean. Each collabo
rator received four 225 gram subs (one without added gum) and was in
structed to test each for gums by Method 33.57 . 

.. For report of Subcommittee C and action of the AS:"lociatiunf see This Journal, 32 ,55. (1949). 
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The following table gives the results obtained by six analysts on foUl' 
samples: 

TABLE I.-Collaborative results 

sun 1 Z 3 4 

Type of added gum. Trag. None Guar Carob 
Conclusions: 

Analyst: R. H. Perlmutter Present Absent Present PresenL 
H. D. Silverberg " " " " 
H. W. Conroy " " " " 
F. H. Collins " ., " " 
E. C. Deal " " " " 
J. H. Bornman " " " I " 

AN AL YSTS' COMMENTS 

S.H.P.-"Sample 2 was difficult to judge, there was a voluminous precipitate in 
the alcohol, but the Benedicts test was negative and the Molisch test doubtful." 

H.D.S.-"Copper reduc;,ion test. Voluminous red precipitate in subs 1, 3, and 4 
No precipitate in sub. 2." 

H. W.C.-"Sample 2 produced a fairly heavy alcohol insoluble precipitate. The 
confirmatory tOot with Benedicts was negative and the tests with napthol and thy
mol were also negative." 

F. H. C.-"Sub 2 with Molisch test gave a positive indication after standing a while. 
It is suggested thaL the metric system be us cd in the 3rd line of the 2nd paragraph 
of the method. Since \'he 1.5 oz. figure used is more or less arbitrary the maximum 
might be satisfactorily changed to 50 mI." 

E.C.D.-"Subs 1, 3 and 4 gave a considerable amount of flocullcnt precipitate 
and sub 2 a small amount of alcohol insoluble material. A very fainG positive Molisch 
test was obtained on sub 2, but the copper reduction test was negative." 

J.H.B.-"No difficulLy was experienced with the method. The only question in 
my mind was 'how much is a slight precipitate?' The slight precipitate obtaine(l in 
sub. 2 gave negative resulLs." 

The above results show that all six analysts agree as to the presence or 
absence of added gum. One analyst reported for Sub 2 a doubtful Molisch 
test and one a positive Molisch after standing, but these results did not 
lead to erroneous conclusions. 

RECOMMENDATIONS* 

It is reeommended-
(1) That the wording of the method be changed by substituting "50 

mI." for the "1.5 oz." in the third line of the second paragraph. 
(2) That the method, with the recommended change in wording be 

adopted as official, first action, and that the subject be closed. 

No reports were given on gums in cheese, frozen desserts, or cacao 
products. 

* For report of Subcommittee C a.nd action of the Association, see This Journal, 32,55 (1949). 
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REPORT ON MEAT AND :Y{EAT PRODUCTS 

By R. M. MEHURIN (Bureau of Animal Industry, Meat Inspection 
Division, Washington 25, D. C.), Referee 

Since Lhe last meeting, the Associate Referee on Soybean Flour in 
Sausage and Similar Products has continued work on the method pre
sented last year for the determination of soybean flour in sausage. Hoyv
ever, because of press of other work, samples for analysis were sent to 
collaborators too late to secure results in time for a report at this meeting. 
A report will be given on this subject at the next meeting. 

Prelimimxy work on the method of EggleLon, et al.,1 referred to last year 
as possibily suitable for the direct determination of creatine in meat ex
tracts, has given promising results. The method consists in the addition of 
dinf'etyI and alphanaphtol to a suitably diluted extract. The solution is 
allowed Lo sLand about 15 minutes and the absorption at 52.'5 millimicrons 
wave length read in a photoelectric colorimeter or spectrophotometer. 
The concentration is read from a standard eurve prepared by treating 
solutions of known creatine content in the same manner. The method is 
rapid and appears to give good reproducibility. It is now being compared 
with the ofilcial method. Results to date indicate that further study of 
the method is warranted, with a view to providing a direct method for 
the determination of creatine in lieu of or in addition to the present method 
in which creatine is determined by difference. Credit for this preliminary 
work should go to John M. McCoy, Meat Inspection Division, Depart
ment of Agriculture, Washington, D. C. 

It is recommended*-
(1) That collaborative work be continued by the Associate Referee on 

the determination of soybean flour in sausage and similar products. 
(2) That an Associate Referee be appointed to continue work on meth

ods for the determination of creatine and creatinine in meat and meat 
products. 

:;\;"0 reports were given on dried skim milk, soybean flour, or creatin in 
meat products. 

No report was given on naval stores. 

No report was given on radio activity, including quantum counter. 

: Bior.hem. Jomnal, 37, 526 (1943). 
;;: For report of Subcommittee C and action of the Associn.tion, see This .Jmu'ftl1,l, 32, 55 (1949). 
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REPORT ON NUTS AND NUT PRODUCTS 

By A. M. HE:"'!RY (Food and Drug Administration, Federal Security 
Agency, 416 Federal Annex, Atlanta 3, Ga.), Refetce 

Several mechanical devices for preparing nuts and nut products, some 
of which may be patented, were investigated during the year. While 
some of them were of value for special products, none were an improve
ment on an ordinary food chopper for preparing a variety of nuts and nut 
products. 

Further investigations were made of the methods for moisture determi
nations reported on last year. This work was done by Phyllis B. Rokita 
and Beulah V. McMullen. The Toluene Distillation Method was modified 
by washing the apparatus with an aerosol I:)olution and by adding a small 
amount of aerosol solution to the distillation and receiving flasks in order 
to prevent the formations of droplets of water. This modification was not 
satisfactory as droplets of water still formed. This method does not seem 
to be adaptable to nuts and nut products in general. 

A considerable amount of work ,vas done to ascertain the minimum dry
ing time for various nut products. Most nut meats will come to an equilib
rium after two hours drying, although some nut products, such as sweet
ened grated coconut, require five hours. Additional drying of ten to fifteen 
hours does not make any appreciable difference unIes:-3 decomposition 
takes place. The per cent of loss is different under different conditions. 
For instance, a sample of raw peanuts dried in the vacuum oven for five 
hours gave a range of 6.92 to 7.01 per cent for several separate determi
nations, while when dried for ten hours, the range vvas 6.97 to 7.00 per 
cent and fifteen hours 7.01 to 7.04 per cent. When this same sample was 
dried in a mechanical convection oven at 100°C. the loss on drying Was 

6.61 per cent at two hours, 6.63 per cent at three hours, 6.57 per cent at 
four hours, 6.63 per cent at five hours, and 6.58 per cent av six hours. 

In products with low moisture content, as most nuts have, the use of a 
covered dish is not necessary. Typical results with covered aluminum 
dishes and sintered glass extraction tubes as containers on peanuts and 
pecans arc as follows: 

SAMPLE -:-ro. 

2 
3 
4 
5 

T ABLE I.-Typical results on peanuts and pecans 

COVERED AT.DMI:-;lJM D;SBES 

PEn CE~ MOISTURE 

6.99 
7.02 
7.04 
7.00 
6.98 
6.96 

SlNTERBD GLASS TORFS 

rER CENT ;.1OISTURE 

6.96 
6.98 
6.99 
6.99 
6.99 
6.98 
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The drying of nuts at 100° in air, 100° in nitrogen, and 100° in vacuum 
was compared. The following results on a sample of peanuts is typical 
of this investigation: 

At 100° in air, 6.70 per cent. 
At 100 0 in nitrogen, 6.70 per cent. 
At 100 0 in vacuum, 6.92 per cent. 

Further investigation was made by Mrs. Rokita and Miss McMullen 
on the methods for fat determination reported on last year. The methods 
for fat in chocolate liquor, as given in 19.23 and 19.24 were further stud
ied. These methods do not seem to be applicable to most nut materials, 
as the fat is not completely extracted from such materials without first 
extracting nearly to completeness and then regrinding the material and 
final extraction with several portions of ether. 

The method for fat as given in 30.6 was modified by making the chloro
form extraction up to a definite volume and taking an aliquot. This modi
fication was an improvement over the original method. This modification 
does not give satisfactory results on products with very high fat content 
as in many nut meats. 

The Soxhlet method 27.24 and 27.25 gave very good results. Determi
nation on one sample of peanuts gave the following results for fat: 44.33, 
44_39, 44.31, 44.27, and 44.13, average 41.30. Most peanut meats gave 
some trouble with this method as fine starch comes through most filtering 
mediums. This can be prevented by care in selecting and preparing the 
filtering mediums. 

All the methods for Nuts and Nut Products were adopted as "tenta
tive" in 1935 following the Referee's recommendation in 1934. These 
methods were an adaptation of methods used for other products that had 
appeared in chemical literature and of special methods developed by indi
viduals for particular adulterations in certain products. No further inves
tigational or collaborative work: has been done on them. In 1947 the 
Referee made a prelimimtry investigation on the methods for moisture 
and ether extract, which indicated that such methods should be of a broad 
general application, as nuts vary greatly in the percentage of moisture 
and ether extract and the oils in the ether extracts vary grea,tly in the 
characteristics of the oils from pecans to cocoanuts. 

Not only were the "tenativc" and other methods discussed with Federal 
and State Control Officials anu Federal and State Chemists doing re
search work, but they were also discussed with chemists interested in the 
examination of nuts and nut products in "industry." 

i\.S a result of these conferences and discussions, and the suggestion of 
the Committee on Classification of ::\1ethods, a careful study was made of 
the whole chapter. The chapter has been rewritten. l Methods of Preser
vation and Preparation of Samples are added. A number of methods 

l Details 0: some of the tenta.tive mp.thods proposed ~I.re pUblished in This Journal, 32, 96 (1949). 
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for determinations of general type which have been studied and adopted 
for many other food products are applicable to the analysis of nuts; and 
several methods have been listed for study, which are believed to be de
sirable for the chapter, including a sorting method, a method for added 
starch in nut butters and pastes, and added glycerol and glycols. 

RECOMMENDATIONS* 

I t is recommended-
(1) That methods for preservation of samples and preparat.ion of sam

ples be adopted. 
(2) That methods for moisture, crude fat, crude protein, crude fiber 

ash, reducing sugars, sucrose, sdoium chloride, und water-insoluble inor
go,nic residue be adopted as official, first action. 

(3) That methods for added coloring matters; metals, other elements, 
and residues; and preservatives and artificial sweeteners, be adopted by 
reference to the appropriate chapters. 

(4) That sorting methods for moisture and fat, and methods for added 
starch in nut butters and pastes, and added glycerol and glycols be stud
ied. 

REPORT ON VEGETABLE DRUGS AKD 
THEIR DERrV ATIVES 

By PAW, S. J OHGENSEN (Food and Drug Administration, Federal 
Security Agency, San Francisco 2, California), Referee 

RECOMMEKDATIONSt 

(1) Chemical Methods for Ergot Alkaloids.-K 0 report was rece;ived. It 
is recommended that the subject be continued. 

(2) Physostigmine in Ointments.-The Associate Referee recommends 
that the proposed method he adopted as tentative. The Referee recom
mends that the method be adopted as official, first action. 

(8) Theobromine and Phenobarbital-The Associate Referee submitted 
a report and recommended that the subject be continued. The Referee 
concurs in this recommendation for the purpose of developing the spec
trophotometric method. 

(4) Aminopyrine, Ephedrine, and Phenobarbital.-;::[ 0 report was re
ceived. It is recommended that the subject be continued. 

(5) Quinine.-The Associate Referee recommended that the subject 
be continued. The Referee concurs in this recommendation for the pur
pose of submitting the Herd procedure to collaborative study to deter
mine if it should be made official. 

*" For report of SubcorTImiUee C and action of the A330ciation, Bee This Journal, 32, 56 (194.9). 
t For report of Subcommittee Band ::lction of the A~~i)eiation, see This Journal, 32~ 49 (1019). 
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(6) Chemical Nleth ods for Penicillin.-No report ,yas received. The Ref
eree recommends that the subject be continued. 

(7) Rutin in Tablets.-No report was received. The Referee recom
mends that the subject be continued. 

(8) Ethylmorphine in Syrups.-The Associate Referee recommends 
that the usual alkaloidal assay procedure be used to determine ethylmor
phine in syrups in the absence of other alkaloids, and that this procedure 
be submitted to collaborative study. The Referee concurs in this recOm
mendation. 

(9) Arecoline Hydrobromide.-The Referee recommends that method 
39.73 be made official, first action. 

REPORT ON PHYSOSTIGMINE IN OINTl\1E~TS 

By MATTHEW L. Dow (Food and Drug Administration, Federal 
Security Agency, St. Louis, Mo.), Associate Referee 

The work of the previous year indicated that the official A.O.A.C. titra
tion method (1) for physostigmine salicylate might apply also to oint
ment preparations if some method for completely extracting the alkaloid 
from the base could be found. Accordingly, several variations of a direct 
acid extraction procedure were tested, using as controls carefully weighed 
amounts of the pure alkaloid added to a 1~9 lanolin-petrolatum base. An 
alternate melting and chilling operation in an Erlenmeyer flask containing 
a glass stirring rod for mixing and transfer purposes was found to give 
consistent recoveries of 95~98 per cent when the extracted alkaloid was 
titrated by 39.99. Despite the most careful technic it was never possible 
to recover 100 per cent of the alkaloid except by the direct extraction of 
an aqueous solution of the pure salt. 

A very sensitive colorimetric procedure l:3uggested by Shupe (2) based 
on the formation of a blue compound with nitrous acid and strong po
tassium hyrlroxide, was investigated, in the hope that better results 
would be ob Lained. This method proved to he valuable in the study of the 
stability of physostigmine in solution, but it could not be used to deter
mine the original amount of alkaloid in a preparation. 

Apparently physostigmine decomposes in solution as follows: 

o 0 
II [HOH] II [0] 

R-O-C R-O-C-OH R-OH+C0 2 

I (I) (II) 
H-N-CH3 +CH3NH2 

Physostigmine Physovenine Eseroline (red) 

Step (I) was found to take place slowly in warm 2% sulfuric acid. By 
means of controls, prepared immediately before extraction, it was de
termined that from 5 to 15 per cent of the alkaloid salt added to the oint-
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ment hydrolyzed during the proposed extraction procedure. In dilu te 
alkaline sodium bicarbonate solution, both the hydrolysis and oxidation 
steps were found to proceed rapidly, unless the solution was kept cold 
(less than 15°C). 

Since the blue color is formcd only with secondary alkyl urethanes, 
only the unchanged physostigmine in the extract can be measured by this 
colorimetric method. On the other hand, both combined and free methyl
amine can be titrated by 39.99. Therefore, since methylamine is ex
tracted completely along with the alkaloidal salt, the original amount 
of physostigmine added can be determined in this way. 

Since the titration method dctermines the unchanged physostigmine 
plus any methylamine re:mlting from hydrolysis, either before or during 
extraction, and since the colorimetric procedure determines only the un
changed alkaloid in the extracted solution, which has already undergone 
some hydrolysis, it is not possible by the methods now at hand to deter
mine exactly the [~mount of unchanged physostigmine in an ointment. 
The Associate Referee now has on hand several ointments made up during 
the past fe"v years. Analysis of these ointments by both methods should 
show whether there is appreciable hydrolysis of the alkaloid on aging, 
and whether the resultant methylamine leaves the ointment. 

Two ointments prepared in 1944 and 1947, respectively, and stored at 
l"oom temperature until examination, were analyzed by the proposed ti
tration method and found to have lost about 10 per cent in the case of 
the former, and approximately 5 per cent in the case of the latter, of tho 
added amounts of physostigmine salicylate. Apparently some methylam
ine escapes from the ointment. It is intended to repeat the work by 
both methods, to determine the extent of the hydrolysis. 

Table 1 gives the results of a series of recovery experiments from freshly 
prepared controls in which a carefully weighed amount of physostigmine 
salicylate was thoroughly mixed with approximately 5 grams of ointment 
nasa and immediately extracted and titrated by the proposed method. 

DETER).lINATlON 

1 
2 
3 
4 
5 

TABLE 1. 

% RECOVERY 

97.1 
96.9 
97.5 
96.7 
95.2 

A carefully prepared ointment containing 0.25 per cent of physosLig
mine salicylate was submitted for collaborative study.! Results are sho'wn 
in the table belo\v. 
-----------------------------... ---

1 Details of the proposed method are published in This Journal, 32, 113 (19'19). 
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T ABI,]] 2.-Callaborative results 

PHYSOSTIGMINE SALICYLATE 
COLLABORATOR RECOVERY 

FOUND 

peT cent per cent 
0.19 76.0 

1 0.20 80.0 
0.22 88.0 

0.24 96.0 
2 0.25 100.0 

0.24 96.0 

0.24 96.0 
3 0.25 100.0 

0.24 96.0 

4 0.24 96.0 
0.25 100.0 

0.25 ]00.0 
5 0.25 100.0 

0.2.5 100.0 

COMMENTS OF COLLABORATOHS 

Rupert Hyatt, Cincinnati, Ohio. 

Accurate weighing is not so necessary with a small proportion of physostigmine. 
I suggest that a beaker be listed as optional because it is hard to put the ointment in 
a flask without smearing the neck, unless a piece of glassine paper is used. The test 
for complete extraction could be eliminated by requiring an additional shakeout. 

Henry R. Bond, Kansas City, Mo. 

l\' 0 operational difficulties encountered. The titration is so small (I ml) that there 
is a difference of 5 % in recovery per drop of N /50 acid or alkali. Perhaps more ac
curate results would be obtained if .005 N solutions w~re used. 

The Associate Referee is indebted to th() following memb()rs of the 
Food 8.nd Dmg Administration for their valuable comments and partici
pation in this work: H. R. Bond, Kansas City, Mo.; Rupert Hyatt, Cin
cinnati, Ohio; G. S. Keppel, Minneapolis, Minn.; and Mary McEniry, 
St. Louis, Mo. 

DISCUSSION 

The results obtained by foUl' of the five collaborators were excellent, 
both from the standpoint of recoveries obtained and replicability. The 
recoveries of the fifth collaborator were not only low as compared to the 
others but also showed considerable variance. 

It is recommended* that the proposed method be adopted as tentative. 

* Por report of SubcQmmittee B and action of the Association, see This .T ournal, 32, 49 (1949). 



1949] BANES: REPORT ON THEOBROMINE AND PHENOBARBITAL 

BIBLIOGRAPHY 

(1) M ethod~ of Analysis, 6th Ed., 39.99. 
(2) 1. W. SHUPE, Cosmetics and Color, 9, 12 (1941). 

J. E. SAUL, Pharm. J. (i.ij.), 17,642 (1887). 
(3) H. W. HIND and F. M. GAYAN, J. Am. Pharm. Assn., 36, 33 (1947). 

REPORT ON THEOBROMINE AND PHENOBARBITAL 

By DAKIEL BANES (Food and Drug Administration, Federal 
Security Agency, Washington, D. C.), Associate Referee 

533 

In studying methods for the analysis of mixtures contLLining theo
bromine and phenobarbital Deal showed! that the two drugs could be 
separated by the use of ether and dilute acid as immiscible solvents. Later 
Richardson and Campbell described2 a procedure for the determination of 
tbcobromine uy precipitation as the phosphotungstate from acid solution, 
during prolonged digestion on the steam bath. It has been found that the 
heating period can be materially reduced, with the production of larger 
crystals, by boiling the acidified theobromine-phosphotungstate mixture. 

To test tbe efficiency of the shake-out separation, and the accura.cy of 
the modified method for the alkaloid, a prepared mixtme consisting of 
t.heobromine (20.44%), phenobarbital (7.34%), and starch wa::3 subjected 
to collabor::lLive study. Instructions for procedure and results of analysis 
::Ire shmvn belo\\'. 

METHOD 

Transfer t\ portion of Lhe well-mixed samph, containing at least 100 mg pheno
barbital to 125 ml separalory funnel, add 10 ml of 5% NaOR and extract with tkee 
30-ml portions of eRe]" Wash the eHe], layers successively with 5 ml of G% 
N aOI-I in a second scparalor. Reject the chloroformic extracts. 

Add ;30 ml of H 2S04 (1 +4) to the alkaline mixture in the first separator, cool, 
and shake vigorously with 50 ml of etner. Transfer the aqueous layer containing; 
dissolved theobromine to the second separator, cool, and shake with 3.3 ml of ether. 
Hemove the lower phase to a third separator and wash with another 35 ml of ether. 
Hepcat the extracion thru the three separators using two 40 ml portions of H 2R0 4 

(1 +4), and three 20 ml portions of wa,ter. Collect the aqueous layers in 250 ml 
volumetric Hask, dilute to the mark wi(,h water and mix. 

Theobromine.-Transfcr an aliquot containing 100-200 mg of theobromine t.o a. 
250 ml beaker, dilule to 100 ml with w:1ter, and stir in 10 ml H 2SO, (1 +1), and 10 
ml of a clear 20 % soln of phosphotungstic add cry;;tals in water. Cover the beaker 
with watch glass and partially immerse in glycerine bath. (A 600-ml beaker 11alf
filled with glycerine is a cOllvenient vessel.) Heat t,o gentle simmering by maintaining 
a bath temp8rature of 115-130°, and stir frequently until the precipitate subsides 
as a lemon-yello>'\' crystalline mass and the supernatant liquid becomes clear (usually 
20 min.). Digest at boiling point an additional hour with occasional sLirring. Filter 
hot with suction thru a Lared Gooch crucible. Transfer precipitate to i.he crucible 
quantitatively with the aid of rubber policeman and ten 10 ml portions of cold lIel 

1 De~J, E C., This Journal, 24, 818-20 (1\)41). 
'Richardson, A. G., and Campbell, Y. C.,.T. Am. Pllarm. A .. 3!, 24-26 (1942). 
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(1-'-9). Aspirate several minutes, dry to constant weight at 120°, cool and weigh. 
The weight so obtained XO.1563 is the weight of theobromine in the aliquot. Potas
sium iodide interferes. 

Phenobarbital.~Filter the ethereal soln thru a pledget of cotton into a tared 
beaker, washing the three separators and the filter successively with three 5 ml 
portions of ether. Evaporate to dryness on steam bath with aid of a current of air, 
heat to constant weight at 110°C. and weigh as phenobarbital. In the presence of 
stearic acid, proceed as directed in 1fethods of Analysis, 1915, Sec. 39.49. 

TABLE l.-·-Recoverics oj theobromine and phenobarbital 

THEOBROMINE PHENOBARBITAL 

COLLAnORATOR 

FOUND RECOVERY FOUND RECOVERY 

per cent per cent per cent pcr cent 
A. G. Buell 19.91 97.8 7.43 101.2 

19.81 96.9 7.45 101.5 

A. W. Steers 19.86 97.2 7.44 101.4 
19.83 97.0 7.45 101.5 

C. R. .Joiner 19.45 95.2 7.10 96.7 
19.43 9.5.1 7.09 96.6 

D. Banes 20. Hi 98.6 7.31 99.6 
20.20 98.8 7.36 100.3 

R. D. Stanley 19.77 96.7 7.19 98.1 
19.69 H6.3 7.22 98.5 

II. Isacoff 20.5 100.2 7.4 101.0 
20.5 100.2 7.3 99.6 

Average 19.93 97.5 7.31 99.7 

DISCUSSION AND RECOMMENDATIONS 

While recoveries of theobromine are somewhat low, due, perhaps, to 
the solubility of its phosphotungstate in dilute acid, tho method appears 
to be promising. Results for phenobarbital are particularly encouraging 

Richardson and Campbell state2 that potassium iodide interferes in 
the gravimetric method for theobromine. Since both that alkaloid and 
phenobarbital absorb ultra-violet light, a spectrophotometric procedure 
was devised in an attempt to obviate the difficulty. Collaborative results 
indicated weaknesses in the method, snd it has not been included in this 
report. 

It is rccommcndcd* that the problem be subjected to further study. 

:;.: For report of SubCODlmittcc Band nction of the Association. see This Journ'll. 32,49 (1949.) 
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REPORT ON QUININE 

By DAVID J. MILLER (Food and Drug Administration, Federal 
Security Agency, Buffalo, New York), Associate Referee 

535 

The acidimetlic titration of quinine by the A.O.A.C. method (1) has 
been criticized because of difficulty in determining the end point. Herd (2) 
ascribed this difficulty to the buffering action of the monoacidic salt first 
formed, and to overcome this difficulty titrated quinine in glacial acetic 
acid solution with standard perchloric acid in glacial acetic acid, following 
the theory developed by Conant, Hall, and vVerner, and 1\adeall and 
Braucher. In addition to the perchloric acid titration Herd outlined a 
procedure for the separation of quinine and strychnine using dich101'
acetic acid in chloroform. It is the purpose of this preliminary report to 
compare the Herd perchloric acid titration with the method now official 
in the Methods of Analysis using pure quinine alkaloid only. At the same 
time there is presented a third procedure, developed by the Associate 
Referree, in which quinine is titrated with standard sulfuric acid using the 
blue fluorescence which appears after the formation of the normal salt 
and which is easily apparent under ultra violet light, to indicate the end 
point. 

EXPERIMENTAL 

REAGENTS 

The quinine used in the study was a Mallinckrodt U.R.P. XI Product. Since 
the purpose of the study was to compare simplicity of titration and recoveries, 
rather than to determine exact quinine content, no attempt was made to purify the 
alkaloid. The quinine was passed through a 30-mesh screen and dried at 105°C be
fore usc. The melting point (uncorrected) was 175-176°C. 

0.1 Nand 0.02 N sulfuric acid, 43.14 
0.1 Nand 0.02 N sodium hydroxide, 43.2 

0.1 Nand 0.02 N perchloric acid in glacial acetic acid was prepared as outlined 
by Herd (lac. cit.) and standardized against anyydrous sodium acetate, recrystallized 
«-naphthylamine, and an especially purified quinine obtained from Chemical Se<o
Lion, Medical Division, U. S. Food and Drug Administration, Washington, D. C. 

a-naphtholbcnzein indicator, 0.2 g/lOO ml glacial acetic acid 
Bromocresol purple indicator, 39.11 
Glacial acetic acid, ACS. 

METHODS 

Method I is the present A.O.A.C. method. The sample is dissolved in 5 
ml neutral alcohol and titrated to a yellow end point using bromocresol 
purple indicator, the alcohol evaporated and the solution further titrated 
if there is any change from the yellow. Approximately 0.3 ml of 0.02 N 
acid is consumed from the first color change to a final yellow. 

Where 0.02 N. acid is used to titrate approximately 0.1 g quinine, it is 
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possible to follow the directions in Methods of Analysis but the end point 
is somewhat difficult to detect. However, the end point can be improved 
by adding a slight excess of acid, evaporating the alcohol, cooling, filter
ing, washing, and back titrating with 0.02 N alkali, using the first change 
from yellow as the end point. Where 0.1 N sulfuric acid is used to titrate 

TABLE l.-Per cent quinine in sample by titration with 0.02 N solutions 

~l;~'l'HO!) I ~~~~I- )!ETHOD In 

ntuECT"" TI.I.CK"r DIRECT NRU:CT BACK 

TITUATION TITRATION TT'l'RATION 

I 
'l'I':'RATION TrTnATlON 

----
99.9 100.4 100.2 I 97.5 99.3 

100.3 99.8 99.6 97.6 97.2 
98.8 100.2 99.9 98.3 
99.5 99.7 99.7 99.2 

100.3 100.9 99.6 99.2 
98.9 100.7 100.1 98.0 

Av. 99.6 100.3 99.9 97.6 98.5 

;,: A.O.A.C. method exactly. 
t Excess acid ~I.dded to same s:~mple and b:lck titra.ted as described under "l\lethode," 

TABI.E 2.-Pcr cont quinine in 8ample by tilration l1Jith 0.1 N ,oiu/ions 

MeTHOD I METHOD II METHon III 

Dl11.ECT'" BACEt DIHECT DIRECT BAt'K 

TiTRATION TITnATION TITRATION 'l'ITRATION TlTRATION 

-----

100.5 100.5 99.6 99.1 
98.8 100.4 99.4 99.3 
99.8 100.1 100.0 98.1 99.3 

101.7 100.3 100.1 100.1 99.1 
99.6 100.4 98.2 

99.2 IOO.fi 

Av. 100.5 99.8 100.3 99.3 99.0 

~> A.O.A.C. method pIllS :tddl'tion of 15 ml H~O. 
t EXCESS acid :1 dded and baf:k Litrated as described under "Methods." 

<tpproximatcly 0.5 g of quinine the voluminous precipitate of the sulfate 
makes an accurate titration almost impossible if the A.O.A.C. directions 
are followed exactly; however, a direct titration can be made if approxi
mately 15 ml water is added and the solution is heated. Approximately 
0.25 ml 0.1 JV acid is used from the first color change to a final yellow. 
Here, too, it is preferable to add an excess of acid, evaporate the alcohol, 
etc.) and back tilrate. Tables 1 and 2 include the results obtained by using 
the official m8thod exactly and the back titration procedure. 

Method II is the Herd perchloric acid titration method. The sample is 
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dissolved in 20 ml glacial acetic acid and titrated with standard perchlorie 
acid in glacial acetic acid to a green end point using a-naphtholbenzcin 
indicator. It is necessary to determine the temperature of the standard 
solution and make a correction (approximately one part in a thousand for 
every degree C difference) if the temperature is different from the one at 
which it was standardized. Approximately 0.25 ml of 0.02 N acid titrating 
0.1 g quinine or 0.20 ml of 0.1 N acid titrating 0.5 g quinine is used from 
the first color change to a final green. 

Method III consists of the titration of quinine dissolved in 5 ml neutral 
alcohol with standard sulfuric acid, using as the end point the appearance 
(or, if back titrating, the disappearance) of a blue fluorescence under ultra 
violet light. This point corresponds to the formation of the normal sulfate 
(C2oH24N202)2' H 2S04• It is necessary to make the titration in the dark 
since the fluorescence is not sufficiently marked, even under ultra violet, 
if much daylight is present. At the end point there is an interval of ap
proximately 0.15 ml of acid, either 0.1 Nor 0.02 N, where there i1:3 some 
question as to the presence of fluorescence. Although the change both by 
direct titration :otnd back titration is marked it appeared somewhat easier 
to back titrate, noting the change from fluorescence to absence of flu ores
cence. Halides and acetophenetidin interfere with this titration. 

Results are shown in Tables 1 and 2. 

CONCLUSIONS 

On the basis of this preliminary study it is concluded that the recoveries 
of quinine are about equal by the Herd perchloric acid titration and the 
A.O.A.C. method. The Herd procedure is somewhat sl1p0,rior to the 
A.O.A.C. method in that with a direct titration the end point is sharper. 
Hovvever, this superiority is not so marked that it out-weighs the disad
vantage of having to keep prepared still another standard solution which 
is 80mevvhat unpleasant to use and whose temperature correction is much 
larger than for aqueous solutions. The titration of quinine, using its 
fluorescence in sulfuric acid solution as an indicator, is a simple and in
teresting method of titration, but with pure quinine it offers no particular 
advantage O\'er either of the other two methods. With impure, colored 
residues its usefulness may be enlarged. 

It is proposed to study tho Herd procedure for the sepamtion of quinine 
and strychnine and it is recommended* that the subject be continued. 

REFERENCES 

(1) Methods of Analysis, 6th Ed. (1934), sec. 39.13, p. 669. 
(2) IIERD, R. I,., J. Am. Pharm. Assoc., XXXI, I, 9 (1942). 

*- For report of Subcommittee B and action of the ASl"ociation, see 'This J01unfJ.,l, 32, 49 (1049). 
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REPORT ON ETHYLMORPHIKE IN SIRUPS 

By F. J. McNALL (Food and Drug Administration, Federal Security 
Agency, Cincinnati, Ohio), Associate Referee 

In accordance with the recommendation of Subcommittee B of the 
Association (This .!o1J,Tnal, 31,46) a preliminary study was made for the 
determination of ethylmorphine in sirups. 

Ethylmorphine hydrochloride (C 1oHn 0 3N·HCl·2HzO), a synthetic 
alkaloid salt commonly known as Dionin, is used internally in a sirup 
vehicle, for the relief of excessive cough and pain in the chest. A review of 
cough sirups on the market containing ethylmorphine showed that, in 
addition to ethylmorphine, many contained other alkaloid-bearing drugs, 
such as ephedra, lobelia, ipecac, cocillana, and sanguinaria. 

A review of the licerature indicated that very little work had been done 
on the quantitative determination of ethylmorphine. Only one reference 
was found relative to the separation of ethylmorphine in the presence of 
other alkaloids. This article "Chromatographic Analysis of Alkaloidal 
Salts," is reported by F. Reimers and K. R. Gottlieb, in Chem. Zentr. II, 
1387 (1943). 

Ethylmorphine in a simple sirup in the absence of other alkaloids 
ffii'"y easily be determined by the usual alkaline chloroform shake out. 
30 mg. added to a simple sirup was extracted with a recovery of 98.7 per 
cent. Sodium hydroxide, which is used to separate morphine from other 
alkaloids, was tried with a mixture of codeine and ethylmorphine without 
success. 

Alkaloids found in cough sirups other than ethylmorphine are usually 
present in ,>ery small amounts, and as such would not appreciably affect 
the quantitative estimation of ethylmorphine. 

It is recommended* that the usual alkaloidal al:lsay method be sub~ 
mitted for collaborative study for the determination of ethylmorphine 
in sirups in the absence of other alkaloids. 

:'-J 0 reports were given on chemical methods for ergot allfaloids, amino
pyrine, ephedrine and phenobarbital, chemical methods for penicillin, or 
rutin in tablets. 

'* For repDrt of Subcommittee B and action of the A~~ociation, see This Journal, 32, 49 (1949). 
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REPORT ON SYNTHETIC DRUGS 

By F. C. SINTON (Food and Drug Administration, Federal Security 
Agency, New York, N. Y.) Referee 

RECO:vIMENDATIONS* 

(1) Butacaine SUlfate.-A preliminary report was received by the 
Referee. Some exploratory work was performed and it was recommended 
that the subject be continued. The Referee concurs. 

(2) Propadrine IIydrochloride.-No report. The Referee recommends 
that the subject be continued. 

(3) Pyribenzamine and Benadryl.-No report. The Referee recommends 
that the subject be continued. 

(4) Carbromal.-No formal report was received but the Associate 
Referee in correspondence indicated that he has worked on two methods 
involving bromine determination. These appear satisfactory and he is 
ready to submit samples for collaborative study. The Referee recommends 
that the study be continued. 

(5) Methylene Blue.-A report was received describing procedures for 
the determination of methylene blue in compound tablets. The Associate 
Referee recommended that a collaborative study be made. The Referee 
concurs. 

(6) Synthetic Estrogens.-No report. The Referee recommends that the 
subject be continued. 

(7) Propyl-Thiouracil.-No report. The Associate Referee has resigned 
from the Food and Drug Administration. Some preliminary work was 
performed in an attempt to apply the method for thiouracil recommended 
for adoption last year. This was not successful. The Referee recommends 
that the subject be continued. 

(8) Spectrophotometric methods.-No report. The Referee recommends 
that the subject be continued. 

(9) Phenolphthalein in Chocolate Preparations.-No report was submit
ted by the Associate Referee; it is recommended that the subject be 
continued. 

(10) Sulfanilamide Derivatives.-No report. The Referee recommends 
that the subject be continued. 

(ll) Trichloroethylene.-The Associate Referee has submitted a report 
and recommends that the method which was studied collaboratively be 
adopted as official, first action, and the subject closed. The Referee con
curs. 

* For report of Subcommittee B and action of the Association, see This Journal, 32J 49 '~191Q). 
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REPORT ON METHYLENE BLUE IN COMPOUND TABLETS 

By HARRY O. MORAW (Food and Drug Administration, Federal Security 
Agency, Chicago 7, Ill.) , Associate Referee 

The 19<1.8 work on the Embject was a continuation of unreported in
vestigatiomd work of 1944, 1945, and 19<1.6, on the problems of Reparation 
and determination in coated tablets of complex mixtures of essential oils, 
resins, balsams, powdered plant materials, plant extracts, excipients, and 
lime carbonate, sugar, and color in the coating. 

The present A.O.A.C. dichlorhydrin extraction method was developed 
for application of a suitable volumetric method of determination. It does 
not provide for complete separation 01 water-insoluble material and may 
permit small amounts of dichlorhydrin, carbon tetrachloride, and water
Roluble material to be carried over. The line of separation between layers 
of dichlorhydrin and ,'-ater in the beginning of extractions is indistinguish
able. The supply of dichlorhydrin available at the time of this recent work 
tended to dissolve or remain suspended in the water layer to an objection
able extent. Therefore, extractions by this method unless further treated 
are not suitable for application of a gravimetric method, or a volumetric 
method in which the contaminants might enter into the reaction. 

In view of the above, it was necessary to experiment with reagents and 
solvents for dissolving or separating which would not interfere with tho 
determination. Hence, concurrent trials of both method of dissolving and 
methods of determination were made on unmixed known methylene blue 
and authentic tablet mixtures. 

A major difficulty in dissolving the methylene blue in such mixtures 
as the above is that of knowing when it is completely dissolved. The in
tense blue color of its solutions prevents observation of solid maLerial. 
Moreover, the methylene blue may be embedded in or absorbed by some, 
or a combination, of the tablet ingredients during the manufacturing or 
pulverizing for analysis. 

Because of this difficulty in observing lines of separation between watE:r 
and solvent layers, the possibility of reducing methylene blue to the leuco 
base and extracting the latter was considered. It was found that the 
methylene blue in a commercial sample of tablets containing the in
gredients mentioned above could be reduced in 10 to 15 minutes with 
alkaline hydroxylamine and apparently completely extracted with 4 or 5 
50-ml portions of ether. Completeness of extraction can be shown by 
absence of blue on acidifying a few ml of the reducing mixtures. It would 
appear that if the reduced compound could be restored to methylene blue 
by an acid shake-out from thE: ether, leaving oils and similar materials in 
the ether, a most desirable quick and direct method of separation would 
be available. Some further work on this appears to be justified. Since the 
methods thus far tried for separating or dissolving methylene blue in such 
mixtures were not satisfactory, attempts were next made to develop a 
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direct solution method utilizing the extreme solubility of the methylene 
blue in methanol. It "\vas found that most of the color could be separated 
from the solid material by triturating repeatedly with methanol. The 
undissolved solid material was then further extracted and disintegrated 
by grinding in a mortar after treatment with dilute hydrochloric acid 
and methanol until practically colorless. From this investigation it ap
peared to be practical to extract a sample of the ground tablet mixture 
containing 0.2 to 0.25 g of methylene blue using 20 m1 of methanol and 40 
ml of 5% hydrochloric acid and making to a volume of 200 mi or equiva
lent to 10% methanol and 1 % hydrochloric acid (gas). After filtering, th;:::; 
solution could be used for determinations by the gravimetric perchlorate 
and spectrophotometric methods. It was found by trials on known scraight 
methylene blne that these amounts of the reagents did not affect the 
accuracy of the determinations by these methods. Results are given in 
Table l. 

The following two solution methods were next tried on authentic tablot 
mixtures: 

(1) Methanol-HOI-water treatment on ground tablets (without previous ex
traction) . 

(2) Methanol-HOI-water treatment after clry ether p,xtraction of the oils, resiLs, 
etc. 

Using solution method (1) there was a tendency for lumps to form in 
some instances. This appeared to be due to too rapid addition of the 
hydrochloric acid and methanol. Also the methy1cne blue crystallized out 
after making up to volume. Notwithstanding some instances of complete 
recovery, the low results in other determini:1tions are believed due to in
complete solution. These difficulties were not encountered with solution 
method (2). This is based on more logical practices, but requires more 
care in manipulation to avoid losses. 

The authentic tablet mixtures were prepared by adding approximately 
2 grams of tablet mass to an accurately weighed amount of methylene 
blue (0.2 to 0.25 g) of known purity and moisture content, and mixing 
thoroughly. The table mass consisted of the following ingredients in the 
approximate proportions used in this type of tablet: 

Extract kava, powdered cubeb, powderod nutmc?;, copaiha, oil of sanlal, oii of 
cinnamon, starch, lactose, sucrose, calcium carbonate, talc. 

Results on these experiments are given in Table 2. 
Methods of determination studied were as follows: 
(1) Volwnetric Silver Nittatel-based on det. of 01 displaced when methylene blue 

perchlorate is formed. 
(2) Volumetric Dichromate2-based on precipitation by excess dichromate and 

titration of the excess by thiosulphate. 
(3) Modified U.S.P. gravimetric perchlorate. 
(4) Spectrophotometric. 

1 Maurin" >I"d Deahl, J. Am. Pharm. Assoc .• SC~. Ed., XXXII, 11,301 (1943). 
'Ferrey, G. J. W., Quart. J. Pharmacal., 16,208 (1943). 



TABLE I.-Determinations on known methylene blue (unmixed) 
Modified perchlorate and spectrophotometric methods 

:METHYLENE BLUE A.NHYDROUS 100% BASIS 

I 
DET. I FOUND VARHTIONS TRIED: 

NO. 1--' 'CSBD BY BY CRt:;CIBLES REAGENTS PRESENT DURING 
I 

PERCHLORATE BPECTROPEOTOMETRIC PREWASEED PRECIPITA.TION; TIME FOR PPTN. 

.----0-1 g per cent per cenl 

113-1 .0.912 I .0921 101.0 No pptn. in 10 % meth-
anol 1% Hel. 10 
min. for pptn. 

113-2 . 0932 .0937 100.,5 No do. 10 min. for pptn . 

113-3 .OiA9 .0866 102.0 No No methanol or 
Hel used. 10 min. 
for pptn. 

114-1 .1 J 45 .1159 101.2 No pptn. in 10 % meth-
anol 1 % HC! stood 
30 min. for pptn. 

114-2 .1279 .1291 100.9 No do. stood 45 min. 
for pptn. 

11'1-3 .1119 .1162 101.6 Yo do. stood 50 mIn. 
for ppLn. 

1l4-4 .1illO .1814 I 100.2 .188 103.8 No do. heated 1 hr. on 
steam bath with 
Hel CH,OII before 
pptn . 

11.',-1 . 0980 . 0981 100.1 Yes do. 10 min. for pptn . 

115-2 . 0856 .0848 99.1 Yes do. 75 min. for pptn . 

115-3 . 1024 .1030 100.6 Yes do. 30 min. for pptn . 

115-4 .08C15 .0870 100.6 Yes No methanol 0': 

Hel used. Stood 10 
min. for pptn. 

152-1 .2000 .1996 99.6 .199 99.5 No 10% methanol 1% 
He] 

118-1 .2284 .2274 99.6 .22.14 98.7 Yes do. 

118-2 .2079 .2076 99.8 .207 99.6 Yes do. 

118-3 .1016 . 1018 100.2 Yes do . 

118-3 .1016 .1004 98.8 Yes 10 % methanol 
1.5% lIe! 

118-3 .1016 .1011 99.5 Yes i 10% methanol 1% 
HCI 

118-4 .2038 .2054 100.8 .205 100.6 Yes do. 



TABLE 2.-Determinations on authentic tablet rni;x;ture8 

METHThENE :SLUE ANHYDROUS 100% B.t.SIS 

FOUND DY METHODS I 
BY MODIFIED BY 

PERCHLORATE SPECTROPHOTOMETRIC I 
% % 

METHOD OF SULUTION '::.. I -, I 
RECOVERY ru:GOVERY 

- ----g--I--g-----I--o-----I-- ---0------0---

15;3-1 .2000 .1862 9;).1 .186 93.0 Method (1)-Methanol-HCl
oils not removed by ether
reagents added rapidly. 

153:2 .1694 .1696 100.1 .170 

154-2 .2000 .1862 93.1 .188 

154-4 .1710 .1672 97.7 .168 

100.4 Method (I)-do. 
Reagents added fractionally. 

94.0 Method (1)-CnaOR-HCI 
mixed and added piecemesl 

98.3 Method (1) reagents added 
slowly. soln. stood 2 days. 
M.B. crystallized out; redis
solved by warming. 

]'55~5 .1700 .1692 99.5 .168 98.8 Method (l)--Me"chanol ancl 
5% HCI added alternately in 
small portions. 

155-6 .1728 .1680 97.2 .173 100.0 Method (I)-Heated 30 min. 
at SO-90°C. with methanol and 
HCl. 

156-7 .1945 .1908 98.1 .193 99.2 Method (1) methanol and Hel 
added piecemeal; lumps formed 
during solution. Stood over
night; M.B. crystallized out; 
redissolved. 

1.57-1 .2000 .1944 97.4 .187 93.5 Method (2)-ethcr soluble re-
moved before dissolving m 
methanol-lICl. 

166-8 .1840 .1804 98.0 .184 100.0 Method (2)-ethcr solubles re-

166-9.2019.200499.3.198 

167-10 .2008 .1980 98.6 .198 

167-11 .1999 .1960 98.1 .197 

167-12 .1974 .1938 98.2 .195 

moved by dry extraction. Color 
exhausted with methanol fol
lowed by HCI-methanol. 

98.1 do. do. 

98.6 do. do. 

98.5 do. do. 

98.8 do. do. 
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Method (1) yielded good results on purified samples of Rtraight meth
ylene blue but somewhat high results on unpurified samples. With solu
tions obtained from mixtures the end point with Ferric indicator was 
unsati:3factory. The amount of sample required for determination (0.5 g) 
would be impractical to handle in mixtures. Method (2) yielded such 
favorable rosults on known straight methylene blue samples of 0.1 to 0.5 
g that considerable work was done to check its accuracy. When applied to 
smaller Ramples, i.e., 45 to 60 mg. low results were obtained. Usc of more 
acid in the fiaRk for the reaction with iodide at first seemed to solve the 
difficulty. Occasional discordant results suggested substitution of 0.4 to 
1 % hydrochloric acid for acetic acid for the precipitation with dichromate, 
This improved the character of the precipitate, but occasional discordant 
re~ults occlllTed ,vhich indicated that the method "lvas not sufficiently 
perfected. Moreover, the possible oxidizing action of dichromate on 
contaminants in extractR from mixtures weighed against further work. 

::Ylethod (3), the U.S.P. gravimetric perchlorate method, yielded high 
results for the author on straight methylene blue of known purity. This 
method provides for the use of 100 mI of methylene blue perchlorate test 
solution for washing the precipitate. A number of batches of this T.S. 
have formed additional perceptible but scarcely noticeable precipitates 
on standing after the original filtration. If not refiltered before use a 
variahle error might be introduced. Some variation in thc composition of 
this T.S. may occur because of the difficulty of recognizing when "a slight 
permanent turbidity results" when preparing it according to the U.S.P. 
thus allovying larger excess of methylene blue Rolution to be added to the 
perchlorate solution. Recent experience indicates the advisability of 
specifying the approximate volume of the former to add. Another factor 
is the absorption by the asbestos of the crucibles of a weighaHe amount 
of a blue compound from the 100 ml of the T.S. It was found to average 
0.0007 g from freshly filtered T.S. Prewashing of the crucibles and using 
freshly filtered T.S. arc therefore recommended when applying the 
method to straight methylene blue or solutions, extracts, etc., in which 
other inherent potential errors are negligible. 

Since the U.S.P. method provides for precipitation with potassium 
perchlorate in water solution, and the solution method reported harein 
prepares a solution of methylene blue in (1 + 10) 10% hydrochloric acid
wator and 10% methanol, it was necessary to try the perchlorate method 
with thcse modifications on methylene blue of known purity. Results of 
these determinations are reported in Table 1 as well as checks by the 
spectrophotometric method. 

SPECTROPHOTOMETRIC DETERMINATIONS 

The solution method developed for methylene blue in compound tablet 
mixtLlres requires the use of (1 + 10) 10% hydrochloric acid-water and 
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(1 + 10) methanol-water in preparing the original solution. Hence amounts 
in the diluted aliquots for the colorimetric determinations vary from O.OO~ 
to 0.01 N in hydrochloric acid and 2 to 35 mg methanol per 100 ml. No 
investigation was made to determine whether ageing of solutions of 
methylene blue in these reagents affects the colorimetric determination. 
However, peak absorption values relative to blanks of the respective 
solvents were determined on solutions of 0.3 mg of 100% amhydrous 
methylene blue in water in 0.1 N hydrochloric acid, in 0.05 N hydrochloric 
acid and in 5 ml of 5% hydrochloric acid (approx. 0.15 N) plus 5 ml 
methanol per 100 ml. 

This was found to be approximately 667 mM in each cape. A plot of 
concentrations corresponding to E values was made for amounLs varying 
from 0.01 to 0.4 mg per 100 ml in the same solutions using a slit width of 
0.06. The absorption curve and the graph of the concenLration correspond
ing to E value at 667 miL for the compound in approximately 0.1 N 
hydrochloric acid appear in Figs. 1 and 2. Concentrations above 0.35 
mg and below 0.08 mg per 100 ml generally did not fall on a stro,ight line, 
indicating a slight deviation from the Beers-Lambert Law. Ho-wever, the 
gTaph was used for the colorimetric determinations in Tables 1 and 2 
and appears to be practical. 

Some further work should be done on this to determine whether a more 
favorable reagent strength can be found. 

PURIFIED SA MPLE TESTS 

The sample used for control tests in this work ""vas prepared by dis
solving U.S.P. methylene blue in water, filtering and recrysLtllizing by 
evaporating and long standing. Crystals were washed with "mall portions 
of water and alcohol and allowed to stand in air several days. They were 
ground to pass a No. 50 sieve and stored in tight bottles. A more rapid 
method of crystallization tried on another sample was suggested by 
Martin, Neuhaus, and Reuter3 utilizing alcohol containing 5% methanol. 

Nitrogen was determined by the A.O.A.C. method using both copper 
sulfate and mercuric oxide catalysts. The results by throe determinations 
as anhydrous methylene blue were 84.28%, 84.47%, 84.60%, average 
84.45%. Moisture was determined by heating in vawo at 100°C. for 3 to 
4 hour periods to constant weight. Heating for shorter periods, i.e., 1 
hour, caused no change but subsequent heating of the same :oarnples for 
longer periods caused appreciable changes. Placing of fresh samples in 
the oven with previously dried samples apparently cau~ed the latter to 
gain weight. Moisture found in the purified sample averaged 15.37% 
by three determinations. Keeping air oven temperatures constant at 
HO°C. as required by the U.S.P. was found impractica1. Temperature 

3 Analyst, 71, 29 (1046). 
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FIG_ I.-The Absorption Spectrum oi Methylene Blue in 0.1 N Hel. 

variations in the vacuum oven method do not influence the results to the 
extent they do in the air oven. 

The hydrogen peroxide digestion method for nitrogen recommended by 
Maurina and DeahF in place of sulfuric acid appears to have advan
tages in saving of time but was not tried. For samples to be used for 
collaborative study later it is expected to make use of this method if it is 
found satisfactory. 
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FIG. 2.-Plot of E against Concentration at 667 Mil. 

RECOMMENDATIONS* 

I t is reeommended-
(1) That further work be done to determine if there is a more favorable 

* For report of Subcommittee Band act.ion of the ARRociation, see 'This JO'tJ.-rrUll, 32 1 4~~ (1949). 
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concentration of hydrochloric acid and methanol for determining the E 
values corresponding to different concentrations of methylene blue. 

(2) That details of solution Method 2 be submitted to collaborators for 
trials on authentic tablet mixtures and on a sample of commercial tablets 
of the approximate composition referred to in paragraph 1 of this report. 
It is also recommended that details of the modified perchlorate and the 
spectrophotometric methods referred to herein be prepared and tried by 
collaborators on the authentic tablet mixtures and authentic methylene 
hlue of known purity. 
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No report was made on phenolphthalein in chocolate preparations. 

REPORT ON BUTACAINE SULFATE 

By LLEWELLYN H. WELSl'I (Chemical Section, Medical Division, Food 
and Drug Administration, Federal Security Agency, Washington, D. C.), 

itssociate ](eferee 

Butacaine, or butyn, is 1-(p-aminobenzoxy)-3-dibutylaminopropane, 
and is used in the form of its neutral sulfate. It appears commercially as 
the pure salt and in the following dosage forms (N. N. R.): aqueous 
solution; tablets with and without epinephrine; ophthalmic ointment, 
one per cent (plain) and two per cent (with metaphen). 

From exploratory work in this laboratory, butacaine base appears to be 
amorphous at room temperature. It is not significantly volatile at 105°C., 
and may be extracted easily with chloroform from alkaline aqueous 
systems and weighed. Acid solutions of the substance may be assayed by 
titrating with bromide-bromate solution whieh introduces two atoms of 
bromine into the molecule. The neutral equivalent may be determined by 
titration with aeid to a methyl red end point. 

At the present stage of the work, it appears thai preparations which 
\vill yield sufficient drug, without causing complications due to the nature 
of the vehicle, may be analyzed by extracting out the base, determining 
it gravimetrically, and checking the identity of the residue by acid titra
tion followed by bromination of an aliquot of the titrated solution. 
Products not suited to such a procedure might be analyzed by separating 
the butacaine by extraction procedures, brominating in acid solution, and 
identifying the bromination product after isolating it and converting to 
the hydrochloride or hydro bromide. 

This report is of a preliminary nature. In the coming year an effort 
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will be made to develop a procedure applicable to all dosage forms and to 
conduct s, collaborative study. 

It is recommended* that the subject be continued. 

REPORT ON TRICHLOROETHYLENE 

By GORDON SMITH (Food and Drug Administration, Federal Security 
Agency, New York, N. Y.), Associate Referee 

One of the methods devised by Rauscherl for determining organic halo~ 
gen compounds has been applied this year to trichloroethylene. The 
central feature of thi8 method consists of heating the 8ample in a closed 
tube with monoethanolamine. This converts the chlorine to a form in 
which it can be precipitated from aqueous 80lution by silver nitrate. The 
heating medium used by Rauscher was a bath of boiling diethanolamine, 
which held the temperature constant at about 268°C. In thi8 work on 
trichloroethylene a mineral oil bath has been substituted, with the object 
of greater safety and simplicity. To compensate for the lack of any close 
automatic temperature control, a rather wide range of temperature is 
permitted, above the necessary minimum. 

It was found that heating at 210°C. or above for 1 hour would give 
recoveries close to lOO%. No attempt was made to determine closely the 
minimum time and temperature required. One half hour at 200°-220°C. 
appeared to be insufficient, giving recoveries in the vicinity of 96 or 97 
per cent. Heating one hour in the steam bath gave a recovery of only 
34 per cent. 

The sample used in working out the method was prepared by distilling 
a commercial product three times, discarding end fracLions. The resulting 
liquid had a density of 1.4562 20°/4° and a refractive index of 1.4774 at 
20°. These constants as given in the Handbook of Chemistry and Physics 
fortrichloroethylene are, respectively) 1.4556 and 1.4777. Thus the rnate~ 
rial was regarded as practieally 100 per cent trichloroethylene. 

Volumetric determination of chloride in the reaction product was first 
tried, by the usual silver nitrate~thiocyanaLe method. However, the 
reaction product has some color, which seems to increase near the end 
point, making the latter difficult. Results ranged from 98.5 to 99.6 per 
cent. Gravimetrically, weighing the silver chloride, the recoveries ob
tained were 99.8, 100.3, 100.1, and 99.6 per cent. One collaborator, 
Arthur Kramer of the New York Station, also obtained recoveries close to 
100 per cent by this method. It was decided to submit the gravimetric 
method only to collaborative study. 

For this purpose, a sample of U.S.P. trichloroethylene Wl:\S made up, 
-------------_. -------------- .. ---

* For repo:t of Subcommittee Band actio"l of the Association, see This Jo'uTnal, 32,49 (1949). 
1 Ind. Eng. Chern., Anal. Ed., 9, 296 (1937). 
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since it is such 11 substance that would be assayed in practice; 198.6 g of 
the pure distillate were mixed with 1.4 g of absolute ethanol; thus the 
theoretical percentage of trichloroethylene in the sample was 99,3. 

All the collaborators were members of the Food and Drug Administra
tion. 

Details 01 the method are given in This Journal, 32, 113 (1949). 

TABLE l.-Collaboratovc results 

COLLAr; ORATOR 

C. F. Buening, Baltimore 

A, Kramer, New York 

A. G. Buell, San Francisco 

A. IV. Steers, San Francisco 

PER CE:KT 

TRICHLOltO

li1TE[l'1,ENE 

99.0. 
99.3 
99.4 

99.4 
99.6 

98.4 
98.0 

99.4 
99.1 
99.4 

COr..LABORATOR 

L, W. Ferris, Buffalo 

H. P. Eiduson, Buffalo 

L. H, W e1sh, Washington 

G. Smith, New York 

PEn CENT 

TP.ICHLono

ETHYLENE 

91.5 
99.6 
99.5 
99,6 

99,0 
99.5 
99,3 

99.9 
99.4 

98,9 
99.2 
99.1 

Ivfost of the results are in close agreement. Of a total of 22 determina
tions, 17 are in the range 99.0% to 99,6%. The average of these is 99.4%. 
The average of 21 determinations, omitting the single widely divergent 
one, is 99.3%, 

There was little comment by collaborators. Four saw the need of a 
filtration step after the reaction product is washed out of the tube, to 
remove 2cny broken glass. This step has been inserted in the method with 
the proviso "if necessary." One station reported that several tubes 
cracked without explosion while being heated. 

The method seems accurate enough for practical use. With some study 
of details it probably could be made more precise and proof against varia
tion. 

It is recommendcd* that the method be adopted as official, first action, 
and that the subject be closed. 

No reports were given on sulfanilamide derivatives, propadrine hydro
chloride, carbromal, spectrophotometric methods, thiouracil, pyribenz
amine and benadryl, or synthetic estrogens. 

* For report of Subcommittee B and action of the Association, see This J Dumal, 32, 49 (1949). 
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REPORT ON MISCELLANEOUS DRUGS 

By 1. SCHURMAN (Food and Drug Administration, Federal Security 
Agency, Chicago 7, Ill.), Referee 

lodine.-·Mr. :Finc submitted for collaborative study a modification of 
the official method for iodine (Methods of Analysis, 6th Ed. 39.202). The 
results show conclusively the necessity for having present sufficient 
organic material for complete recovery of iodine. On the basis of the re
sults the present official method should be reworded as described in the 
Associate Referee's report, adopted as official, first action, and the 
subject closed. 

Calcium, Phosphorus, and Iron in Vitamin Preparations.-Mr. Banes 
has submitted a report which includes a collaborative study. The results 
are in excellent agreement and are of an accuracy and precision to warrant 
that the method with the addendum be adopted as official, first action, 
and the subject be closed. 

Separation of Bromides, Chlorides, and Iodides.-Mr. Stewart made a 
progress report and recommends that the subject be continued. 

J.l1ercury Compounds.-Mr. Green reports that preliminary work with 
Rotondaro method for small amounts of mercury compounds in creams is 
not applicable and recommends that the subject be continued. 

Methyl Alcohol.-Mr. Guymon was appointed last year as Associate 
Referee to study the procedures for the determination of methyl alcohol 
which appear in Sec. 16.25 and Secs. 39.161-2 of the Methods of Analysis, 
6th Ed., with the view to any needed revision and unification of directions. 

Mr. Guymon has submitted a report covering the effect of temperature 
upon color development and recommends that the study be continued. 

RECOMMENDATIONS* 

It is recomrnended-
(1) That the official method for iodine (39.202) be reworded as recom

mended by the Associate Referee and be adopted as official, final action. 
(2) Thai; the method for the assay for calcium, phosphorous, [Lnd iron 

be adopted as official, first action. 
(3) That the studies of the separation of bromides, chlorides, and 

iodides be continued. 
(4) That the study of mercury compounds be continued. 
(5) That tho study of methyl alcohol be continued. 
(6) That the following topics on which no reports lmve been received 

be continued for another year: 
Alkali Metals 
Glycols and Related Compounds 
Preservatives and Bacteriostatic Agents in Ampul Solutions 
* For report of Subcommittee B and action of the Association, see This Journal, 32,49 (1949). 
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Microscopic Tests for Alkaloids and Synthetics 
Estrone and Estradiol 
Chromatographic Separation of Drugs. 

REPORT ON ASSAY OF MERCURY COMPOUNDS 

By MELVIN W. GREEN (American Pharmaceutical Association Labora
tory, Washington, D. C.), A8SOC1:ate Referee 

At the start of the refereeship on the determination of mercury in 
phenylmercuric acetato and iodide, it appeared that the portion of the 
problem needing solution most urgently was the microdetermination of 
mercury in ointments and creams. 

Members of the laboratory staff of the American Pharmaceutical As
sociation hall previously determined mercury in all of the official drugs 
and dosage forms containing mercury by the Rotandaro procedure or 
some modification of it (1, 2). In this method the mercury is reduced to 
the metallic state by refluxing with a mixture of ethanolamine, butyric 
alcohol, and zine dust. Sinee the method was essentially satisfaetory our 
attention wa" immediately focused on an attempt to use the same basic 
reduction procedure on creams containing loss than 1 per cent of phenyl
mercuric aeotate. All attempts to modify such a procedure for small 
amounts of mercury ended in complete failure. 

Due to the impossibility of freeing the small amount of mereury from 
such a large mass of organic matter, mostly lipoids, attention was turned 
to the procedure of Laug and Nelson (3), a procedure which frees the 
mercury by digestion with nitric and sulfuric acids. 

ASter much painstaking work, conditions were found which gave re
covery of 97 to 100 per cent of the mercury from such mixtures. Attention 
was then turned to the preparation of a eream containing small amounts 
of phenylmereuric acetate homogeneously distributed. This was found to 
be possible by adding the mercurial in a finely divided state to the molten 
lipoid phase and building the emulsion around it. The emulsified cream 
had the following formula: 

Phpnylmercuric acetate ..................... . 
Triethanolamine ............................ . 
Glycerin ................................. . 
Glycerylmonostearate ....................... . 
Ste"ric acid ................................ . 
Water, qs. ad ............................... . 

gram 

0.090 
0.110 
3.750 
.5.2.50 

18.000 
1.50.000 

Two creams were prepared according to this formula for the collabora
t,ive assays. One (A-2) contained 0.087 g of phenylmoreuric acetate per 
150 g and the other (B) 0.093 g per 150 g. Both creams were assayed in our 
laboratory for uniformity by the proposed method to be used by the 
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collaborators. Cream A-2 yielded a recovery of 98.8 to 99.3 per cent of the 
known value and Cream B yielded 97.4 to 98.0 per cent of the calculated 
value. 

Since most of the collaborators reported the results in per cent of 
mercury recovered, this method of reporting will be used in the tabulation 
of results which are as follows: 

TABLJo; I.-Collaborative results 

COLLABORATOR 

A2 B AZ ]; 

____ C_A_LC_U_LA_T_E_D _H_G ___ i __ '_' RECOVERY or HG 

------·-----1------------1-----------

Collaborator A 

Collaborator B 

Collaborator C 

Collaborator D 

per cent pc; cmt 

0.034 0.037 

0.0838 
0.0336 

0.0313 
0.0319 

0.056 
0.058 
0.058 

0.060 
0.068 

COMMENTS BY COLLABORATORS 

0.0360 
0.0362 

0.0204 
0.0218 

0.049 
0,048 
o .0'S1 

0,063 

Collaborator B: Soft glass separatory funnels from our special lead-free stock 
were used because pyrex funnels were not available. 

The curve obtained was a straight line which passed thru everyone of 5 poinl,E. 
A Beckman spectrophotometer was used to measure aosorption at 490 mf.'. 

Collaborator C: The directions for addition of hydrogen peroxide until no more 
brown fumes pass off was somewhat confusing. The brown fumes produced during 
digestion may be removed with hydrogen peroxide but on heating further more 
brown fumes form. It may not be nf~cessary to have complete removal of nitrates 
so I only added hydrogen peroxide for the remov:>l of brown fumes produced during 
the first part of the digestion. While adding hydrogen peroxide the heat was low
ered. 

If the sulfuric acid used in prep:>ring standards contains sulfur dioxide this may 
be destroyed by adding a dilute solution of potassium permangsnate until a slight, 
excess remains for a few minutes. 

Akohol used as a preservative for t.he chloroform should contain no aldehydes. 
The mercury dithizonate extracted appears somewhat unstable when put in the 

spectrophotometer but the lowest per cent T obtainable was used. For 10 micro
grams of mercury the readings vary from .57.0 per cent to 61.0 per cent T during lhree 
minutes. 

Mercury is not completely extracted by the extraction procedure and as larger 
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amounts of mercury (over 8 micrograms) are present smaller percentage of mercury 
are extracted. By comparing the procedure with a curve made by extracting 
mercury from a solution of mercuric sulfate in (1 +9) sulfuric acid with dithizone 
(5.5 mg./liter) 78 per cent of 10 micrograms of mercury and 83 per cent of 8 micro
grams of mercury are present. Ag should give negative interference when present in 
quantities which will ppt. as AgCl. Pb and Bi should give negative interference 
when present in quantities which will ppt. as sulfates. Copper should orrer little in
terference. Iodine should give negative interference. Bromine may give negative 
interference. 

The method should give reproducible resdts if the above elements are not pres
ent in interfering amounts and if portions of the same extracting solutions are used 
for both the standards and sample. 

Collaborator D: This collaborator is familiar with this method, having used the 
Laug and Nelwn method for mercury, This Journal, 25, 399 (1942), on several oc
casions. It is my opinion that the painstaking precautions and time required cast 
doubt on the usefulness of this method for an occasional determination of mercury. 

Because of the very minute amounts of mercury in the final determination and 
consequent danger of contamination at any point, the additional precaution of rins
ing all glassware with 1 + 1 HNOz followed by water was taken. A Coleman Junior 
Model 6A Spectrophotometer was used. With the largest size tubes (25 mm. dia.), 
the 10 m!. of dithizone-mercury extract prescribed was insufficient for obtaining 
readings. SmaEer tubes would have given too narrow a range of readings. 

The readings were observed to drift appreciably in the direction of increased 
transmission very shortly after placing sample in the spectrophotometer, which 
is contrary to the Laug and Nelson observation that this does not occur with the 
Coleman instrument. The immediate or lowest reading was the one recorded. 

Some adaptation of this method which would permit the determination of large 
quantities of mercury would also minimize the need for purifying all of the reagents 
and extreme precautions required, and resu!c in a more practical method. In this 
connection I call to your attention the mercury method by W. O. Winkler (Methods 
of Analysis A.O.A .. C., 6th ed., p. 470). The final determination by dithizone titration 
is much simpler than might appear at first reading and I believe more readily ap
plicable to an occasional determination. It seems that adaptation of "ehe HNOr 
H"SO, preparation of sample in the collaborative method to the Winkler determina
tion would offer no great difficulties. 

Although many of the results are rather far from the expected results, 
they are sufficient,lyuniform to warrant further study. It is recommended* 
that modified procedures be developed and further samples be assayed in 
the hope of arriving at an adequate method of assay. 

R.EFERENCES 

(1) HOTONDARO, F. A., J. Am. Pharm. A.ssoc., 33, 353 (1944). 
(2) GREEN, N., GRJ;JEN, M. W., and POWERS, J. L., Bull. National Formulary Comm. 

15, 92 (1947). 
(3) LAUG, E. P., and NELSON, K. W., This Journal, 25, 399 (1942). 

* For report of Subcommittee B and action of the Association, see This Journal, 32, 49 (1949). 
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REPORT ON SEPARATION OF BROMIDES, CHLORIDES, AND 
IODIDES 

By VINCENT E. STEWART (Food and Drug Laboratory, State of Florida, 
Department of Agriculture, Tallahassee, Florida), A.ssociate Referee 

A considerable amount of published and unpublished work on the 
problem has boen done by the previous Associate R.eferee, N. E. Freeman. 
The investigation was transferred to this Associate Referee because of 
the retirement of Mr. Freeman. 

Little progress has been made during the year because of the necessity 
of examining the voluminous literature dealing with the problem. The 
laboratory investigations were confined lnrgely to a study of the method 
recommended by Freeman1 for the determination of chloride in the 
presence of large amounts of bromide and/or iodide. 

This method has been investigated by the Associate Referee and a 
few samples were mbmitted to collaborators. 

Some of the collahorators vvere unable to complete the analyses in the 
short time which was allovved and the results are too incomplete to justify 
a report at this time. It is obvious that still further investigation is neces
sary before the procedure can be recommended a8 a tentative method. 

RECOMMENDATlm.;-s* 

It is recommended-
(1) That the revised acetone method for the determination of chloride 

in the presence of large amounts of bromide and/or iodide be investigated 
further and then subjected to additional collaborative stUdy. 

(2) That the volumetric cyanide method for the determination of 
iodide and bromide in the presence of chloride1 be compared ,,,,ith the 
aeration absorption method and that these methods be submitted to 
collaborators. 

REPORT ON IODINE 

By SAM D. FINE (Food and Drug Administration, Federal Security 
Agenr,y, Cincinnati, Ohio), A.ssociate Referee 

Last year a preliminary report was made on the need for revision of the 
present official method for iodine. To summarize that report briefly, it was 
found that the low results obtained on samples containing little or no 
organic material could be corrected by the addition of organic material 
before charring, as directed in the present method. It was recommended 
that the proposed modification be subjected to collaborative study. 

The Associate Referee found it impossible to prepare a mixture of 
1 Freem"n, N. E., and Beulah V. McMullcOl, This Journal, 31,550 (1948). 
* For report of Subcommittee B a.nd action oi the Association) see This Jou.rno), 32,49 (1949). 
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iodide and other salts which was homogeneous. Accordingly, a mixture of 
salts of iron, magnet:iium, sodium, and calcium was prepared and a solution 
of potassium iodide, stabilized by the addition of alkali, was prepared 
separately. Collaborators were eent the mixture of inorganic salts and the 
solution of potassium iodide and asked to add identical aliquots of the 

TABLE 1.-Comparative results 
--_. 

METHOD 39.202 MODIFICaTION OF 39.202 
CO:~I,ABO:'tATOB ~ 

"" KI/IO ML Rl!iC. "" KI/lO ML REC. 

per cent per cent 

1 33.8 67.6 49.6 99.2 
34.8 69.6 49.8 99.6 

2 2S.:3 SO.6 49.5 99.0 
41.5 8:3.0 49.9 99.8 

- - 49.8 99.0 
! 

3 41.8 83.6 49.9 , 99.8 
41.2 82.4 49.8 99.0 

4 33.0 66.0 50.0 100.0 
34.0 68.0 5G.0 100.0 

iJ 35.7 71.4 49.7 99.4 
35.7 71.4 49.6 99.2 

6 3S.4 70.8 50.2 100.4 
36.0 72.0 50.3 100.0 

! 

7 3S.3 70.6 49.6 99.2 
36.5 73.0 49.8 99.6 

Ave. 35.7 71.4 49.8 ! 99.6 
I 

iodide solution to identical weights of the inorganic mixture. It was 
directed that determinations be made in duplicate by the present method 
and by a modification which consisted essentially in the addition of one 
gram of starch before the addition of the solid potassium hydroxide. A 
further modification consisted of the use of 1 % ammonium chloride as a 
wash in place of the water specified by the present method. 

The results obtained by the collaborators are shown in Table 1. 

DISCUSSION 

The Associate Referee noted trouble occasionally with conoidal 
manganese dioxide running through the filter paper. In such instances 
the filtrate WD,S returned to the steam bath and allowed to digest until the 
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manganese dioxide had become flocculent and then a second filtration was 
made. Rupert Hyatt, of Cincinnati Station, suggested the usc of 1% 
ammonium chloride as a wash and this suggestion was incorporated. in the 
instructions to all collaborators after it had been tried by the Associate 
Referee and focmd beneficial in most instances. D. M. 'l\1ylor, of the 
Denver Station, made the following suggestion: 

"I have found, I believe, a wash water that works much better than the am
monium chloride solucion that you have recomlnEmdcd. This wash water is prepared 
by running a blank on all reagents in the usu::tl manner and then adding an equal 
volume of wa·ccr to the filtered blank. In the nine or ten determinations that I have 
made in the last year, I have not had any trace of manganese dioxide washing thru 
into the final solution using this proceduro." 

The occa"ions when manganese dioxide have been noted to pass through 
the filter paper are so seldom that it is felt scarcely necessary by the As
sociate Referee to adopt Mr. Taylor's suggestion. Redigestion has been 
found in every instance to produce a clear filtmte and this is belioved 
preferable to the preparation of the wash solution suggested by Taylor. 

One of the collaborators at the Cincinnati Station obtained low results 
on his first set of determinations by the proposed modification. He was 
asked to repeat the determination" and all steps were closely observed by 
the Associate Referee. The difficulty was readily apparent in that in
sufficient permanganate was added to completely oxidize the iodide to 
iodate. The present method directs: 

" ... Heat to boiling and add saturated KMnO, soln slowly until KMuO. color 
remains after several minutes boiling. Then add ea 0.5 rnl in excess, continue boiling 
ca 5 min., and allow to cool. ... " 

The collaborator had failed to add sufficient permanganate to maintain 
the characteristic coloration for the period specified. A collaborator at 
another laboratory had the same difficulty. After directing his attention to 
the necessity of adding permanganatc sufficient to maintain the chr,rac
teristic coloration for the period specified, excellent results ·were obtained. 
The same colbborator pointed out that there are no speciilc instructions 
for thoroughly mixing the potassium hydroxide with the sample and 
suggested the usc of a stirring rod, allowing it to remain in the crucible 
during the charring. 

The possibilities of failure to mix the alkali thoroughly with the iodide 
and of failure to add sufficient permanganate to oxidize completely to 
iodate had not occurred to the Associate Referee. However, the r,ol
laborators' comments and results indicate a definite need for cautionary 
statements relative to these t,vo steps in the procedure. 

REWORDING OP THE OFFICIAL METHOD 

The rewording of the official method is intended to incorporate the 
modification previously suggested for samples low in organic material and 
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also the cautionary statements that are indicated as a result of collabora
tive study. 1'he details of the method as modified are given in This 
JotLrnal, 32,115 (1IH9). 

ACKNOWLEDGMENT 
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from the Food and Drug Administration who participated in this study: 
D. M. Taylor, Denver Station; C. R Joiner, St. Louis Station; Sidney 
Williams, Rupert Hyatt, F. J. McNall, and H. C. Van Dame, Cincinnati 
Station. 

It is recommended*-
That the present official method for iodine be reworded as described in 

this report. 

REPORT ON CALCIUM, PHOSPHORUS, AND IRON IN 
VITAMIN PREPARATIONS 

By DANIEL BA)l'ES (Food and Drug Administration, Federal Security 
Agency, Washington, D. C.), Associate Referee 

Calcium, phosphorus, and iron are among the elements indispensable 
f or normal metabolism, and they are included in many special dietary and 
vitamin preparations. There are already present in the A.O.A.C. Methods 
of A nalysis several excellent methods describing the assay of organic 
materials for these substances. This study was therefore limited to select
ing that procedure deemed most readily applicable to vitamin prepara
tions. 

The volumetric method for calcium as the oxnJatc, employing potas
sium permanganate solution, is rapid and accurate, even in tho presence 
of phosphorus, iron, aluminum, and magnesium (1). Phosphorus in the 
orthophosphate form is easily estimated by alkaline titration of precipi
tated ammonium phosphomolybdate. (Pyrophosphates, to which the 
method is inapplicable, are often encountered, but they are quantitatively 
converted to the ortho- state by heating with concentrated hydrochloric 
acid.) The colorimetric method for iron using a-a dipyridyl or o-phenan
throline requires only small amounts of the metal, and it is reliable. All 
three procedures are applicable to dilute acid solutions of ashed materials. 

Significant losses of iron during dry ashing have been reported (2,3), 
presumably clue to the volatilization of ferric chloride. To test the extent 
of this loss a series of powdered samples (a-d), each containing 5 mg of 
i!'Onwere analyzed. (a) wns mixed with 5 ml of normal sodium hydroxide; 
(b) was mixed \vith 5 ml of normal sodium chloride; (c) was mixed with 3 
ml of normal sodium chloride and 2 ml of concentrated hydrochloric 
acid; Cd) was untreated. The four mixtures after drying and ashing 

* For report of Subcommittee B and action of the ABsoci"tion, see This Journal, 32,50 (l!l4!l). 
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yielded congruous results within the limits of error, indicating that the 
volatilization of iron is negligible in quantities of the order of 1-10 mg of 
iron per s:?vmple. Munsey (4) previously reported similar data for cereal 
product~. 

RESULTS OF ANALYSIS 

Two samples were prepared for collaborative study. Sample A Was a 
commercial vitamin product consisting of tablets which were ground to
gether and passed through a 150-mesh sieve four times. Sample n ,vas a 
synthetic mixture prepared from purified starch, standard ferrous am
monium sulfate, thrice recrystallized potassium acid phosphate, and 
calcium carbonate derived from precipitated calcium oxalate. It con
tained 35.8 mg of calcium, 10.9 mg of phosphorus, and 8.16 mg of iron per 
gram. * The results are shown in Table 1. 

TABLE 1.-Calcium, phosphoru8, and iron in vitamin preparations 

SA\lPLE A SAMPLE B 

COLLABORATOR 
I Ca P Fe C. J' Fe 
, 

-' .-
mg/gm m,/om mg/gm mg/gm mg/gm mu/am 

H. F. O'Keefe 124.3 96.7 8.7 35.1 10.7 8.2 
124.1 98.0 8.7 35.8 10.9 8.2 

D. Banes 122.5 97.8 8.7 35.3 10.8 8.0 
124.6 97.2 8.7 35.3 10.8 8.0 

R Hyatt 122.4 96.1 8.7 35.1 11.1 8.5 
122.9 96.0 8.7 35.4 11.1 8.3 

S. D. Fine 123.3 97.4 - 35.9 11.2 -
123.5 97.2 .- 35.9 11.2 -

G. E. Keppel 122.3 94.2 8.5 35.2 10.6 8.5 
122.6 94.5 8.5 34.8 10.7 8.7 

H. R Bond 120.8 96.9 8.8 34.4 10.7 8.0 
121.6 97.3 9.0 34.7 I 10.9 8.a 

Average 122.9 96.6 8.7 35.3 10.9 8.2 

Average Recovery % - - - 98.6 100.0 101.3 

COMMENTS OF COLLABORATORS 

Rupert Hyatt.-"The method should be broadened to aceommodate analyses 
for other elements, such as magnesium. This could be accomplished by adding at the 
end of thc calcium method: ... Reserve the filtrate for the determination of mag
nesium as in Methods of Analysis, 1945, 26.21-4." 

* Details of the method are given in This Journal, 32,114 (1949). 
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DISCUSSTON AND RECO,MMENDATION 

The data reported indicate that the proposed methods are of an ac
curacy and precision suitable for the analysis of vitamin preparations. It 
is recommended'" tho.t the method, with the addendum suggested, be 
adopted aD ofllcial, first action, and that the subject be closed. 

REFEIlK'-JCES 

(1) l\IrTCHELL,.Y. E., This Journal, 4, 391 (1921). 
(2) HOFFMAN, C., SCHWlCITZI,;R, '1', n." and DALBY, G" Ind, Eng, Chem., Anal. Ed., 

12,454 (19",0). 
(3) GRAY, P. p" and STONE, 1. M., ibid" 10,415 (1948). 
(4) MUNSEY, V. E., This Journal, 27, 398 (1944), 

No reports "lvere given on microscopic tests for alk;)Joids and synthetics, 
alkali metals, glycols and related compounds, preservatives and bac
teriostatic agents in ampul solutions, estrone and estradiol, or chromato
g"aphic separation of drugs. 

For report of methyl alcohol, see "Methanol in Distilled Spirits," by 
J. F. Guymon, This Journal, 32, 163 (1949). 

* For report of Subcommittee Band [lction of the A"ocio.'ion, see This Journal, 32, 50 (1949), 



TUESDAY-AFTERNOON SESSION 

REPORT ON STANDARDIZATION OF MICROCHEMICAL 
METHODS. CARBON, HYDROGEN, AND NITROGEN 

C. O. WILLITS, Referee, and C. L. OGG, Associate Rejene, Eastern Regional 
Research Laboratory, * United States Department of 

Agriculture, Philadelphia 18, Pennsylvania 

This year's studies, following the recommendations set fonh in last 
year's report, have been devoted to the determination of carbon and 
hydrogen and nitrogen hy the Kjeldahl and Dumas procedures. The 
selection was based on the results of a questionnaire, which indicated that 
in the opinion of a majority of micro analysts these determinations should 
be studied first. 

Two samples, nicotinic acid and benzyl-iso-thiourea hydrochloride, 
were sent to two groups of collaborators. One group was asked to analyze 
the samples for carbon and hydrogen; the other was asked to determine 
nitrogen both by the Kjddahl and Dumas procedures. The~e compounds 
were chosen for this work because both are stable and nonhygroscopic and 
because they differ considerably in constitution and ease of decomposition. 

Although a statement of purity did not accompany the samples, the 
collaborators were informed that they were relatively pure. They were 
asked to report all the nnmerical values obtained for each snmple, regard
less of ,vhether or not the data appeared to he correct. 

The collaborators for carbon and hydrogen were reque8ted to analyze 
the two samples by their own methods only, since there is no one method 
in common use today. The collaborators for nitrogen were asked to 
analyze the two mmples by their own Kjeldahl and Dumas methods and 
by the A.O.A.C. Tentative Microlzjeldahl Method. 

Questionnaires accompanying the samples al:'kcd for details of the ap
paratus, procedure, and laboratory conditions under which the analyse~ 
\\·e1'e conducted. From the information so obtained and the clccomp;cDying 
analytical re:mlts, a method will be adopted or deyif'cd for m;c11 detennina
(ion, and each will he given rigorous collabomtive Rtudy before it is pro
posed as a tenative method. Since so many methods \vere Hsed in obtain
ing the da,ta for each determination .'Lnd conoequently the number of 
variables was so large, the data have been analyzed statidically in an at
tempt to determine which variations in procedure and apparatus are 
important. In the statistical comparisons of these data influenced by a 
large number of variables, the assumption was made that all variables 
other thftn the one being evaluated cancelled themselves. The conclusions 
drawn are b<:Lsed on the available data, and although there .is a possibility 

*' One 01 the Laboratories of the Bure:)u of j\grirmltural and Industrial Chet:t..hjtry, Agricu1tuml Re
search Administration, United States Department of Agriculture. 
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that they may be erroneous because of the assumption on which they are 
based, they 'will he used as guides for future studies until more data are 
available. Since some data were received after the analysis of the data was 
started, the total number of analyses is in some cases greater than that 
used in the statistical treatment. 

CARRON AND HYDROGEN DETERMINATION 

Twenty-five analysts from 19 laboratories reported 111 carbon and 
hydrogen analy~es for sample 1 (nicotinic acid) and 92 analyses for 
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sample 2 (benzyl-iso-thiourea hydrochloride). The number of analyses 
reported from different laboratories ranged from 2 to 20. 

Carbon.-The histogram (Fig. 1) shows the frequency distribution of 
the carbon values ohtained for nicotinic acid. Although all points in the 
figure are Jocf,ted on the class marks, they show the number of analyses 
which fell within the class boundaries (class mark ±O.05%). Three 
results are not 811mvn and arc not included in the subsequent treatment. 
The chi square distribution test for measuring goodness of fit of frequency 
distribution showed that these three values fell outside the representative 
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population of the carbon values for this compound. This test has shown 
that the values retained in the histogram are a representative s!Jmple oi' a 
normal population, and therefore they can bo treated skttistically. 

Figure 1 shows that a majority of the values are higher than t1:lo 
theoretical value (58.53%). Tho mean (X or average) of the values is 
58.66%, and the standard deviation (8, the variation about a mean) is 
0.244-, indicating that 67% of the carbon values for this sample should 
fall within ±O.244 or 95% -within ±0.488 of the mean value. 

Although the mean is 0.13% higher than the theoreticul value, the 
mode (class which contains the largest number of values) falls on theory, 
indicating that there is a good possibility of finding among the methods 
one which will give high accuracy as well as good precision. Inspection 
shows that even though there is a preponderance of values above the 
theoretical value, the skewness of the histogram toward the thenretica.l 
value and the mode indicate that there is a tendency to obtain theoretical 
values. 

All carbon methods followed the same general procedure, which con
sisted in the catalytic combustion of a weighed sample to carbon dioxido, 
followed by the absorption and weighing of the combustion product. Al
though no two methods were identical, each step in anyone method was 
in general similar to the corresponding step in several oiher methods. 
Therefore, the carbon values for nicotinic ac;idwere divided into two 
groups, one representing tl1e results obtained by a certain operation for 
one step in the determination, and the other a second open;tion for the 
same step. These two group::; were treated statistically to determine 
whether or not there ,vas a significant difference in the results obtained 
by the two operations for the step or condition in que::;tion. By this pro
cedure, the follmving comparisons were made: (1) electrical us. gas sample 
burner, (2) mechanical vs. hand-operated sample burner, (3) semimicro 
(10-30 mg) vs. micro (2-10 mg) sample ,veight, (4) air-conditioned vs. 
nonair-conditioned laboratories, (5) balance in an air-conclitioned balance 
room vs. balance adjacent to the furnace. The only case in which there was 
a significant difference in the carbon rosults for nicotinic acid was semi
micro vs. micro samples. The significance level used througllOat this 
study was 5%, which means tlmL if the experiment was repeated a number 
of times the differences obtained should be at least as large as the one 
found in 95% of the cases. The theoretical frequenuy distribution curves 
for these two methods are shown in Figure 2. The means eX) for the two 
procedures ,yere 58.52 and 58.69, whereas the standard deviations (8) 
were 0.198 and 0.239, respectively. i:3ince the· difference in tbe t,vo means 
was significant, and the semimicro mean was closer to the theoretical 
value, better values C<Ln be obtained by the semi micro than lhe micro 
method and, similarly, since the standard deviation is less, the preci.qion 
of the semimicro method is greater. 



564 ASSOCL"..TION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. 32, No.3 

The data for sample 2, benzyI-iso-thiourea hydrochloride, were treated 
in the same manner as those for nicotinie acid. Figure 3 shows the histo
gram of the values obtained for this material. The chi square distribution 
test shm,'ed that the values obtained should all be included in the 
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otatistical treatment. The mean eX) of the vallles is 47.51 % or 0.11 % 
above theory, with a standard deviation (S) of 0.184. Since the mean is 
nearer the theoretieal value for this sample than that for sample 1 (nico
tinic acid), and the standard deviations is less, the methods used gave 
slightly better carbon values for sample 2. These differences must be due 
to an inherent difference in the t'wo compounds, since the methods and 
conditions were the same for the analyses of the two samples. The same 
~omparisons were made for the values for henzyl-iRo-thiourea hydro-
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chloride as were made for nicotinic acid. 'There is again a significant 
difference between the values for the semimicro VB. micro procedures and, 
as for sample 1, the difference is in favor of the semimicro method. Figure 
4 shows the theoretical frequency distribution curves for the two methods. 
The means are 47.38% and 47.53%, and the standard deviations 0.078 
and 0.189 for the semimicro and micro methods, respectively. 

30 r-

25 

>- 20 
<.) 
z 
w 
~ 
'" '" lL 

15 

10 

5 

Tl£ORY-47.40% 
MEAN, X-47.SI % 
STANDARD DEVlAnON.S<OJS4 

0 
0 
0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 0 
0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 ? 0 0 0 ? ? 0 9 0 
~6 -.5 -~ -.3 -.2 -.1 ''7.405+:1 "2 ~.3 .. ~ ~.5 ... 6 · .... 7 .. ·8 

THEORY 

OEVIATION FROM THEORY 

FIG. 3.-Histogram of carbon values for benzyl-i50-thiollfp,a 
hydrochloride. 

#.9 

The results of the carbon analyses for the two samples are similar, in 
that the mode in both cases falls on theory, the means are above theory, 
and the standard deviations for the two are comparable. Semimicro 
methods were significantly better than micro methods for both samples, 
as is shown in Figures 2 and 4. None of the other comparisons showed any 
significant difference which would lead one to recommend the preferential 
use or adaptation of one procedure over another. Table 1, however, shows 
slight trends which favor certain opemtions, and these may serve as guides 
in planning future studies. 

H ydrogcn.-The number of hydrogen values received and Lhe number of 
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collaboratores were the same as for carbon, since the two determinations 
were made simultaneously. Histograms of the hydrogen values for 
nicotinic acid and benzyl-iso-thiourea hydrochloride are shown in Figures 
5 and 6, respectively. 
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FIG. 4.-Theoretical frequency distribution curves for semimicl'o and 
micro carbon values. Benzyl-iso-thiourea hydrochloride. 

A marked similarity in the data for the two samples can be seen. The 
means are 0.10 and 0.06% above the theoretical value, and the two 
standard deviations are 0.208 and 0.200. In both cases the mode, class 
with the highest frequency, is 0.10% above theory. 

The same operations as listed previously for carbon were compared to 
determine whether or not they were significantly different. The values 
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TABLE I.-Carbon data obtained for sample8 1 and 2 by catalytic combustion methods 

NICOTINIC ACID (1) 
BEKZYL-ISO-TIIIOUREA 

HYDROCHLORIDE (2) 
---_ .. -

NUMBER N:JMBER 

OF X S OF X S 
SA.MPLES SAMPLES 

per cent pcr Gent 

Semimic.ro method 16 58.52 0.198 14 47.38 0.078 
Micro method 81 58.69 0.239 76 47.53 0.189 
Electric sample burner 50 58.70 0.268 45 47.51 0.148 
Gas burner 47 58.62 0.205 44 47.51 0.195 
11echanicaJ burner 41 58.67 0.276 41 47.49 0.14:3 
Hand-operated sample burner 56 58.65 0.209 49 47.53 0.212 
BaJance in air-conditioned balance 

room 42 58.72 0.286 34 47.04 0.161 
Balance adiacent to furnace 34 58.61 0.221 43 47.47 0.200 
Air-conditioned laboratory 59 58.65 0.241 52 47.51 0.176 
N on-air-conditioned l~hOl'at.ory 38 58.67 0.179 38 47 .. 52 0.200 

Total samples 97 58.66 0.244 90 47.51 0.184 
Theoretical values 58.53 47.40 
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FIG. 6.-Histogram of hydrogen values for benzyl-iso-thiourea hydrochloride. 

TABLE 2. - Hydrogen data obtained for samples 1 and :3 by catalytic combustion m.ethods 
- -------- ._-

NICO'rTNrc ACID (1) 
BENZyL-IS:)-'THIOUREA 

HYDnOCHLORIDE (2) 

Nm1BEl{ NUMJl.ER 

or X S OF X S 
SAMPLE8 SAMPLES 

.---- ----."~-,~~~~~--.-"-.~ -. 
per cent p<:r cent 

Hernimicl'O method 18 '1.20 0.161 12 5.57 0.109 
Micro method 87 1.21 0.214 80 S.S3 0.207 
Electrical burner 6:3 4.15 0.175 47 S.SI 0.190 
Gas burner 52 1.23 0.235 45 5.S6 0.205 
Mechanical burner 58 1.14 0.195 43 5.18 0.179 
Hand-operated burner 57 4.24 0.229 48 5.58 0.210 
Balance in air-conditioned balance 

room 41 4.17 0.176 34 5.50 0.207 
Balance adjacent to furnace 41 4.22 0.261 40 5.55 0.219 
Air-conditioned 62 4.16 0.178 S:.l 5.49 0.182 
K on-air-conditioned laboratory 53 4.23 0.2:37 39 5.59 0.205 

Total samples 115 4.19 0.208 92 .S .53 0.200 
Theoretical v"lues 4.09 5.47 
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shown in Table 2 f or mechanically operated sample burners are signifi
cantly better than those for hand-operated burners. Figures 7 and 8 show 
the theoretical frequency distribution curves for mechanical VB. hand
operated furnaces for samples 1 and 2, respectively. Only one other 
comparison, air-conditioning VS. non-air-conditioning, proved to be 
significant. The theoretical frequency distributions in Figure \) show that 
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FIG. 7.-Thcoret.ical frequency distribution curves for hydrogen values 
from mechanical and hand-operated furnaces. Nicotinic acid. 

air-conditioned laboratories were superior for the hydrogen analysis of 
benzyl-Iso-thiourea hydrochloride. While the mean is nearer theory and 
the S value smaller for hydrogen values from air-conditioned laboratories 
for nicotinic acid, the difference was not significant. 

Summary for carbon and hydrogen.-A comparison of the data for 
hydrogen with those for carbon shows that the means, X, for hydrogen 
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are slightly closer to theory than those for carbon, that in both analyses 
the means are above theory, and that standard deviations or precisions 
for hydrogen and carbon for both samples are similar. 

The means for the carbon and hydrogen values obtained in air
conditioned laboratories are closer to the theoretical value than those 
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FIG. 8.-Theoretical frequency distribution curves for hydrogen values from mechan
ical and hand-operated furnaces. Benzy l-iso-thiourea hydrochloride. 

made in non-air-conditioned laboratories, but the difference is significant 
only in the hydrogen values of sample 2. In three of the four determina
tions, the standard deviation (8) is lower for air-conditioned laboratories. 

Comparison of the results obtained by mechanical VS. hand-operated 
furnaces showed that in three of the four determinations, mechanically 
operated furnaces gave means, X, closer to the theoretical value and in 
two cases the difference was significant. In general, the means for electrical 



1949] 'VILLITS & OGG: STANDARDIZATION OF MICROCHEMICAL Ml:;THODS 571 

burning furnaces are nearer the theoretical value than those for gas 
burners, and the standard deviations are less, hut in no case is the differ
ence significant. 
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Perhaps the most significant comparison is that of the values obtained 
by semimicro and micro procedures for carbon. Here the semimicro pro
cedures are superior, provided that the variables other than size of sample 
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can be neglected. As for the hydrogen values, the standard deviation also 
f::;,vors the scmimicro method, and the average values are nearly identical. 

Comparison of values obtained when the balance was in an air-condi
tioned balance room vs. those obtained when the balance was adjacent to 
the furnace shows that the means are nearer the theoretical value and the 
standard deviations are lower for carbon value8 when the latter method 
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was used, but the reverse is true for the hydrogen values. In no case, 
however, is the difference between the two procedurefl statistically 
significant. More comparisons of the different phases of the analysis, 
including tube fillings, absorbents, rate of gas flow and the like, are in 
progrefls and must be completed before a trial method can be recom
mended. 

KJELDAHL NITROGEN DETERMINATION 

The same two compounds used in the carbon and hydrogen studies were 
sent to a second group of collaborators, who were asked to determine the 
nitrogen in the two samples by both the Kjeldahl and Dumas procedures. 
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They were also asked to make the Kjeldahl analyses by their own method 
and by the A.O.A.C. (tentative) Microkjeldahl Method, a copy of which 
was enclosed. 

One of the reasons for choosing nicotinic acid was that it contains a 
ring nitrogen, which is difficult to obtain by the Kjeldahl method. Replies 
to the questionnaire which accompanied the samples indicated that some 
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FIG. 11. Histogram of the Kjeldahl nitrogen values for nicotinic acid 
from the two upper classes in Fig. 10. 

micro analysts do not attempt to determine nitrogen in such compounds 
by the Kjeldahl method but others do it regularly. Therefore, the nitrogen 
values obtained by the A.O.A.C. method should be a good test of its 
reliability. 

The histogram of t,he population of the 75 values from twelve collabora
tors is shOlvn in Figure 10, To present all the data in one histogram, the 
cla~s intervals had to be in units of 0.5%, since the reported nitrogen 
values ranged from less than 0.5 to 11.5%. 

It is obvious from the histogram that the data as a whole can not be 
treated statistically but that there is a sharp division of the values, about 
half being ncar the theoretical value and the remainder low and erratic. 
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The collaborators who reported results from 0 to 10% obtained no 
values higher than 11 %, whereas those who reported values about 11 % 
had no values below 10.5%. A histogram (Fig. 11) with class limits of 
0.1 % was made of the data obtained by those methods which gave one or 
more values above 11 %. Although the mode falls on the theoretical value, 
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FIG. 12.-Histogram of Kjeldahl nitrogen values for benzyl-iso
thiourea hydrochloride. 

the mean is considerably below this value, indicating much skewness in 
the data. The chi square test showed that the data are not a representative 
sample of a normal population, and therefore statistical comparisons can 
not be made. Nevertheless, the means were determined for those values 
obtained when mercury and mercury plus selenium were used as catalysts, 
and the mean was closer to the theoretical value when only mercury was 
used. The many values which are in agreement with the theoretical value 
indicate that a satisfactory method can be found. 

The analysis of benzyl-iso-thiourea hydrochloride (sample 2) for 
nitrogen by the Rjddahl method proved to be a much simpler task than 
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determining the nitrogen in nicotinic acid. Figure 12, the histogram of 
the values, shows that there is a fair1y normal distribution of the values 
around the mode which falls on the theoretical value. The chi square 
distribution test indicated that the 67 values received are a representative 
5ample and all should be included in the studies. The mean is 13.79, only 
0.03% less than theory, and the standard deviation is 0.160. 

TABLE S.-Nitrogen data obtained jor sample 2 by the l{jeldahl methDd 

BENZYL-IBO--THIOUREA RYDROCHLO,iUDE 

NUMBER OF X S 
SAMPLES 

percent 

Semimicro methods 18 13.76 0 .. 212 
Micro methods 49 13.81 0.134 
Mixed indicator 31 13.77 0.190 
Single indicator 36 13.81 0.126 
Digestion aid 35 13.80 0.118 
No digestion aid 32 13.78 0.195 
Electrical digestion 11 13.75 0.224 
Gas digestion 56 13.80 0.141 
Mercury catalyst 45 13.77 0.167 
Mercury plus selenium catalyst 22 13.83 0.134 
Parnas~ W argner apparatus 33 13.76 0.167 
Other distillation apparatus 34 13.83 0.148 
One-half hour digestion 10 13.73 0.228 
One hour digestion 57 13.80 0.145 
Silver or tin condenser tubes 34 13.75 0.170 
Pyrex condenser tubes 33 13.84 0.134 

Total samples 67 13.79 0.160 
Theoretical values 13.82 

Twenty-three of the values were obtained by the A.O.A.C. procedure, 
and their mean is 13.795 with a standard deviation of 0.122. The remaining 
44 values by various micro and semimicro procedures have a mean of 
13.791 with a standard deviation of 0.176. The difference between the 
means is far from significant, but slightly better precision (smaller S 
vGtlue), was obtained with the A.O.A.C. procedure than with the sum of 
the other methods. 

The data were used to make 8 other comparisons of variations in the 
Kjeldahl procedure. The comparisons and the mean and standard devia
tion of each are shown in Table 3. There was no significant difference be
tween the means for any of the comparisons except for silver or tin versus 
Pyrex glass condenser tubes, the Pyrex glass being favored. The difference 
between the means for one-1UlJ[ and one hour digestions was nearly 
significant and in favor of the longer digestion. 
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The difference between the means for the Parnas-Wagner and other 
distillation apparatus is considerable, but there is so much duplication of 
the values obtained by this apparatus and the silver or tin condenser 
that without further study it is not possible to say whether the lower 
values are due to the apparatus, the condenser, or both. 

Summary for Kjeldahl nitrogen.-The data for nicotinic acid indicate 
that the A.O.A.C. (tentative) Microkjeldahl method is unsatisfactory for 
many compounds with ring nitrogen, but it does show that a satisfactory 
method can probably be established, since four collaborators using four 
different methods obtained values in agreement with the theoretical 
values. For the less refractory material, sample 2, the A.O.A.C. meth
od gave values with an excellent mean and with better precision than 
the sum of the other Kjeldahl methods used. The results indicate that 
the A.O.A.C. method will apply to compounds with ring nitrogen if the 
catalyst and digestion time are both increased by amounts yet to be 
determined. 
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FIG. I3.-Histogram of Dumas nitrogen values for nicotinic acid. 
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DUMAS NITROGEN DETERMINATION 

The same collaborators participated in this determination as in the 
Kjeldahl studie.'l, and they used the same two samples. Histograms of the 
values obtained by the 13 collaborators for samples 1 and 2 are shown in 
Figures 13 and 14, respectively. The values for neither compound were 
representative samples of normal populations, as shown by the chi square 
test. Inspection of the histograms shows too many values in the classes 

30 

25 

10 

-.8 

0 

, 0 ? 0 

-.7 -.6 -..5 -A 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

? 0 0 0 0 

-.3 c2 -J 13.82 .oJ 
THEORY 

0 
0 
0 
0 

? 
+.2-

THEOR'{ .13.82% 
MEAN X-13.83% 

STANDARD DEVIA nON, SoO.221 

0 
0 

0 0 

? ? 0 

... 3 +4 .... 5 ... 6 

DEVIATION FROM THEORY 

Fla. l4.-Histogram of Dumas nitrogen values for 
benzyl-iso-thiourea hydrochloride. 

below theory, and nicotinic acid has a second mode 0.4% below the 
theoretical value. The questionnaires indicated that most of the lower 
values were obtained by methods which used temperatures below 6500 C. 
Consequently, the nitrogen values for nicotinic acid obtained by methods 
with temperatures above 650°C. were tested and found to be representa
tive of a normal population. Although the data for sample 2 were not as 
skewed as for sample 1, they were treated in the same manner and with 
the same result. 
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The data shown in Table 4 were obtained by methods in which a tem
perature above 650°C. was used. No comparisons can be made, since the 
number of representative analyses i~ too small and there is too much 
overlapping of values. 

The data for sample 1 indicate that the better methods would use, in 
addition to temperatures above 650°C., a gas sample burner with two 
burnings, a gasometer, and 1.1 % gas volume correction, and would take 
the temperature of the air as that of the gas in the nitrometer. The data 
for sample 2 indicate that the methods which use the alternates of these 

TABLE 4.-Nitrogen data obtained for samples 1 and 2 by the Dumas method 

NICOTINIC ACID (1) 
BENZYL-ISO-THIOUP.EA 

RYDROCHLO:aIDE (2) 

NUMBER NUMBER 

OF X S OF X S 
SAMPLES SAltIPLES 

per cent per cent 
Gas burner 18 11.41 0.055 16 13.97 0.152 
Electrical burner 20 11.32 0.134 23 13.90 0.190 
Sample burned twice 18 11.41 0.055 16 13.97 0.152 
Sample burned once 20 11.32 0.134 23 13.90 0.190 
Gasometer 17 ll.41 0.063 17 13.97 0.145 
No gasometer 21 11.33 0.134 22 13.90 0.197 
1.1 % gas volume correction 15 ll.41 0.071 15 13.97 0.152 
2 % gas volume correction 12 11.29 0.158 12 13.78 0.155 
Temperature measured in air 12 11.43 0.067 21 14.03 0.145 
Temperature measured in 

liquid 26 11.33 0.121 18 13.81 0.145 
Total samples 38 11.36 0.118 39 13.93 0.179 

Theoretical values 11.38 13.82 

operations would be the better. This reversal of suitability of methods is 
improbable, and can no doubt be accounted for. Of these operations, the 
only arbitrary means of increasing or decreasing the per cent nitrogen is 
the correction applied to the gas volume. The mean nitrogen value for 
sample 2 after aLl % volume correction had been made, was too high by 
0.15%. It seems unlikely that any of the other variations listed would 
cause this high value. Therefore, a 2% correction, which would give a 
mean value only 0.04% low, is apparently the more nearly correct and 
perhaps should be used in aU cases. The reason that the 1.1 % correction 
gave values nearer the theoretical value for nicotinic acid may be that this 
smaller correction compensated for some nitrogen not recovered from this 
reIractory material. 

Summary for Dumas nitrogen.-The study has shown that for satisfac
tory results by the Dumas method, the minimum temperature is 6.50°C. 
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A 2% volume correction appears to be required instead of the often-used 
1.1 % correction, but further work is necessary to prove this point and to 
61Stablish preferences for other variations in the procedure. 

The values submitted by the various collaborators for carbon, hydrogen, 
and nitrogen are presented graphically in Figures 15 to 19. No attempt has 
been made to analyze the values obtained from each laboratory separately. 

The collaborators in these studiee are listed below. 

Collaborators on nitrogen analysis: 

Alicino, J. F., Squibb Institute for Medical Research 
Jones, G. A., E. 1. du Pont de Nemours and Company 
Brunner, A. R., Anseo 
Ketchum, D. E., Eastman Kodak Company 
Powers, D. A., Celanese Corporation of America 
Ogg, C. L., Eastern Regional Research Laboratory 
Hegeman, B., The Texas Company 
Dutton, C. D., Picatinny Arsenal 
Grodsky, J., Ortho Research Foundation 
Milner, R. T., Northern Regional Research Laboratory 
Blackman, S. W., The Wellcome Research Laboratories 
Sundberg, O. E., Caleo Chemical Division, American Cyanamid Company 
Wagner, E. C., University of Pennsylvania 

Collaborators on carbon and hydrogen analysis: 

Kuck, J. A., American Cyanamid Company 
Owens, J. K., E. 1. du Pont de Nemours and Company 
Sievers, D. C., Tennessee Eastman Corporation 
Rachele, J. R., Cornell University Medical College 
Paulson, R. A., National Bureau of Standards 
Brown, L. E., Southern Regional Research Laboratory 
Huffman, E. W. D., Huffman Microanalytical Laboratories 
Conard, V. A., Oakwold Laboratories 
Feldman, J. R., General Foods Corporation 
Hallett, L. T., General Analine and Film Corporation 
Hynes, W. A., Fordham "University 
Clark, H. S., Illinois State Geological Survey 
Aluise, V. A., Hercules Powder Company 
Butler, A. Q., Mallinckrodt Chemical Works 
Shreve, L. S., Smith, Kline and French Laboratories 
Streeter, K. E., Sharp and Dohme, Inc. 
Steyermark, AI, HolTman-La Roche, Inc. 
Means, J. A., Charles Pfizer and Company, Inc. 

RECOMMENDATIONS* 

It is recommended that studies be continued on methods for the micro 
determination of carbon and hydrogen, and for nitrogen, by the Kjeldrthl 
and Dumas procedures. Proposals based on the results of this year's work 
will be made concerning the procedures to be studied in the next year. 

* For report of Subcomlnittee C i1nd action of the Assooiation, see This Journal, 32~ 56 (1049). 
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The pl1per entitled "Kjeldahl Determination of Nitrogen in Refractory 
Materials," by C. O. 'Willits, M. R. Coe, and C. L. Ogg, is published in 
TMs Journal, 32, 118 (1949). 

REPORT ON STANDARD SOL"CTIONS 

By H. G. UKDERWOOD (Food and Drug Administration, Federal Security 
Agency, Chicago, Ill.), Referee 

RRCOMMENDA'fIONS* 

T£taniutn Trichloride Solutions.-A report was received covering col
laborative study of the three procedures of standardization reported on 
last year. The Assoeiate Referee recommends that Method II, titanium 
triehloride solutions, 21.37, SUbstituting potassium dichromate for potas
Rium permanganate, be made official, first action. The Referee concurs. 

Potassium Dichromate Solutions.-The Associate Referee compared the 
oxidemet.ric strength of five commercial potassium dichromates with the 
Bureau of Standards product. He concludes that the findings may justify 
the preparation uf standard solutions from assayed stocks of commercial 
potassium dichromate rather than from laboratory reerystallized putas
sium dichromate. The Referee suggests that the Associate Referee 
consider at least one recrystallization to insure uniformity. It is recom
mended that the subject be continued. 

Standard B,(ffer Solutions.-No report waf) received. It is reeommended 
that the subject be continued. 

Hydrochloric Acid Solutions.-The method for the standardization 
of hydrochloric acid ,;;ith standard sodium hydroxide was adopted all 
official, first action, at the 1938 meeting of the Association. It is recom
mended that the method be adopted as official, final action. 

Sul/,ul'i,c Acid Solutions.-The method for the standardization of 
tlulfuric acid by the standard borax method was adopted as tentative at 
the 1939 meeting of the Association. Although the method was studied 

-:, For report of Subcommittee A and action of the Associabon. see This Journal. 32~ 46 (194.9). 
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collaboratively in 1940, and the Associate Referee recommended that the 
method be adopted as official, first action, the Referee failed to discuss 
this recommendation in his report. It is recommended that the method 
be adopted as official, first action. 

REPORT Or.; STA~DARD POTASSIUM DICHROMATE 
SOLUTIONS 

By GEORGI, lVICCLELLA'> (Food and Drug AdministraLion, Federal 
Security Agency, New Orleans, T,a.), Assoc£ate Refe1'ee 

The Sixth Edition of Methods of A.nalysis, A.G.A.C., (43.29, p. 810) 
specifies that tenth-normal solution of sodium thiosulfate be standardized 
against potassium dichromate that has been thrice recrystallized and 
dried at 200°C. Since publication of the Sixth Edition, the Bureau of 
Standards has made available a standard preparation of pota8sium 
dichromate. 

A study was undertaken to determine how many recrystallizations of 
analytical grade commercial potassium dichromate would be necessary to 
hring it to a strength equal to that of the Bureau of Standards prodnct. 
Portions of five different brands of analytical grade potassium. dichromate 
were secured from various government laboratories in the New Orleans 
Custom House. Each portion was dried for one hour in a weighing bottle 
at 100 degrees C. The Bureau of Standards potassium dichromate to be 
used for comparison vvas dried at 200°C. for two hours. A solution of ap
proximately 0.1 N sodium thiosulfate was made up according to sec. 
43.28 of l11cthods of Analysis. Its normality was then ascertained to five 
places by titration against the freshly dried Bureau of Standards potas
sium dichromate. Naturally, it is impossible to determine normality to 
five places using an ordinary 50-ml straight tube huret and titrating a 0.20 
to 0.23 g portion of potassium dichromate as directed in 43.29. A far more 
sensitive standardization was devised as follows: 

PROCEDURE 

Weigh into a glass-stoppered 500-ml Erlenmeyer flask enough K~Cr,01 to hav" 
a titre of between 100.5 and 102.0 ml of the standard thiosulfate (0.4929-0.5002 g 
for a 0.1 N soln). Completely dissolve in 100 ml of H 20. Add 4.0 g KI and swirl 
until dissolved. Add 4.0 ml of HCI, stopper flask, mix by swirling, and allow to set 
in the dark for 10 min. Cool flask for about a min. in ice-water. While constantly 
swirling flask, add with a lOO-ml pipet exactly 100 ml of the standard thiosulfate. 
Add 5 ml of 0.5% starch soln, and complete the titration with more of the standard 
thiosulfate added from a 10-ml micro-buret. End point is from a bluish green to a 
clear green. The change talms place within 0.01 rn!. Record titre to the nearest hun
dredth of a m!. 

EXPERIMENT AL 

Three standardizations of the thiosulfate against the Bureau of Stand
ards potassium dichromate gave normalities of 0.10439, 0.10438, and 
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0.10438, respectively. A value of 0.10438 was taken as the true normality 
of the solution, and the Bureau of Standards product was taken to be 
100.00% pure potassium dichromate. This same thiosulfate solution was 
then standardized in the same manner against each of the five commercial 
brands of dichromate being tested. Purity of each commercial dichromate 
was calculated as follows; 

Normality of K a 2S20, by B. of S. K 2Cr,07 X 100 I 
.-~-.--- equa 5 

Normality of K a,S,O, by K,Cr207 being tested 
being tested. 

Results were as shown below: 

:gRANDl 
GRAMS TITRE IN 

DETN. K,Cr,O, 
K·O"O, 

l'lIL STD. 
NO. 

Na2S20J TITRATED 

% purity of the K 2Cr 207 

~ 

PURITY OF 
APPARENT 

K~Cr207 AS 
NORMALITY 

COMPARgD WITH 
OF Na,S,O, 

B. OF S. PRODUCT 

.---"'''~ .0 -------- -

per cent 
B of S 1 0.5212 101.81 0.10439 -

2 0.5182 101.23 0.10438 -

3 0.5165 100.90 0.10438 -

A 1 0.5175 101.10 0.10438 100.00 
2 0.5172 101.04 0.10438 100.00 

13 1 0.5165 100.84 0.10444 99.94 
2 0.5174 100.98 0.10118 99.90 

C 1 0.5173 101.10 0.10434 100.04 
2 0.5164 100.88 0.]0438 100.00 
3 0.5171 101.01 0.10439 99.99 

D 1 0.5172 101.08 0.10434 100.04 
2 0.5170 101.01 0.10437 100.01 

E 1 0.5170 100.98 0.10440 99.98 
2 0.5170 100.08 0.10440 99.98 

1 Brands A, B, C, D. 2nd E arc Baker, Conro.y, Elk, Gennert, and J\tJallinckrodt, although not in th~t 
order. 

CONCLUSIONS 

It appears Lhat four out of five of the commercial dichromates tested 
are already so pure that any improvement by recrystallization could 
probably not be determined by volumetric assay. Even the compamtively 
impme "Brand B" has an effective strength of 99.90 per cent or better. 

Tho procedure outlined above can be used to determine the oxidimetric 
strength of any given batch of potassium dichromate as compared with 
that of Bureau of Standards potassium dichromate. From the data 
givcn, it appears that the analytical error will not exceed one part in t,yO 
thousand. 
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RECOMMENDATIONS' 

It is recommended that the procedure given above be utilized in a col
laborative study to determine the oxidimetric strengths of two or more 
commercial "analytical grade" potassium dichromates in tcrms of the 
Bureau of Standard::; product. If collaborators agree within 0.05 per cent, 
then it will later be recommended that a procedure for assaying stocks of 
laboratory potassium dichromate, rather than a routine procedure of 
recrystallization, be incorporated in the Methods of Analysis. 

REPORT ON STANDARDIZATION OF 
TITANIUM TRICHLORIDE 

By JUANITA E. BREIT (Food and Drug Administration, Cincinnati, Ohio), 
Associate Referee 

Methods for the preparation of solutions and for standardizing titanium 
trichloride have been previously described. l Briefly, Meth od I is the 
A.O.A.C. method using pot:01ssium permanganate, ferrous ammonium 
sulfate, and ammonium thiocyanate; Method II is the same, but sub
stituting potas::;ium dichromate for potassium permangan:.1te; Method III 
nses potassium dichromate and diphenylamine indicator. 

In view of the unstable nature of titanium trichloride, it WeeS considered 
inadvisable to send out solutions of the chemical for standardization; 
instead, at each station doing collaborative work, one chemist prepared 
the titanium solution which ·was then standardized by all collaborators, 
each using the three methods as outlined, and each preparing his own 
potassium permanganate and potassium dichromate solutions. 

LIST OF COLLABORATORS 

Station l-Food and Drug Administration, Color Certification Section, 
Washington, D. C. 

Alice B. Caemmerer; Meyer Dolinsky; S. S. Forrest; N aLhan Gordon; Charles 
Graichen; L. S. HalTow. 

Station2-Food and Drug Administration, Chicago, Ill. 

Daniel Banes; Harold F. O'Keefe; Robert Stanley. 

COMMENTS OF COLLABORATORS 

1. Method III gave decidedly higher results than the oLhers. The results are also 
more erratic. Methods I and II give better checks. 

2. "Aethod III gives a higher titre than the other two and the end point requires 
some patience to ascertain a~curatcly; otherwise it is no more erratic than pot,as
sium permanganate. 

* For report of Subcommittee A and !lctior. of the AssociDtion, see This Juu:rnnl, 32,46 (1949). 
1 TMs JonrnaL, 31,573 (1948). 
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TABLE I.-Results oj Collaborative Work-Stations 1 and 2 

I METHOD I I METHOD II I METHOD III 

COLLABORATO!t 
KORM.A.LIl'Y OF' NOR.\1ALITY OF NORMALITY OF' AYE 

TICl, AVE, TICl, AVE. TICh '. 

Station 1 

1 0.0941 0.0943 0.0948 
1 0.0941 0.0941 0.09.')0 
1 0.0940 0.0941 0.0939 0.0941 0.0955 0.0951 

2 0.0946 0.0945 0.0955 
2 0.0950 0.0945 0.0955 
2 0.094:1 0.0946 0.0941 0.0944 0.09.52 0.09.54 

;") 0.0941 0.0942 0.0949 
3 0.0941 0.0942 0.0950 
3 0.0939 0.0940 0.0942 0.0942 0.0949 0.0949 

4 0.0937 0.0942 0.0948 
4 0.0938 0.0947 0.0948 
4 0.0942 0.0939 0.0943 0.0944 0.0947 0.0948 

fi 0.0944 0.0949 0.0952 
5 0.0942 0.0943 0.0948 
5 0.0941 0.0942 0.0945 0.0946 0.0948 0.0949 

6 0.09:17 0.0940 0.0957 
() 0.0940 0.0939 0.0957 
6 0.0938 0.0938 0.0937 0.0939 0.0963 0.0959 

Average 0.0941 0.094:3 0.0952 

Ha12ge 0.09:37-0.0950 0.0937-0.0949 0.0947-0.09(;;) 

Standard 
Dcviation 0.00026 0.00023 0.000:38 

Station 2 
.. --------

7 0.1233 0.1237 0.1238 
7 0.1232 0.1237 0.1240 
7 0.1232 0.1232 0.1237 0.1237 0.1239 0 1239 

S 0.J240 0.12:38 0.1239 
8 0.1238 0.1235 0.1239 
S 0.1239 0.1239 0.1238 0.1237 0.12'10 0.12;39 

9 0.123/\ 0.1237 0.12:38 
9 0.1240 0.1237 0.1239 
9 0.1241 0.1240 0.1237 0.1237 0.1238 0.1238 

.. ~verage 0.1237 0.1237 0.1239 

Range 0.1232-0.1241 0.1235-0.1238 0.1238-0.1240 

Standard 
Deviation 0.00035 0 0 

3. If the sulfuric acid and water have any blanks due to dissolved oxygen it 
cannot be determined in Method III, as the indicator will give no color unless chro-
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.mate is added. Any correction for a blank in Method III would result, in a higher 
normality and a wider deviatio:l from the first two ·methods. 

4. The end point in Method III is diflieult to determine since the purple color 
returns. Method II appears to be preferaDle. 

5. Method III appears to give somewhat higher values than the two standard 
methods. It has the advantage of not requiring a blank determination, otherwise 
it is essentially the same as Method II. 

6. MeLhod III affords some difficulty. The diphenylamine indicator doesn't 
give a permanent end point; it has a tendency to faue out. Somewhat higher remIts 
arc indicated using the diphenylamine indicator. 

7. Prefer potassium dichromate titration with ferrous ammonium sulfat,e i n,li
cator because of ease of handling and relative stability of the potassium dichromate. 
Diphenylamine indicator seems to shift the stoichiometric point and gives a higher 
titanium trichloride factor. Diphenylamine titration must. be run slowly to elim:nat.e 
possibility of indicator precipitat.ion. 

8. Prefer Methods II and III to I. 

It is recommended *-
That Method II be adopted as official, first action. 

No report was given on buffer solution::;, 

REPORT ON COSMETICS 

By G. ROBER'r CLARK (Cosmetic Division, Food and Drug Administra
tion, Federal Security Agency, \Vashington, D. C.), Referee 

EECOMMENDATIONst 

The Referee recommenlls-
(1) That the following topics on which no reports weY'e received be 

continued: 

Cosmetic Creams 
Deodorants and Ant?:-persp·iranl., 
Depilatories 
Hair Dyes and Rinses 
Jv!oisture in Cosmetics 

(2) That the following topics be discontinued: 

Allealies in Cuticle Removers 
Mercury Salts in Cosmctics.-lt is believed that the methods descrihed or re

ported as being studied under the topic "Miscellaneous Drugs" car. be applied with
out modification to cosmetics. 

IIair Straighteners 

The Referee concurs in the following recommendations of ASiSociate 
Referees. 

(1) That the topic "Mascaras, Eyebrow Pencils, and Eye Shadmvs" be 
continued. 
-~~-~~--- -~---------- ---~--. ---

* For report of Subcommittee A and nction of the Association, see This Joun:al, 32, 46 (19~9). 
t For report uf Subcomrr..ittee Band accion of the AssociB.tion, see This Joutr:,lll, 32~ 50 (19"'lr9). 
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(2) That the topic "Cosmedc Skin Lotions" be continued. 
(3) That tho proposed methods for "Pyrogallol in Hair Dyes" be 

adopted as official, first action, and the topic closed. 
(4) That the proposed methods for the "Analysis of Face PO\\"der" be 

adopted as official, first action, with the following changes: 
(a) That the methods be adopted individually, as methods for the 

various constituents of face powder rather than as an entire method for 
the anulysis of face powder. This will provide for the addition of methods 
for other constituents, not included in the study to date, should the neces
sity for them appear. 

(b) The proposed method for stearate be designated "Fats and Fatty 
Acids as Stearic Acid." 

The Referee further recommends reassignment of this topic, since the 
present Associate Referoe has so requested. 

(5) That the topic "Sun Tan Preparations" be made the subject o[ 
study by an Associate Referee. 

REPORT ON PYROGALLOL IN HAIR DY~S 

By CURTIS R. JOINER (Food and Drug Administration, Federal Security 
Agency, St. Louis, Mo.), Associate Rejeiee 

A colorimetric method for the determination of pyrogallol in liquid hair 
dyes has been adopted as tentative (1, 2). In a later rcport (3) the writer 
discussed some of the problems involved in the extraction of pyrogallol 
from henna mixtures and recommended that further work be done on the 
method. 

The method as previously outlined involved (1) extracting the pyro
gallol from henna mixLuret3 with ethyl acetate ane! evaporating the extract 
to dryness; (2) taking up the residue with water, adding alumina cream 
and filtering; and, (3) determining the pyrogallol in the filtrate by the 
tentative colorimetric method. The main objection to this method wa~ the 
high and variable blanks obtained with it from henna powder. Several 
variations of this method were discusscd. 

Some recent work has shovm that the use of alumina cream in clarifying 
the aqueous solution of the extracted material affected the slope of the 
curve. Extracting the pyrogallol from the clarified filtrate with ether 
prior to its colorimetric determination served to reduce the blank mate
rially and to eliminate the effect of alumina cream on the development of 
color. 

In order to integrate this method with the tentative one for liquid 
dyes, it was desirable, and in some cases necessary, to rewrite portions of 
the latter. The method as finally submitted to collaborative study is given 
below: 
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PYROGALLOL IN HAIR DYES 

Qualitative Test 

Add 5-10 ml of sample to separatory funnel cuntaining ca 0.5 g of NaHS03 and 
extract with 2 or ;:: successive 30~ml volumes of ether. Filler other extracts thru cot
ton and &vaporate to dryness on steam bath. Dry in oven at 100QC for 30-60 min. 
Pulverize residue, mix well, and take melting point. If it does not melt between 131 0 

and 134°C, sublime and again take melting point, which should fall within above 
range. l'vlix small portion of residue with equal quantity of sublimed pyrogallol and 
deLermine the melting point; it should not change. 

Quantitative Determination 

REAGEN1'S 

Ferrous 'i'aTb'ate Reagent.-Dissolve 1.00 g of sodium potassiuIll tartrate (l{o
chelle salt) and 0.200 g of FoSO,· 7 H 20 in water and dilute to 100 m.l in;;, vulumetric 
flask. PREPARE FRESH DAILY. 

Sodiu'fl"! A.cetate Solution.-Dissol \'e 1.5.00 g N aC2H30:~· 3H 20 in watllr, bring to 
room temp. and dilute to 100 m!. 

.fllumina Cream.-34.19(b). 
Slandardization.-To six 100 m! volumetrie flasks add from buret 2.50, 5.00, 

7.50, 10.00, 12.50, and 15.00 ml of standard pyrogallol solution (Reagent Grade, 
0.2000 g/500 ml). Develop color as follows on not more than three standards at a 
time, !1nd make readings within 15 min. after color is developed. Pipet into flasks 
10 ml each of N [1 acetate soln and felTous tartrate reagent, dilute to volume and mix. 
Using 1 cm or } inch cells, measure optical density of solutions with photometer or 
spectrophotometer at 540 mI-'. With neutral wedge fHter photometer, filter desig
nated Ko. 56 (5.8 mm of Corning didymium #512,2.0 mm of Jena VG 3, 2.0 mm of 
Jena BG 18, and 4.5 mm of Cuming yellow shade yellow #351) is mOl"J suitable than 
filter No. 54. With filter photometers obtain zero point by reading "blank" soln 
containing 10 ml of Na acetate and ferrous tartrate reagents in 100 m!. Draw stand
ard curve, plotting concentration of pyrogallol against photometer readings, on large 
scale graph paper so that pyrogallol can be read to 0.01 mg. A straight line should be 
obtained between concentrations of 1 mg and 6 mg per 100 m!. With spectropho
tomctcT use freshly prepared "blank" as reference soln. Draw sta:ldard curve as 
directed "bove, or, if straight line passing thru origin is obtained, the average value 
of k may be calculated from the formula 

wbere 

D 
k=

c 

k is extinction cuefficient 
D is measured optical density of solution 
c is concentration of pyrogallol in mg per 

100 ml 
This value of k may be used to calculate the concentration of unknowns directly 
from optical density readings. 

Liquid Dyes 

Extract a convenient aliquot of sample (usually 10 ml are suificient) by o:J.C of 
the following methods. In handling sample give it a minimum of exposure to air, as 
pyrogallol is readily oxidized. 

1. Continuous Extraction.-Pipet sample aliquot into suikLule continuous m:
tractor containing ca 0.3 g of N aHS03• Extract with ether until pyrogallol is com
nlctelv removed (:3-7 hours. depending upon efficiency of extractor). Determine time 
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required for each extractor under a certain set of conditions by extracting an aqueous 
,oln of known pyrogallol content or by testing for complete extraction as follows: 
After the extmction is thought to be complete, remove flask containing ether and 
replace it with one containing fresh volume of eLher and continue extraction for 
30-60 min. Treat this extract as directed below and, use 50 ml aliquot of filtrate to 
develop color. E.vaporate ether extract on steam bath to volume of 8-10 ml and 
conLinue evaporation at, temp. not exceeding 40° until odor of ether is completely 
gone. Dissolve residue in20 ml of water and wash completely into 100 ml volumetric 
flask Dilute to volume and mix. (If the liquid sample contained chlorophyll treat 
l'esiuue from e~her extraction as described for residue obtained from evaporation of 
ethyl acetate extract in method for henna powder dyes, beginning, "Add ca 10 m] 
wliter to beaker and loosen the residue .... "). Filter thru dry paper and discard 
first 20 ml of filtrate. (If determination C!1rcnot be completed same day extraction iOi 
made, let ether extraet stand overnight, preferably in refrigerator, before ether is 
evaporated. Do not let aqueous soln stand overnight.) Use suitable aliquots of filtrate 
to develop color as directed under "Standardization," beginning "Pipet into 
flasks .... " If 5 ml aliquot contains more than 6 mg of pyrogallol, make suitable 
Jilut,ion in volumelric flask and use aliquots of diluted soln to develop color. Hor 
final calculalion use average of results obtained on at least two aliquots of differenl 
sizes, preferably containing between 2 mg and 5.5 mg of pyrogallol. Calculate to 
g/lOO ml in original sample. 

2. Extraction in Separatol'Y Punnels.-Pipet sample into 125 ml scparatory fun
nel containing oa 0.:3 g of J\ alISO, and extract 6 times v.-ith ether. For each extrac
lion use volume of ether equal to 3 or 4 times volume of sample and shako vigorously 
for one min. Filter eth8r extracts successively thru cotton wet with ether. (Six ex· 
tractions carefully made will completely remove the PFogalloL If desired, a 7th may 
be made and used to test for complete extraction as described under "Continuous 
Extraction.") l";vaporate the combined ether extracts as directed under "Continuous 
Extraction." 

Henna Potvder 11Iixture 

'i\" eigh 0.9 lo l.l g ofthol'Oughly mixed sample in paper extraction thimble. Cover 
sample with small piece of cotton and place thimble in Soxhlct extractor. If tempera
l nre and humidity conditions are such that water will condense on condenser, con
nect tube conhining drying agent to outlet of condenser. Extract 5 hours with ethyl 
acetate having minimum purity of 99% (N.F. VIII or better quality). Boil at such 
l'a~e that solvent siphons off 15 to 20 times per hour. If ethyl acetate ext~act is clear, 
evaporate to dryness as directed below. If extract contains any sediment, evaporate 
to ca 75 ml if necessary, cool to room temperature, and completely transfer to 110 ml 
glass-stoppered volumetric flask. Dilute to volume and mix. Filter thru dry paper, 
1 aking precautions to prevent evaporation of solvent. Pipet 100 ml of filtrate into 
250 ml beaker and evaporate to volume of ca 5 ml on hot plate or stearr. bath. Con
tilltlG evaporation to complete dryness at temperature not exceeding 40°. Add 10 Illl 
water and loosen residue with stirring rod. Pour into ,50 ml volumetric flask. Rinse 
beaker 4 or 5 times with small volumes of water and add rinsings to flask Add 1.2 m] 
:dumina cream, dilute to volume, mix and filter thru dry paper. Extract 25 ml by one 
of methods given under "Liquid Dyes." (If extraction cannot be started immedi
ately add ca 0.4 g of N aHSO, to filtmte and hold no longer than overnight.) Calcu
late to per cent pyrogallol in original sampk 

EXPEIUMEKTAL 

Recovery Experirnents.-Approximately one gram samples of henna 
'\\'ere weighed in paper extraction thimbles, and accurately weighed 
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quantities of pyrogallol ranging from about 40 to 150 milligrams 'were 
added to the thimbles. Three different lots of henna Were used. By prepar
ing the samples in this manner, the prohlem involving oxidation of pyro
gallol when mixed with henna powder ,vas entirely avoided. The refmlts 
are given in Table 1. On thirteen determinations an average recovery of 
\)9.3 per cent was obtained, 'with a range from 97.9 to 100.2 per cent. 

TABLrJ I.-Recovery experiments 

PYRoGALLOL ADDED 

---_ ... --------_. 
miWgram8 

12.0 
47 .8 
56.0 
53.1 
60.7 
50.2 
65.0 

106.0 
149.3 
52.7 
72.0 
63.4* 

123.8* 

r:l,iUigrams 

11.3 
47.1 
55.7 
53.2 
60.4 
49.9 
65.1 

104.4 
148.7 

51.6 
71. 7 
G3 .,~ 

122.9 

PYROlJALLOI. RECOYERED 

A.verage ... , " ..... , . 

* )[0 hBn:ltt powder was added to these t';<,"O aamplBs. 

per cent 

98.::l 
98.5 
99.fi 

100.2 
99.5 
99.4 

100.2 
98.5 
99.6 
97.9 
99.6 

100.2 
99.3 

99.3 

Blanks.-Eight blank determinations were run on the three lots of 
henna used in the above rccovery experiments. These result:: ranged from 
0.073 to 0.118 per cent, with an average of 0.107 pel' cent, calculated as 
pyrogallol. Theoretically, with a blank of this magnitude, the recoveries 
listed in Table 1 should range from 0.7 to 2.5 per cent high. Since there 
,vas no tendency to get high results, either there must be a compensating 
loss of pyrogallol, or the presence of pyrogallol alters the blank values of 
the henna powder. 

Storage Expcriments.-Pyrogallol recoveries obtained on samples after 
12 to 38 months' storage are given in Table 2. Filter eel was used for tvH) 

of the samples in order to compare the 8tability of pyrogallol when mixed 
with an inert material with its stability in henna mixtures. Lawsone, 2-
hydroxy-1, 4-naphthoquinone, the active constituent of henna for hair
dyeing purposes (4), was added to two of the samplc8 to see what effect, 
if any, it would have on the rate of oxidation of pyrogalloL In both cases 
the filter eel samples (II and IV) showed about five times as much loss of 
pyrogallol as the corresponding henna samples (I and III). The loss of 
pyrogallol in the two samples containing laws one (I and II) was con
siderably less than that in the corresponding samples with no added law-
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sone (III and IV). Continuing the ethyl acetate extractiou of the i:3ample~ 
for two to three hours beyond the five-hour period designated in the 
method resulted in the recovery of no more pyrogallol. 

TABLE 2.-StorO{]f experiments 

S.\MPLE UJMPOSITION Qio' 

1-

APPIWX. AGE WHEl" PYROGA:Lt.OL 
RVoGO'lJE 

NO. SAM1'LES ANALnED FOUND 

- . _. 
1IWlIth,'1 per c!..nl per ct.n 

FY 

I Egyptian Henna * 13 4.93 89. 5 
Lawsonc 1_0 % 
Pyrogallol 5.51 % 

II Filter eel P .J 2.2.5 4.0.5 
Lawsono 1.0 % 
Pyrogallol 5.55 % 

III Egyptian Henna 13 4.66 81.1 
Pyrogallol 5.51 % 

IV Filter eel Ii:> 1 .,~7 28. 4 
Pyrogallol 5 .. 52 % 

V Bronzing Henna* 12 4.91 88. " 

Pyrogallol 5.53 % <1 .8,~ 87 .7 

VI Egyptian Henna 12 4.82 87.3 
Copper Slllfn.te 5 % 
Burnt Sienna 4% 
Pyrogallol 5.52 % 

5 Ecnnat 38 3.97 75. 8 
Pyrogallol 5.24 % 

*' These two lots of henna WPfe purdmsed from a nn.tionn.l distributor of beauty shop supplies. A repre
senL~,tive of the fum stated th~t both were Egyptian henna, but that the bronzing henna had been treated 
so that it would color the h3ir a different shade. The method of tre~tmcnt was not known. 

t This lot was purchas~d fl.-om another distributor and w::ts labeled, "Egyptian Henna." 

An absorption curve obtained with a Beckman spectrophotometer was 
similar to that of Mattil and Filer (5) for the color produced by gallic 
acid and the ferrous tartrate reagent. The curve had a very broad absorp
tion band with a maximum at 540 millimicrons. However, with a neutral 
wedge photometer (6), filter No. 56 was superior to No. 54. The ~-';o. 56 
filter gave greater absorption values, and the field was brighter and was 
easier to match than ,,-ith filter No. 54. The measurements reported here 
were made v\ith the spectrophotometer using a spectral band width of 
about 1.3 millimicrons. 

COLLABOHATIVE WORK 

Three samples for collaborative stndy ,'\"ere prepared as follows: 
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No.1 
Pyrogallol. . .. . ................. . 
Burnt sienna .................... . 
Copper sulfate ......................... . 
Egyptian Henna 

No.2 
Pyro.f!;allo! ............................. . 
Bronzing Henna 

?-;'o. :3 
Pyrogallol ........................... . 
Sodium bisulfite .. '" ................... . 
Distilled water to make one liLer. 

9.36 per cent 
·1.5 per cent. 
5.2 per cent 

20 . 500 grams 
10 gran1s 

All ingredients for samples 1 and 2 were ground to pass a 50-mes.l1 sieve. 
The samples were mixed in large jars on a revolving mixer for about ten 
hours. Each sample was' divided into ten parts, and each part was phtced 
in a small bottle. The writer analyzed portions from two bottlei:l selecLed 
at random from both of the samples before they were sent out for collabo
rative study. The collaborators were asked to analyze the samples in 

TABLE 3.-Collabm·atm-,s' results 

I SAMPLE 1 SAMPLE 2 I 3AMPLE 3 
DATE 

. \XALYST 
PYROGALLOL I I PYP.OGALLOL . ANALYZED PYROGALLOL 

FOTJND 
aECOVERY FOUND RECOVERY FOUZ\TD RECOVl .. RY 

per cent per cent per cent per cent O/10f) ml per cent 

C. R. Joiner 3/11/48 9.43 100.8 5.16 100.4 2.02 98.:> 
9.% 100.0 5.19 101.0 2.02 98.5 

1 41 1/48 9.30 99.4 5.08 98.8 2.00 97.6 
9.26 98.9 5.11 99.4 2.01 98.0 

2 4( 5/48 9.24 98.7 5.12 99.6 2.11 102.9 
~.26 98.9 5.09 

I 
99.0 2.11 102.Cl 

2.10 102..4 
2.ll 102.9 

3 4/13/48 9.13 97.5 4..89 95.1 2.09 

I 
102.0 

9.09 97.1 5.00 97.3 2.07 101.0 

'l 4/18(48 9.03 96.5 5.11 99.4 200 97.6 
9.04 96.6 5.00 U7.3 2.01 980 

5 5/11/48 8.94* 95.5 4.74* 92.2 2.00 07.tl 
8.06* 95.7 4.86* 94.6 2.00 97.0 

C. B.. JoiJlcr-
: 

5/19/48 8.6:1* 92.2 4.69* 91.2 - -

C. R. Joiner 7/12/48 7.98* 85.3 4.47" 87.0 - -

Averages 9.21 9S.4 5.U8 98.8 2.05 100.0 

Standard 
Deviations ±0.13% ±0.O84% :i:O.046g 

Range 0.40% 0.30% I 0.11 g/lOO roll 
* These results are not included in the cwerages. See explanation under "Discussion." 
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duplicate within a month if possible. The results are listed in Table 3. 
Samples 1 and 2 are similar in composition to commercial henna dyes. 
Samples sin:ilar to No.3 have been subjected to collaborative study twice 
before, ,yhile this is the first such study for henna samples. 

DISCUSSION 

:'\fo significant comments were made by the collaborators. Apparently 
none of ther::1 had any difficulty in following the directions. 

The results obtained by the collaborators are good \yhen consideration 
is given to the nature of pyrogallol and the difficulties involved in isolating 
it from plant material. The recoveries on sample No.1 show a steady 
decrease with increasing age of sample, and those on sample No.2, with 
tv>'O exceptions, do the same. The samples were about :five and one-half 
weeks old ,vhen analyst 4 made his determinations, and they were nine 
\\'eeks old when analyst 5 made his. The determinations made by the 
Associate Referee one week later furnish ample justification for not in
cluding the results of analyst 5 in the averages used for evaluating the 
method. The appi1l'ent rate of loss of pyrogallol from these samplf)s is 
considerably greater than that in any of tho henna samples reported in 
Table 2. From these con8iderations it is probable that if all determinations 
had been made within two or three weeks, the results would have been 
better. 

The discussion regarding loss of pyrogallol on aging does not apply to 
sample 3. The results obtained on this sample are approximately the sam8 
as those reported for similar samples in tho past collaborative studies. 

RECOM:.Y1ENDATIONS* 

It iE recommended that the method presented in this report be adopted 
as official, fiJ'st action, and that work on this 8ubject be discontinued. 
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REPORT ON MASCARAS, EYEBROW PENCILS, AND 
EYE SHADOWS 

599 

By PAuL W. JEWEL (Max Factor & Co., 1666 Korth Highla::ld Avenue, 
Holly\yood, CaliL), Assoc'iate Referee 

II. THE A::,{ AL YSIS OF MASCARA 

A method for the analysis of mascara reported earlier: has been im
proved to such an extent as to make its ,momission for collaborative study 
desirable. Some changes in procedure have been made but, the experi
mental material has not been changed, since this type of mascara iH rather 
universally used in the cosmetic industry. 

THE METHOD 

To:al Base 

Wei11;h sample of maseara, ca 3.0000 g, wrap in filter pa.per (J'vIuClktell 00) turning 
e:lds in so as to make a seal, (Lnd tie with thread. Place this wr~pped sample in a 
double thickness extraction thimble, plug opening with cotton, and extract with 
chloroform in a Soxhlet F.xtractor at such a rate that the siphon dumps about once 
every 10 min. Continue extraction for 8 hours. When the extraction [laS boen com
pleted, evaporate solvent on 51,eam bath, dry in oven for 30 min., cOell, and we:gh. 
Repeat the drying in the oven until all odor of chloroform has been removed and 
weight remains constant. Report result as pcr cent total base. (Wten most of chloro
form has been removed by evaporation, it will be found that the addition of 11 few 
m! of absolute alcohol will facilitate rr;moval of the last traces.) 

Triethanolamine 

To total base contained in extraction flask, add 10 ml of 95 % ethyl alcohol, and 
heat until baoc is dissolved or dispersed. Add 10.00 ml of 0 .. 50 N sulfuric acid, heat 
to boiling, add 50 ml distilled water, heat until fats melt, and chill thorol)' in the ice 
box. When mixture is thoToly chilled, filter thru paper into titration flask. Wash 
waxes several times with water and titrate filtrate with 0.50 N aqueous sodium hy
droxide using methyl red as an indicator. Divide the net titration expressed as mlof 
N acid by 7.0 to get g of triethanolamine found. Express results in teTms of per cent 
of triethanolamine in original sample. 

Total Acid ali 8te!u'ic Acid 

Return filt·er paper from t.he determination of triethanolamine to the nxtraction 
flask, add .50 ml absolute alcohol, heat to dissolve and titrate with alcoholic pota,s
siulll hydroxide 0.50 N, using phenolphthalein as indicator. Calculate total acid 
found as stc2.ric acid, using 208 as the acid number for stearic acid, and ropor .. the 
result as per cent stearic acid. 

In order to test the reliability of this method in the hands of other 
chemists, it was submitted to collaborative study. Samples were sent to 
six laboratories, five of which responded. Thble 1 gives the results ob
tained by these collaborators. 

'''r. The All"lysis of Mascara" was published in This ,J o"rnal. 29,32 (1916). 
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TABLE I.-Collaborative resl1lt,~ 

COLLABORATOR tOtAL BASE TRIETHANOLAMINE 'IOTAL ACID AS STEA mc ACID 

per cent per cent pcr cent 

1 73 .50 11,41 24.60 
2 72.20 11.70 24.30 
:3 72.6'! 10 .05 18.1.5 
4 73.55 12.50 26.25 
{) 73.5:3 11 .12 21.80 

Av. 73.08 11 .18 2:3.62 

Theory 7.5 .09 11.99 31.04 

COMMEXTS OF COLLABORATORS 

;/:3. "It wodd appear that eight hours is not sufficient for complete extraction of 
the mascara bc"so." 

This collaborator then proceeded to continue the extraction for 10 and 
12 hour periods. The reiSulb,; of this additional extraction appear in Table 
2, together with a 24 hr. extraction made by the Associate Referee. 

10 hours 
12 
24 " 

TABLl!J 2.-Addilional extraction 

TOTAL HASF: 

P::T cent 

73 . .5'! 
74.05 
73.94 

THHJTtlANULAMINE 

per cent 

11.22 
11.79 
11.26 

TOTAL AGW As STEARIC AclD 

per cent 

24.68 
26.54 
26.50 

The results for totn,l base and for triethanolamine are not too precise 
from an analytical standpoint, but for mixtures of this sort they are fairly 
good. The results for total acid are too far [rom correct and indicnte that 
some further treatment of the extracted base may be necessary. The time 
of extraction is important, and in order to make sure that this will be 
compleLe umler any and all conditions, it is recommended that the ex
traction time be extended to 24 houriS. 

It is difficult to explain the lack of precision in results obtained by col
laborators. The base, before pigments are added, is completely soluble in 
warm chloroform. The method described gives theoretical results for 
triethanolamine and for total acid when applied to the base. It is only 
after the base haiS been heated and milled with bone black that the 
method begins to give less than theoretical results. 

It is recommended* that further work be dOlle to improve the accuracy 
of this method, and that 'work be continued with eyebrow pencils and eye 
shadows. 

,,' For report 0:" Subcommittee B rmd action of the Association, sec This Journal, 32,50 (1919). 
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REPORT ON COSMETIC POWDERS 

By GEORGE MCCLELLAN (Food and Drug Administrt1tion, Federal 
Security Agency, New Orleans, La.), Associate Referee 

A face powder mixture of known constitution was subjected to col
laborative study. The method of analysis specified was essentially that 
published by the author in This J o'(J,rnal, 25,909 (1912), but with so many 
revisions that, for purposes of clarity, complete reproduction seems neces
sary. 

CONSTITUENTS OF FACE POWDER 

FatH and Fatty Acids as Stearic Acid 

Weigh about 2 g of the powder into glass-stoppered 250-ml Erlenmeyer flask. 
Add 30 llli of benzene and swirl to mix thoroly. Add 10 ml of HCI, aml swirl, remov
ing stoppel' frequently to alloviT escape of CO" from carbonates. When pressure has 
spent itself, atld [iO ml of petroleum ether, and sha;,e cautiously wiU, periodic re
moval of stopper until pressure again subsides. Then shake vigorously about 50 
times. DecanL eLher layer thru a pledget of cotton into flask containiClg a few glass 
beads, that has been weighed with a similar flask as a counterpoise. (This decanta
tion involves no danger of loss, for the particles of powder are tenaciously reLained 
in the acid layer.) Again add 50 ml of petroleum ether and repeal, sh:1J;:ing; and de
cantation. Repeat with a third 50-ml portion of petroleum ether. Evaporate Lo dry
ness on steam bath under hood. Place in a draft oven at 100 degreos C. for one hour, 
heating flask used as a counterpoise at the same time. Remove flasks, cool, and 
weigh as stearic acid. 

REAGENTS 

Ca) lVulfing's precipitant.-Dissolve 80 g of finely ground ammonium carbo:latc 
in a mixture of 90 ml of KH,OH and 375 ml of H 20, and add 475 ml of 95% othyl 
alcohol, which mayor may not cause preeipitaLioIl, depending on t:w temperature. 
Let any prer,ipitate settle, and use supernatant soln. 

(b) Wash soln.-Mix equal volumes of Wulfing's precipitant and %% e1,hyl 
alcohoL 

DE'fERMIN A 'fION 

Weigh ca 2 g of the powder into a platinum dish and ignite to light gray ash at, 
500-550°0. Do not heat longer than necessary. With the aid of a wide-mouth fun
nel, transfer ash to a 500-ml glass-stoppered Erlenmeyer flask. Add 100 Illl of 
Wulling's precipitant in such manner as to wash down funnel. Stopper flllSk, and 
shake vigorously for 1 min., pausing from time to time to remove st.opper and relieve 
pressure. Let sit overnight. Filter contents thru 1 n em medium quantitative paper, 
With wash soln from a wash bottle, wash out flask, pouring washings thl'u filter; 
but make no attempt eornpletely to transfer residue. Reserve flask for lator cl(;i er-
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mination of acid-soluble constituents. Wash residue on paper thoroly with wash 
soIn. Determine zinc in filtrate as follows: Exactly neutralize to methyl red with HCl, 
add 200 ml of HoO, and bring nearly to boiling on hot plate. Add 60 ml of 10 % 
(NH4) ,EPO" and continue to heat at just below boiling for 30 min. Remove and 
allow to cool slowly to room temp. Filter thru Gooch crucible that has been tared 
after ignition for 10 min. at full heat of Fisher burner. Wash with freshly prepared 
1 % soln of (NH,),HP01, and finally with 50 ml of 50% alcohol. Discard filtrato. 
Place Gooch crucible in porcelain cru6ble of suitable size, and dry over low [lamp. 
Inc~case temp. and ignite at full heat to constant weight. 

Zn,P20, XO.534 ~quals ZnO. 

(Talcum powdm's often contain boric acid. When present, it will accompany 
'6nO, and must be separat.ed before precipitation of the zin~.) 

Acid-Soluble Calcium 

Place papor containing residue from the zinc separation in a platinam dish and 
burn off papel' at below 650°C. Transfer to a 2.50-ml beaker. Use 100 ml of (1 +9) 
HCI to wash residue out of flask used in zinc separation, adding washings to beaker. 
(If some residue sdll clings to inside of flask, tilt. up at steep angle over beaker, and 
wash out. with st.rr-am of water from wash bottle.) Stir thoroly, allow to sit for 10 min. 
and filter t.hru medium quantitative paper. Disregard turbidity in filtrate, since 
this will be recovered in the next step. Wash residue on paper three times with dis-
1illed water. Place in a platinum dish not less than 6 em in diam. nor less than 2 ern 
high, and hold pending addition of recovered acid-soluble Fe, AI, and BaS01. With 
J\'II40H, neady neutralize the filtrate to methyl red. Add 200 mg of (NH4),SO, and 
enough Br2 w!).ter to destroy indicator and distinctly color soln. Boil free of brominc, 
add more methyl red, lind while still nearly boiling add NH,OH drop wise to the first. 
dis:.inct yellow, avoiding any excess. Let sit for c·a 3 min., and filter thru a medium 
quantitative paper. Wash with hot 2% soln of NH,Cl. Transfer paper and residue 
to the platinum dish containing acid-insoluble const.ituents. Determine calcium in 
filtrate according ('0 6.48, beginning with "heat to boiling. 

Acid-Soluble lvIagnesium 

Determine in filtrate from acid-soluble calcium as directed in 37.64 (p. (42). 

Mg2P,O, XO.3621 equals MgO 

Decomposition of Silicates; Solution of Titanium; Estimation of Barium Sulfate 

APPARA':CUS 

Air oath.-On a tripod over Fisher burner place clay triangle having a per side 
length of about 3 inches. In this triangle set a nickel or iron crucible of about 125 
ml capacity, and on top of the crucible set a second clay triangle having a per side 
len.gth of about 2~ inches. Purpose is to supply controlled radiated heat to platinum 
dish resting on the top triangle. 

METHOD 

Ash residu8s reserved in platinum dish (acid-insoluble portion and materials re
covered prior to calcium precipitation) aL below 650°C. Pulverize ash with flattened 
glass rod, and moisten with 4 ml of water. Add 4 ml of H 2S04, place under a hood, 
and fill dish to oa one-fourth of its depth with HF (48 %). Evaporate on the air bath, 
swirling occasionally to mix contents, until only the H 2SO, appears to remain; then 
cautiously heat over the low flame of a Fisher burner to a pasty consistency. (Do 
not take to complete dryness.) Add 15 g of pulverized potassium pyrosulfate, and 
heat to melting. Con~inue heating, gradually raising temp. until a clear melt is ob-
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r.aincd. This will be achieved only when the dish glows red-hoL and the melt, Ol'ange
red. Too rapid heating will cause spattering. Foaming will occur but is not to be 
feared. At the completion of fusion, the cla,rity of the melt may be marred by bub
bles and possibly by a few flakes of KoSO, produced by the high temp., but these may 
be disregarded if the melt is generally clear. Set dish aside on an asbestos board and 
allow to cool. Melt will normally crack away from dish during cooling. Dislodge melt 
into a 600-ml beaker, wash dish with successive portions of hot (1 +19) H 2SO, until 
11 volume of about 1.50 ml is obtained, and boil until the melt goes into soln. If pres
ent, BaSO, comes down at this point. In this event, let digest on a steam bath [or 
one hour, allow to cool, dilute to about 400 ml, stir well, and allow to sit for at least 
two more hours. Filter thru the finest available quantitative paper, catching filtntte 
in a 500-ml volumetric flask. Wash thoroly three times with water. Transfer residue 
\,0 a tared porcelain crucible, burn off paper at low temp., and ignite at dull red 
heat. Weigh as BaSo.,. (Residues amount.ing to less than 0.5 % should not be counted 
as BaSO,. Where they occur, they represent HF-resis(,ant silicate OJ' quP"rtz originally 
present in the talc or kaolin.) 

Total Titanium and Ir(m 

APPARA1'UR 

Jones reduclor.-Take a 50-m! pinch~ock buret (without pinch~ock attachment), 
and with a long glass rod ram down into its constricted lower end a pledget of glass 
wool. Fill buret to about the 15 m! mark with 20- or 30-mesh amalgamated Zn. (Zn 
may be amalgamated by letting fall into 200 ml of H 20 containing 4 g of dissolved 
HgCL and 10 ml of H 2S04 • It, should be washed several times with distilled H 20 by 
decantation before being put into buret.) Fit constricted lower end of buret with a 
4-inch piece of thick-walled Tubber tubing bearing a screw-clamp about the middle 
and ccrmina~ing in a glass tube thrust thru a one-hole #7 rubber stoppec'. The stopper 
should be fitted to a 500-ml vacuum flask and the glass tube should be of such length 
as to reach within about 2 inches of ~he bottom of the flask. When not in use, the, 
,) ones reduct,or should be kept filled with distilled water. 

DF.TERMINATION 

Make filtrate from RaSO, to volume, pipet into a beaker an aliquot of 100 Ill!. 
and add with stirring 5 ml of H 2SO,. Place in vacuum flask 10 ml of 10% ferric alum 
(free of ferrous Fe and other substances reducing KMn04). Fit flask to reductor, ap
ply vacuum, and open serr:w clamp enough to permit controlled passage of liquid 
into flask. 'When meniscus in buret has sunk nearly to level of zinc, add more 501n. 
(It is preferable never to expose amalgamated zinc to the aiL) V,'hcn all of soln has 
been added, add in the same manner about 100 ml of distilled IhO. Close s::rew 
clamp just before meniscus of last washing reaches level of zinc, rolease vacuum, 
and disconnect flask. Transfer contents to 300-ml tall-form beaker and add 3 mlof 
syrupy phosphoric acid. Using a 10 ml microburet, titrate over a whi~e surface ;vith 
0.1 N KMnO. to the first pink. Make up a blank containing :i g of potassium pyro
sulfate and 6.5 ml of II,SO, in 100 ml of distilled H 20. Put this thru identically the 
same treatment the sample received, finally titrating to the same shacle of pink. Sub
tract titre of blank from that of sample. Corrected titre X.OOS eqt~!tls total (TiO, 
plus Fe203) (these have practically the samo equivalent weight). 

Total Iron 

REAGENT 

Titanium trichloride, 0.05 N TiCh.-Make up according to directions in 21.36 
(p. 290), but containing only half as much TiCh as required for ,.he 0.] N soln. 
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Standardize according to either of the methods listed under 21.37 eXc8pt, thaI, st2,nrl
udization should be conducted using an ordinary mino-buret and t.it,rat,jng inl.o all 
open beaker. The soln should be kept in an ordinary glass-stoppemrl hoi tIc anrl ro
standardized immC'diatoly hefore each set of determin:l,t,ions. 

DETERMINATION 

l'ipet an aEquot of 100 m! from volumetric flask into a lSO-ml beakeL Add 1 g 
NILCNS. Slowly and with thoro stirring, titrate with 0.05 N 'TiC], from a micro
buret to disappearance of the red color. Hun a blank on 3 g of potassium pyrosulfate 
and 6.5 ml H,S04 in 100 ml of distilled H 20. (Blank is often nil.) Corrected titer 
X.004 equals FezO,. 

Total Titanium 

Per cont total (TiO, plus Fe,O,) -POI' cent total Fe 20, equals per cent total Ti0 2 • 

Total Oxides of Iron, T'ilan'ium, and Aluminum 

Pipet an aliquot of 250 ml from volumetric flask into a 600-ml beaker. Add a fow 
drops of methyl red indicator and 5 g of NII4CI, and bring to boil. ~ outralize by 
adding NfLOE dropwise iust to the first disti'lot yellow. Let sit for about 3 min., and 
filter thru a 12} em medillm quantitat.ive paper. Wash several times with hot 2 % 
NH.,Cl. Place pllpcr in a t.llred crucible and dry in an oven or an air bath. Transfer to 
a muffle furnace at room temp., and raise hea.t to about 1100 degrees. Ignite to con
stan~ weight,. l~esllh is total (Al,O, plus FC,03 plus TiO,). 

Total Aluminum 

Per cent total (Ah03 plus Fe203 plus TiO,,)-per cent total (Fe,03 plus TiO z) 
equals per cenG tot.al Al,03. 

Acid-Insoluble Calc-ium. 

Determine calcium in the filtrate from t.he ammonium hydroxide precipitate 
a~cording to directions in 6.48 (p. (6), beginning with "heat to boiling. 

Acid-Insoluble III agnesi1l1n 

Determine in filtrate from acid-insoluble calcium by 37.64 (p. 642). Mg,P 20, 
XO.3621 eqmh MgO. 

Silica 

\\T cigh about 1 g of the po,vder into a 2,SO-ml heaker. Moisten with aleohol and 
add 100 ml of (1 +9) HCl. St.ir, and allow to stand for 10 min. Filtor thru 12~ em 
medium quantitative paper. '\Vash the residue;) times with H 20. Transfer paper t,o 
a platinum crueible and ash at below 650°C. Cool, and pulveri~e ash with a fiat.tened 
glass rod. Add 6 g of ]\i a 2CO, a portion at a t.imG, intimately mixing with the same 
glass rod between addit.ions. ·Use the last of the l'\a,CO, to sprinkle over the t.op of 
the mixture. Place in a muffle furnace at below 800°C., and raise temp. to bring con
tems into fusion. Heat at ca 1000°C. for 15 min. Remove the crucible and let cool. 
Dislodge the melt into a dry 500-ml beaker. (Dislodging the melt is not always easy. 
It often helps to reLurn the cruciLle to the hoL furnace for 1 min., then remove it and 
immediaLely dip about two-thirds of its lengt.h in a beaker of H 20. If I'epeated a suf
[[dent number of times, this treatment causes the melt to crack away from the plati
num so that it can be removed by simply upending the crucible over the beaker.) III 
a graduate mix 15 ml of Hl\O, with .5 ml of fLO, and wash the crucible with small 
successive portions of the mixture, adding washings to the beaker. If soln of the 
mel~ bec:omes slow, hasten its disintegration by genUe pressure with a glass rod. 
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When ,he N a2CO~ in the melt has dissolved, place the beaker under a hood and add, 
in the order named, 5 g of NH,Cl and 25 mlof HClO. (60 %). Cover the beaker with 
a watch glass, and boil over a moderate Hame until oxides of nitrogen have passed 
off and the HCIO. refluxes down the sides of the beaker. Cool the mixt·ure slightly, 
add 150 1111 of very hot water, stir, and let sit un~il silica settles to the bottom. De
cant supernatant liquid thru a 12} em medium quantitative paper, and transfer 
residue to paper using hot water and policing out beaker. Wash thoroly five times 
with hot water. Transfer to a platinum dish, burn off paper, and ignite to constan t 
weight at about 1100°C. Weigh as crude silica. To the residue in the dish add ca 2 
mlof (1 +9) H 2S04 and enough HF (48%) to eovor the silica. Heat on a steam bath 
under the hood until silica and excess HF have passed off. Cautiously heat over the 
non-reducing flame of a Fisher burner until fumes of 80, have ceased to be evolved, 
and th~n hCfl,t strongly for several min. Cool and reweigh. The difference betw88:1 
this weigh;, and the weight of crude silica is weight of 8i02• 

Starch 

Weigh ca 5 g of the powder into a 500-ml Florence flask (preferably standard 
taper). Moisten with 10 ml of alcohol. Acid-wash according to directions in 17.20 
(p. 212), hydrolyze starch as dirp,c;,ed under 27.33 (but filter hydrolyzed m:xture 
before and not after making to volume), and determine dextrose by 34.39 and 34.40 
(p.572). 

COLLABOR.ATIVE 

A collaborative face powder mixture was prepared from nine com
ponents] all previously assayed for all constituents, except carbon dioxido 
:;,nd water. The Associate Referee was able to secure only two col
laborators-Sylvan R Kewburger and Charles Graichen, both of the 
Cosmetic Division of the Food and Drug Administration, Washington, 
D. C. These gentlemen deserve much credit for bringing to a successful 
conclusion a most involved and time-consuming piece of analysis. 

CQN5TITUEN'J:' 

Stearate as Stearic Acid 
Total ZnO 
Acid-soluble CaO 
Acid-soluble MiiO 
BaSO. 
TOGal Fe,O, 
Total Ti0 2 

Tot.al AbO, 
Acid-insoluble MgO 
Acid-insoluble CaO 
SiO, 
Starch 

Total 

TABLlC I.-Collaborative results 

CO 2 and H 20 not determined 

PRESENT GnAICEEN MCCLELLAN 

1 2 1 2 

4.5 4.6 5.0 4.6 4.6 
10.0 9.9 9.9 10 .1 9.9 
3.1 I :3.2 ;3.2 3.0 3.0 
2.5 I 2.4 2.4 2.5 2.1i 
9.9 I 9.8 9.9 9.6 9.7 
0.2 0.2 0.2 0.2 0.2 
5.0 4,7 5.0 4.8 4.9 
8.0 7.9 7.8 8 '0 .0 8.0 
8.0 8.2 8.2 8 c, 

.0 8.2 
2.1 2.0 2.1 

I 

1.::'; 1.8 
26.8 25.8 25.6 26.6 27.1 
8.8 9.3 9.3 8.9 8.9 

88.9 I 
88.0 88.6 I 88.7 88.8 

:mWU'LRGER 

1 2 
-------

'1.5 4,5 
08 g,g 
30 3.0 
2.5 2.5 
9.7 9.7 
0.2 0.2 
4.8 4.7 
8,4 8.3 
8.2 8.2 
2.0 2.0 

26 1 26.1 
9 5 9.4 

88.7 88.5 
'-- - -
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Component 

Talc 
Kaolin 
Zinc oxide 
Starch 
Barium sulfate 
Titanium dioxide 
Calcium carbonate 
Magnesium carbonate 
Magnesium stearate 

Per cent by we1:ght 
in mixture 

30 
20 
10 
10 
10 
5 
5 
5 
5 

RECOMMENDATIONS* 

It is recommended-
(1) That the above method for face powders be adopted as official, first 

action. 
(2) That this subject be continued. 

REPORT ON COSMETIC SKIN LOTIO~S 

By H.t;NRY R. BOND (Food and Drug Administration, Federal Security 
Agency, Kansas City, Mo.), Associate Referee 

DETERMINATION OF GLYCEROL, ETHYLENE GLYCOL, AND PItOPY
LENE GLYCOL IN A CLEAR TYPE SKIN LOTION 

As one phase of the study of cosmetic skin lotions, the clear type lotion 
was selected for the purpose of devising suitable assays for as many af:i 
possible of the common ingredients involved. 

GlyceroL in particular, and two of the glycols, ethylene and propylene, 
are rehtively common constituents of many skin lotionl:l. It wa" decided 
to utilize a method for determining quantitatively each of the three in a 
mixture. Such a method had been devised by Irwin S. Shupe l under the 
tivle "Periodate Reaction Applied to C:;osmetic Ingredients." 

A slightly modified form of this method was employed for the assay of 
the samples prepared for collaborative study. Collaborators were also 
requested to determine the glycerol content of the samples by the method 
of N ewburger and Bruening2 for the purpo"e of comparing results ob
t,ained through the use of brom-cresol-purple indicator as opposed to 
methyl red" 

Since the periodate volumetric method employed was semi-micro in 
nature, the collaborative samples contained only small amounts (1 gram 
or Ie",,) of the constituents to be determined. The solutions were slightly 
acetic and the two samples sent to each collaborator were identical in 
compositio:l, in that each was made from one and the same stock solution 

*' For report of Subcommittee B and action of the AS60ci3.tion, Bee This Journal. 32,50 (1.949). 
1 Thi8 JO"T71cl, 26,249 (1943). 
'ibid., 30, 551 (1947). 
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with the same degree of dilution. Therefore, results obtained from tl2e 
two samples should have been practically identical. 

The results of collaborative study are tabulated below in a,) abridged 
form, merely stating the average percentage recovery obtainnd by each 
collaborator. 

T ABLE I.-Collaborative result, 

MIL:UIGRAMS OF COLLABORATORS' 

CONSTITttE}i''l' PJ::R CENT ~ECOYERY 
CONSTITD'lCN'l' 

FER 20 ML 

OF 8A.MPLE A B C D 

(1 ) 
Glycerol (using methyl red) 18.65 97.59 94.91 108.71 

(2) 
Glycerol (using brom-rresol-

purple) 99.81 91.02 97.0:) 

Propylene glycol 16.28 \)8.:!:3 91.60 100.12 85.78 

Elhylene glycol 1:3.00 

Calc. using (J) above. 100.54 \07.67 99.32 
Calc. using (2) above 97 .. 56 109.27 \lS.S:; 

While collaborators A 30nd C obLained re~mlts which could be considered 
excellent, it is believed thaL Lhe method should. be subjected to furthc;r 
collaborative titudy before its acceptance is recommended. A comparison 
of recoveries of glycerol, u::;in~ two different indicators, indicates brom
cresol-purple as the better. 

RECOMMENDATION' 

It is recommended that a new series of samples be Hubjec\,ed to more 
extensive collaborative study in order to determine the suitability of the 
method. 

ACKNOWLEDG:vIENT 

The ASfOociate Referee wishes to express his appreci"tion ot the efforts 
of the following members or the Food "nd Drug Administration: H. P. 
Bennett, New Orleans, and :F. E. Yarnall, Kansas City, for aid in pre
liminary work; and G. E. Keppel, Minneapolis; S. T. Colamaria, Boston; 
W. S. Cox, Atlanta, and D. Banes, Chicago, as collaborators. 

---_.----

No reports were given on alkalies in cuticle removers, hair straighteners, 
cosmetic creams, deodorants and anti-perspirants, depilatories, hair dyes 
and rinses, mercury salts in cosmetics, or moisture in cosmetics. 

*' For report of SubcoIIl:nittee B and action of the Association. sec This Journal~ 32, 50 (1949). 
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The paper entitled "Analysis of Castor Oil in Lipstick," by S. H. 
Newburger, is published in This Journal, p. 658. 

REPORT ON COAL-TAR COLORS 

By G. ROBERT CLARK (Cosmetic Division, Food and Drug Administra
tion, Federal Security Agency, Washington, D. C.), Referee 

RECOIl1IvIENDATIO::-JS* 

Acetates, Carbonates, II al,ides, and Sulfates in Coal-Tar Colors.-The 
Heforee concurs in the recommendation for continuation of this topic. 
The Referee further recommends reassignment of this topic, as requested 
by the Associu,te Referee. 

Bu:ffers and Solvents in Titanium 'Trichloride Titralion.-The Referee 
recommends continuation of this topic. 

Ether Extract in Coal-Tar CoBors.-The Referee recommends continua
Lion of this topic. 

Halogens in Halogenated FJuoresceins.-Thc Referee concurs in tho 
recommendation that the proposed methods for chlorine and for chlorine 
and bromine, ,,.hen both are present, be studied. 

Idcntificall;on of Coal-Tar Color-s.-The Referee recommends continua
tion of this topic, nnd that it be reassigned. 

Volatile Amine Intermediates.--The Referee concurs in the recom
mendation for continuation of this topic. 

Non-vol.alzle Unsulfonated Amine Intermediates in Coal-Tar Colors.-The 
Heferee concurs in the recommendation for continuation of this topic. 

Sulfonated Arnine Intermediates in Coal-Tm' Colors.-The Referee recom
mends continuation of this topic. 

Unsulfonated Phenol~'c Intermediates in Coal-Tar Colors.-The Referee 
concurs in the recommendation that the topic be continued. 

Sulfonated Phenolic Intermediates in Coal-Tar Color-s.-The Referee 
recommends continuation of this topic. 

Interrnediaies Derived from Phthalic Acid.-The Referee recommends 
continuation of this topic. 

J1;[ixtw'es oj Coal-Tar Colors for Drug and Cosmetic [l88.---The Referee 
recommends continuation of this topic. 

Pure Dye in Lakes and Pigmenis.-The Referee concurs in the recom
mendation-

(1) That the proposed method for the determination of pure dye in 
D&C Reds Nos. 0, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 31, and 34, and Ext. 
D&C Hed No.2, be adopted as official, first action. 

(2) That the Lopic be continued. 

* For report of Subcommittee B and action of the Association, see This Journal, 32, m i1949). 
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The Referee further recommends that the topic be reassigned. 
Spectrophotometric Testing oI Coal-Tar CoZors.-The Referee concurs in 

the recommendation that the topic be continued. 
The Referee further recommends that the topic be reassigned. 
Subsidiary Dyes in D&C Co101's.-1'he Refereo recommends continua

tion of this topic. 
Subsidiary Dyes in FD&C Colors.-The Referee concurs in the recom

mendation that the topic be continued. 
Hygroscopic Pmpe1'tie8 of Coal-Tar Colo1'8.-The Referee recommends 

continuation of this topic. 
Lead in Coal-Tar Colors.-1'he Referee concurs in the recommendation 

that the method, described by K Ettelstein in a contributed paper 
(This Journal, 30, 552 (1947) and supported by collaborative results, 
presented at the 1947 meeting of the Association, be adopted as official, 
first action, for the determination of lead in all straight coal-tar colors 
listed as certifiable under the regulations promulgated in ::lccordance 
'with the Federal Food, Drug, and Cosmetic Act, except those containing 
calcium, barium, or strontium. 

Lead in Lakes of Coal-Tar Colo1's.-The Eeferee recommends that the 
methods described by the Associate Referee be adopted as official, first 
action, based upon the collaborative results presented in the report for 
this year aml the recovery experiments presented at the 1917 meeting. 
The Referee further recommends tr,e addition of the following; topics for 
study: 

The Determination of Arsenic in Coal-Tar Colors. 
The Determination of Heavy Metals in Coal-Tar Colors. 
Thc Boiling Range of Pseudocumidine and Xylidine in Ccnified Coal

Tar Colors. 

REPORT ON HALOGENS IN HALOGENATED FLUORESCEINS 

By N. GORDON (Cosmetic Diyision, Food and Drug Administration, 
Federal Security Agency, Washington, D. C.), Associate Referee 

CHLORINE 

The ,vork covered by this report consists primarily of a collaborative 
study of the determination of chlorine and bromine by the method pro
posed by Clark and Jones (1). The method for determining bromine, 21.53, 
is official, first action (Methods of Analysis, Gth Ed.). A previous collabora
tive study (2) of the method as applied to samples containing both 
bromine and chlorine did not give completely s2.tisfactory results. 

It was felt that the inconsistent results obtained in last year's study may 
have been due in part to difficulties in the decomposition E!tep in the 
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analysis. It was decided, therefore, to submit samples that would permit 
an evaluation of each part of the procedure. 

A sample of purified potassium bromide was submitted as a further 
check on the bromine titration and to familiarize the collaborators with 
the titration. 

A solution containing potassium bromide, sodium chloride, and hydra
zine wlfate was submitted to check the accuracy of the steps subsequent 
to the decomposition of the sample. The contents of this solution were not 
disclosed to the collaborators. 

As a check on the reliability of the decomposition step a sample of a 
eommercial preparation of D&C Red No. 24 was submitted for analysis. 

Heports containing analytical data ,vere received from the following 
eollabora to to: 

Ansbacher-Siegle Corporation-H. Holtzman reporting. 
Max FacLor, Inc.-H. R. Cohen reporting. 
H. Kohnstamm and Company, Inc.-Mrs. V. Schmuckli reporting. 
National Aniline Division, Allied Chemical & Dye Corp.-A. T. Schramm report

Ing. 

Cosmetic Division, Food and Drug Administration-J. H. Jones and L. S. Har
row reporting. 

One collaborator reported considerable difficulty in obtaining reproduc
ible results in the bromine determinaLion. 

Another collaborator suggests the rate at which the sodium thiosulfate 
solution is added during the titration may be a factor in the accuracy of' 
~,he reoulto; low results \\'ere attributed to a slow rate of addition in one 
instance and a rapid rate was recommended. 

Difficulty was experienced with the digestion by one collaborator who 
reported that "There were sudden ebullitions that might account for the 
wide discrepancy in the findings for the chlorine determination." 

All reported results are shown in the order that they were received, in 
Tables 1-3 .. 

With one exception, the results of the collaborators on the purified 
potassium bromide are in good agreement with the theoretical value. The 
average results for these collaborators is 99.8 per cent of the theory; the 
highest, 100.1; and the lowest, 98.5. 

The results of six of the seven collaborators on the solution containing 
both bromine and chlorine are in good agreement with one another and 
the calculated values. The maximum error in the values obtained by the~e 
collaborators is less than 1 per cent for either the bromine or chlorine 
determination. The other collaborator reported inconsistent results on 
the potassium bromide sample. It would appear, therefore, that the pro
posed method is capable of giving accurate results on solutions containing 
both bromine and chlorine. 

The results for chlorine in D&C Red No. 24 are somewhat variable. The 



TABLE I.-Collaborative results jor bromine in pllTified JeEr 

CQLLABORhTO;R 

Associate Referee 

2 

:~ 

4 

* Not included in average. 

BROMINE 

per cent 

67.0 
66.2 
66.~ 
66.4 
66.7 

67.07 
66.96 
07.19 

57.0-77.0' 

67.03 
67.23 
67.23 

COLLABOR.~TOR 

5 

nROMni''E 

per cent 
66.15 
66.15 
06.35 
66.73 

156.8 
G6.8 

7 07.0 

Average ........... , GO.8 

A verage Deviation.. 0 .2:3 

Theoretical. . . . . . . .. 67.15 

TABLE 2.-Collaborative results JOT bromine and chlorine in a solvtion oj 
purified KEf and NaCI 

COLLADQRATO:a 

Associate Referee 

2 

3 

4 

5 

G 

7 

Calculated 

gram, per 10 ml 

0.0439 
0.0439 
0.0439 

0.04416 
0.04426 
0.04416 

0.0954 
0.0949 

0.0443 
0.0443 
0.0443 

0.0440 
0.0444 
0.0440 
0.0444 

0.0437 
0.0438 
0.0438 
0.0439 

0.0439 

0.0410 

grams per 10 ml 

0.0214 
0.0213 
0.0213 

0.02142 
0.02132 
0.02]35 

0.0232 
0.0234 

0.0212 
0.02:2 

0.0212 
0.02l4 
O.02~0 

0.0215 
0.0216 

0.0212 

0.0214 
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TABLE ;3.-Coliaboraizve results for chlorine in D&C Red No. 184* 

COLLABORATOR 

Associate Referee 

2 

1 

CHLORINE 

per cent 

29.2 
29.2 

29.35 
29.35 
29.26 

28.6 
28.7 

29.15 
29.02 
29.19 
29.05 

COLLABORATOR 

5 

6 

7 

Average 

Average Deviation 

cHLORI.NE 

peT cent 

31.14 
30.24 
29.96 

29.5 
29.4 
29.5 

28.7 
28.7 
28.9 

29.29 

0.4 or 1.4% 
of the average 

* The sample submitted W3.S a commercir..l sample; a pure sample of D&C Red No. 24 would contain 
30.2% Cl. 

average deviation from the mean for the seven collaborators is 1.4 pCI' 
cent. If the set of high results is omitted, the average deviation from the 
mean is les!) than 1 per cent. It would appear from these data that the 
decomposition procedure is capable of giving consistent results. 

It seems reasonable to assume, therefore, that the proposed methods for 
bromine anel/ or chlorine in halogenated fluoresceins will give satisfactory 
results if the directions are carefully followed. 

RECOMMENDATIONS* 

It is recommended-
(1) That the chlorine method be adopted as official. 
(2) That the method for bromine and chlorine, when both are present, 

be adopted as official. 
(3) That the topic be continued, to study more rapid methods and to 

provide an official method for iodine. 

REFERE:-JCES 

(1) CLARK, G. R., and JONES, J. H., "Determination of Chlorine and Bromine," 
This Journal, 26, 433 (1943). 

(2) GORDON, ~., "Report on Halogens in Halogenated Fluoresceins," This Jourr,al, 
31,589 (1948). 

* For report of Subcommittee B and action of the Association, !:lee This .Janinal, 32, 50 (1949). 
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VOLATILE AMINE INTERMEDIATES IN COAL-TAR COLORS 

By ALICE B. CAEMMERER (Cosmetic Division, Food and Drug 
Administration, Federal Security Agency, Washington, D. C.), 

Asweiate Referee 

At the annual meeting of the A.O.A.C. in October 1947, a method l 

r01' the determination of volatile amine intermediates in coal-tar colorCi 
was reported. This method involved the isolation of the amine by steam 
distillation, diazotizing the amine and coupling with 1-(4 sulfophenyl)-:i
methyl-5-pyrazolone. The resulting dye was then titrated with standard 
titanium trichloride solution and the weight of the amine calculated. This 
study has been extended to the determination of p-toluidine and 0-

toluidine in various certifiable colors. The results obtained are shown in 
TrLble 1. 

TABLE l.-Recoveries oj added intp,nnediates in analyses by A_ssocia:e ReJeree 

COLOR --I RECOVERY 

pa cent 

Para-toluidine 
D&C Violet No.2 96.5 
D&C Blue No.5 90.0 
D&C Green No. f> 97.8 
D&C Green No_ 6 96.0 

Average 95.0 

Ort,ho-toluidine 
FD&C Orange No_ 2 96.S 

Since the recovery of p-toluidine and a-toluidine was good, it was 
decided to submit samples containing known amounts of each inter
mediate to collaborative study. Accordingly, samples of D&C Green No.5 
and FD&C Orange No.2, each containing 20 mg of p-toluidine and 0-

toluidine, respectively, were submitted to various collaborators. The 
results are shown in Table 2. 

From an inspection of Table' 2 it is obvious that either the method is 
unworkable or that some difficulty was encountered with the samples_ 
Since the A"lsociate Referee has obtained good recoveries on known 
amounts of intermediate, it is thol:ght probable that the difficulty lies in 
the sample. These samples were se/Jed in long tubes, hence it may be that 
all of the sample was not transferred to the distillation apparatus. There
fore, it is proposed that a new sampling procedure be devised and that the 
method be resubmitted to collaborative study. 

1 Thi . .:; Jnnrnal. 31. 592 (194R). 
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TABLE 2.-Collaborative studies of recovery of o-toluidine and p-toluidine 
0.2% added to each sample 

D&C GREEN No.5 FD&C ORANGE No.2 
COLLABORATOR 

p-TOLumrNE O-'1'OLOTDINl{: 

peT cent peT cant 

0.141 0.160 
0.144 0.150 

2 0.166 0.148 
0.875 0.193 

0.1051 0.1994 
0.1956 

0.19 0.16 
0.18 0.15 

The Associate Referee wishes to thank the following collaborators 
for their assistance in this work: 

Ansbacher-Siegle Corporation-H. Holtzman reporting. 
H. Kohnstamm and Company, Inc.-Louis Koch reporting. 
Wm. J. Stange Company-W. H. Kretlow reporting. 

It is recommended* thaL the topic "Volatile Amine Intermediates in 
Coal-Tar Colors" be continued. 

REPORT ON ACETATES, CARBONATES, HALIDES, AND 
SULPHATES IN CERTIFIED COAL-TAR COLORS 

SODIUM ACETATE IN FD&C BLUE NO.1 

By J. SCHIFFERLI and A. T. SCHHAM.\1 (National Aniline Division, Allied 
Chemical and Dye Corporation, Buffalo, N. Y.), Associate Referee 

The Coal-Tar Color I'l,egulations stipulate that the sodium acetate con
tent of FD&C Blue No.1 musL not exceed 3.0 per cent. 

The tentative kO.A.C. methodl for the determination of this impurity 
in FD&C Blue No.1 has been found to be time-consuming and productive 
of results lacking in precision and accuracy. Selar and Clark described a 
method2 based on Freudenberg's method3 for the determination of acetyl 
groups. This method, however, did not progress to the desired state of 
collaborative work. The principle of the method of Sclar and Clark in
volves esterification of sodium acetate to ethyl acetate in the presence of 

For report of Subcommittee C and a.ction of the Association, see This Jou1'nal, 32, 51 (1949). 
Methods oj .. in-all/sis, A.O.iLC.~ 1945, 286. 
Sebr, R N., and Cbrk, C. R, This Joumal, 27, 472 (1944). 
Freudenberg, Ie, and Harder, M., Ann" 433, 230 (1923); 494, 68 (1932). 
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p-toluenesulfonic acid and silver toluenesulfonate, distillation, and 
saponification pf the distilled ester with a measured excess of standard 
sodium hydroxide. 

The present authors' investigation revealed that, although the method 
of Sclar and Clark is satisfactory in principle, it is subject to improvement 
by more carei'ul definition of procedural detail. To effect the desired im
provement, the following mouificationl:l have been made: 

1. Sample weight increased from 2 grams to 5 grams; 
2. Meta-cresol purple substituted for phenolphthalein as indicator to 

obtain the true equivalence point; 
3. Hydrolysis of the ester protected with a tube contain.ing carbon 

dioxide absorbing material; 
1. Distillation time reduced by wrapping the Kjeldahl trup with in

sulating material; 
5. Distillation time further reduced by addition of anti-bumping agent 

to the flask and use of an Allihn condenser; 
6. Anhydrous p-toluenesnlfonic Lcid used to favor the ester formation; 
7. Sequence of addition of reagents changed to facilitate wetting of the 

dye and the p-toluenesulfonic acid. 

METHOD 

REAGENTS 

p-'Toluenesulfonic acid.-Dry p-toluenesulfonic acid monohydrate overnight at 
110 0 e., cool, and grind to a powder. 

Silver toluenesulfonale.-Dissolve reagent silver oxide or carbonate in about 10 % 
excess of p-toluenesulfonic acid solution, evaporate to dryness, and dry at 135°C. for 
8 hours. 

APPARAT"CS 

The apparatus can be assembled from stock items. The distilling flask has a 
capacity of 100-125 ml and is provided with a Kjeldahl trap which is wrapped with 
asbestos rope or other heat insulator t.o increase the distillation rate. The assembled 
apparatns is shown in Figure 1. 

PROCEDURE 

To a 500 ml Erlenmeyer flask add 100 ml of distilled water, a drop of m-cresol 
purple indicator soln (0.5 g of solid indicator triturated with 13 ml of 0.1 N NaOH 
and diluted with distilled water to make 100 ml.) and sufficient 0.1 N N aOH or 0.1 
N Hel to turn tho color of the soln just yellow. Place the flask and contents under 
the condenser. 

Transfer 30 ml of anhydrous alcohol to the distillation flask and add 5.00 g of 
the sample, 5 g of p-t,oluene-sulfonic acid, and 1 g of silver toluenesulfonate thru 
a powder funnel. 

Add 3-4 pieces of alundum or other anti-bumping agent and mark the level of 
the liquid in the distillation flask .. Wash the funnel and neck of the flask with 25 ml 
of anhydrous alcohol. Shake the flask to mix the contents thoroly and attach it to 
the condenser. 

Immerse the distillation flask as far as possible in a beaker of hot water and heat 
the water to boiling. After about 25 ml of distillate has collected, remove the heat 
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source and slowly add 25 ml of anhydrous alcohol to the dIstIllation flask. When it 
again begins to distill quietly replace the heat source until a second 25 ml of distil
late has collected. Make a third addition and distillation in similar manner. Finally 
boil until the distillation r!Lte is slow (about one-half hour total distillation time fig
ured from the beginning of the first distillation). 

Wash down the condenser with 50 m!. of distilled water into the receiver, and 
add to the receiver contents 50.0 ml of 0.1 N 1'\ aOB. Add 3-4 pieces of alundum and 

FIG. 1 

connecL \,0 a reflux condenser fiIj,ed with an absorption tube containing ascarite or 
oi,},er carhon dioxide absorbing material. 

Reflux for 10 min. Cool to room temp., add a few drops of m-cresol purple indi
r,aror, and titrate with 0.1 N HCl to the yellow-green color which does not change in 
hUB on further addition of !Lcid. 

Determine the blank by duplicating the procedure with the omission of the 
sample. 

Calculate the sodium acetate from the net volume of standard NaOH soln 
required. 

1 Illl of 0.1 N NaOH =0,0082 g of C.H,O.Ka 
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Results by this method are shown in Table 1. Several determinations 
of the blank were run on the reagents used, including variou;.] supplies of 
anhydrous alcohol. The blank ranged from 0.3 to 0.5 ml of 0.1 N HCI 
rorresponding to 0.05 to 0.08 per cent of sodium acetate in a 5 gram 
sample. 

TABLE 1.-Dete1·rm:nation of sodiu'rH aLetale in F D&C Bl.<i.e JVo. 1 

BATCH ADm;D 

per cent 

A 0 
A 0 
B 0 
B 0 
C 0 
C 0 
C 0 

A 2.81 
A 2.S1 
.\ 2.81 
A 4.00 
.'\ 4.00 
A 5.00 
A 10.00 

CALCULATED I 
_
_____________ Dr'. FERENCE TOTAL 
FOUND~ 

jJCf cent 

O.OS 
0.05 
1.62 
1.59 
2.95 
2.95 
2.95 

2.(1) 
2.92 
2.94 
4.04 
4.08 
5.0J 
9.9;; 

per cent 

2.S8 
2.88 
2.88 
4.07 
'1.07 
6.07 

10.07 

I pcr cent 

+0.0lj" 
-0.02t 
+0.01 t 
-0.02t 
·-0.01 t 

a.oot 
().oot 

+0.07 
+0.04 
+0.06 
-O.O;{ 
+0.01 
-0.0(\ 
-0.J4 

* Deductions for rca!;ent blanks were made, 
t Tbis figure 18 the difference from the aver8,;;e of the rrplic~\,te determinations on ~hc bc1teh. 

An average difference of 0.01 per cenL between a single determinacion 
and the average of replicate determinations was obtained in seven deter
minations involving three batches of FD&C Blue No. 1. An average 
difference of -0.007 per cent was obtained between the found and cal
culated values in seven determinations of the recovery of added sodium 
acetate. 

S'CMMARY 

A method for determining sodium acetate in FD&C Blue No.1 has 
been described. Typical results are given. 

REPORT ON UKSULPHONATED PHENOLIC 
INTERMEDIATES I::i COAL-TAR COLORS 

BETA-NAPHTHOL IN D&C RED NO. 35 

By H. HOLTZMAN (Associate Referee) and H. GRAHAM CAnsbacher-SiegJe 
Corporation, Rosebank, Staten Island, New York) 

This is the initial report of a series on the determination of unsul
phonated phenolic intermediates in coal-tar colors. 
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The colors subject to this specification may be grouped into the follow
ing clatlsificlltions, which will require similar extraction procedures, 
(except for Group IV): 

I-Soluble Azo: -FD&C Orange #l(b), 
Ext. D&C Red (f8(b), 

II-Insoluble A7,o:-FD&C Orange #2(0), 
D&C Green #6(f), 
D&C Red if17(al, 
D&C Red #35(0), 
D&C Red #38(d). 

III -Difficulty 
SoluLle Azo:-D&C Red #8('" 

D&C Red #10('), 
D&C Reu #12('), 
D&C Red #14('), 
D&CRed #16('). 

IV-Miscellaneous;-D&C Red (11)(0), 
D&C Red #37(0). 

D&C Orange #4('), 
Ext. D&C Yellow 111(0). 

FD&C Red #32(0), 
D&C Orange #17('), 
D&C Red #18('), 
D&C Red #36('), 

D&C Red #9(3), 
D&C Red #11('), 
D&C Red #13('), 
D&C Red #15('), 

D&C Red #20("" 

The superscript refers to the particular phenolic intermediate to be 
determined: (a) beta-naphthol; (b) alpha-naphthol; (c) para-nitro
phenol; (d) 3-hydroxy-N-(m-nitro phenyl)-2-nnphthamidp,; (p,) di-cthyl
meta-amino-phenol; (f) 1,4 di-hydroxy anthraquinone. 

The determination of beta-naphthol is most often required. The initial 
study selected ,vas, therefore, that of beta naphthol in D&C Red No. 35 
of Group II. 

The tentative method of analysis, issued by the Food and Drug Ad
ministration, Cosmetic Division, in 1939, and which has not so far been 
subjected to collaborative study, culled for an aqueous acid ex~racLion of 
the color followed successively by benzene and aqueous caustic soda ex
tractions. The final extract is then coupled with diazotized sulfanilic acid 
hnd determined colorimetrically against graded standards. 

A literature search revealed a number of methods for determination d 
bet", naphthol. Most of these involve coupling to an azo dyestuff, followed 
by a colorimetric deterrnirmtion (1, 2, 3). Many qualitative tests are 
listed, some of which probably could be adapted for quantitative use 
(4,5). An iodometric method for phenolic compounds (6), is listed, as well 
as a numher of derivatives which could be applied to quantitative det,er
minations. 

In view of the ease with which coupling occurs to form an azo dye, 
which can be readily identified, it was decided to adhere to the dye coup
ling procedure for the determination. A titanous chloride reduction of the 
dye was adopted for the final evaluation. The extraction procedure has 
been simplified in accordance with the nature of the dyestuff group. 
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EXPERIMENTAL 

Pure beta-naphthol was obLained by recrystallization from toluene and 
the crystals washed with petroleum ether (7). 

A purified D&C Red No. 35 was prepared by successively washing with 
dilute caustic soda, followed by dilute acid and water washes (8). 

The following method of analysis was evolved: 

PROCEDURE 

Transfer a 10 g sample to a 250 ml beaker. Add 50 ml of 1 :10 HC!. Heat to 50°. 
Stir on automatic agitator (ca 120 r.p.m.), for 10 min. Filter. Wash with ca 50 ml 
50° 1: 10 HC!. Rcturn the filter paper and residue to original beaker. Add another 
50 ml of 1: 10 HCI. Repeat the heating, stirring, and filtering. Wash with 50° 1: 10 
HCl. The total filtrates (ca 200 ml) are transferred to a 500 Illi wide-mouth Erlen
meyer flask. The pH is adjusted to neutrality with dilute NaOH (using phenolpthal
ein indicator). Add 10 gm Na Acetate. Cool to 5° in ice bath. 

PREPARATION OF DIAZO 

l'dake a soln of ca 0.0·5 N sulfanilic acid by dissolving 4.779 g of sulfanilic acid in 
.500 ml of H,O, to which has been added 5 IllI of 12 N HC!. Make a soln of ca 0.05 N 
NaK02 by dissolving 1.04 gm NaN02 in 300 ml H20. Place 40 ml of the sulfanilic 
acid in a 100 ml vo!' flask. When cooled to 5° C, add 14 ml of the N aNO, ~oln and 
allow to diazotize. Test for excess nitrous acid and destroy excess with a few rng of 
sulfamic acid. Dilute to volume. 

Add slowly 20 ml of diazo soln. Stir 5 min. and test for excess diazo with alk. beta 
naphthol soln. If not positive, add additional diazo until a positive test is obtained. 
Let stand for one hour. 

Heat on water bath for} hour to decompose excess diazo. Add 10 g sodium bi
tartrate which has been dissolved in 50 ml hot H 20. Dilute with ea 100 ml ethyl alco
hol. Titrate wilh TiCI, to a yellowish end point. (Back titrate with Methylene Blue, 
if desired.) 

Calculations: 

1 ml of 0.1 N TiCL =.0036 g Beta Naphthol. 

Dye coupling and analyses of known solutions of pure beta naphthol 
gave excellent recoveries, by the method given. Procedure vms then ap
plied to samples of the purified D&C Red No. 35, to which known amounts 
of beta-naphthol had been added, che latter in dilute alkaline solution. 

COLLABORATIVE RESULTS 

Samples of a commercial D&C Red No. 35 and a synthetically prepared 
sample containing 0.:10% beta naphthol were ::mbmitted for collaborative 
analysis to P. T. Beeton and L. Kr::twer of Ansbacher-Siegle Corporation, 
and to C. Graichen of the Cosmetic Division of the Food and Drug 
Administration. Analytical results by the junior author are included. 

It is of interest that in spite of the three divergent results, each col
laborator duplicated his own results. On the basis of the foregoing, 
further work is required on the extraction procedure. 
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TABLE I.-Recovery of Beta Naphthol in sample oj D&C Red No. 35 

RF.TA NAPE'I'H0L 

ADDED 

per cent 

0.05 

0.10 

0.15 

0.2:5 

0.30 

0 .. 50 

0.60 

0.80 

DETE'P.MINATION 

(1) 
(2) 

(1) 

(2) 

(1) 
(2) 

(1) 
(2) 
(3) 

(1) 

(2) 
(3) 
(4) 

(1) 

(1) 

(1) 
(2) 
(;3) 

TOTAL 

per cent 

0.04.5 
0.0,19 

0.OD8 
0.100 

o .1f, 
0.13 

0.2'1 
0.2;) 
0.2:1 

0.41 
0.41 
0.35 
0.37 

0.4D 

0.68 

0.9;1 
0.9 1 

0.87 
-----_ .. 

BLANK 

O. J2 
0.12 
0.09 
0.09 

0.09 

0.12 
0.12 
012 

RECOVERY 

pCT cent 
0.045 
0.049 

0.098 
0.100 

0.15 
0.1;) 

0.24 
0.23 
0.23 

0.29 
0.29 
0.26 
0.28 

0.'19 

0 . .59 

0.81 
0.79 
o .'7.~ 

TABLE 2.·-Collaborative results 

s\,N'l'nl!:'l'TC ~AMPU!: CON'rMNTNG 0.3% (9) 
----

COLLABORATOR DT~TERMIN}"'TION 
BETA 

RESDTlJ,' 
(MINUS) 

COLT,Ai30H/):1'OH i.)l,;'I',l!:H.MIN.A.TION 
(BLANX) NAPH:;:'HQL 

peT ernl 

(1) 0.38 (1) 0.34 (0.28) 
(2) 0.36 (2) 0.30 (0.24) 

2 (1) 0.3.5 2 (1) 0.34- (0.28) 
(2) 0.33 (2) 0.34 (0.20) 

3* (1) 0.67 
(2) 0.68 

4- (1) 0.45 
(2) 0.46 

* Colla.bora.tor No.3 commented (a.) that Rome fine ;x-trticles of dye may have been carried through ir..to 
the filtrate, as the methylene blue back titrat,ion end I?oint faded on standing; (b) a grea.ter volume of the 
dilute acid should be employed for each extraction, to Improve efficiency of the extractions. 
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It is recommended* that this work be continued, to be followed 
further collaborative study. 

RE.FEItENCES 

(1) Allen's Commercial O)·g. Anal., Vol. II, p. 408. 
(2) J. Soc. Chern. Ind., 16, p. 294. 
(3) A.O.A,C. Bulletin #107 (1907). 
(4) Allen's Commercial Org. Anal., Vol. III, p. 209. 
(5) !vI erck Index. 
(6) Allen's C07mnercial Orr;. Anal., Vol. III, p. 234. 
(7) J, Soc. Chern. Ind., 16, p. 294. 

b21 

(8) Some of the batches of D&C Red No. 35 washed in this manner, gave a blank, 
which might be either residual beta naphthol or possibly dye or some decom,lO
sition product. This blank varied in amount in various baLches, and is being 
investigated further, using D&C Red No. 35, recrystallized from chloroform. 

(9) The sample of D&C Red No. 35 gave an analytical blank of 0.06 %, which was 
subtracted from the total result. 

HJ!;PORT ON LEAD IN LAKES (ALUMINUM) OF 
COAL-TAR COLORS 

By LEE S. HARROW (Cosmetic Division, Food and Drug Adr~inistration, 
Federal Security Agency, Washington, D. C.), Associate Referee 

At the 1947 meeting of the A.O.A.C. the Associate Referee presented 
methods for the determination of lead in aluminum coal-tar color lakes 
and in calcium, barium, and strontium coal-Lar color lakes. l 

Composite samples containing known amounts of lead 'were disLributed 
to several laboratories for collaborative analysis by these methods. During 
the past year, reports were submitted by: 

Ansba"ner-Siegle Corporation-H. Holtzman reporting. 

TABLE I.-Lead in D&C lJlue No.1, llluminum Lake 

----------====--====================-=~= 

COLLA.BORATOR 

2 

LEAD FOUND 

p.p.m. 

23.5 
25.0 
25.0 

73.0 
76.0 

23.0 
28.0 

LEAD ?ItESENT 

p-:;I.m. 

2:~ .6 

713.6 

28.6 

* For report of Subcolll1nittee D and action of the Associatio:n, l:<ee Th·is Journal, 32~ 51 (1949). 
1 7~his Jo'Urn(Ll, 31; 677 (1948). 
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H. E:ohnst,2~mm and Company, Inc.-I. Hanig reporting. 
Cosmetic Division, Food and Drug Admi!1istration-C. Graichen reporting. 
National Aniline Division, Allied Chernieal & Dye Corp.-A. T. Schramm re-

porting. 

The results submitted are shown in Tables 1 and 2. 

TABLE 2.-Lead in D&C Red No.9, Barium Lake 

COLLAEO].ATon 

2 

3 

4 

LEAD FOUND 

p.p.m. 

75.0 

35.0 
37.0 
34.0 
31.0 

56.7 
55.4 
40.6 

51.0 
55.0 

LEAD PEES;.<;NT 

p.p.m. 

76.0 

36.0 

56.0 

56.0 

Since so few collaborative reports we,'e submitted, no recommendation 
of adoption of the method is made. It is recommended* that study on 
this topic be continued. 

REPORT ON LEAD IN COAL-TAR COLORS 

By NATHAN ETTELSTEIN (Cosmetic Division, Food and Drug Admin
istration, Federal Security Agency, 'Washington, D. C.), 

Associate Referee 

A study of a dithizone method for the determination of lead in coal-tar 
colors was presented at the 1946 meeting of the Association.] The method 
there described has been submitted to collaborative :study. The results 
obtained arc presented in Table 1. 

The dithizone-Iead determination under study consists of a preliminary 
digestion of the dye with nitric, sulfuric, and perchloric acids. The result
ing solution is neutralized and the pH adjusted to 8.5-9. The lead is then 
extracted wit,h a chloroform solution of dithizone. The extracted lead 
diLhizonate is decomposed with 1 per cent nitric acid which transfers the 
lead to the aqueous phase. The lead is finally determined electrolytically 
as described in Chapter 21, Methods of Analyses. 

Samples were sent to three manufacturers who had expressed willing-

* For report of Subcommittee B and action of the Associ:1tion, see Th'is Journal, 32~ 51 (1949). 
, This Journal, 30, 552 (1947j. 
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neBH to collaborltte and to three chemists in the Food and Drug Admin
iBtration. Two of the three firms have not yet reported result8, because Ot 
lad~ of the necessary electrolytic equipment. However, it is hoped that 
they will be anle to report in the near future. 

COLLAJ30UAIOR 

TABLE l.-Ccllaborative results 

RECOYEIty 

MIC1WGRA;o,.IS 

D3VIA':'WN 

Fll.OY. !I!EAl't 

--------------~--------------------.--------

Associate Referee 

2 

3 

5 

jV[ean 

Average Deviation 

Standard Deviation 

118 
119 

lHi 
117 

118 
119 

119 
121 

110 
109 

117 

+1 
+2 

-1 
o 

+1 
+2 

-7 
-8 

2.6 

3.7 

The results of the several collahorators (Table 1) give an average 
deviation from the mean of 2.6 micrograms and a standard deviation of 
3.7 micrograms. The highe3t reoulL is 121 micrograms; the lowest is 109 
micrograms. 

One colbLorator commented that he "found this metLml better than 
Lhe double extraction colorimetric method for several reasons, namely, 
(1) shorter time required; (2) less chloroform required; and (3) fewer 
pitJaUs clue to the final electrolytic method of determination." 

The author wishes to thank P. A. Clifford, L. S. Harrow, N. Gordon, 
and H. Holtzman for collaborative results reported. 

RECOMMENDATION* 

It is recommended that the proposed method be adopted ail official, 
finot action, [or the determination of lead in all straight cOi1I-tar colors 
listed as certifiable under the regula Lions promulgated in i1ccordance with 
the Federal Food, Drug, and Cosmetic Act, except those containing ual
cium, barium, or strontium. t 

--------------------------------------.~-----
::: For report of Subcomrn.itte~ B fmd action of the Association, see Thi8 Journal, 32, 51 (1949). 
t Details of uhe method are given in ~Phis Journal, 32, 88 (I 949). 
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REPORT ON NON-VOLATILE, UNSULFONATED, AMINE 
INTERMEDIATES IN COAL-TAR COLORS 

By LEE S. HARIWW (Cosmetic Divi:sion, Food and Drug Administration, 
Federal Seeurity Agency, Washington, D. C.), Associate Referee 

:3-NITRO-P-TOLUIDINE 

D&C Red No. 35 (also known as Toluidine Red, C. 1. 69) and D&C 
ned No. 38 (abo known as Toluidine Maroon) are colors certifiable by the 
Food and Drug Administration for coloring drugs and cosmetics (1). The 
maximum amount of free intermediate, 3-nitro-p-toluidine, permitted in a 
certified batch of these colors is 0.2 per cent. 

In a paper presented at the annual meeting of the A.O.A.C. (October 
1947) a method was proposed for the separation and quantitative deter
mination of p-nitroaniline in D&C Black No.1 (2). The method described 
here is a modification of that method which makes it applicable to the 
:separation and quantitative determination of 3-nitro-p-toluidine in D&C 
Red No. 35 or D&C Red No. 38. The 3-nitro-p-toluidine is extracted from 
the colors with petroleum benzin and titrated with titanium trichloride 
(3) . 

METHOD 

Place a 10 g sample of D&O Reo No. :35 or D&C Red No. 38 in a Soxhlet extrac
tion thimble of suitable size and extract with petroleum benzin for 6-8 hours. Trans
fer cx:ract to 500 ml wide-mouth Erlenmeyer flask. Rinse the Soxhlet flask with two 
10 ml portions of petroleum ben7,in and add these to main extract. Add 50 ml of 
water to combined extracts and heat on steam bath until all petroleum benzin is 
rcmoveo, using a gentle air current to hasten the process. Remove flask from ste!tlll 
bath and add ra 15 g of sodium tartrate, heat soln to boiling, and titrate with stand
ard 0.1 N TiCI, wIn under a stream of CO 2 to disappearance of yellow color. The 
end point can be more readily detected when 1 ml of a standard soln of FD&C 
Green No.2 (Light Green SF Yellowish) is !tdded ncal" end of the titration to serve 
as an indicator. 

RESULTS 

Samples or D&C Red No. 3.5 and n&C Red No. 38 were extracted with 
petroleum e~her until intermediate free; known quantities of 3-nitro-p
toluidine were added to 10 gram portions of these intermediate free colors. 
Satisfactory recoveries of the added intermediates were obtained when 
these samples were analyzed by the proposed method. Results of these 
analyses are shown in Tables 1 and 2. 

Further investigations are being conducted to determine the applicabil
ity of the method to 2-4-dinitroaniline ,wd 2-nitro-p-anisidine in colors in 
which they may be encountered. 

P-NITROANILINE 

/\.. collaborative study of the method proposed for the determination of 
p-nitroaniline in D&C Black No.1 (2) has been made. 
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TABU~ I.-Recovery of 3-nitro-p-tol1.lidr;ne fr'om D&:C Red ]1;0. 35 

3-NITRO-p-'l'OLvmIm:: 3-NITRO-P-TOLUIDINR 
nBCOYBRY 

ADDED RTICQV1iJRED 

rrram flmm pe, ceni 

0.00 0.00 (J.O 

0.0205 0.019;' IH.g 
0.0224 o .02JLl 9,".6 
0.0195 0.0190 97.2 

0.0400 0.0091 D7.7 
0.0395 0.0383 ~n.i\ 

0.0417 0.0409 98.0 

0.0592 0.0584 9;;.8 
0.062\) 0.0631 FY).:j 
0.0603 0.0598 oS). :~ 

.\ verage Recovery .. - ....... - \)7.6 

TAB1.E 2. -Recovery of 3-nitro-p-toluidine from D&C Red N 0. 38 

3-~ITRO-P-l'OLUIDINE j-Nrrao-p-ToLUIDINE 
ltl<JCOVERY 

ADDED EECOVBktn 

gram.s orams pcr Gent 

0.00 0.00 0.0 

0.0224 0.0224 WO .0 
0.0196 0.0193 ml .. j 
0.0230 0.0224 fl7.:3 

0.0408 0.0398 (q .6 

0.0399 0.0391 \)8.0 
0.0404 0.0399 98.7 

0.0590 0.0591 100.2 
0.0603 0.0598 'J9 2 
o .06J:3 0.0603 :J1l 4 

Average Recovery. 98.7 

A composite sample of D&C Black No.1 was prepared and sent to the 
following collaborators for study: 

Ansbacher-Siegle Corporation-H. Holtzman reporting. 
National Aniline Division, Allied Chemical & Dye Corp.-~A. T. Schramm, re

porting. 
Caleo Chemical Division, American Cyanamid Company-W'lliam Seamal:, 

E. Z. l'vlontgomery, and vv". H. McComas, Jr. reporting. 
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Thomasset Colors, Inc.-A. Cohen reporting. 
Wm. J. Stange Company-W. H. Kretlow reporting. 
H. Kohnstamm and Company, Inc.-I. Hanig reporting. 

The results submiLted are given in Table 3. 

(JOLL.l..BOrtAT01: 

2 

3 

TABLE 3.-p-nitroaniline in D&C Black lVo. 1 

pcr cent 

0.15 
0.15 

0.19 
0.19 

COLLAIlORATOR 

G 

P-NITROANILINE 

per cent 

0.12 
0.12 
0.1:3 

0.12 
0.09 

0.13 
0.13 Average. .......... 0 . 1 4 

4 0.17 

RECOMMENDATIONS" 

It is recommended-
(1) That collaborative work be done on 3-nitro-p-toluidine m D&C 

Red No. 35 and D&C Red No. 38. 
(2) That l1dditional collaborative work be done on p-nitroaniline III 

D&C Black X o. 1. 
(3) That the topic Kon-Volatile, Unsulfonated, Amine Intermediate;; 

in Coal-Tar Colors be continued. 
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REPORT ON SPECTROPHOTOMETRIC TESTING OF 
COAL-TAR COLORS 

IDENTIFICATION OF FLUORESCEIN COLOnS 

By RACHEL N. SCLAR (Cosmetic Division, Food and Drug Administra
tion, Federal Security Agency, Washington, D. C.), Associale ReJer-ee 

There are fifteen individual colors of the fluorescein type (excluding the 
saUs or the listed color acids) on the list of certifiable colors (1). In the 
qualitative analysis of food, drug, and cosmetic products for coal-tar 
dyes, it is usually an easy task to separate the fluorescein-type dyes from 

* For report of Subcommittee D and action of 1he A~sociat.iO)1, se-e Th'i8 JOU'l'nal, 32, fi1 (1949). 
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the other dyes present and establish their presence. The positive identifica
tion of the particular fluorescein dye, or dyes, present, however, is a more 
difficult task. 

This report covers a preliminary study of the spectrophotometric char-

TABLE l.-Fborescein colors, in order of increasing wave length 
oj absorption maximum 

COLOR OTHER NAME 

WAVE 

LENGTH 

OF A.U-

SORPTION 

MA.XIMUM 

REMA1-:KS 

--1------------------------
D&C Yellow No.7 Fluorescein 4()0 Strong fluoreseence 
D&C Orange No.5 Di bromofl uorescein 504 

'D&C Orange No. 14 Tribromodicarboxy-
fluorescein 504 

*Ext. D&C Orange No.2 Di nitroHuorescei n 504 
*D&C Orange No.8 DichloroHuorescein 504 Strong fluorescence 
*D&C Or(tnge ).J o. 10 Diiodofluorescein .508 
*D&C Red No. 24 Tetrachlorofiuorescein .509 Strong fluorescence 

m(trked shoulder 
at 475 mI-'. 

D&C Red No. 21 Tetrabromofluorescein .517 
*D&C Red No. 29 Pentabromodicarboxy-

fluorescein 517 
*D&C Orange No. 16 Diiododibromofluorescein 521 Very slight (almost 

no) shoulder. 

{ErYthro.ine 
*FD&C Red No. ;) Na salt of tetraiodo- 527 

fluorescein 
*Ext. D&C H.ed No.3 Violamine R 530 No in flection, much 

broader curve. 
*D&C Red No. 27 Tetrachlorotetrabl'omo- 539 Marked shoulder at 

fiuorescoin 505 mI-'. 
*Ext. D&C Red No.4 Dichlorotctraiodo-

fluorescein 546 
D&C Red No. 19 R.llodaminc B 5.53 

* Commerci::-,J ~amples. 
Color acids run in dilute NH ,oH. 
Na salts run in plain li::O. 

acteristics of the certifiable fluorescein dyes_ The work reported here gives 
a method for the spectrophotometric identification of <Lny of the fifteen 
certifiable fluorescein colors, provided that only one color of this type is 
present. 

The absorption spectra of the solutions of various fluoreseein colors are, 
as would be expected, very similar in shape. The chief difference in the 
respective curves of colors of this type is the position of the absorption 
maximum. The wave length of the maximum extinction for dihlte am-
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moniacal so~utions of the fifteen certifiable fluorescein colors is shown in 
Table 1. 

Table 1 shows that in many curves the wave length of maximum absorp
tion alone is sufficiently distinctive to identify the color. In several other 
curves wher8 two dyes have very nearly the same wave length of maxi
mum absorption, qualitative tests for the halogens and nitrogen will 
provide more definite identification. 

It will he noted, however, that there are two pairs of colors, D&C 
Oranges No.5 and 11, and D&C Reds No. 21 and 29, the members of 
which cannot be di"tinguil:!hed in thi" manner. Attempt" to differentiate 
thC'se dyes on the basis of differences in the location of the absorption peak 
in various solvents were unsuccessful. In an attempt to determine the 
isosbestic points of these colors, however, it was noted that there are 
ohficrvable differences in the spectrophotometric curves of these colors at 
cer~ain pH value::;. Further work showed that these differences could be 
used to iden'Gify the colors. 

EXPERIMENTAL 

All optica~ measurements were made with a General Electric recording 
spectrophotometer equipped with slit adjustments for an 8-millimicron 
wave length band. To minimize the effect of the fluorescence of the dye, 
the cells con.taining the solutions used in this work were placed at the 
forward end of the transmission compartment, approximately five inche:; 
from the integrating sphere. Calculations indicate that under these condi
tions less than one per cent of the fluorescent light emitted by the sample 
should reach the integrating sphere. 

The solutions used to obtain the data shown in Table 1 contained 0.;) 

ml of coned. ammonium hydroxide por 100 ml. For most of these colon 
the saIlle curve is obtained at any pH above 6.0. 

Solutions for the spectrophotometric determinations in the study of the 
effect of pH on the curves were prepared by pipeting 25 ml of the alcoholic 
dye solution into a 50 ml volumetric flask, and adding the required 
amount of buffer. The resulting solutions were made to volume with 
"\vater. The buffer mixtures were prepared as directed by Clark and Lubs 
(2), except that the concentrations of the stock solutions were two to five 
times that specified to allow for subsequent dilution. (The pH values 
quot8d are r ho~e the buffer mixtures would give in water alone. It is 
realized that these values may not represent the actual pH of the alcoholir, 
soll;tions. ) 

DISCUSSION 

TabJe 2 gives the data obtained on solutions of D&C Yellow No.7, 
D&C Oranges Ko. 5 and 14, and D&C Reds No. 21 and 29, at various pH 
values. Typir,al sets of curves for each of these dyes are shown in Figures 
1-5. 

The data for fluorescein shows that the wave length of maximum ab-
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TABJ,E 2.-Wave length of absorption maximum and extinction at 
absorption maximum 

--I· FIG. 1 FIG. 2 I FlO. 3 I FIG. 4 -I J~---
D&C YELLOW #7 D&C ORANGE #5 D&C ORANGE #141 D&C RED #21 _~&C RED £2~) 

pH 

I~~ EXTINC- WAVE EXTINC-I WAVE EXTINC- WAVE EX'l'lNC- \ WAyE EXTfNC-

_LENGTH 'T'lON LENGTH TION LENGTH TTON LENGTH TION I LENG'TH TIO~' 

--- I 
mil- o/cJ rnGx. m" % 'IT/,a:r. mp. % max. m" % max. \ m" % nUl);. 

1.4 524 5.3 I 528 7 .. , 

2.0 5~9 13.8 , 533 17 .. 5 
2.2 529 ;l<J.7 533 ,\5.4 
2.4 5-30 47.1 533 50.1 
2.6 530 61.R 5.,3 61.7 
3.0 529 6.4 472 3.9 530 82.8 5~;; 76.0 
3.4 528 7.8 470--500 4.9 
~.8 451 1.5 525 10.0 515 7.8 fj2D- 98.0 .,)31 8S.R 

4.0 454 2.9 517 19.0 514 21.3 527.5 97.1 .52S n: .1 
4.2 454 5.8 
4.1 454&478 9.5 511 59.S 513 60.2 
4.8 4.81 20.3 ~10 83.6 512 77.5 523 98.3 525 f)~, .. 1) 

5.2 489 35.9 510 93.4 511 87.3 
5.6 494 59.0 
6.0 495 78.8 522 100.0 524 10'1.0 
8.0 496 100.0 522 100.0 5N Jr,;J.O 

8.4 496 100.0 509 100.0 510 100.0 

sorption shifts to shorter wave lengths as the pH is lowered. The extinction 
pcr milligram in the visible region decreases rapidly as the pH is lowered 
and is very low at any pH below 4. At all pH values less thaCl 5, the CllfVC 

shows a double peak. 
The absorption curves for solutions of D&C Oranges :\0. ;5 and 14 show 

that helow pH 4, there are distinct differences in the locaton of the ah
sorption maxima and the shape of the curves. For D&C Orange No.5, 
the absorption maximum moves toward the longer waye lengths ao the 
pH is lowered, but the shape of the curve remains the same. For D&C 
Orange No. 14, however, the maximum present at pH 4 Eattens out as the 
pH is decrcased, and a new absorption maximum appears at 472 m,u. The 
wave length of maximum extincuion at pH 3.8 for D&C Orange No.5 is 
525 m,u and for D&C Orange Ko. 14,516 m,u. There is also a greater pro
portional increase in the extinction at pH 6 over that at pH 3.·1 for D&C 
Orange No. 14 than for D&C Orange No.5. The ratio of the extinction at 
pH 6 to that of pH 3.4 is 12.9 for D&C Orange No. !) and 23.4 for D&C 
Orange No. 14. 

Since solutions of D&C Yellow No.7 below a pH of 4 show very little 
aboorption at 510 m,u, moderate contamination of D&C Orange No.5 
with D&C Yellow No.7 has little effect on the location of the absorption 
peak or extinction values at the peak for solutions of D&C Orange No.5 
at the low pH values. The ratio EpII 6.0jEpH 3.4 is, how3ver, increased 
and may be used to estimate the amount of D&C Yellow Ko. 7 present in 
samples of D&C Orange No.5. 

The differences between D&C Reds No. 21 and 29 are not as great C'lfi 



030 ASSOCIATION OF OFFICIAL AGRICULTURAlJ CI{JcMISTS [Vol. 32, No.3 

0.10 

0.20 

0.3°1·11 
-'-h 

0.50: -I-

0.60 : .. 

Z "1 ~ 

2070' , , 

t-' , , + , , 
" 

(.) 

zQ80 - c .. ., ~ -

~ 

I- , 

~O.90 " 

_.1. 

1.00 
f -

'I 

I. 10 
± ' 

f f 

,j 

}C, 

400 20 40 60 80 500 20 40 
WAVELENGTH IN MILLIMICRONS 

FlO. I.-Extinction of solutions of D&C Yellow No.7, 5.4 mg./liter, at 
vsrious pH values. Solvent-50 % alcohol. Cells-l em, 
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FIG. 2.-Extinction of soluliolls of D&C Orange No.5, 6.0 mg./liter, at 
various pH values. Solvent-50 % alcohol. Cells-l em. 

thORO between D&C Orange:3 Nos. 5 and 14. Examination of the cia ta, how
ever, does show distinctive differences in the behavior of tbe two colors. 
For both colors, the "chsol'ption peak shifts steadily toward shorter wave 
lengths as the pH is raised. For D&C Red K 0.29, the maximum extinction 
value increases contimJOllsly as the pH is raised until it reaches a limiting 
value at ahout pH 6. For D&C Red No. 21, howeyer, the maximum 
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Fw. :3.-Ext.inction of solutions of D&C Orange 1'<0. 14, 7.0 mg./liter, at. 
·'a.rious pH values. Solvent-50 % alcohol. Cells-l cm. 

extinction value increases until the pH is 3.8, is less at pH 4.0 and 4.4 
than at 3.8, and finally increases to a limiting value at ahout pH 6.0. 

The ratio EpR 3.8jEpH 2.0 is also useful as a supplementary means of 
identification. This ratio is 7.2 for D&C Red No. 21, and 5.2 for D&C 
Red :\f o. 29. 
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111G. 4.- o·Extinction of solutions of D&C Red No. 21, 6.4 mg./lilcT, at various 
pH values. Solvent-50 % alcohol. Cells-l em. 

Curves for solutions of D&C Red No. 21 containing 2.0-22.0 per cent of 
added D&C Orange No.5, at pH values of 2.0, 3.S, 4.0, ",nd 4.4, were 
drawn. The distinctive decrease in the extinction for D&C Red No. 21 
at pH 4.0 was not eliminated, although it became less apparent at the 
highest percentage of D&C Orallge No.5. The extinction value for the 
absorption peak at pH 1.4 increased very rapidly as the percentage or 
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FlG. 5.-ExlincLion of solutions of D&C Red No. 29, 7.5 mg./liter, at various 
pH values. Solvent-50 % rtlcohol. Oe11s-1 cm. 

orange dye was raised and should provide an estimate of the amount of 
D&C Orange No.5 present in the D&C Reel No. 21. 

APPLICATIONS 

It should be noted that it is not necessary to obtain the curves at all the 
pH values listed in Table 2 to identify the dyes. Curves for solutions at 
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pH 3.0, 3.4, 3.8, and 6.0 are sufficient to identify D&C Oranges No. [) 
I1nd 14, while curves at pH 2.0, :i.8, 4.0, and 4.4 arc sufficient to identify 
D&C Reds 1\0. 21 and 29. 

Samples of lipsticks were prepared containing the following percentages 
of commercial dyes: 

Fluorescein dye .. . 
D&C Red No. 17 .. . 
D&C Red No.8 .... . 

__ 2.0 
0.5 

10.0 

The samples were examined as unknowns and the fiuore::Jcein dye pres
en~ identified without difficulty. 

The data given in this report have been used to show that a sample or 
D&C Orange K o. 5, which had a low bromine content, contained a COll
siderable amount of unbrominated fluorescein. 

It is planned to extend the study to determine the effect of pH on the 
absorption curves of solutions of the other certifiable fluorescein dyes and 
Lbe non-certifiable fluorescein colors. 

SUMMARY 

Data OIl the wave lengLh or maximum absorption for dilute Lmmoniacal 
solutions of the fifteen certifiable colors are given. These qilta will permit 
identification of most of these colors, provided only one color of this type 
is present. In other cases, qualitative analysis for halogens or nitrogen will 
be needed to compJete the identification. 

D&C Oranges Ko. 5 and 14 (and D&C Reds No. 21 and 29) cannot be 
differentiated on this basis. It is shown, however, that these colors can be 
identified from the spectrophotometric curves of solutions of the colors in 
fifty per cent alcohol solution at seyeral pH levels. 

Data on the location and m2.gnitude of the absorption peak of solutions 
of D&C Yellow Ko.7, D&C Oranges No .• '5 and 11, and D&C Reds No. 21 
and 29 at various pH values arc presented and discussed. 
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(1) S.RA., F.D.C. 3-U. S. Food and Drug Administration, Washington, D. C. 
(2) LANGE, N. A., Handbook of Chemistry, 6th Ed., pp. 1l02-110:3, Handbook 
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REPORT ON SPECTROPHOTOMETRIC ANALYSIS OF 
COAL-TAR COLORS 

D&C GREEN NO. 6 

By RACHEL N. SCLAR (Cosmetic Division, Food and Drug Administra
tion, Federal Security Agency, Washington, D. C.), Assoc'iate Referee 

This report on the spectrophotometric determination of D&C Green 
No.6 is a continuation of the program for the spectrophotometric analysi" 
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of oil-soluble dyes certifiable under the Coal-Tar Color Regulations (1). 
Previous re;)orts gave spectophotometric data for Ext. D&C Yellow No. 
5 (2), D&C Red No. 3,'j (3), D&C Red No. 36 (3), Ext. D&C Orange No. 
1 (4), and for D&C Violet No.2 (5). 

As before, conformity to Beer's law, location of the absorption peaks, 
and the ex~inction ratio at suitable wave lengths were determined for 
solutions of the dye. 

EXPERIME0;"TAL 

All the spectrophotometric data were determined with a General 
Electric recording spectrophotometer equipped with an automatic slit 
adjustment for an 8-millimicron wave length band. 

Preparation of D&C Green No.6 (Qll£m'zan:n Green) 

One part of leucoquinizarin (obtained by reducing quinizarin-m.p. 
195°C., with stannous chloride) was condensed with about eight parLs of 
p-wluidine (m.p. HOC.) in the presence of anhydrous boric acid and 
chalk. The resulting leuco dye was allowed to reoxidize in air to form 
quinizarin green. These processes were combined in one operation (6). The 
dy-e was boiled with dilute hydrochloric acid, washed with water until 
neutral, then boiled with dilute sodium hydroxide, washed, and dried. The 
dye was recrystallized three times from glacial acetic acid. Melting point 
(on -Fisher Llock), 219-219.5°C. Recrystallization of this material from 
cbloroform did not change the melting point. Literature, m.p. 218°C. (i). 

The dye appears to pass through a transition stage at about 213 -214°C. 
At that temperature it liquefies, but resolidifies upon further heating and 
fir-ally melts sharply at 219-219.5°C. The pure dye, when heated in a 
o1':1(;1h1e on a hot plate until completely liquid, cooled, and ullowed to 
crystallize, melts at 219°C without preliminary liquefaction. Spectro
pLotometric examination of a solution_ of the standard dyestuff prior and 
~ubsequent to the heating treatment showed no change in spectrophoto
metric characteristics. 

The purified material adsorbed on a column of activated alumina from 
petroleum ether and developed wiih benzene appeared homogeneous. A 
commercial preparation of D&C Green No.6 when chromatographed in 
the same manner gave two bands (mauve and green). The mauve fraction 
W[tS not defnitely identified, but appeared to be unreacted quinizarin. 

A portion of the commercial sample of D&C Green No. G was washed 
with hot dilute sodium hydroxide, hot water, hot dilute hydrochloric 
acid, dried and recrystallized once from glacial acetic acid. This material 
melted at 214°C. Two recrystallizations from chloroform raised the melt
ing point to 218°C. Recrystallization from benzene brought the melting 
point to 218.5°C. The purified material was spectrophotometrically identi
cal with the laboratory preparation and gave a homogeneous chromato
gram. The sample prepared in this laboratory was, therefore, considered 
sufficiently pure to 8erve as a 8tandard for D&C Green !\ o. Ii. 
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Spectrophotom.etric Data 

The dye, weighed on a semimicro balance sensitive to 0.02 mg, was 
dissolved in about 50 ml of chloroform in a 100 ml volumetric flask. The 
solution was made to volume with chloroform, aliquot pOltions we:'e 
diluted to a definite concentration, and the spectrophotometric curve 
determined. (All solutions were made to volume at the temperature of 
the room in which the optical measurements were made. U.S.P. chloro
form was med throughout the expec'iment,) 

In subsequent experiments identical spectrophotometric curves were 
obtained when gentle warming on a water bath was used to facilit2tc 
solution of the color in the solvent. 

A typical set of data is shown in Table 1. 

CURVE NO. 

(CHART 1) 

1 

2 
a 

TABLE I.-Extinction values of SOll!tions of D&'C Green No. G 
in U.S. P. chlorof arm. 

Typical data 

EXTI!'ICT1ON EMOID.P. 

CONCENTRATION 1---
(Jao Illll- 045 ill!' 660 mp GON(!EN'TRATIC~ 

rnq.j[iter I 
7.70 I .288 .304 .272 .039·5 

1.5.41 .572 .608 .,544 .0395 
aO.81 1.156 1.220 1.092 .0396 

Average .... . 0395 

BGJ!)lUjI 

E;;(>!!m}L 

l.05() 
1.051 
1.059 

1.06 
----

Typical extinction curves for chloroform solutions of D&C Green 
K o. 6 are shown in Figure 1. The curves show a minor absorpGion peak at 
approximately 412, and a characteristic double peak in the red area. The 
maj or absorption peak is at 645 ± 2 m,u. (All wave lengths were corrected 
to ±2 mJ.L with the aid of didymium glasses calibrated by the National 
Bureau of Standards; sec footnote to Figures 1 and 2.) 

The average extinction per milligram per liter for D&C Green Ko 6, 
calculated from the results of 30 determinations (at various concentra
tions) made from ten portions of the dye is 0.0395. The average deviation 
from the mean for these determinations was 0.2 per cent, and the mu..xi
mum deviation 0.5 per cent. 

Point readings of extinction values were taken at arbitrarily chosen 
wave lengths, 630 mJ.L and 660 mJ.L on opposite sides of the major absorp
tion peak. The ratio of extinction values (1£630 mJE660 m~) at these wave 
lengths was 1.06:: .01 (see Table 1). 

A chloroform solution of the dye, stored for three days in the dark, 
gave spectrophotometric data identical with that of the fresllly prepared 
solutions. 
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Applicahon to Commercial Samples 

Three samples of certified D&C Green No.6 (straight colors) were 
analyzed spectrophotometrically. Weighed samples were dissolv8d in 
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0.5 

:z 0.6 
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FIG. I.-Solutions of D&C Green No.6 in U.S.P. chloroform. 
Curve 1- 7.70 mg.jlitcr 
Curve 2-15.41 mg.jliter 
Curve 3-30.81 mg.jliter 

Ce11s-1 em. 

A = Corning Didymium Glass 512, 6.0 mm. (Absorption peaks at 400.4, 441.4, 
477.1, 523.0, and 684.8 IllIL). 

E = Corning Didymium Glass 592, 4.02 IllIll. (Absorption peak at 583.7 mIL). 
C = Signal Luuar White Glass-H-6946236. 

U.S.P. chloroform by warming on the steam bath. The solutions were 
transferred to 100 ml flasks, cooled, and made to volume n,t room tempera
ture. Extinction measurements were made on appropriately diluted 
aliquots. The curves are shown in Figure 2, and the data in Table 2. 
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Fw, 2,-CerLi[ied samples of D&C Green No, 6, 
Curve 1-24,(19 mg.jliter 
Curve 2-2fl. 74 mg, jliter 
Curve 3-27.00 mg.jhtcr 

Ce11s-1 em. 

A = Corning Didymium Glass 512, 6.0 mm. (Absorption peaks at ,±aOA, 441.4, 
177.1, 529.0, and 684.8 nw). 

B=Corning Didymium Glass 592,4.02 mm. (Absorption peak ai .58::.7 ill!'). 

C = Signal Lunar VYhite Glass-II-6G1G23G. 

SAMPLE 

NO. 

2 
3 

TABl~E 2.-Anol!)81:" of certified 8(1 mplc8 of D&C Gnon So, 6 

Straight rolor 

M.P. 
CONCENTRATION 

OF SAl\~l'.!'..rEl 

mD./Etcr 

2:3-214 24,69 
2~6.5-217 .5 26.74 
2~8 27.60 

lG(;"lr,Inj.L 

0.952 
1.020 
1.067 

DyE-t" 

SPECTROPHOTo-

METRICALLY 

pI;r (;tnt 

97.6 
06.6 
97.9 

DYE FROM 

NI'i'ROG:i<;N 

CONTENT 

97.2 
98.0 
98.3 

>i<: The dye con"Vcnt was calculat.ed by USillg O.C395 (Ta.ble 1) as the extinction v31uc :or 1 m;;_/lite: of 
pure D&C Greeu No.6. 
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DISCUSSIOK 

The ratios of extinction to concentration in Table 1 show that at 64.5 m/-! 
chloroform solutions of D&C Green No.6 containing 7 to 31 mg of color 
per liter obey Beer's law. Thc "pure dye" content of a sample of this color 
uan therefore be determined from the ratio of Lhe extinction of a chloro
form solution of the sample to that of a standard solution of the pure dye 
at 645 m,u. 

SUMMARY 

Spectrophotometric data for chloroform solutions of pure D&C Green 
No.6 are presented. The dye is shown to follow Beer's law. The major 
absorption peak is at 645 ± 2 m,u. The extinction per milligram per liter 
at 645 is .0395±.0002. The extinction ratio E630 rn,,/E660 rnp=l.06±.Ol. 
Chloroform solutions of the dye are stable for at least three days if stored 
in the dark. 

Application is made of these data to the determination of the pure dye 
content of commercial samples of the color. Typical results are given. 

REFERENCER 

(1) S.R.A., F.D.C. 3, U. S. Food and Drug Administration. 
(2) CLARK, G. R., and NEWBURGER, S. H., "Spectrophotometric Analysis of Coal

Tar Colors I, Ext. D&C Yellow No.5," This Journal, 27, 576 (1944). 
(3) SCLAR, RACHEL, N., "Report on Spectrophotometric Testing of Coal-Tar 

Colors: D&C Red Nos. 35 and 36," This Journal, 30, 522 (1947). 
(4) SCLAR, RACHEL, N., "Report on Spectrophotometric Testing of Coal-Tar 

Colors: Ext. D&C Orange No.1," This .Journal, 31, 598 (194R). 
(.~) DOLINS';:Y, l'IiT<:;YER, "SpectrophotometT-ic Testing of D&C Violet No.2," 
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(7) FRTEDLPNDER, RCfHCK, Chernis. Zen/r., 75, Band 2,339 (1904). 

REPORT ON SUBSIDIARY DYES 11\ COAL-TAR COLORS 

SPECTROPHOTOMETRIC DETERMINATION OF D&C ORANGE 
NO.4 IN SAMPLES OF FD&C ORANGE NO.1 

By MEYEI'; DOLINSKY (Cosmetic Division, Food and Drug Administra
tion, Federal Security Agency, Washington, D. C.), A-ssociate Referee 

The CORl-Tar Color Regulations permit a maximum of 5.0 per cent 
D&C Orange No.4 in certifiable batches of FD&C Orange No.1 (1). The 
tentative A.O.A.C. method (2) for the determination of D&C Orange No. 
4 in samples of FD&C Orange )lo. 1 is not very satisfactory for routine 
analytical work, since it requires numerous extractions and takes 1~· to 2 
hours for each analysis. 

It was found that the number of extractions and the time required could 
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be cut in half by taking a 50 to 100 mg sample and determining the ex
tracted D&C Orange No.4 spectrophotometrically. However, even this 
modified procedure was felt to he too slow. Furthermore, results obtained 
by the extraction procedure are usually low because of mechanical losses 
and incomplete separation of D&C Orange No.4 from the FD&C Oranl1;e 
No. 1. Recoveries of D&C Orange ::\0. 4 obtained when extracted alone 
and in the presence of FD&C Orange ~ o. 1 are shown in Table 1. 

TABLE I.-Recoveries of D&C O'l'ange No.4-by extrael·ion procedure 

FD&C ORANGE No.1 

ma 
98 
o 
o 

977 

D&C ORANGll: No.4 D&C OfC/..NG>: NO.4 

RECOVERED 

----1----.. -----
ma 

12 (modified procedure) 
2 

50 
63 (A.O.A.C. procedure) 

p!'runt 

93 
91 
83 
65 

Because of the disadvantages of the extraction procedure it was folt 
that a more rapid and precise method would be desirable. In chis connec
tion it was decided to investigate a spectrophotometric method for the 
determina tion. 

The absorption curves of neutral solutions of FD&C Orange Ko. 1 
and D&C Orange No.4 are quito similar, but there is a m:otr'ked difference 

TABLJ; 2.-Spectrophotometric analysis of solutions containing purified 
D&C Orange No.4-and FD&C Orange Nv. 1 

FD&C ORANGE No.1 D&C OR.'NGE No.4 
RECOVERY m' D&C 

ADDEl) FOUND I,.DDED 
ORANGE NO. 4. 

FOUNlJ 

per cent per cent per cent p£.'1' cent per cmt 

90.9 91.4 9.1 8.6 95 
90.9 90.8 9.1 9.2 101 
90.9 91.6 9.1 8.4 92 
95.2 94.7 4.8 5.3 110 
95.2 9fi.4 4.8 4·.6 96 
95.2 96.0 4.8 4.0 83 
97.5 97.6 2.5 2.4 96 
97.5 97.3 2.5 2.7 108 
98.0 98.5 2.0 1.5 75 
99.0 98.8 1.0 1.2 120 
99.0 98.8 1.0 1.2 120 

Average Reoovel'Y .... 100 

Average Error .......... 11 

Maximum Error ......... 25 
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0 

0.1 

C.2 
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0.5 

0.6 

0.'7 

0.8 

0.9 

1.0 

1..1 

1.2 

1.3 

400 

Fro. 

I I 

I: 

:~ I I 

80 40 60 80 600 20 4 60 80 
WAVELENGTH IN MILLIMICRONS 

J .-Absorption curves of FD&C Orange K o. 1 and D&C Orange No.4 
in neutral and in 0.1 N N aOJI solution. 

Curve l-··FD&C Orange No.1-Neutral -10 mg;./lilc;r. 
Curve 2-FD&C Orange No. I-In 0.1 N .l\aOH-IO mg./liter. 
Curve 3-· D&C Orange No.4-Neutral -20 mg./li',er. 
Curve 'f-D&C Orange No.4-In 0.1 N .l\aOH-20 mg./liter. 

Cells --1 em, 

40 

iI. = Corning Didymium Glass 512, 0.0 mm, (Absorption peaks at 400.4, 441.4, 
477.1,529.0, and 684.8 llW). 

B = Corning Didymium Glass 592, 4.02 mm, (Absm-ption peak at 583.7 1:1,u). 
C =Signal Lunn;' White Glass-H-094o236. 

when the colors are dissolved in 0.1 N sodium hydroxide solution (Fig. 1). 
Each of the dyes follows Beer's law in 0.1 N sodium hydroxide solution. 
It is possible, therefore, to calculate the amount of each dye present in a 
mixture of the two from the absorption spectra of solutions of the mixture 
and the individual components by the use of simultaneous equations. 
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J:;;XPERIME::--JT AL 

OpticaJ measurements were Illf1de with a General Electric Recording 
speutrophotometer and with a Beckman Quartz spectrophotometer. 

The purified D&C Orange No.4 used as a standard in these studies was 
obtained by twice recrystallizing a certified st-Lmple from alcohol. The 
purified FD&C Orange No. 1 was obtained by twice recrystallizing a 
certified sample from alcohol-water. Both colors were dried at 135°C. prior 
to usc. 

A suitable aliquot of a 0.02% solution of purified D&C Orange No.4 
was add8cl LO a definite amount of a 0.02% solution of FD&C Orange No. 
1 and the mixture diluted with water and sufficient 0.1 N sodium hy
droxide to give 1,1:e solutions for spectrophotometric analysis. The 
dcnsities of the mixture and the standards at 455 mil and 515 mil were 
determined and the percentage of each dye in the mixture calculated by 
the method of simultaneous equations. Results are shO\vn in Table 2. 

Two certified samples of FD&C Orange No.1 were analyzed for D&C 
Orange No.4 by both the extraction and spectrophotometric procedures. 
Results are shown in Table 3. 

TAllLl'l 3.-Spectrophotometric determination oj D&C Orange No. -4 in 
commercial samples of FD&C Orange No.1 

SAMPLE 

Ko.l 

No.2 

D&C ORA.NGE No.4 

SPECTRoprrOTO,'\1ETRICALLY 

PC?' cent 

3.1 (Beckman) 
3.0 (G.E.) 
2.9 (G. E.) 
2.4 (G.E.) 

4.0 (Beckman) 
3.6 (G.E.) 

SUMMARY 

D&C ORANGE No.4 

BY EXTnACTION 

per cent 
2.1 (Average of four determina

tions) (A.O.A.C. and Mod
ified Procedure) 

2.9 (Modified Procedure) 

A rapid spectrophotometric method for tho determination of D&C 
Orange No.4 in sampl8s of FD&C Orange No.1 is presented. 

The method is shown to be applicable to mixtures containing 1.0 to 9.1 
per cent of pure D&C Orange No.4 and 99.0 to 90.9 per cent of pure 
FD&C Orange No. I, with an average error of 11.1 per cent. Values ob
tained [or D&C Orange No.4 in two commercial samples of FD&C 
Orange 1";0. 1 by the spectrophotometric method were higher than those 
obtained by the A.O.A.C. 8xtraction procedure. 

It iil recommended* that the method for D&C Orange No.4 in FD&C 
Orange K o. 1 be submitted to collaborative study, and that the topic be 
continued. 

* For report of Subcommittee B and action of the Association, see This Journal. 32, 51 (1949). 
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REPORT OK PURE DYE IN LAKES AND PIGMENTS 

By KE)l"KETH A. FREEMAN (Cosmetic Divibion, Food and Drug Admin
istration, Federal Security Agency, Washington, D. C.), Associate Rpfrree 

The tentative procedure (1) for the determination of pure dye in lakes 
of D&C Red No.8 and D&C Red No. 31 has been shown to be applicable 
to D&C Red No.7 (2) and to D&C Red No. 10 (3). Since the previous 
report wab presented at the meeting of the A<;;sociation of Official Agricul
tural Chemists in October 1947, samples of D&C Red No. 14, D&C Red 
No. 34, and Ext. D&C Red No.2 have been prepared, purified, and 
analyzed for one or more elements. The average purities calculated from 
these results were 99.9, 99.3, and 99.4 per cent, respectively. These 
calculated values for purity and the titanium trichloride titration figures 
differed by less than 1 per cent in each case. 

Samples of D&C Red Ko. 14, Sodium Lake, D&C Red No. 34, Calcium 
Lake, and Ext. D&C Red No.2, Barium Lake, were prepared and sub
mitted to various laboratories for collaborative analysis. These lakes, 
prepared from the purified colors, contained about 35 per cent pure color. 
A portion of each of these lakes was submitted to the collaborators for 
analysis. The second samples submitted to the collaborators were prepared 
by diluting the above lakes with known amounts of talc. 

Samples with directions for the analysis were sent to the following, 
listed alphabetically: 

Ansbacher-Siegle Corporation-H. Holtzman reporting. 
Caleo Chemical Division American Cyanamid Company-Wm. Seaman re-

porting. 
Harmon Color "Yorks, Inc.-Vincent C. Vesce reporting. 
Hilton-Davis Chemical Company-Anna Bartruff reporting. 
H. Kohnstamm and Company, Inc.-Louis Koch reporting. 
National Aniline Division, Allied Chemical and Dye Corp.-A. T. Schramm 

reporting. 
Cosmetic Division, Food and Drug Administration-Charles Graichen and 

S. S. Forrest reporting. 

In order to reduce the collaborators' work load to a minimum, it was 
requested that the results be reported in terms of ml of 0.1 N titanium 
trichloride required to titrate 0.5 gram of the lake. 

The collaborative results reported last year showed considerable varia
tion (2). It was suspected that this variation might be due to a lack of 
uniformity in standardization of the titanium trichloride solution. To 
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minimize this source of error, each collaborator was requested to stand
ardize his titanium trichloride solution by a method supplied with the 
directions for the pure dye determination.! 

The results are listed in Table 1 in the order in which they were re
ceived. 

Most of the collaborative results arc in good agreement with one 
another and the calculated value. The only real difficulty wal:i encountered 
with :;ample No.3. Two collaborators were unable to obtain consistent 
values on this sample while another reported a value nearly 25 per cent 
below the average (collaborator J\ o. 1). The Associate Referee encoun
tered considerable difficulty in mixing sample No.3. All samples wefe 
milled for several hours in a laboratory ball mill. Sample ~o. 3 had a 
marked tendency to stick to the sides of the bottle and to the balls. To 
insure thorough mixing, the color was scraped off frequently, but it may 
be that, even with this precaution, uniform mixing was not obtained. The 
results of six of the eight collaborators, however, are close to the calculated 
value. 

Most collaboraton:i reported that it was necessary to employ an in
dicator in the titration of samples Nos. 5 and 6. Since the use of an 
indicator is stated in the method as optional with the analyst, such pro
cedure is not precluded. 

Collaborative analyses have now been completed and reported on the 
following certifiable coal-tar color lakes: 

D&C Red No.7, Calcium Lake 
D&C Red No.8, Sodium Lake 
D&C Red No. 10, Sodium Lake 
D&C Red No. 14, Sodium Lake 

D&C Red No. 31, Calcium Lake 
D&C Red No. 34, Calcium Lake 
Ext. D&C Red No.2, Barium Lake 

The collaborative analyses show that the method is applicable to all 
of the colors studied. While strontium lakes have not been included in the 
I:3tuuies thul:i, far, it has been the experience of the color certification 
laboratory that they behave no differently than sodium, calcium, and 
barium lakes. It is, therefore, felt that they may, without collabomtivc 
study, be included in the lakes to be analyzed by the method. 

The A880ciate Referee believes that the work done has shown the 
method to be reliable and convenient for the determination of pure dye 
in lakes of D&C Red Nos. 6-16, inclusive, 31, 34, and Ext. D&C Red ~o. 
2. 

It should be noted that not all permitted lakes of these colors have been 
studied collaboratively. To do so would impose an undue burden upon 
the collaborators. Rather, it has been the purpose of this work to study 
representative lakes of the more commonly certified azo colors. This 
phrase of the topic has now been completed. 

1 This method is described in the report of the Associate Referee on standardiz::1tions of titanium tri
cbloride solutions (This Jo"rnal, p. 589) as Metbod II. 
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nECOMME~DATIONS* 

1 L is reeommended-
(1) That the method for the determination of pure dye in lakes of D&C 

Reds Ko:,;. 6, 7,8,9,10,11,12, 13, 14, 15, 16,31, and 34, and Ext. D&C 
Red No.2 be adopted as official, first action. 

(2) ThaL the topic he continued. 

REFERENCES 

(1) M~eihorl., of A~nalY8i" A..D.A.C., 6th Ed. 21.41(d). 
(2) FH.RRMAC'J, KEC'J:.IETH ,\.., Th-is JO~lrnal, 31, 595 (1948). 
(;;; CI.AH.K, n. R, Ibid., 28, 7M1 (1945). 

?\o report was given on buffers and solvents in titanium trichloride 
tit.rations, or on ether extract. in coal-tar colors; identification of certified 
coal-tar colors; sulfonated amine intermediates; suEonllted phenolic 
intermediates; intermediates derived from phthalic acid; mixtures of 
coal-tar colors for drug and cosmetic use; subsidiary elyes in D&C colon,,; 
or hygroscopic properties of soal-tar colors. 

The paper by K. A. Freeman and L. S. Harrow, entitled "A ~ew 
Method for Determining the Boiling Range of Pseuclocumidine in 
FD&C Red ::.r o. 1," is puhlished in This J O1l1'nal, 32, 127 (19clo9). 

The paper by M. Dolinsky, entitled "Spectrophotometric Analysis of 
D&C Recl1\-o. 19 (Rhodamine B)" it:! published in This Journal, 32, 130 
(1949). 

* For report of Subcommittee Band act.ion of the Association, see T".'is Jo'uTnal, 32,51 (1949:. 



WEDNESDAY-MORNING SESSION 

REPORT ON FEEDING STUFFS 

By L. S. WALKER (Vermont Agricultural Experiment Station, 
Burlington, Vt.), Referee 

RECOMMENDATIONS' 

It is recommended-
(1) That further study be made on the following; 

(a) Mineral mixed feeds (calcium and iodine) 
(b) Lactose in mixed feeds 
(e) Fat in fish meal 
Cd) Adulteration of condensed milk products 
(0) Crude fat of ether extract 
(£) Microscopic examinations 
(g) Fluorine 
(h) Crude fiber 
Ci) Protein evaluation in fish and animal products 
(j) Hydrocyanic acid glucosides 
(k) Sampling and analysis of condensed buttermilk 
0) Tankage (hide, hoof, horn, and hair ~ontent) 

(2) It is recommended that the tentative methods for calcium and 
phosphorus, This Journa~, 31, 98 (1947), and the tentative acetone 
method for fat in fish meal, Ibid., be made official, first action. 

REPORT ON MINERAL MIXED FEEDS-IODINEt 

By ALFHED T. PERKINS, Associate Referee, and J. F. MERRILL, Kansas 
Agricultural Experimental Station, Manhattan, Kans. 

The Elmslie-Caldwell method as published in the 1945 A.O.A.C. Book 
of Methods is a tentative method for the determination of iodine in mineral 
mixed feeds. Correspondence has indicated there are questions regarding 
the accuracy of this method for various types of feeds, especially feeds 
high in content of organic matter. The Associate Referee has understood 
that the method is intended to be applicable for mineral mixed feeds low 
in organic matter. The method has been tested as a method for high min
eral feeds, and no attempts have been made to adapt the method for 
organic feeds. A not very recent publication l reports extensive tests on 
the method, and the work of the current year has been largely devoted to 
re-checking'Ithe method and a:;certaining the effect of variations in the 
published procedure. 

* For report of Subcommittee A and action of the Association, see This Journal, 32,42 (1949). 
t Contribution No. 374, Department of Chemistry, Kansas Agricultur:1] Experiment Station. 
1 Thi. Journal, Zl. 597 (1938). 

648 
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The ashing time and temperature has been found satisfactory for all 
mineral mixtures tested, but is not adequate for feeds high in content of 
organic matter. The recommended time and temperature is insufficient 
to ash organic feeds so a rapid filtration can be made. 

The method has been tested to learn the effect of additions of excess 
bromine, and results show that such excesses do not interfere with analyti
cal results. Sufficient bromine must be added to oxidize the iodine to 
iodate, and the excess bromine demands only a longer boiling time to 
removed this excess. 

The boiling time has been tested and no loss of iodine bas been found 
to OCCur with prolonged boiling. 

Tests have been made on the effect of varying the amount of phosphoric 
acid required, and the work of 1938 has been checked. One hundred per 
cent of the iodine has been recovered with phosphoric acid additions of 
1 ml in addition to the amount required to reach the methyl orange end
point. Larger additions of phosphoric acid do not interfere with the titra
tion, but smaller additions will not return all of tbe iodine and will resulL 
in an unstable end point. 

There is an indication that cooling tbe solution to 10° gives a minor 
increase in the iodine titration. Howevcr, studies of the erred of the 
temperature of the solution during titration fail to show a significant 
difference in results due to cooling. 

It it; recommended that new collaborative tests be made looking to the 
adoption of the Elmslie-Caldwell method as official. 

REPORT ON THE ACTIVITY OF YEAST 

By H. C. SCHAEFER (Manager, Nutrition Research Laboratories, Ralston 
Purina Company, St. Louis, Mo.), Associate Referee 

Two years ago a rather detailed report of our work on the activity of 
yeast was made. l Since that time, in trying; to get further information 
regarding current interest in yeast added to feed for fermentation, it was 
found that several of the large producers have discontinued production of 
yeast for this purpose, and that yeast of this type is being sold by a 
relatively small number of producers. 

The addition of live, dry yeast to feeds, and allowing it to ferment, is 
not a practice to be encouraged or recommended. From our present 
knowledge of nutrition, it appears that tbis pnJ,cticc destroys carbo
hydrates, and apparently does not create any other nutrients to compen
sate for that loss; hence it does not appear to be an economical operation. 
In our previous work it was found that yeast, with aging, loses its viabil
ity. 

1 This J ""mal, 30, 599 (1947). 



0S0 ASSOCL'\TlON OF OFFiCIAL AGRICULTURAL CHEMISTS [Vol. 32, No.3 

In view of the fact that there is little interest, and nothing definite to 
measure, it has been recommended that this work be discontinued, and 
that no more work be done until it is demonstrated that yeast activity 
creates some measurable nutrient; and that in the meantime yeast be 
considered in feeds merely on the b<ti:3is of its value as a source of protein 
and water-soluble vitamins. 

REPOHT OS MINERAL CONSTITUENTS OF MIXED FEEDS 

SAMPLE PREPARATION FOR CALCIUM A1\-D PHOSPHORUS IN 
FEEDS USING NITRIC-PERCHLORIC ACID 

By J. L. ST. JOHN (Associate Referee) and EDITH ENG HUEY (Division of 
Chemistry, Agricultural Experiment Stations and State Chemist's 

Laboratory, Pullman, vVashington) 

This is a continuation of the work reported in 1947 and 1948. The 
mechods are those described in This Journal, 30, 606 (1947). 

Two different commercial mixed feeds were secured from a commercial 
neil!. * Sample No.4 is a mixed ration labeled Calf Meal and sample No.5 
is <t Dog Meal. One D<tsi:5 of selection was the fact that the Dog Meal was 
higher in calcium and phosphorus than the Calf Meal. The ingredients 
were such as ,ne found in commercial feeds of this type, including "orne 
fortification with vitamins and minerals. 

The samples were somewhat finely ground when received. They were 
thoroughly mixed and sampled, but purposely sent out without further 

TABLE I.-Collaborative reiiu/[ii 

CALCIUM IN FEEDS 

COLLAEORA'I'QRS 

W. R. Flach 
C. Tyson Smith 
vI'. C. Geagley 

George E. C rat.tanl 
Fred E. Ranriall 
O. R. Alexander 
P. B. Curtis I 
M. P. Etheredge; 
E. E. Huey 
L. V. Burns 
--------

Averages 

SAMPL~ 4 
A. B. 

per cent 

1.18 
1.12 

1 .17 1.13 
1.4,0 

1.12 1.15 
1.07 
1.60 
1.47 

1.29 1.34 
1.5f) 

1.30 

A.-A.O_ke. Method. 
B.-Nitric-pcrchloric :vrethod. 

SAMf'IJ~ fi 
A. B. 

per cent 

2.36 
2.34 

2.18 2.15 
2.33 

2.27 2.28 
2.52 
:'l.00 
2.39 

2.58 2.58 
2.99 

2.19 

* Centennial Flouring Mills, Spokane. Wa.shington. 

PHOSPHORUS IN FEEDS 

SA~tPLE 4 S.HIP1E 5 
A. B. A. B. 

per cent per cent 

0.75 1.10 
0.71 1. 45 

0 .59 0 . .59 . :39 1.20 
0.70 1..)0 

0 81 0.81 .. ')7 1..58 

0 .. 57 1.49 
0.74 1.49 

0.72 0.72 l.-H) 1.49 
0.81 LoS 

------~-,-----~-

0.71 1.49 
.. _---
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grinding. The collaborators were requested to further grind and mix 
before analyzing. The results are reported in Table 1. Only three collabora
tors determined calcium and phosphorus by the A.O.A.C. method. 

The results of the different collaborators are in fairly good agreement, 
although it might be anticipated that the agreement would not be quite 
as close as \"ould have been obtained had the samples been more finely 
ground by the Associate Pceferec. Perhaps more important are the cases 
where a comparison is possible. There is excellent agreement between the 
results obtained by the A.O.A.C. method and by the nitric-perchloric 
acid method of ::;ample preparation. 

Based on three years' results it is recommended t that the nitric
perchloric acid method of sample preparation be made official, first 
action. 

REPORT ON CPcUDE FIBER 

By VAN P. ENTWISTLE and WM. L. HUNTER (Associate Referee) (Feed 
Control Laboratory, C::tlifornia Department of Agriculture, 

Sacramento, California) 

Crude fiber is the result of an arbitrary method of treatment of a 
material and does not represent a definite measure of a specific substance 
or group of substances. Crude fiber consists largely (97%) of cellulose and 
lignin (1). It does not represent all of the cellulose and lignin initially 
present. Cellulose recovery in crude fiber is approximately 60-80%, and 
in lignin recovery, 4-67%. Considerable variation in the lignin content of 
the crude fiber fraction i::; found. Highly lignified materials do not neces
sarily yield crude fiber fractions high in lignin. Thus the crude fiber frac
tion obtained does not bear any definite relationship to the structural 
constituents of a material. 

Since the crude fiber method is definitive and does not measure a fixed 
portion of the materials tested, it can be changed by changing the defini
tion, with the consent of those involved. In order for a new method or 
modification to gain sufficient support to be adopted, it must present 
improvements over the present method in that it will be quicker, easier 
to carry out, more reproducible, or represent the structural constituents 
of the material more truly. It is, of course, desirable that the result,s 
obtained be comparable to those of the present official A.O.A.C. method 
in order to retain the yalne of our present data. 

The present official method is based on a method developed nearly a 
century ago by Henneberg, Stohmann, and Pcautenberg (2) in the ag)'icul
tural experiment station at Weende bei G6ttigen in Germany. Only slight 
modifications have been made in the Weende method since its develop
ment, There have been nUmerous attempts to develop athel' methods 
which were easier or more exact. 
------,- ------------------ -,--~ 

t For report of Subcommittee A and a.ction of the Association, see Tin"s .Tou/rncl. 32,43 (1949). 
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A number of investigators have been of the opinion that we should 
attempt to approach pure cellulose and they have developed methods and 
evaluated them to this end. 

Schulz (3) in 1856 developed a method for freeing cell membranes from 
encrusted lignin with nitric acid and potassium chlorate. 

Konig (4) llsed glycerin and sulfuric acid to determine crude cellulose 
which some investigators look upon as crude fiber. This method was 
modified by Bellucci (5) to widen its application. 

Hladik (6) used CCl4 extracted samples and digested first with nitric 
and acetic acids. After pouring into cold water and washing by decanta
tion the sample is heated with dilute sulfuric acid. 

Scharrer and Kurschcr (7) dcvelopcd f,j, method especially for feeding 
s1uffs for which they claimed a bigher purity for the end product (freer 
from lignin and pentosans). It is a single step method refiuxing the sample 
with glacial acetic acid, nitric acid, and tri-chloracetic acid. Since lignin 
is removed more extensively than in the Weende (official) method, the 
erude fiber values found are lower. It is claimed to be more reproducible 
than the Weende method due to lignin removal. 

Tang, Yen, and Hsu (8) developed a method using 1.5% chlorindioxide 
solution, then treatment with 30% pyridine solution, and allowing the 
fiample to stand overnight in a sodium hydroxide (7%)-sodium chloride 
(3%) mixture. 

Other investigators have taken the view that crude fiber should he 
directly relative to the indigestible matter in a material. Therefore, en
zymatic digestive methods were developed which purport to give a much 
closer correlation to the digestibility of the material under question. 

Remy (9) used dilute pepsin-hydrochloric acid solution, then malt 
diastase solution, and finally digestion with pancreatin-sodium carbonate 
solution, all operations carried out at 37°C. 

IIOl'witt, Cowgill, and Mendel (10) modified the procedure w:!ing a 
special takadiastase (clarase) for the malt diastase and trypsin for pan
creatin. This method took 6 days to complete. 

Woodson and MacKenzie (11) simplified the procedure for application 
to cereals. Tbis method called for boiling the sample with water to 
gelatinize the starch, cooling to 38°C., digestion with pangestin for 48 
hours; adjustment of the pII to 7.5-8.0, and an additional 48-hour 
digestion with pangestine. 

All of the enzymatic methods give considerably higher results than are 
obtained with the Weende method. Also these methods are very lengthy 
and do llOt meet the need for a speedy analysis which most laboratories 
require. 

The term fiber in plant materials is commonly applied to cellulose; 
yet it appears that crude fiber values would be more valuable as an in
dicator of the material's feeding value if the crude fiber contains as much 
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as possible of both the cellulose and the lignin. This would eliminate those 
methods which are attempting to approach pure cellulose. The enzymatic 
methods, while claiming a close correlation to the feeding value, are too 
slow to be of value in control work. Until a method is developed to meet 
the above requirements and be practical for control work, we should con
tinue attempts to improve our present method. 

The A.O.A.C. method has been reexamined at intervals with numerous 
helpful criticisms, but with no basic changes. Bidwell and Walton (12), 
Bidwell and Bopst (13), Francis (14), Hanson (15), and others have 
studied thoroughly the various steps in our present official method. The 
results of their findings are: 

(1) Size and shape of flask are not critical so long as the malerial does not ad-
here to sides of flask out of digestion solution. 

(2) Any efficient condenser is satisfactory. 
(3) 350-mesh wire filt,ers gave resuits comparable to cloth filters. 
(4) Non-fat extracted sampJes gave slightly higher results. 
(5) Volume of digestion solut,ion not critical. 400 ml. of solution did not lower 

results appreciably. 
(6) The fineness of grind affects results. The finer the sample is ground the lower 

the crude fiber result. 
(7) Neutralization of the acid, rather than filtering off, may give high results 

because of precipitation of substances previously made soluble in the acid dige~tion. 
(8) Intensity of heat applied affects results. Vigorous boiling gives lower results 

than s, less violent boiling. 
(9) Filtering aids showed litHe effect. Asbestos caused slightly lower results on 

some materials, slightly higher on others. 
(10) Delay in filtering. A delay of 7 minutes in the acid filtration will cause a 

lower result due to the continued action of the acid. A similar delay ill the alkali 
filtration has the same effect for the same reason ~.t first, but if the delay continues, 
substances madc soluble in the hot alkali may precipitate as the solution cools. 
This is especially true of samples high in protein. N eubcrt, Van Amburgh, and St. 
John (16) found that samples which filtered diffieultly in the final filtration could be 
made to filter rapidly by the addition of potassium sulfate, Results of this method 
agree very closely to the official method on easily filtered samples, but give somewhat 
lower values on those which filter slowly. However, it is felt that this modification 
yields results more valin than the official met,hod, becauso the long time involved for 
the final filt.raIion introduces errors in the official method. 

The official method (17) allows latitude in the size and type of digestion 
flask, type of condenser, filtering cloth and in the choice of Gooch or 
alundum crucibles for the final filtration, It specifies the use of asbestos as 
a filter aid. A survey conducted by Hunter (18), of 69 participants in the 
American Association of Feed Control Officials collaborative work, shows 
that the various laboratories vary considerably on these optional points 
and also on others where no option is allowed. This is done in spite of the 
necessity of close adherence to an empirical method, as stated by Bidwell 
and Walton (12), Hunter (18), and others. A study of the results obtained 
in this collaborative series does not show however, that there is any 
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correlation between results obtained and equipment and technique used. 
Of the 69 participants surveyed, only seven were found who were using 
the same method throughout the determination. The sUlTey showed the 
following types of equipment and technique used: 

TABLl!; I.-Equipment and technique oj 69 collaborators 

Digestion Vessel Size (ml) 
300 400 500 600 750 800 1000 

Number using 1 1 23 20 10 1 13 

Vessel Shape 
Beaker, Beaker, Flask, 

Tall form Regular Erlenmeyer 
-_o-

N umber using 37 9 23 

First Filtration 
Cloth Filter Wire Filier Neutralization Other Types Filter 

.- . 

N umber using 55 6 ., 
4 u 

.--.,-."'--""~-

Source of Heat 
Gas Electric 

-'"'-,~, - ~-

Number using 27 41 

Type of Condenser 
Air Running TV aier Flasks Filled 'With 

TFater 

N umber using 9 58 2 
_. 

Filter Aid 
Asbestos Glass fliool None 

.. 

N umber using 34 1 .)') 
.JU 

Final Filtration 
Gooch Alundum. Other 

-
N umber using 38 27 3 

This shows clearly that 500 or 600 ml tall form beakers are the choice of 
the majority. Cloth filters for the acid filtration, electric heat, and running 
water condensers are wide favorites. Asbestos, while specified in the 
official method, is used hy approximately only half of those surveyed. 
Gooch crucibles are a slight favorite for the final filtration. It is interest
ing to note that of the 38 using Gooch crucibles, 22 (58%) used asbestos, 
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whereas oJ the 27 using alundum crucibles, only 6 (22%) u8ed asbest,os. 
We have found that asbe:>Los speeds the final filtration if the proper type 
oJ ashestos is used. All asbestos is not satisfactory, even so-called Gooch 
grades. Baker:; "Powminco" grade acid washed and fireu is the only type 
which we have found that is satisfactory. Unreported \'uriations are 
doubtless being made which also have their effect on the crude fiber value 
found. 

One point that the A.A.F.e.O. collaborative work demonstrates is the 
fallacy of reporting crude fiber results to the second decimal place. A 
study of the crude fiber results of this collaborative work indicates that 
for the present, crude fiber results should not be reported closer than to 
the nearest quarter per cent. Using the crude fiber average and allowing ,1 

tolerance of one quarter per cent, about one third, at best, of the collabora
tors will still be outside of the range. To continue to report to the scconcl 
decimal pJace is to continue to place an absolutely false value on the 
reliahility of the result found. Reporting to the closest quarter per cent 
will still leave many laboratories who will need to improve their technique 
and follo'w the official method more closely in order to fall ",ithin the 
suggested tolerance. 

Popov (19) and Lepper (20) have suggested radical changes in the 
Weende (A.O.A,C,) method. Popov reports that by increasing the con
centration of the acid and alkali digestion solutions to 2.1 % the digestion 

TABLE 2,-Cornpamtive data on time of digestion 

LEPPER METHOD LO.A.C. METHOD 
TYPE OF MA'l'ERIA.L 

10M!". 30M!)!. 

per cc'nt per cent 

Broiler feed 5.9 5.7 
Rabbit pellets 6.9 Ci.3 
Meat and bone scraps 2.9 2.5 
Dairy feed 8.1 8.2 
Turkey starLer mash li.O 5.8 
Turkey feed 6.6 o " .U 

Turkey feed 7.0 0.7 
Turkey finish ma,sh 6.0 5.8 
Da,iry feed 8.0 7.0 
Ground buley 6.9 6.7 
All purpose mash 5.8 5.0 
Calf meal 7.7 7.8 
Meat and bone scraps 1.3 1.0 

Cottonseed meal 9.7 10.0 
Ground barley 7.6 7.7 
Corn gluten meal 4.2 4.1 
Wheat bran 9.6 10.0 
Copra 9.5 10.3 
Alfalfa meal 26.8 27.8 
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time can be shortened to 15 minutes, and still yield results comparable 
with the usual 30-minute digestion with l.25% solutions. Lepper ad
vocates using 3.125% acid and alkali solutions and shortening digestion 
time further to 10 minutes. He also claims results comparable to the 
Weende (A.O.A.C.) method. Lepper tried to shorten the digestion time to 
5 minutes by further increasing the concentration of the digestion solu
tions, but it was not satisfactory. We have made a short investigation of 
Lepper's method. The results obtained are shown in Table 2. 

Those data definitely indicate a possibility of shortening the time re
quired for the determination vvithout disturbing present concepts of 
erude fiber. 

It appears that Lepper's method or that of Popov may at least have a 
place in industrial control work where results are needed in a hurry. The 
(lata also suggests that laboratories located at high altitudes might vary 
the digestion solution concentration or digestion time to compensate for 
reduced boiling temperatures. 

It is strongly urged that one or both of these shorter methods be given 
collaborative study to determine their merit as a possible replacement for 
the present official method. 
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Ko reports were given on lactose in mixed feeds, fat in fish meal, 
adulteration of condensed milk products, crude fat or ether extract, 
microscopic examination, fluorine, protein evaluation in fish and animal 
products, hydrocyanic acid glucosides, sampling and analysis of con
densed buttermilk, and tankage (hide, hoof, horn, and hair content). 

Ko report wa:-; given on waters, brine, and salt, including boron in \vater 
and fluorine in salt. 

CORRECTIONS IN FEBRUARY JOURNAL 

Report on Changes in Methods, Vol. 32, No.1 

Page 74. Pyrogallol in Hairdyes, Quantitative determination: Under "reagents," 
line 2, change "FeDo." to read "FeSO •. " 

Page 75. Line 18. Delete "s" on "Solutions." Line 3. Change "Aluminum" to 

D 
"Alurnina." Under "Standardization," change formula to read "k=-" (TnRert = 

c 

sign). Lnder Liquid Dyes "Continuous Extraction," line 11, change "in" to "into." 
Page 76. Henna Powder Mixture, line 1, after "\Veigh 0.9 to 1.1" insert "g." 

ANNOUNCEMENT 

L. M. Beacham, Food and Drug Administrat.ion, Washington, D. C., has been 
appointed Referee on Processed Vegetable Products, in place of V. B. Bonney. 



CONTRIBUTED PAPERS 

THE .,\\,ALYSIS OF CASTOR OIL IN LIPSTICK* 

By S. H. NEWB"GRGER (Division of Cosmetics, Food and Drug Admin
istration, Federal Security Agency, Wa8hington 25, D. C.) 

A principal ingredient of nearly all lipsticks, castor oil consists essen
tiallyof the gJyceryl ester of ricinoleic acid, an unsaturated hydroxy fatty 
acid. The most widely m:ed analytical methods for the determination of 
castor oil employ the acetylation of the free hydroxyl group aD the basis 
of the analysis. :\10dern lipsticks, however, contain many substances in 
addit,ion to Cclstor oil which can be acetylated. Beeswax has an acetyl 
vdue of 15.2, carnauba wax 55.2, and lanolin 23. Most of the organic 
lakes, fluorescein ayes, and oil soluble colors have active hydroxyl or 
amino group~. Still other easily acetylated materials which may be en
coun~,ered are glyceryl monostearate and cetyl alcohoL It is obviouD, 
therefore, that the application of the acetylation technique to the deter
mination of castor oil in lipstick requires the preliminary remoyal of 
interiering substances. 

The following is a brief summary of the method developeu: The lipstick 
W8,S boiled with benzene, centrifuged, the liquid decanted, and the residue 
of insoluble lakes discarded. l The benzene was evaporated, the residue 
treated with hot glacial acetic acid and with hot light mineral oil. Most 
of the orgt:,nic material was extracted into the minerul oil layer; while the 
castor oil, togetbrr with some of the dyes and other materials, was draV'm 
off in the glacial acetic t"tc·id. The glaciaJ acetic acid ,vas diluted with water 
and extracted ,'lith ether. The ethel' soln tion in turn was extracted with 
dilute aqueous alkaline alcohol to remove fluorescein dyes. Evaporation 
of the ether left a residue which consisted of the castor oil, oil soluble 
eolor, and small amounts of other substances. The residue was saponified 
and the unsaponifiable matter discarded. This eliminated the oil soluble 
dye, any higher akohols, and entrained mineral oil. Finally, the fatty 
adds ineluding those of the castor oil were extracted. By acetylation of 
thcfie acids it was possible to determine the castor oil content of the 
lip8tiek. A more detailed account of the procedure is as follows: 

'[ATBRIAL~ USJo;D IN THE PREPARATION OF THm mxpmRliHE'\"TAL LIPSTICKS 

(J) Lipsli(;k base,-A castor oil-free lipstick base was prepared. It is doubtful 
whet.her such a base is of practical value; howover, it was desired to incor
porate a !lUmber of ingredients which would interfere with the acetylatioR 
procedure. The following ingredients were melted together at 100"0 and. 
then cooied to room temperature to form the experi:nentallipstick base: 

:-:-: Presented at the, Annual IVIccting of The ASROcio.tion of Omeial Agricultura.l Chemists, held at Vi-Ta,sh
ington, D. C" October 11, 12, and 1:l, 1948. 

1 The medlOd used for t he elin1in~tion of the lakes \',-J..S suggeste:d in :1 private communication from K. A. 
Freeman of this Dlvj:,;;ion. 

658 
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U.S.P. White Beeswax. 
U.S.P. Anhydrous Lanolin .... . 
U.S.P. Heavy Mineral Oil. .. . 
U.S.P. Petrolatum .......... . 
Ceresin .......................... . 
Glyceryl Monostearate....... . .......... . 
Carnauba Wax.... ... ... . . .. . . .... . 
Cetyl Alcohol ............................ . 

Gms. 
30 
10 
5 
5 
5 
5 
5 
3 
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(2) Lake mixture.-A combination of certified lakes was prepared: 

% Pure 
Lake Dye Substratum Gms. 

D&C Red No.9 Ba Lake............ 36 Gloss White 2 
D&C Red No. 10 Na Lake. . ........ 83 Gloss White 2 
D&C Red No. 31 Ca Lake..... .. .... 44 Gloss White 2 
D&C Orange No. 15 Ca Lake.. ...... 35 Gloss White 2 

(3) D&C Red No. f31.-A certified straight color containing 98% dye. 
(4) D&C Red No. 1I.-A certified straight color containing 94% dye. 
(5) Castor Oil.-A U.S.P. product. 

The various experimental lipsticks were prepared by heating together at 100°C., 
lipstick base, lake mixture, D&C Red No. 21, D&C Red No. 17, and castor oil. 

METHODS OF ANALYSIS 

PROCEDURE 

Isolation of castor ail fatty acids: 
Weigh ca 4 gm of lipstick into a 250 ml beaker, add 50 mi of benzene, cover 

beaker with watch-glass, and heat to boiling for several minutes. Cool the mixture 
to room temperat·ure and transfer t,o centrifuge tube. Rinse the original beaker with 
10 ml of hot ben7.ene s,nd add to ,he contents of the centrifuge tube. Centrifuge 
mi,ture and decant liquid thru cotton plug into a 1.50 ml be&ker. Add 2" ml of 
hot benzene to residue in centrifuge tube, mix thoroly, again cl>ntrifuge and also 
decant into the 150 ml beaker. Evaporate the ben7.cne on the steam bath, add 10 ml 
of glacial acetic acid to the residue, cover beaker with wateh-glas<, boil for several 
minutes, and transfer the hot mixture to a 250 ml separatory funneL Rinse beaker 
with 10 m} of hot glacial acetic acid and 30 ml of hot. (100°C.) U.S.P. light mineral 
oil and add rinsings to the contents of the separatory funnel. Shake mixture well.2 

Fasten stopcock of scparatory funnel with a rubber band, partially immerse the 
separatory funnel in a "team bath for several minutes and then draw off the acetic 
add layer into a 100 ml beaker. Continue the extraction with 2 additional 20 ml 
portions of hot glacial acetic acid taking care to keep the mixture hot by immersing 
the separatory funnel in the st,eam bath for a few minutes each time. Combine the 
acetic acid extracts, cool to room temperature with stirring, and allow to stand 
for} hour. Slowly add 3 ml of water with stirring and allow to stand for another 
five minutes. Filter the mixture slowly by gravity or gentle suction thru a Gooch 
crucible containing a i" to ~" layer of sand over an asbestos mat. Wash the filter 
with a solut,ion of 15 ml of acetic acid and 1 ml of water. Transfer the filtrate and 
washings to a 500 Illl separatory funnel with the aid of 100 ml of ethel', add 250 ml 
of water and shake well. Draw off the aqueous layer and re-extraet with 2 addi(,jonal 
50 Illl aliquots of ether. Wash the combined ether extraets with two 50 ml portions 
of water. Discard washings and extract the ether with two 100 Illl portions of a 20 % 
alcohol solution containing :3 % KOH. Continue the extraction wit·h .50 ml portions 
--------------------- -_ .. _._._----

2: In e:xtr:lcting hot mixtures a cotton glove \\':18 worn to protect the hand. 
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of the alkaline alcohol solution until any extracted color shows little or no fluores
cence. Discard the alkaline extracts, acidify the ether solution with HCI, wash with 
two 50 ml portions of water, and evaporate the ether on the steam b3,1,h. Saponify 
the residue by re£luxing for 2 hours with a mixture of 50 ml of benzene, 2.5 ml ab
solute alcohol, and 1 gm KOB. Transfer the hot saponified mixture to a separatory 
funnel, add 50 m! of hot water and shake welJ.3 Draw off the aqueous layer and ex
tract with 2 additional 20 ml portions of hot benzene. Wash the combined ben7,ene 
extracts with two 25 ml portions of 30 % alcohol containing 1 % KOH. Discard the 
benzene solution. Combine the two alkaline alcohol wash solutions, exkact with 
20 ml of ether to remove dye, discard the ether, and add the alkaline wash solution 
to the original extracted alkaline aqueous solution. Acidify the alkaline solution and 
extract wiLh 30, 20, and 20 ml portions of benzene. Combine the benzene extracts, 
wash with water, and filter thm a cotton plug into a tared beaker. Evaporate the 
benzene on the steam bath, dry residue at 100°0. for 10 minutes in oven, cool, and 
weigh as fatty acids. 

Acetylation of the hydroxy fatty aC'ids: 
Dissolve the isolated fatty acids in benze'le, transfer to a .30 ml volumetric 

flask, dilute to mark with benzene, and mix. Pipet a 25 ml aliquot into a 125 ml 
acetylation flask and reserve the remaining solution for a blank. Evaporate the 
benzene on the steam bath with the aid of a glass tube, connected to the vacuum, 
and projecting into the acetylation flask. Add 5 ml of acetic anhydride and reflux 
for 2 hours. Add 25 ml of hot water, allow to stand on steam bath for 30 minutes 
with occasional swirling, add 15 ml of toluene, and transfer the hot mixture to a 
250 ml separatory funnel. Rinse the acetylation flask with 25 ml of tolueno and add 
rinsings to the contents of the separatory funneL };'asten stopcock of separatory 
funnel with a rubber band, partially immerse the scparatory funnel in the steam 
bath for a few minutes, and then shake well for about five minutes. Again partially 
immerse the separa(,ory funnel in steam bath for a few minutes and then draw off 
the aqueous layer. Continue the extraction with 15 m! portions of hot water, heating 
each time in the steam bath, until the aqueous layer requires less than 0.1 ml of 
0.1 N N aOH to turn phenolphthalein pink. Filter the toluene solution thru a 
cotton plug into 11 tared 150 ml beaker, and wash the separatory funnel and cotton 
plug with benzene. Evaporate the toluene-benzene solution on the steam bath, dry 
tho residue at 100°C. for 15 minutes in an oven, cool, and weigh the acety!ated ma
terial. 

Tran.se.sten:jication of the atetylated materia.l a.nd 8nh8c'1!J,ent .saponifica.tion n.f the 
ethyl acetate: 

Tho proceduro is based on the Schu and Clark' modification of Freudenberg's 
method. This is an indirect method as j,he a~ctyl group of the acetylated hydroxy 
acids is converted into ethyl acetate which is in turn saponified. 

The apparatus is described in Thi.s Journal, 27, 173 (1944). 
Surround the receiver with an ice bath. 
Dissolve and transfer the acetylated material to the distilling flask with 20 ml 

of hot absolute alcohol. Dissolve and transfer 2 gm. of p-toluenesulfonic acid to the 
same flask with another 10 m! of absolute alcohol. 

Distill from a vigorously boiling water bath; 20 minutes after the first distillate 
drops into the receiver, add 25 ml of absolute alcohol and distill for 20 minutes; 
then add another 25 m! of absolute alcohol and distill for another 20 minutes. 

Eemove the boiling water bath, disconnect the receiver, stopper and label as 

:; Troublesome cr.:mlsions caD be broken by fastening the stopcock of the separatory funnel ""ith a 
rubber band and partially immersing the fiepf:),inLory fmUlel in n ste~l,m baCh until the conteIlt,8 begjn to 
boi!. 

R. "'. Scbr and G. R. Clark, Thi. Journal. 27, 472 (1944). 
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distillate ]'10. 1. Connect another receiver, replace boiling water bath, add 25 ml 
absolute alcohol to the distilling fask and distill for 20 minutes. Disconnect the 
receiver and label the distillate No.2. 

Add 25 ml of 0.1 N N aOH to distillate ]'10. 1 and 10 ml of 0.1 N N aOH to dis
tillate No.2, connect the receivers to reflux condensers, and immerse the flasks in a 
boiling water bath for 15 minutes. Wash down the condenser of receiver No.1 with 
.50 ml of water and that of No.2 with 15 ml of water. Cool the two solutions to room 
temperature, add 5 drops phenol red indicator (0.1 % alcohol solution) to distillate 
No.1 and 3 drops to distillate X o. 2. Titrate with 0.1 N HCI to a yellow end point. 

Standardize the 0.1 N RCI against 0.1 N N aOH by pipeting 25 ml of the standard 
alkali into a solution of 75 ml of absolute alcohol and 50 ml of water. Add .5 deops 
of phenol red indicator solution and titrate with the HCI to a yellow end point. Cal
culate the normality of the HCI. 

Run a blank on the reserved unacctylat.cd fatty acids as follows: Transfer the 
approximately 25 ml of reserved be:lzene solution to the distillation flask, evaporate 
the benzono, and add 2 gm p-toluenesulfonie acid and 30 ml of absolute alcohol. 
Proceed as described for the acetylated material b(;ginning v,ith: "Distill from It 

vigorously boiling water bath .... " 
Calculation of per wnt castor oil.-Subtract the HCl titers of the acetyla.ted ma

terial from t.he corresponding titers of the blank and add the 1,1,(0 differences. Use 
this valne in the following formula to calcula.te the percenta.ge of castor oiL 

NIl of 0.1 N HCIXO.004001 X2X100 
~ = % Castor Oil. 

0.117' XO.951 Xw't of sample (gm) 

MI of 0.1 N HCIXO.004001 =g:n of NaOH required to saponify the acct,ylatcd 
material. 

0.1177 = gm of XaOH required to saponify compounds ohtaincd from the 
acetylation of 1 g:n of castor oil fatty acids; see Table 2. 

0.951 =fatty acid fraction of castor oil; see Table l. 
The factor of 2 is used because ody one-half of the sample is acetylated. 

EXPERIMENTAL RESULTS 

Castor oil was saponified and the unsaponifiable matter and fatty acidR 
determined. The procedure was similar Lo that already described with the 
exception that chloroform instead of benzene was used to extract the fatty 
acids. The results are given in Table 1. 

BA.MPLE 

U.S.P. CASTOR OIL 

gm 

3.462 

TABLE 1.-Saponification oj castor oil 

U:::iSAPONIFIABLE 

MAT'l'ER 

gm 

0.019 (0.5%) 

;"ATTY ACWS 

gm 

3.291 (9.";.1 %) 

The castor oil fatty acids were acetylated, transesterified, and tho ethyl 
acetate saponified according to the described procedure. The data are 
given in Table 2. 

It should be noted that the saponification values in Table 2 are based on 
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TABLE 2,-NaOH required to saponify (Leetyla/ed caBlor oil fatty acids 

SAMPLE 

Cl\STOR OI~ FATT! A:;IDB 

gm 

o A14 
0.211 

WEIGHT OF ACETYLATED 

MATERIAL 

gm 

OA53 
0.232 

NaOH REQUlliBD TO SAPONIFY 

ACETYLATED ACIDS 

gm NoOII/gm/ally ""id, 
0.1167 
0.1187 

AV.O,1177 

TABLE 3,-Analysis of casto?' oil in lip.stick 

WEl0HT OF CASTon OIL 
WEIGHT OF 

SAi\1I>LE .l".CETYLATFJD 
PATTY ACIDS 

MATER1AL ADDED FOUND 
_.,,-

gm om gm per cent per cent 
Lipstick base 3.500 0.1.38 0.069 None 0.8 
Lake mixture 00400 
D&C ned No. 21 0.080 
D&C Red No, 17 0.020 
U.S,P. castor oil 0.000 

-- I 
Total '1.000 I 

Lipstick base 3.300 0.350 0,183 5.5 6,2 
Lake mixture 0.'100 
D&C Red No. 21 0.080 
D&C Red No, 17 0,020 
U.S.P. castor oil 0.221 

--
Total 4.021 

Lipstick base :j .100 0.611 0.32(J 12.5 13.3 
Lake mixture 00400 

, 
, 

D&C Red No. 21 
, 

0.080 
D&C Red No. 17 0.020 
U.S.P. castor oil 0.515 

I --
Total 4.115 I 

Lipstick base 2.700 0.871 0.472 20.2 20.1 
Lake mixture 0.1.00 
D&C Red No, 21 0.080 
D&C Red No. 17 0.020 
U.S.P. castor oil 0.811 

--

I Total 4.011 ! I 
I I 
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the original weight of the fatty acids rather than the weight of Lhe 
acetylated product. 

Lipstick samples varying in castor oil content \yere prepared and 
analyzed by the outlined method of analysis. The resul ts are given in 
Table 3, 

DISCUSSIOK 

The data shown in Table 3 irldicate that the ca~tor oil content 0; a lip
stick can be determined within 1 %. As there is a blank of 0.8% on the 
east or oil free ingredients, the values 3hould be high. This was observed 
with tv'{O of the experimental lipstick preparations. "\Vith the third 
preparation, highest in castor oil content (20.2%), approximately the 
theoretical result was obtained. A loss of some castoI' oil was probably 
counterbalanced by the blank. 

If one assumes that all the castor oil fatty acids have been recovered, 
then, from the data in Table 3, the weight of non-castor oil fatty acids 
varies from 0.100 gm to 0.140 gm. It is conjectured that most of this 
material is contributed by the glyceryl monostearate. 

It is unfortunate that the final titers are rather smalL The compounds 
obtained from the acetylation of one gram of castor oil fatty acids require 
only 29.4 m! of 0.1 N NaOH for saponification. The blank on the "clll

acetylated material never exceeded 0.3 ml of 0.1 N NaOH. This blank is, 
therefore, of doubtful necessity "'hen only a rough estimate is required of 
the castor oil present. 

As it is not possible to easily obtain two 25 ml aliquots from 50 ml of 
solution, the blank contains it little less material than the aliquot taken 
for acetylation. H'owever, this difference is not significant since the blank 
is smalL 

CONCLUSION 

An analytical method has been developed for the determination of 
castor oil in lipstick. Typical results indicate that tbe castor oil can be 
determined to within 1 %. 

THE ASSAY OF PROCAIKE HYDROCHLORIDE 
SOLUTION, N.F. 

By SAM D. FINE, Food and Dl"l1g j\dministration, FAderal 
Security Agency, Cincinnati, Ohio) 

The September, 1948, issue of the Journal of the A'in.erican Phanna
ce'utical Association contains a paper (1) on tho spectrophotomekie de
termination of procaine in proeaine penicillin G. The method is qui te 
simple, involving merely the weighing of a sample, making two dilutions, 
and measuring optical density at 290 mil against water [tS a hlank. The 
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concentration of the solution is obtained by calculation from an extinction 
coefficient determined on :;, sample of pure procaine hydrochloride. 

If there is no interference from the other ingredients, it should be 
possible to assay procaine hydrochloride solution, N.F., by diluting to a 
suitable concentration with water, measuring the optical density against 
a water hlank and calculating the concentration from an extinction 
coefficient as above. The National Formulary product contains 20 mg of 
procaine hydrochloride per milliliter in isotonic salt solution; various 
preservatives may be used, including chlorbutanol, cresol, and sodium 
bisulfite. 

EXPEIUM_K~";TAL 

Appamtu8.-Transmittancy measurements were made with a Beckman 
quartz spectrophotometer equipped with one centimeter silica cells and 
ultraviolet radiation source operating with a spectral band width of ap
proximately 1-5 m,u. 

Effect oj Interjerences.-The ef-fect of the interference by sodium 
chloride, chlorbutanol, cresol, and sodium bisulfite was investigated. A 
solution of each was prepared of the same concentration that is present 
upon dilution of the N.F. product as directed by the recommended 
spectrophotometric procedure. Transmittancy measurements were made 
on the:se :solutioilis from 220 to 320 m}J.. The results are shown in Table 1. 
Transmission of all is greater than 95% at 290 m,u. 

TABLE I.-Transmission (per cent) of sodium chI01'ide, sodium bisulfite, 
chlorbutanol, and cresol 

WAVE I,ENG'l'H 80;)IUM CHLOrHDE I SODIUM. BISt'LFI'I'E CH101~BUTANOL CRESOL 

mp. 0.8 mg/lOQO ml 

I 
0.2 mg/l000 ml 1.0 my /1000 ml 0.9 ma/lOOO ml 

220 91.5 94.7 89.2 87.0 
230 93.6 96.5 92.5 93.5 
240 94.9 97.7 94.3 96.9 
2·50 95 .. ~ 98 .. 5 95.0 97.5 
260 96.0 98 .. 5 95.2 97.2 
270 96.2 98.5 95..'; 97.3 
280 90.4 98.8 95.8 97.3 
290 90.8 98.8 96.1 97.4 
300 97.0 98.4 96.2 97.7 
310 97.2 98.3 96.5 98.2 
320 97.3 98.6 96.7 98.4 

Comparison oj Spectrophotometric and National }i'orm'ulary (2) Methods. 
-A solution was prepared containing 20 mg/m! of procaine hydrochloride 
and 5 mg/ml of chlorbutanol in isotonic salt solution. Transmittancy 
measurements from 220 to 320 m,u made on a dilution of this solution dis
closed that maximum absorption was at 290 m}J.. Assay by the National 
Formulary method gave 19.8 mg/m); assay by the spectrophotometric 
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method gave 20.2 mg/m!. A series of samples from different mll,nufac
turcrs were assayed by the spectrophotometric procedure awl the N a
tional Formulary method. The results are shown in Table 2. 

TABLE 2.-Comparison of spectrophotometric method and ]If ational 
Formulary method 

SAMI'LE 

'2 
;) 

1 

() 

7 
8 
!) 

10 

PF.ESERVA.TIVE 

Chlorbutanol 
Sodium bisulfite 
Sodium bisulfite 
Chlorbut.anol 
Sodium bisulfite 
Chlorbutanol 
Sodium bisulfite 
Sodium bisulfit.e 
None 
Chlorbut.anol 
Cresol 
Chlorbutanol 

per cent 
0.5 
0.1 
0.1 
0.5 
0.1 
0 Z5 
0 
0.1 

O.Z:; 
0.1 
0.25 

pnOCAlNE HYD:lOCHLORIDE, MC/ML 

SPECTROPHOTOMb;'rRlC I 
METHOD I 

N.F. METHOD 

21.4 I ZI.:) 

I ]9.8 ZO.O 
19.5 19.3 
19.9 19.'7 

20.7 20.4 
20.2 19.9 
20.8 20.4 
20 .:~ 20.4 
20.1 19.3 
20.0 19.9 

Effect of Decomposition of Procaine Hydrochloride: Spectrophotometric 
Assay.-One sample assayed by the recommended spectrophotometric 
procedure was found to contain less than the declared amount of procaine 
hydrochloride. Assay by the National Formulary method gave erratic 
results. Assay was made by A.O.A.C. Methods, 39.102 (3) (bromination) 
and 39.104 (3) (distillation). Both methods determine total procaine 
originally present, and the results were 19.3 and 19.7 mg/ml, or approxi
mately the declared amount. Procaine hydrochloride decomposes by 
hydrolysis into p-amino benzoic acid and (J-diethylamino ethyl alcohol. A 
study of "the ultra-violet absorption of procaine hydrochloride and of its 
decomposition productl:l was made. Transmittancy measurements were 
made for each from 220 to 320 mIL; the results are shown in Figure 1. The 
maximum absorption for procaine hydrochloride is at 290 mIL; the maxi
mum for p-amino benzoic acid is at 268 mIL; /3-diethylamino ethyl alcohol 
does not absorb ultraviolet light, the transmission being greater than 
95% in the region where the other two compounds exhibit maxima. 

Transmittancy measurements were made on the partially decomposed 
sample from 220 to 320 m,u; the results are also shown on Figure 1. The 
maximum is at 286 mIL, in contrast to the maximum of 290 mIL found for 
the prepared sample. These results indicated that both procaine hydro
chloride and p-amino benzoic acid were present. 

After extraction from ammoniacal solution with chloroform as in the 
National Formulary method, the solution of this sample was acidified and 
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extracted with ether. The extract, after evaporation of the ether, was 
dried and the melting point was found to correspond with that of p-amino 
benzoic acid. The p-amino benzoic acid was determined quantitatively by 
bl'omination after extraction of the procaine. Results were 5.3, 5.5 mg/ml 
of p-amino benzoic acid. 

A spectrophotometric method of assay for both the procaine hydro
chloride and the p-amino benzoie acid was devised. The optical densities 
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of standards and of the sample were measured at 268 and 290 mIL, and a 
set of two equations in two unknowns established. Let 

Then 

E1 = extinction coefficient for procaine hydrochloride at 200 mI'. 
E. = extinction coefficient for p-amino benzoic acid at 290 mI'. 
E, = extinction coefficient for procaine hydrochloride at 258 mI'. 
E. = extinction coefficient for p-amino benzoic acid at 258 mI'. 
Cp = concentration of procaine hydrochloride as mg.!lOG mi. 
Cb = concentration of p-amino benzoic acid as mg./lOO 1111. 
D290 = optical density of the unknown at 290 1llI'. 

D258 = optical density of the unknown at 268 mI'. 

D290 XIOOO =E1Cp+EzCb 
D258 X 1000 = E3Cp + E 1Cb 

Solving for Cp and (;b 

Cb = 1000 (E,D268 - E,D2(0) 
E,E,-E2E, 

Using this procedure, 11.0 mg/ml of procaine hydrochloride and 4.5 
mg/ml of p-amino benzoic acid were found. The 4.5 mg of p-amino 
benzoic acid is equivalent to 9.0 mg of procaine hydrochloride. This corre
sponds to a total of 20.0 mg/ml of procaine hydrochloride originally 
present. (The figures found fal' total procaine hydrochloride by the two 
A.O.A.C. (3) methods were 19.3 and 19.7 mg/mI.) 

In order to check this method, a solution containing procaine hydro
chloride and p-amino benzoic acid was prepared and assayed. Recovery 
of the added proc::tine hydrochloride was 97.1 %, and of the added p-amino 
benzoic aeid 102.0%. 

Effect of Decornpo8ition of Procaine II ydrochloride: The lv' aiionaL 
Formulary A88ay.-The effect of the second decomposition product, {3-
diethylamino ethyl alcohol was considered. It is soluble in both water 
[md organic solvents. It i8 the product that is distilled over in A.O.A.C. 
(3) method 39.104, and if present in the residue after evaporation of the 
chloroform, would consume standard acid. The results obtained on the 
partially decomposed sample by the National Formulary method were 
16.8, 13.9, 1.5.9, 14.1, 1.5.6, and 12.6 mg/ml procaine hydrochloride. 
Further determinations by the National Formulary method were made, 
with the chloroform being evaporated under varying conditions. Depend
ent upon these conditions, more or less standard acid was consumed. A 
laboratory sample of 2% procaine hydrochloride solution was assayed by 
the Kational Formulary method, and the residue after evaporation of the 
chloroform was allowed to remain on the steam bath for over a m.inute. 
There WiUl no appreciable 1086 of procaine base, as determined by con
sumption of standard acid. 
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When applied to a partially decomposed solution of procaine hydro
chloride, the procedure speci£ed in the National Formulary monograph 
results in /3-diethylamino ethyl alcohol being pre8ent along with procaine 
in the chloroform extract. The variation in the results is due to the varia
tion in the evaporation of this volatile constituent. The National Formu
lary method is the same as A.O.A.C. (3) method 39.103. This latter 
method bears the parenthetical statement that it determines only un
decomposed procaine. However, a review of the collaborative work 
leading to its adoption as official, failed to disclose that it was ever tried 
on a partially decomposed procaine hydrochloride solution. 

Recommended Spectrophotomel1'ic Procedure-Pipet 10 ml of the sample into "-
1000 mI volumetric flask and make to volume with distilled water. Transfer 20 ml 
of this dilution to a 1000 ml volumetric flask, dilute to volume with distilled water, 
and measure the optical density of t.he resulting soln at 290 mp. against water in the 
reference cell. Obtain the concentration of the soln by calculation from an extinction 
coefficient determined on a sample of pure procaine hydrochloride. Determine if 
any decomposition of the procaine has occurred by checking the wave lengl.h of 
maximum absorption. Maxima at less than 290 m.u indicate decomposition. By use 
of "two color" analysis, proportion of procaine hydrochloride and p-amino benzoic 
acid can be determined. (Clean absorption cells thoroly before use. Take the 
average of the readings for several adjustments of the instrument.) 

SUMMARY 

A spectrophotometric method for the assay of procaine hydrochloride 
solution, N.F., has been described. Accuracy, compared with the National 
Formulary method, is good where no decomposition of the procaine hydro
chloride has occurred. The National Formulary method and the A.O.A.C. 
(3) method 39.103 are not applicable to decomposed procaine hydro
chloride solutions. Decomposition of such solutions can be detected by 
determination of the wave length of maximum absorption. By the usc of 
"two color" analysis, the extent of decomposition can be determined. 
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THE ANALYSIS OF MIXTURES OF FATTY OILS 
vVITH HYDROCARBONS 

By K. A. WILLIAMS (Consulting Chemist, 161-165 Rosebery Avenue, 
London, England) 

S. H. Newburger (1) has worked out a method, based on a statement of 
the author (2), for the separation of hydrocarbons from their mixtures 
with wool grease by chromatographing a solution of the mixture in 
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petroleum benzin (B.P. 30-75°C.) through an activated aluminum oxide 
column. Under the conditions he describes; both hydrous and anhydrous 
lanolin are adsorbed to an extent greater than 99 per cent; hydrocarbons 
are not adsorbed at all, but may be recovered quantitatively from the 
percolate from the column. 

For more general application, especially for the determination of small 
percentage~ of mineral oil in admixture with fatty oils, it is not possible 
to apply the chromatographic technique directly to the oil-hydrocarbon 
mixture. In such cases, the unsaponifiable matter should first be prepared 
and, after solution in light petroleum or petroleum benzin, should be 
passed through the column of aluminium oxide. If suitable conditions are 
employed for the chromatographing, hydrocarbons percolate through the 
column and may be recovered from the percolate quantitatively, while 
the rest of the unsaponifiable matter remains adsorbed. There is abundant 
evidence (1, 2, 3, 4) that the percolate consists of pure hydrocarbon. The 
technique of S. H. Newburger (3) may be employed for the separation. 
The following alternative technique has been in use in the author's 
laboratory for a number of years. 

METHOD 

PREPARATION OF AI.,03 COLUMN 

Apparatus.-Constrict a glass tube, 30 em. to 40 cm. long, and 1.5 cm. in internal 
diamctcr, at one cnd und join the constricted end to a short piece of glass tubing of 
0.5 em. internal diameter. Fix the tube vertically by passing the narrower end thru 
a cork into a filter flask. Tamp a 1.5 cm. cotton plug into the bottom of the wide 
pa,rt of the tuhe. 

Colwnn.-Mix aluminium oxide of suitable grade (Alorco grade F-20 mesh 80-
200 or B.D.H. aluminium oxide for chromatographic analysis) with sufficient light 
petroleum (B.P. 40-60°C.), or petroleum benzin (B.P 30-7.'ioe.) to form a thin 
slurry from which air trapped in the A120, separates easily. Pour the slurry carefully 
into the chromatograph tube thru a funnel so that it distributes itself evenly. Apply 
very light suction to the filter flask and, while maintaining constantly a head of 
petroleum over the AI20" build up the depth of this in the tube to a total depth of 
approximately 1.5 em. by further additions of the slurry. Maintain a layer of ut least 
2 cm. of petroleum over the top surface of the column from this point until th" 
Ghromatography is finishfld. 

DE1'ERMIN ATION 

Prepare the ullsaponifiablc matter from a suitable weight of the oil, quamita
Lively by a recognised standard method. In the case of most fatty oils, the weight of 
oil taken should be from 2.0 to 2.2 grams; if the percentage of unsaponifiable matter 
exceeds 5 per cent, the weight taken should be reduced to upproximately 1 gram. 
The method of most general application for the quantitative separation of the un
saponifiable matter is the S.P.A. method (5); if the oil concerned in the test is not 
of marine origin, use either the method of the A.O.C.S. (6) or that of Bolton and 
Williums (7). 

Dissolve the unsaponifiable matter so prepared in from 50 to 70 ml of light pe
troleum (B.P. 40-60°C.), or of petroleum benzin (B.P. 30-75°C.), and pour the 
solution gra,dually thru the column. Take care not to disturb the upper surface of 
the AI20 a in adding the <olution; assist filtration by gentle suction applied to the 
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filter flask, ad,iusting the pressure in the flask so that the rate of filtration does not 
exceed about 2 drops per second of liquicll",aving the tube. Keep the AI20, continu
ously covered with a layer of solvent as previously described. 'Vhen the solution has 
nearly all passed into the oxide layer, w",sh the column with light petroleum or 
petroleum benzin, passing in all about 1.50 ml of this thru the column. The tube 
should be nearly filled at each addition of the washing solvent, and the layer above 
the AJ,O, should be allowed to reduce to about 2 em. in depth before the next 
addition of solvent is made. 

Transfer the contents of the filter flask thru a filter to a weighed flask, rinsing 
and washing the filter and the flask into the weighed flask. Evaporate the solvent in 
the usual manner by distillation from a hot water bath, dry the residue in an oven 
at lOO°C. for 10 minutes, cool in a de~iccator, and weigh. Repeat the drying until tho 
weight is COIls:,ant to 1 mg. 

Divide the weight of hydrocarbon ob~ained by the weight of oil originally taken 
and multiply by 100 to give the percentage. 

DISCUSSION 

This method has been used extensively in this laboratory for the 
separation of squalene from olive oil (4), and for the detection and deter
mina tion of mineral oil in fatty oils that do not normally yield appreciable 
amounts of hydrocarbon when pure. Such oils include linseed oil, teaseed 
oil, and rapeseed oil; the method is also suitable for examining lanolin and 
sperm oil aml certain sulphonated oils used in the leather industry. As is 
shown by the data recorded below, mineral oils have been found in the 
past few years to occur to varying small extents in the above oils. 

TABLE I.-Recovery of hydrocarbons from pwe fatty oils 

;).!ATI-:nIAL EXA:dI~'ED 

(a) Oil prepared in laboratory: 
Linseed oil no. 1 
Linseed oil no. 2 
Linseed oil no. 3 

(0) Oils believed to be free from 
mineral oil: 

Sperm oil no. 1 
Sperm oil no. 2 
Linseed oil no. 4 
Linseed oil no. 5 
Teaseed oil no. 1 
Teaseed oil no. 2 
Rapeseed oil no. I 
Rapeseed oil no. 2 

I 
ONSAPONIFB.BLE MATTER 

I
~~ (S.P.A. "'ETEOD) 

per cent 

1.18 
1.25 
1.12 

12.\1 
43.1 
l.Ui 
1.14 
0.8\1 
0.81 
1.07 
1.16 

HYPROCARBON SEPARATED 

per cent 

0.05 
0.07 
0.04 

0.10 
0.07 
0.05 
0.0:3 
0.02 
0.03 
0.06 
0.04 

The hydrocarbon extracts from the oils known and believed to be un
contaminated with mineral oil were usually yellow in fluorescence when 
examined in ultra-violet radiation. In daylight they appeared colourless. 
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All the extracts from the oils of Table 2, and those from the last two oils 
of Table 3 were also colourless in daylight but showed a pale-blue fluores
cence in ultra-violet radiation. 

It is interesting to note that if the figures for the hydrocarbon content 
of the linseed oils are plotted agaim1t the respective pe]'(~entages of nn-

TABLE 2.-Recovery oj hydrocarbons from commercial Jatty oils 

UNSAPONIF'V .. nLE MATT:k;R 
\!A.TERlAL EXAMI;"''ED 

(S.P.A. METE aD) 
HYDROCARBON SEPARATE]'} 

percent per cent 

Oils imported to Great Britain 
1947/8 
Linseed oil no. f) 1.59 0.40 
Linseed oil no. 7 1.29 0.19 
Linseed oil no. 8 1.39 0.26 
Linseed oil no. 9 1.81 0.58 
Linseed oil no. 10 2.39 1.23 
Linseed oil no. 11 1.95 0.83 
Linseed oil no. 12 2.23 0.98 
Linseed oil no. 12 3.17 2.01 
Teaseed oil no. 3 2.28 1.34 
Teaseed oil no. 4 1.37 0.52 
Teaseed oil no. 5 2.77 1.79 
Teaseed oil no. 6 2.46 1. 70 
Rapeseed oil no. 3 1.48 0.33 

TABLE 3.-Recovery oj hydrocarbons from known mixtures 

MA.TETII.\L EXAMINED 

Linseed oil no. 1 
Same oil +0.2 per cent of mineral oil 
Same oil+0.5 per cent of mineral oil 

UN"SAPO"S"IFIABLE MATTER 

(S.P.A. >!ETHOD) 

per cent 

1.18 
1.40 
1.67 

HYDROCA.RBON SErATIA.TED 

per cent 

0.05 
0.23 
0.51 

saponifiable matter in a graph, the points lie close to a straight line of unit 
slope. From this and the other facts adduced, it is inferred that the per
centage of hydrocarbon extracted is less than 0.1 per cent higher than the 
percentage of adventitious mineral oil present in a sample. 

SUMMARY 

A chromatographic rneLhocl is described for the recovery of hydro
carbons from the unsaponifiable matter of fatty oils. Results are given 
for the application of the method to pure and contaminated oils; it is 
shown to yield figures within 0.1 per cent of the amount of mineral oil 
present in samples of linseed, teaseed, and rapeseed oil. The method is of 
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general application to oils which do not yield hydrocarbons in a pure 
state. 
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STUDIES ON COAL-TAR COLORS 

FD&C YELLOW NO. G AND C.r. NO. 26 

By CHARLES STEIN (Division of Cosmetics, Food and Drug Administra
tion, Federal Security Agency, Washington, D. C.) 

FD&C Yellow No.6 (Suneet Yellow), the disodium salt of 1-(4 l5ulfo
phenol)-2-n3phLhol-G-sulfonic acid, is listed as certifiable for use in foods, 
drugs, and cosmetics under the authority of the Federal Food, Drug, and 
Cosmetic Act of 1938 (1). This study was undertaken in order to make 
available a sample of pure FD&C Yellow No.6, which is to be used to 
check the validity and accuracy of the procedures ordinarily employed 
in the examination of this color. 

The sodium salt of 1-phenyl-azo-2-naphthol-6-sulfonic acid (C.r. No. 
26) (2) is a possible contaminant in commercial samples of FD&C Yellow 
No.6. Since the regulations specify the alllount of subsidiary dye allow
able in certifiable samples of FD&C Yellow No. 0, a sample of C.L No. 26 
was prepared to aid in the development of a method for subsidiary dyes in 
FD&C Yellow No.6. 

The purified materials were also employed in our investigation of t,he 
spectrophotometric characteristics of coal-tar colors. Solutions of the 
colors were tested spectrophotometrically to determine the location of 
the absorption peaks, the conformity of the colors to Beer's law, and the 
effect of pH on the ab:wrption spectra as an aid in identifying the color. 

EXPERIMENT AL 

Schaffer's acid (2-naphthol-6-sulfonic acid) was prepared according 
to the procedure of Engel and Hutchison (3). Commercial ~-naphthol 
(100 gms.) ,vas sulfonated with 100 ml. of 100% sulfuric acid at 85° for 
7f) minutes. The reaction mixture was poured into 500 gm. of ice and water. 
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The resulting solution was filtered and the Schaffer's acid precipitated by 
saturating the cold solution with dry hydrogen chloride gas. The precipita
ted material was filtered on a fritted glass Buchner, washed vnth cold coned. 
hydrochloric acid, then dissolved in water and again precipitated with 
hydrogen chloride gas. This procedure was repeated until the precipitated 
material gave a negative test, for sulfuric acid. The product was then 
placed in a desiccator over solid potassium hydroxide until free of hydro
gen chloride. A small amount of the chloride-free material was dried in a 
desiccator over sulfuric acid to form the monohydrate. This melted at 
129°, as stated by Engel and Hutchison (3). 

The bulk of the Schaffer acid was not dried. Its moisture content wa" 
determined before use by drying a sample at 135° overnight. Allowance for 
the moisture content was made in weighing portions of the material for 
use. 

Sulfanilic acid was purified by repeated recrystallization of commercial 
material from water. 

Aniline was purified by distillation. 

PREPARATION OF FD&C YELLOW .'\'"0. 6 

Sulfanilic acid, 8.7 gms. (0.05 mole), was dissolved in 100 ml. of hot 
water containing 2.65 gm. of sodium carbonate. After cooling to 20°C, 
:3.7 gm. of sodium nitrite was added, and the solution poured into a beaker 
containing 50 gm. of ice and 10 m!. of concd. hydrochloric acid. The tem
perature of the solution was kept below 5°C for 15 minutes. An excess 
of urea was then added to destroy the excess nitrous acid. 

The suspension of the diazonium salt was poured into a cold (5°C) solu
tion of 11.2 gm. (0.05 mole) of Schaffer's acid and 6.0 gm .. of sodium 
hydroxide dissolved in 250 m!. of water. After stirring for one hour, the 
solution was removed from the ice bath and allowed to come to room 
temperature. 

The acidity of the reaction mixture was adjusted to a pH of 2, the 
solution was boiled for 4-5 minutes to destroy carbonates and bicar
)JClllates, and then evaporated to dryness on the steam bath. The solid 
material was dissolved in 200 m!. of water, and the solution heated to 
boiling. The dye was precipitated by the addition of 1000 m!. of alcohol, 
filtered with suction, and washed with a 5: 1 alcohol-water mixture. The 
color was reprecipitated twice usin1i 100 ml. of water and 500 ml. of al
cohol each time. After a preliminary drying on the steam bath, the 
purified color was dried at 135°C. Yield: 19.2 grams. 

Analytical data on the purified FD&C Yellow No.6 arc shown in 
Table 1. 

PREPAItATION OF C.r. NO. 26 

Aniline, 6.52 gm., (0.07 mole) was agitated with 25 ml of hot water, and 
17.5 ml of coned. hydrochloric acid was added in a thin stream. The 
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T.\'BLE l.-A.nalytical data*-Purified FD&C Yellow jVo. 6 

DETEUMIN.".TIQ:s' 

J\Titrogcn, pet cent 
Sulfur, per cent 
Sodium (frOIll sulfated ash) per cent 
Tit,ration (ml. 0.1 N TiCI, per gram) 

&. Sodium (i trate as buffer 
b. Sodium bitn,rtrate as buffer 

FOUND 

6.1 
11.1 
9.9 

88.45 
88.2 

Inorganic sulfc1tcs, chlorides, and carbonates Nil 

.1'< Ail st1mpbs were dried in an Abderhalden drier at 135°C. o.nd 6 rum pressure. 

CALCULA.TED 

6.19 
14.2 
10.2 

88.45 

solution was allowed to cool to 40° and sufficient ice was added to lower 
the temperature to 00

, leaving a slight excess of ice. A solution of 4.9 gm. 
of sodium nitrite in 25 ml. of water was added rapidly with stirring. After 
several minutes, the excess nitrous acid was destroyed with urea. 

The solution of benzene diazonium chloride was added slowly, with 
stirring, to a cold 5°C solution of 15.7 gm. (0.07 mole) of Schaffer's acid 
and 10.5 gm. of sodium hydroxide in 300 m!. of water. After 1 hour the 
solution ,vas removed from the ice bath and permitted to warm to room 
temperature. 

The dye was then isolated and purified in the same way as the FD&C 
Yellow No.6. The yield of purified product was low, 8 gm., but spectro
plotometl'ic analysis of the combined filtrates revealed the presence of 
1:3.3 gm. of the dye. 

Analytical data on the purified material are shown in Table 2. 

TABLE 2.-Analytical data--P·urified C.I. No. 26* 

DETERMI!'i"ATIOX 

Nitrogen, POl' cent 
Sulfur, per cent 
Tit,ration (Illl 0.1 N TiCI, per gram) 
Inorganic sulbtes, chlorides and carbonates 

'" Sodiurn edt of 1-(phenyla.zo)-2-n~phthol-6-sulfoDic acid. 

DISCUSSION 

FOUND 

7.8 
9.1 

112.5 
Nil 

CALCULATED 

8.0 
9.15 

114.2 

The analytical data on the purified samples indicate a purity of at least 
99 per cent for the FD&C Yellow No.6 and over 98 per cent for the C. I. 
':\i o. 26. Both sample~ appear to be 8ufficiently pure to serve as standards. 

The data show that the titanium trichloride titration ordinarily used 
for the determination of the "pure dye" content of samples of these colors 
is accurate to within ± 1 per cent. Essentially the same result is obtained 
in the titration of FD&C Yellow No.6 with either sodium citrate or 
sodium bitartrate as the buffer. 
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When the purified FD&C Yellow No.6 was analyzed by the A.O.A.C. 
procedure for lower sulfonated (4) subsidiary dyes in FD&C Yellow X o. 
0, no subsidiary dye was found. When known amounts of C.l. No. 26 
,vere added to the purified FD&C Yellow No.6, 98 per cent of the added 
dye was recov.ered by this procedure. Three commercial samples of 
FD&C Yellow No.6 were examined for subsidiary dyes by the A.O.A.C. 
procedure and found to contain 0.2-0.9 per cent subsidiary dye; however, 
the spectrophotometric curve of the extracted dye appeared Lo corre
spond more closely to that of D&C Orange No.4 than to that of C.l. ~o. 
20. 

WAVELENGTH IN MILLIMICRONS 

FIG. l.-FD&C Yellow Ko. 6 

Solvent: 0.02 N NH,C,H30, 
Concentration: 

Curve 1- 3.48 mg. per liter 
Curve 2- 8.70 mg. per liter 
Curve 3-17.41 mg. per liter 

Cells-1 em. 

A = Corning Didymium Glass 512,6.0 mm. 
(Absorption peaks at 400.4, 441.4, 477.1, 529.0, and 684.8 ill!") 

B = Corning Didymium Glass 592, 4.02 mm. 
(Absorpt.ion peak at 583.7 m).<) 

C = Signal I"unar White Glass H-6946236. 
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FIG. 2.-FD&C Yellow NO.6 

Concentration: 1850 mg. per liter 
Solvent: 

Curve 1-0.02 N NH.C2r-I,O, 
Curve 2-0.1 N HCI 
Curve 3-0.1 N NaOH 

Cells-l em. 

A = Corning Didymium Glass 512, 6.0 mm. 
(AlJsorption peaks at 400.4, 441.4, 477.1, 529.0, and 684.8 m",) 

B = Corning Didymium Glass 592, 4.02 mm. 
(Absorption peak at 583.7 m,u) 

C = Signal Lunar White Glass H-6946236. 

SPECTROPHOTOMETRIC DATA 

All spectrophotometric measurements were made with a General 
Electric Recording Spectrophotometer equipped with an automatic slit 
adjustment for an 8 m.u wave length band. 

The solutions for spectrophotometric analysis were prepared by dis
solving a weighed portion of dye in water and diluting to exactly 1000 
ml. To aliquots of this solution the appropriate buffer was added and the 
solution diluted to a definite volume. All solutions were made to volume 



1949] 

Concentra tion: 
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FIG. 3.-C.L No. 26 

Curve 1- 3.97 mg. per liter 
Curve 2- 9.94 mg. per liter 
Curve 3-19.87 mg. per liter 

Ce1l5-1 em. 

A = Corning Didymium Glass 512, 6.0 mm. 
(Absorption peaks at 400.4,441.4,477.1, fi29.0, and 684.8 m}.') 

13 = Corning Didymium Glass 592, 4.02 mm. 
(Absorption peak at 583.7 ill!') 

C = Signal Lunar White Glass H-6946236. 

677 

at the temperature (25 ± 5°C) of the room in which the optical measure
ments were made. 

Typical sets of curves for neutral solutions of FD&C Yellow No.6 are 
shown in Figure 1 and for neutral, acid, and alkaline solutions of the 

. color in Figure 2. Curves for solutions of c.1. No. 26 are shown in Figures 
3 and 4. 

The curve for neutral and acid solutions of FD&C Yellow No.6 are 
identical with a peak at 482±2 mIL and a shoulder at about 420 mIL. In 
strongly alkaline solution, the peak is shifted to 445 mIL "vith a broad 
shoulder at about 500 illf.L. 
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WAVELENGTH IN MILLIMICRONS 

FIG. 4.-C.1. No. 26 

Concentration: 21. 77 mg. per liter 
Solvent: 

Curve 1--0.02 N NII.,C2II30, 
Curve 2--0.1 N HC] 
Curve 3--0.1 N N aOII 

Cells-1 em. 

A = Corning Didymium Gla,s, .512, 6.0 mm. 
(Absorption pea,ks at 400.4,441..4,477.1,529.0, and 684.8 m!') 

B = (Corning Didymium Glass 592, 4.02 mm. 
(Absorption peak at 583.7 m!') 

C = Signal Lunar White Glass H-n946236. 

Neutral solutions of FD&C Yellow No.6 containing 4 to 25 mg. of dye 
per liter conform to Beer's law at the absorption peak. In six sets of three 
determinations each, the average extinction per milligram per liter at 
482 m,u was 0.0547 with an average deviation of 0.34 per cent and a 
maximum deviation of 0.7 per cent. 

The curves obtained on neutral, acid, and basic solutions of FD&C 
Yellow )J o. 6, which had aged for 24 hours, were identical with those of 
freshly prepared solutions. 

The curves for neutral and acid solutions of C.L No. 26 are identical 
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with a major peak at 484±2 mit and a secondary peak at 410±2 mM. In 
strongly basic solution, the dye gives peaks at 428 and 490 m,u. 

Neutral solutions of C.l. No. 26, containing 4 to 20 mg. of color per 
liter, obey Beer's law to within ± 1 per cent. The average extinction per 
milligram pcr liter at 484 mIL was found to be 0.0597. Neutral, acid and 
basic solutions of the color are stable for at least 24 hours. 

C. 1. No. 26 can be differentiated spectrophotometrically from FD&C 
Yellow No.6 by its secondary peak at 410 mit in neutral solution, or more 
readily by its curve in alkaline solution. 

Since both of the colors covered in this report obey Beer's law, each dye 
can be determined convcniently by spectrophotometric examination if 
other colored substances are absent. 

Spectrophotometric curves are now drawn routinely for all samples of 
FD&C Yellow No.6 submitted for certification. For ten samples selected 
at random from the files the average deviation between the spectrophoto
metric and titration values for "pure dye" was 0.9 per cent and the mfLxi
mum deviation, 2.2 per cent. 

SUMMARY 

Samples of FD&C Yellow No.6 and C. 1. No. 26 sufficiently pure to 
serve as analytical standards have been prepared. 

Each of these dyes can be accurately titrated with titanium trichloride. 
The A.O.A.C. procedure for subsidiary dyes in FD&C Yellow No.6 

will determine C.L No. 26 practically quantitatively. The three com
. mercial samples of FD&C Yellow No.6 examined for subsidiary dyes did 
not contain appreciable amounts of C.L No. 26. 

Spectrophotometric data on solutions of the two colors is presented. 
The curves of the two dyes are quite similar, with a major absorption peak 
at 480-485 mIL, but the two colors can be differentiated readily spectro
photometrically. 

Neutral solutions of both the dyes follow Beer'l:3 law; hence, they may 
be determined spectrophotometrically if interfering substances are absent. 

The spectrophotometric and titration values for "pure dye" content of 
most commercial samples of FD&C Yellow No.6 agree to within ± 1 per 
cent. 
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VOLUMETRIC DETERMIKATION OF CHLORINE 
AND BROMINE IN ORGANIC COMPOUNDS 

By J. H. JONES and N ATIIAN GORDON* 

(Division of Cosmetics, Food and Drug Administration, 
Federal Security Agency, Washington, D. C.) 

The work done in this laboratory requires the determination of halogentl 
in a number of coal-tar colors, intermediates, and other organic com
pOllnds. In the compounds analyzed, chlorine, bromine, and iodine occur 
alone and in various combinations. Simple, accurate, volumetric methods 
for iodine and bromine in such compounds are available (1, 2). Several 
volumetric methods for chlorine in organic compounds are described in 
thE': literature, but none of thesc methods is vcry satisfactory when 
eOIl::>iderable accuracy is required. For that reason, chlorine is usually 
determined gravimetrically. When a large number of determinations are 
to be made, an accurate volumetric method for chlorine would be a 
decided advantage. 

Sendroy (4) has described a titrimetric method for inorganic halides 
based on the reaction of the halide ion with solid silver iodate which is 
simple, com-enient, and accurate. This paper describes a method devel
oped in this laboratory for the determination of chlorine and bromine in 
organic compounds using Sendroy's titration for the final determination. 

METHOD 

REAGRNTS 

Silver iodate.-Suitable for the determination of chloride. (Obtainable from 
Merck and Company, Rahway, Kew Jersey. See reference (4) for method of prep
aration.) 

Sodium nitrite, 10%. 
Sulfuric acid, 6 N. 
SulJamic acid, 10%. 
Standard sodium thiosulfate, 0.05-0.1 N.-St.andardize against KIO,. 

PROCEDURE 

Accurately weigh a sample which r,ontains at least 15 mg of Cl or 30 mg of Dr, 
Oxidize the sample and absorb the evolved halogen in a mixture of 15 ml of 1 % 
hydrazinc sulfate plus 5 ml of 10 % NaOH as directed in the official A.O.A.C. 
procedure for bromine in halogenated fluorescein dyes (3). 

Transfer the absorbing soln to a 200 ml beaker and wash the absorption flask 
with two 5-10 ml portions of H 20. Complete the washing with 5 ml of the nitrite 
soln and 10 ml of 6 N H 2S04, and add these reagents to the beaker. Thoroly mix 
the resulting soln and allow to stand for at least 2 min. Wash down the sides of the 
beaker with 10 ml of the sulfamic acid soln and stir the mixture for 2 min. Add an 
excess (0.4-0.8 gram) of solid AgIO" and mix vigorously for at least 2 min. Transfer 
the mixture to a 100 ml volmetric flask, cool to room temp., and make to volume with 
--."-"---------------------

. * PreseTlt adrh:ess: Insecticide Division, Production and Marketing AdmInIstration. Department of 
Agnculture, BeltsVllle, Maryland. 



1949J JONES & GORDON: CHLORI","E, BROMINE IN ORGANIC COMPOUNDS 681 

water, Mix thoroly and filter thru a dry fluted filter. Discard the first few ml of fil
trate, 

Dilute an aliquot of the filtrate to ca 100 ml with water, add 2 g of KI and 
titrate thf) liberated I with Na2S203, using starch soln as the indicator, 

1 ml 0,1 N Na,S,O, =0.591 mg CI 
= 1.3:37 mg TIl' 

If the sample contains both Br and Cl, dilute the soln to exactly 100 ml before 
the addition of silver iodate. Neutralize an aliquot of this soln (usc at least half the 
soln) with 30 per cent NaOH and determine 131' by the official A.O.A.C. procedure 
(3). To the remaining soln, add solid AgIO" shake vigorously for at, least 2 min., 
filter, and titrate an aliquot of the filtrate as directed above to obtain the total 
halide content (in mols). 

The bromine and chlorine content of the sample is calculated from the equations: 

where 

T, = titration for Br determination 
To = titration for total halide determination 
N, =normaIity of Na2S203 used in T, 
l\2=normality of Na2S20, used in T2 
A = aliquot used for the Br determination 
B = aliquot used for the total halide determinaLion, 

DISCUSSION 

The chromic-sulfuric acid digestion employed in thie study is a simple, 
convenient method for the decomposition of a large number of com
pounds, One advantage of this digestion is that iodine is oxidized to iodate 
and is not carried into the absorbing solution with the bromine and 
chlorine, Although other methods of destroying the organic material have 
not been investigated, it appears probable that the alkaline hydrazine 
absorbent could be used with several other decomposition procedures 
described in the literature. 

Sendroy (4) has discussed in detail the principles of his method. The 
accuracy depends somewhat on the amount of halide present but, for 
concentrations above a minimum of about 5 miIIimoles per liter, the re
sults are accurate to within a few parts per thousand. The final titration 
is simple and precise and the end point is sharp and permanent. 

Sendroy recommends the use of dilute phosphoric acid (0.08.5 mole) 
in the chloride determination, but notes that the acidity is not critical 
unless iodide is present, The reaction between hydrazine and nitrite does 
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not appear to be complete unless the pH of the solutkm is low. In our 
experiments, essentially the same results were obtained whether the de
termination was carried out in dilute (0.06 N) sulfuric acid or in phos
phoric acid. (See Table 1.) 

HALOGEN 

Chloride 
Chloride 
Chloride 
Bromide 
Bromide 
Bromide 

TABLE I.-Recoveries of chloride and bromide 

RECOVERY IN PRESENCE Q!o': 

AMOITNT 

H,PO, H,SO, 

mg per cent pet cent 
15.3 100.0 100.,'; 
30.6 100.0 100.3 
61.2 99.6 99.6 
16.8 102.1 101.4 
33.6 100.2 100.3 
67.2 99.8 99.6 

ADsonPTION 

SOLUTION 

per cent 
100.:1 

99.9 

The effectiveness of the procedure used to remove the excess hydrazine 
was checked by the addition of the specified reagents to 25 ml. of the 
mixed absorbing solution. The final solution neither reduced iodate nor 
oxidized iodide; an aliquot of standard potassium iodate solution liber
ated the same amount of iodine from iodide in the presence of this mix
ture as an equal aliquot did in the presence of dilute sulfuric acid. The 
results obtained, when known amounts of chloride and bromide were add
ed to the alkaline hydrazine solution and the mixture analyzed by the 
method described, are shown in Table 1. These results show that the 
reagents used do not interfere in the determination. 

The only difficulties encountered in numerous determinations of 
chloride and bromide by this method have been occasional low results ob
tained in early experiments. These were found to be due to incomplete 
reaction between the halide and the silver iodate. K 0 difficulty from 
this source will arise if the mixing is carried out as specified in the direc
tions. 

Typical results obtained in the analysis of organic halogen compounds 
by the proposed method are shown in Table 2. The a.verage devia.tion 
from the calculated value for these compounds is 0.5 per cent and the 
greatest deviation 1.0 per cent. 

In calculating the results shown in Table 2 no correction has been 
made for tho difference in recovery at different halide concentrations. 
The precision of the final titration might justify such a correction, but 
variations introduced in steps prior to the titration are probably greater 
than this correction. For the same reason no correction has been made 
for the volume (about 0.1 m!.) occupied by the solid material. 

In the determination of both bromine and chlorine, bromine is deter-
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TABLE 2.-Chlorine or bromine in organic compounds 

COMPOUNDS 

o-Chlorobenzoic acid (N.B.S. 
standard sample No. 144) 

4-Bromoacctanilide 

4-Chlororesorcinol 

2,5-Dichloracctanilide 

Tetrabomphthalic anhydride 

Tetrachlorophthalic anhydride 

Tetrabromfluorescein diacetate 

Tetrachlorfluorescein diacetate 

FOUND 

per cent 

22.6 
22.7 

37.4 
37.1 

24.7 
24.6 
24.6 

34.5 
34.6 
34.6 

68.4 
68.2 

49.4 
49.2 
49.6 

43.6 
43.8 

25.7 
25.7 

HA.LOGEN 

ClwCULATED 

per cent 

22.65 

37.34 

24.54 

34.76 

68.9 

49.7 

25.60 

TABLE 3.-Mixtures of bromine and chlorine 

DROMlNE* CHLORIlI.'E>i: 

MIXTURE NO. 

ADDED FOUND ADDED FOUND 

mg mg ma ma 
1 33.6 33.5 1.';.2 15.0 
2 83.9 83.3 15.2 15.3 
3 83.9 83.2 15.2 15.4 
4 67.1 66.8 30.3 30.4 
5 67.1 66.7 30.3 30.5 
6 33.6 33.3 151.6 151.8 
7 33.6 33.2 151.8 150.8 

" Ad.ded as KBr and NaCl, respectively. 
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mined directly and chlorine by difference. Both of these determinations 
must be made quite accurately iI the results are to be satisfactory. 
Typical results obtained in the analysis of mixtures of chloride and bro
mide by the method proposed in this paper are shown in Table 3. The 
results are not quite as accurate as those usually obtained when the total 
halide content is determined gravimetrically, but are sufficiently accurate 
for most purposes. 

SUMMARY 

A simple, rapid, volumetric method for the determination of bromine 
and chlorine in organic compounds has been presented. 

The compound is oxidized with chromic and sulfuric acids and the 
halogen evolved is absorbed in alkaline hydrazine. The excess hydrazine 
is destroyed with nitrite in acid solution and the excess nitrite removed 
with sulfamic aeid. The halide is then determined by adding solid silver 
iodate and determining the iodate ion liberated as proposed by Sendroy. 

If both bromine and chlorine are present, bromine is determined in a 
separate aliquot by the A.O.A.C. procedure and the chlorine content 
calculated by difference from the total halogen determined. 

Typical results are given. 

REFERENCES 
(1) CLARK, G. R., and JONES, J. H., This Journal, 25, 755 (1942). 
(2) CLARK, G. R, and JONES, J. H., Ibid., 26,433 (1913). 
(3) Methods of Analysis, A.G.A.C., pp. 295, 296 (1915). 
(4) SENDROY, J., J. B'iol. Chern., 120,305,405 (1937). 

THE DETERMINATION OF GAMMA-BENZENE 
HEXACHLORIDE IN INSECTICIDE PRODUCTS 

By THOMAS H. HARRIS (Insecticide Division, Livestock Branch, 
Production and Marketing Administration, U. S. Department 

of Agriculture, Beltsville, Maryland) 

Several independent methods for determining gamma-benzene hexa
chloride have recently been published (1-9). The conditions for separat
ing the isomers of benzene hexachloride on a partition chromatographic 
column were worked out by Ramsey and PattenlOn (10), and this work 
furnished the basis for a quantitative method described by Aepli, Munter, 
and Gall (1). The method of Aepli and co-workers has been in use in this 
laboratory for some time and its accuracy and precision have been con
firmed. The method is not entirely suitable, however, for routine work 
where the analysis of large numbers of samples are required. The purpose 
of the work reported here was to simplify this method and retain the 
accuracy and precision of the original method. 



1949] 085 

The procedure of Aepli and co-workers require~ the woe of 100 g of "ilieic 
acid and the eollection of :W -to ten ml fraction;; after 100 ml of "olnmt 
haye lJafied through the eolUlUn. The gamma isomer i::; located by evap
oration of the fractions and identification by ib characteristic crystalline 
appeanUlce. 

It was apparent aft,er iiomc ~tlldy of thi::; lll(,(hod that the !lumber of 
rnj,(~ti()!l~ eolleetml coulcl be rcc[uccd if ,;omc mca!ltJ could be fonnd of 
yitmally locating or marking the pOl:3itioll of thc gamnm itJomer banel ~L1:3 it 
moved clown the column. For this purpose a number of oil-soluble eo al
tar colors appeared promising becau::;e of their solubility in, and distribu
tion bet\\-een, tlw two immiseible solvents, nitl'omethane and normal 
hexane. One of these dye::;, D and C Violet Xo. 2 (l-hyclroxy-4-p-toluino
anthraquinone) when added to a ::;olution of gamma-benzene hexachloride 
to be chromatographecl, was obseryed to moye down the column just 
ahead of the gamma i::;omer, and largely with the alpha i::;omer which 
precede;; the gamma isomer. \Vith this dye pre::;ent and serving as a 
marker for the position of the gamma isomer the collection of fractions 
could be delayed until all but the last trf],ce of the dye ha(lleft the column. 

A modified partition chromatographic procedure, using the above 
melltiollecl dye as a marker for the front of the gamma isomer band, i;;; 
de::;cribed and ha~ been founel utieful in this laboratory for routine work. 

(I) Partition COllllnn.-The column and reduction valve are shown in Figure 1. 
The column is 72 em long and 2.5 em in diameter. A fritted glass disc is scaled in 
place and [) em below the disc is l,ttached a ball and soeket joint No. li:l/7. The 
lower end of the female part of the joint is constricted to a diameter of about 5 mm. 
The column shown was constructed of standard wn 11 Pyrex glnss tubi ng by tho 
8cientific Glass Apparatus Company.! TI,c oxygen-type reduction valvo was ob
tained from the Soul.hern Oxygml Company.l Pressure is snpplieci from a lahol'lltol'Y 
air pressure line. 

(2) Solvent eva])()/'OJor.-The solvent evaporator is shown in Figure 2. The 
fractions arc evaporate![ to dryness under reducecl pressure at 600 e., with the aid 
of a water pump. The solvent is recoyered in a trap consisting of }, Kjclcli,hl flask 
immC1rsed in a mixture of salt and icc. 

(:3) Erlenmeyer fia!;k.-125 mL 
(4) Graduated cylinders.-·-Two 10 ml. 
(5) Pipets.-Ton 1111 volumetric and 5 ml serologi,·al. 
(G) VolulII.etric fiask.-50 ml glass-stoppered. 

REAGE:\'l'S 

(1) Normal he;wne.-Phillip's Petroleum Company! commel'eird grade. 
(2) NitTu'IIwllwne.-Commerciai Solvents C:omlHtnyl 1{,cclistillcd hPl'"rc 11sn. 

(3) Silicic auid.-:'IlallilH'.krodt'sl reagent. grade. 
(-1) Dye solution.·--Dissolve :25 lllg of nand C viulet :\(1). :2' (l-hydruxy-~-p-

1 The mention of these products doe~ not imply tll:1t they are endor:=;ed or l'ecoJnIlHmded by the U. S. 
Department of Agriculture over others of a similar na~urc not mentioned. 

2 A.vailnbh! flom Pyhm Products, 7fH) GI'l .. 'I.\llwinh Htr8d., N(~w York, 14, X. Y. 
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VIa. I.-Partition column. FIG. 2.-8olvcnt evaporator. 

toluino-ant.hmquinonc) in 50 ml of mobile solvent and store in a glass-stoppercd 
bot.tle. 

(5) Mobile 8alvent.-This is a saturat.ed solution of nit.rollletlmne in normal hex· 
'Ule. Shake vigorollsly 2 liters of normal hcxane with an CXC[)SS of nit romethane in a 
glass-sloppered hoUle. Tkcant t.he mohile solvent from the nit.rometilane as needed. 

(a) POIl'ders with 1II.0l'e than 10% gamll/.ll-!i(,'1lzcne he;wchlol'ide.-W oigh a quan
tity of fincly powdered '''mph· suflicicllt. 10 pl'ovide 150-200 !IliS of galllllla-bcll~cIle 
hexachloride telld I ntIlsf"I' to II 125 Illl iSlass-stoppered El'lcnnwycr fla~k. Add 2:, ml 
of mobile so]vmll, he,d, just. to boiling, and allow 10 (,00] 1.0 room temperature with 
occasional shaking. Then decant t,llC ext.met thru a small eonic,d filter papl~l' int 0 I, 

;)0 ml is]ass-stoppel'()t! vO]UI1W1.l'il· fhsl-;: containing; 1 ml of dye solut ion. '\fake a. 
second hot (~xtraetion with 5 ml of mobile solvput.. Hinse the residue '1-5 times using; 
;) ml portions of mohile solvent at. l'o(Jm t.emperaturl'. Finally dilute to VOIU])11: with 
mobile solvent [Lud mix. 

(b) l'OIl·dcT,' ('ontninill.(j 11'8., than 70'10 {jatll.lIl,II.-Ii(:nZ·Ii?l.r: 1u::"arhl()),I:ri('.-Transf(~r 

the weiglH'd sampi" to a. ~()xhld ('x1r",('t 01' and (~xt !'H.c! oV('I·nighl. wilh dilyl (;til(;!'. 
Evapora.t(: mosl of I II(' ('1 ill:!' lJlI a slealll l>al Ii lind, finnlly, 1,/1(' !'elllaiuder .11 roolll 
t(,lllp(~ndlll'(' under !'t,dUCl'd pn·ssun'. E~tra("1 tht, ~all1JI1H~lH'll:;;nrlt.' ill'Xllddul'idt' froIH 

the H:sidllt' wit It nlOhik SOIVl'HI [is dire('t "d abov('. (~al!lpks "out ailling kss t Imn III % 
gatItllla.ben7,l·II(' Il('xa('lt!oride '1I'(' diflindt 10 ,·xll'lu·t direclly wit.h a IlliniIHlIlll or 
mobile solv('nt ()\\'ing tu I he bulk of sili,'('ollS lilk! !-',('ll<:mlly pr('senl.) 

(c) Rill.ul,'1:o"/l (:()u(.(,1Ii!'uil'.'.-- 'Y('igil a sample and transf,:r to 12;', ml g;lass-
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stoppered Erlenmeyer flask. Add 1-2 g of silicic acid to retain the water and extract 
with mobile solvent as direcLed above. 

(d) Solutions in petroleum distillate.-Weigh a sa:nple and dilute to 50 ml in a 
volumetric flask with mobile solvent. 

PREPARATION OF COLUMN 

Weigh 50 g (±.5 g) of silicic acid and transfer to a Waring blendor. Add 150 ml 
of mobile solvent and, with mixing, add 27 ml of rdromethane. After mixing for 
]5 seconds in the blendor, pour the mixture quickly into the column thru a glass 
funneL ,V" ash down the sides of the column with a few ml of mobile solvent and then 
apply 2-3 pounds pressure until all of the solvent is just, forced into the column of 
silicic acid. Release the pressure by cautiously removing the rubber stopper at the 
top of the column so as not to disturb the silicic acid. 

OPERA'l'ION OF' 'l'HE COLUMN 

Pipet out 10 ml of the solution and allow to flow slowly clown the inside of the 
column without disturbing the surface of the silicic arid. Wash down the side of the 
column with 1-2 ml of mobile solvent and force the solution into the silicic acid by 
applying 2-3 pounds pressure. Release the pressure aLd slowly add 150 ml of mobile 
solvent, down the inside wall of the column. Apply 2-3 pounds pressure, which forces 
the solvent thru the column at a rate of about 3-4 nl per minute. Just before the 
last trace of dye leaves the column, begin to collect 5 ml fractions, alternately using 
two 10 ml graduated cylinders. Transfer each fraction to a 125 ml Erlenmeyer flask 
and evaporate to dryness, using the solvent evapor3.tor. The fractions should be 
evaporated without boiling. If boiling occurs, raise the flasks momentarily from the 
water bath. 

The appearance of the gamma isomer will be reco!;nized upon evaporation by its 
tendency to cover the bottom of the flask as a white residual film. When the first 
residue of gamma isomer is recognized begin to collect 10 ml fractions until all of 
t,hc gamma isomer is obtained, usually about 8 fractions. Dissolve the residue in 
each flask with normal hexane and transfer to a wei;hed 125 ml Erlenmeyer flask 
by means of a 5 ml serological pipet. Evaporate the solvent by using the solvent 
evaporator. Evacuate the flaskS for about 5 minute~ at room temperature with a 
vacuum pump. Release the vacuum, wipe the flask with a clean, moist towel and 
allow to stand for 5 minutes. Weigh and calculate the percentage of gamma-ben~ene 
hexachloride in the original sample. 

Prepare the column for the next analysis as follows: 
Extrude the silicic aeid by applying gentle preswre. Clean the column with a 

long handled brush, wash with water and acetone, ane dry by atta.ching to a vacuum 
line. 

DISCUSSION 

Following the procedure previously outlined, the data shown in Tables 
1 and 2 were obtained. The accuracy and preeision of the results shown 
may be expected in this method after one bec·)mes experienced with the 
technique of preparing and operating the column. 

The present method has been applied to a number of insecticidal pow
ders and none of the other ingredients present have been found to cause 
---~-----------------------

t 'There appea.rs to be little or no danger in evacuating a 125-ml Erlenmeyer flJ.sk. A htrger size Erlen_ 
meyer fla~k) however. is likely to collapse under vacuum. 
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any interference. The wetting agents generally used in the wettable
powder-type products appear to be only slightly soluble in the solvents 
employed. 

DDT causes no interference and is easily separated from the gamma 
isomer on the column. The quantitative determination of DDT by this 
same procedure is at present being investigated in this laboratory. Mono
chloronaphthalene, dichloronaphthalene, and trichloronaphthalene pres-

SOLUTION 

1 
2 
2 
" " 
3 
4 
4 
4 

TABLB I.-Determination oj gamma-benzene hexachloride in the 
presence of the other isomers 

-_. 

BEe ISOMERS ADDED 
GAMMA ISOMER 

RECOVERED 

ALpHA BETA DELTA GAMMA 
--_. 

mg my 

- - - 100 100.8 
25 - - 200 198.4 
25 - - 200 199.0 

100 10 20 100 101.0 
100 10 20 100 99.9 
JOO - - 12.5 13.2 
]00 - - 12.5 12.4 
100 - - 12.5 12.3 

TABLE 2.-Anal!Jsis of commercial insecticide produclli. Precision of method 

SAMPLE PER CENT GAMMA-BENZENE HEXACHLORIDE 

(I) (2) 

a. 2.89 2.92 
b. 3.44 3.42 
c. 5.18 5.20 
d. 11.3 11.3 
c. 13.9 14.1 
f. 1.'5.:1 15.5 
g. 36.4 36.5 

-

ent in one product analyzed caused no interference in the determination 
of gamma-benzene hexachloride. Some difficulty has been experienced, 
however, in the analysis of certain liquid concentrates containing methyl 
naphthalenes. 

Numerous advantages result from the use of the dye to locate or 
mark the position of the gamma isomer on the column. In reducing the 
quantity of silicic acid, from 100 g as recommended in the method of 
Aepli and coworkers, to 50 g in the present method the same sharp sepa
ration of the gamma isomer is achieved if 5 ml fractions instead of the 10 
ml fractions are collected. In using the smaller quantity of silicic acid 
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there is a sufficient space in the column above the silici~ acid to hold the 
necessary volume of solvent required for analysis, thus eliminating the 
need for a solvent reservoir as required in the Aepli method. The time 
required to chromatograph a solution is reduced from about three hours 
to approximately 45 minutes. 

Furthermore, the simplified apparatus required in the present method 
makes it feasible to operate a battery of several columns simultaneously. 
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SUMMARY 

A modified partition chromatographic method is presented for the 
determination of gamma-henzene hexachloride in insecticide products. A 
violet dye, D and C Violet No.2 (1-hydroxy-4-p-toluino anthraquinone) 
irs added to the solution aliquot LO be chromatographed and serves as a 
visible marker for the front of the colorless gamma-benzene hexachloride 
band as it moves down the column. The use of this dye i1S a marker results 
in a number of advantages, chief among which arc fewer fractions col
Jected, simplified i1pparatus, and more rapid analy::;is. Furthermore, the 
simultaneous operation of several adsorption columns is made feasible. 
DDT, chloronaphthalenes, and other ingredients often present in these 
products, offer no interference. The accuracy and precision of the method 
are satisfactory for the analysis of most commercial insecticide products 
containing gamma-benzene hexachloride. 
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BOOK REVIEW 

Trace Elements in Food. By G. W. Monier-Williams. 511 pp. text, refs. and index. 
John Wiley and Sons, New York. Price $6.00. 

The scope of the book is best presented by quotat,ion and paraphrase of the 
author's preface: "The term 'trace element' is usually applied ... to those clements 
which, in extremely small amounts, pln,y some part in the nutrition of plants or 
n,nimals. It may equally well be applied to the larger number which have ... a 
toxicological rather than nutritional interest, and t,he presence of which in food 
must, on public henJth grounds, be subject to close scrutiny and control." It is 
pointed out that, within limits, some are innocuous or even essential and the neces
sity of defining the upper limits, or tolerances, often confound, the food chemist. 
"He must therefore have ... knowledge ... of all the questions involved; the bio
chemistry, nutritional significance and toxicology ... ," also, of existing laws and 
regula~.ions. The source of trate elements in foods, natural or adventitious, is con
sidered a,nd lastly, methods of analysis are ouj,Jined for each. 

Trace elements are defined as those present in certain foods and in the human 
body in amounts up to .00.5 per cent (.50 parts per million). Twenty-eight chapters 
arc devoted, respectivdy, to copper, lead, zinc tin, arsenic, antimony, selenium, 
iron, nickel, cobalt, manganese, iodine, bromine, fluorine, boron, silicon, aluminum, 
silver, cadmium, chromium, bismuth, mercury, molybdenum, vanadium, titanium, 
indium, barium and strontium, and lithium and other metals. This listing of trace 
eJements is stated to depend parUy upon their relative importance as constituents 
of food and partly upon chemical relationships. 

En,ch chapter comprises a discussion of the biological significance of the element; 
whether or not. it is essential to plant or animal life; its toxicity, if any; the sources 
and amounts found in foods; legal limits if any; special topics; and, lastly, outlines 
of methods for its determination in foods. This discussion of methods comprises 
roughiy about half of each chapter. Methods are usually given in outline, but some 
are presented in sufficient det ail to serve as a "laboratory guide." 

The book is profusely referenced (over 250 refs. in the copper chapter alone) 
and should be a source of much information for the toxicologist and food chemist. 

P. A. CUFFORD 
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