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Detoxification of Cottonseed by .Salts and Alkalies 
EDWARD EAGLE, H. F. BIALEK, D. L. DAVIES, and J. W. BREMER, Research Laboratories, 
Swift and Company, Chicago, Illinois 

T H E  earliest recorded s ta tement  on the ha rmfu l  
effect of cottonseed is a t t r ibuted  to Voelker in 
England  in 1859 (1).  BShm, in an address be- 

fore the Scientific Society at Marburg  in 1881, as- 
cribed the adverse effect to choline; which he had 
found to be present  in cattle feed p repared  f rom 
cottonseed (2). Other investigators have blamed a 
host of materials  including lint, oil content, high 
protein content, a toxalbumin or toxic alkaloid, be- 
taine, resin, and decomposition products  (3).  Craw- 
ford (4) believed a salt of pyrophosphoric  acid to 
be the poisonous principle in cottonseed meals., and 
Withers  and BreWster (5) placed the responsibil i ty 
for the toxicity of cottonseed meal on a constituent 
group of the protein molecule containing loosely- 
bound sulfur.  

Although a crude pigment  was isolated f rom cot- 
tonseed oil " l o o t s "  by  Longmore in 1886 (6), and 
a purified, yellow, polyphenolic pigment,  which he 
named gossypol, was extracted f rom the same mate- 
rial by Marchlewski in 1899 (7), both of these in- 
vestigators were concerned with the propert ies  as a 
dye and made no mention of physiological activity. 
I t  was not unti l  1915 that  Withers  and Car ru th  pub- 
lished their  p re l iminary  note (8),  in which they re- 
ported separat ion of a toxic substance .from cotton- 
seed kernels which appeared  to be identical with the 
material  described by  Marehlewski 16 years  before. 
Three subsequent papers  by  the same group (9, 10, 
11) also bore titles re fer r ing  to gossypol as the toxic 
substance in cottonseed. I n  one of these (11) gossy- 
pol was isolated f rom crude ether extracts of cotton- 
seed by  reacting them with aniline, acetic acid, or 
dilute aqueous sodium hydroxide. 

Marehlcwski had found in 1899 (7) tha t  gossypol 
is quickly oxidized in a solution of sodium hydroxide, 
but  it was not until  1912 tha t  Withers  and Ray (12) 
demonstrated by  rabbi t  feeding experiments tha t  the 
toxicity could be destroyed by  bo i l ing  co t tonseed  
meal with alcoholic sodium hydroxide. Other inves- 
tigators subsequently reported vary ing  degrees of suc- 
cessful detoxification of cottonseed with alkali (9, 11, 
13), with iron salts (5, 9, 14) and by  cooking, steam- 
ing, or autoclaving (9, 10, 14, 15, 16). I t  may be 
noted that  all the research cited above was published 
no later than 1918, a t  approximate ly  the time when 
Osborne and Mendel (15) stated , " t h e  t rea tment  of 
the cottonseed so as at least to render  it  harmless 
now seems to lie within the range of ready  possibili- 
t ies ."  Despite all this MeGowan and Crichton in 
1924 (17), Curtis  et al. in 1926 (18), and Halverson 
and Sherwood in 1930 (19) were still of the opinion 
that cottonseed in ju ry  was not due to a toxic material .  
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Our studies on the detoxification of cottonseed pig- 
ment glands with ferrous sulfate (20), and on the 
effect of fraet ionat ion and t rea tment  on the acute 
oral toxicity of cottonseed p igment  glands (21) led 
us to the use of this technic for  screening various 
chemical agents for  their  abil i ty (as 2% aqueous so- 
lutions) to decrease the previously determined acute 
oral toxicity of the same p igment  glands when sus- 
pended ill distilled water. This LD~o procedure ap- 
plied to a total of 28 compounds led to the selection 
of a group, which was then tested in detoxifieation 
studies on cottonseed meals specially p repared  for  
maximal  toxicity. 

Experimental 
In  the pre l iminary  test 200 g'. of hexane-extracted 

cottonseed meal of established toxicity was mixed 
thoroughly with 100 ml. of distilled water  (to make 
the moist heat- treated sample) or with 100 ml. of a 
2% solution of the chemical agent  being tested. Thus 
the final t reated meal would contain 1% of the chemi- 
cal used, unless otherwise noted for  special cases. The 
moistened meal was placed ill a vaeumn oven at 100 ° 
C. and 125 mm. Hg. pressure for  6 hours. Moisture 
removed f rom the meal dur ing processing was con- 
densed in conventional t raps  containing d ry  ice plus 
acetone. The result ing meal samples were ground 
in a Wiley Mill through a 20-mesh screen (openings 
0.033 in.). 

In  the second test hexane-extraeted, a i r  desolven- 
tized (unheated)  cottonseed flakes were used as the 
s tar t ing material .  The samples were t reated in the 
same manner  as described above, except that  a new 
pump  and oven provided bet ter  evacuation, i.e., 23 
mm. Hg. pressure instead of the previous 125 ram. Hg. 

The thi rd  and four th  tests, were per formed on sam- 
ples of solvent-extracted cottonseed meal subjected to 
minimal heat. This unt rea ted  meal contained 7.55% 
moisture, 2.6% fat,  40:9% protein, 19.2~, soluble pro- 
tein in 3% NaC1, and  0.65% free gossypol and was 
identified as sample No. 87, series 6, f rom the South- 
ern Regional Research Laboratory.  Ei ther  273 g. of 
water  or 262 g. of water  plus. 11 g. of the t reat ing 
chemical were added to 1,135 g. of meal, mixed thor- 
oughly, and placed in a steam-jacketed cooker (steam 
pressure 20 lbs./sq, in.) for  a period of 90 minutes. 
The moistened meal was kept  agitated dur ing  the 
cooking and dry ing  process. Continuous tempera ture  
determinations made by  means of a thermoeouple at- 
tached to a recording potentiometer  showed that  it 
required 20 minutes for  the inside tempera ture  to 
reach 215°F., a f te r  which a range of between 215 ° 
and 225°F. was mainta ined dur ing the remaining 70- 
minute toasting period. On completion of the 90-rain- 
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T A B L E  I 

Effect of n i g h  Level  Feeding" of CKemically Trea ted  Cottonseed ~Ieals on the Body W e i g h t  of Ra.ts 

Die t  Var iabIe  in  diet No. ra ts  Ave rage  start~ Avg.  we igh t  Avg. weight  
per  group ing  weight  af ter  1 wk. a f te r  2 wks. 

13 
l b  
l c  
l d  
l e  
i f  
l g  
l h  
l i  1j 

Untrea ted  cottonseed meal i 
A - d r y  heated 
A- t r ea ted  wi th  aqueous alcoholic N a 0 H  c 
i -mois t -hea t - t rea~ed  
A- t r ea ted  wi th  1% sodium hypochlori te  
A-treated with 1% diaodium phosphate 
A - t r e a t e d  wi th  1% t r i sod ium phosphate  
A- t r ea t ed  wit l l  1% sodium chloride 
A- t r ea ted  wi th  1% sodium a lka l ine  pyrophospha.te 
Stock diet  control  

48 
48 
48 
48 
48 
48 
48 
~8 
48 
46 

gi,~#. 
a 

51 
61 
64 
62 
69 
68 
65 
82 

g m ? .  

75 
77 
91 
93 
94 
97 

127 

3 4 / 4  dead wi th in  7 days. 
b 3 / 4  dead wi th in  7 days;  4 / 4  dead wi th in  11 days. 
¢ I n  this  case 200 g. of un t rea ted  meal A was mois tened wi th  a m i x t u r e  of 

placed in the ~-acuum oven;  the final meal contained 0 .5% N a 0 H .  
50 ml. 0.5 N N a O H  plus 50 ml. 95% ethyl alcohol before be ing  

ute cycle the charge was removed and ground in a 
Mikro-Samplmill through a ~6- in .  round perforat ion 
screen. 

The dry  heated cottonseed meals (used in diets !b,  
2b, and 3b) were made by subjecting the untreated 
cottonseed meal to the par t icular  heat t reatment  given 
to the other t reated meals in the same experiment. 
All cottonseed meals in this repor t  were incorpo- 
rated into rat  diets at  a level of 67%, the remaining 
33% of the diet consisting of the following: dextrose 
(Cerelose) 14%, lard 10%, Jones and Foster  salt 
mixture 4%, Wilson 1:20 liver concentrate 3%, vita- 
min A & D eli (2,250 U.S.P. A;  300 U.S.P. D a per g.) 
1%, and yeast (AB 300) 1%. The soybean oil meal 
which replaced the usual 67% level of cottonseed 
meal (control diet 3g) was from a special lot of con- 
trol meM set aside for  groups engaged in collabora- 
tive studies. The stock diet used as the laboratory 
control diet for  all tests consisted of whole ground 
wheat 21%, meat and bone scraps 19.6%, skim milk 
powder 15%, soybean oil meal 15%, ground yellow 
corn 13%, lard 10%, salt and yeast mixture 2.5%, 
alfalfa leaf meal 2%, wheat germ oil 1%, vitamin 
A and D oil (2,250 U.S.P. A;  300 U.S.P. D 3 per g.) 
0.5%, and Wilson 1 :20  liver concentrate (N.Y. IX)  
0.4%. 

Determinations of free gossypol Were made by the 
method of Pons and Guthrie (22). In most eases free 
gossypol analyses were performed both on the cotton- 
seed meal itself and on the finished diet which con- 
tained 67% of the par t icular  meal. 

Weanling male rats of the Sprague-Dawley strain 
( t tol tzman) were fed the stock diet for a period of 
one to three days, a f te r  which they were distr ibuted 
into the various groups according to body weight and 

placed on the experimental diets. All rats were kept 
in individual wire-bottom cages in an air-conditioned 
room maintained at  79 ° _+ I °F .  and ca. 45% relative 
hmnidity. Food and water were allowed ad l ibi tum. 
The rats were weighed daily for  the first 14 days and 
at least twice weekly thereafter .  

Resul ts  and Discuss ion  

The results obtained in the four  tests are given in 
Tables I, II ,  I I I ,  and IV. I t  nmy be seen that  d ry  
heat t reatment does not detoxify toxic cottonseed 
meals for  the rats  began losing weight from the start, 
ann survival was very poor;  the. over-all mortal i ty 
from dry-heated meals within three weeks was 18/22 
or 82%. Moist heat t reatment  provided only part ial  
detoxifieation, less than any of the chemical treat- 
ments used. There was considerable variation how- 
ever in the detoxifying performance of the chemi- 
cals tested. Sodium hydroxide gave the best results 
although all the alkalies were not very far  apar t  
and were in the following order of decreasing effec- 
tiveness : 

NaOH > K O H  > NIt4OH > Ca (OH) 

Results f rom analyses for  free gossypol in the vari- 
ous meals and in the mixed diets, which routineiy con- 
tained 67% of these meals, were in good agreement. 
I t  may be seen from Tables I I I  and IV that  various 
diets containing high levels of free gossypol (diets 
3f, 4e, 4f, and 4h) showed bet ter  growth performance 
than other diets containing lower levels of free gossy- 
pol (3d, 4b, 4e). I t  may likewise be noted from Table 
I I I  that diets 3e, 3d, 3e, and 3f which contained, re- 
spectively, 0.20, 0.17, 0.19, and 0.20% free gossypol, 
showed the following different body weight results 

T A B L E  I I  

Effect of H i g h  Level  Feed ing  on Chemically Treated Cottonseed Meals on the Body W e i g h t  of Rats  

Diet  Var iable  in  diet  Average  body weight  a a f t e r :  

2b 
2c 
~d 
2e 
2f 

2g 
2h 
2i 
2j 
2k 

Un t reMed  c~ti~nseed meal  B 
B-dry b~ated 
B--moist  he,t-tree.ted 
B - t r e a l e d  wi th  1% d i sod ium phosphate  
B - t r e a t e d  with 1% t r i sod ium phesphate  
B--treated with 1% sodium a lka l ine  pyre- 

phospha te  
B - t r e a t e d  w i th  1% sodium chlor ide  
B - t r e a t e d  wi th  1% sodium hypochlori te  
B - t r e a t e d  wi th  0 .25% F e S 0 ~ + 1 %  NaC1 
B - t r e a t e d  wi th  1% ammonium carbonate 
Stock diet control 

No. 
ra ts  
per  

g roup  

Average  I starj .ng 

5O 
49 
59 
50 
50 
50 

5O 
50 
50 
5O 
5 0  

i wk. 

g m * .  

44 
6 I  
50 
56 
66 
57 

81 
67 
74 
72 
83 

2 wks. 

gm~. 

47 a 
697 
586 
66 
85 
75 

116 
93 

115 
102 
129 

3 wks. 

g i n s  b 

804 
65 ~ 
77 ~ 

102 
97 ~ 

145 
115 
140 
147 
176 

4 wks. 

g~ns. 

69 ~ 
94 s 

115 
116 ~ 

149 
127 
155 
150 
209 

5 wks. 6 

g i n s .  g'J 

Ii sa; 

1396 

147 1! 
147 1~ 
170 1~ 
159 1' 
249 2' 

~ks. 7 wks. 

~8. gr i t s .  

21 114~ 

: s 150 s 

2 149 
,8 161 
:0 182 
5 190 
9 302 

8 wks. 

g n z 8 .  

i06 B 
1181 

f~  
1496 

151 ~ 
159 
186 
202 
322 

aThe f igure  appe,aring as an exponent  indicates  the number  of s u r v i v i n g  rats  
b5 ra t s  died wi th in  2 weeks;  8 /8  dead w i t h i n  20 days, 
CDiscont inued af ter  4 weeks. 

averaged.  
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T A B L E  I I I  

Effect, of C'hemieM T r e a t m e n t  o f  Cottonseed ]YIeals on F re~  C-ossypol Content, and  Body  W e i g h t "  
Pe r fo rma ,nee  i f t e r  H i g h  Level  ]~eeding in R a t s  

P r e e  No. A v e r a g e  A v e r a g e  body we igh t  a f t e r :  
D ie t  V a r i a b l e  in diet  gossypol ra,ts t r t i  
No. conten t  p e r  s a .  n , g  

of dietb [ g roup  I we 'gn~ . . . .  I wk.  2 w k s .  3 w k s .  I 4 , v k s .  5 w k s .  . . . .  6 w k s .  7 w k s .  8 w k s .  

% gins. Urns. gms.  gins. gm~. gins, gm~. gms.  gm*. 

3a U n t r e a t e d  cot tonseed meal  C 0.43 I 10 I 60 e . . . . . . . . . . . .  
3b C - d r 7  hea ted  0.42 10 60 ~ ,  [ : :  . . . . .  
3e C - m o i s t  hea t - t rea ted  0.20 10 60 72 78 ?~s 10i'8 l ' lhS 129s 140s 147 a 
3d C - t r e a t e d  wi th  1 . 5 %  NaC1 0.17 10 60 86 111 131 147 160 165 162 159 ~ 
3e C--treated wi th  1 %  a m m o n i u m  0.19 10 60 85 108 132 150 172 177 205 229 

carbo,nate 
3f  C - t r e a t e d  wi th  1 %  Na,Ott  0.20 10 60 95 133 165 188 211 227 237 246 
3g  Soybean1 meal  control  0 10 60 103 144 182 218 253 272 291 304 
3h Stock diet  control  0 10 60 97 135 173 212 250 273 301 322 

aThq f igure  a p p e a r i n g  a,s an  exponen t  ind ica te s  the  n u m b e r  of s u r v i v i n g  ra t s .  
b T h e  f r ee  goss~pol conten t  of the  cottonseed meals  would  be a p p r o x i m a t e l y  5 0 %  h i g h e r  than  tha t  g i v e n  for  the  diet  s ince  cot tonseed meal  com- 

p r i s e d  ~ of t he  diet.  
e 10 /10  dead  w i t h i n  7 days.  
a 1 0 / 1 0  dead w i t h i n  9 days .  

af te r  8 weeks on test:  147 g. (2/10 died within 3 
weeks), 159 g. (1/10 died within 8 weeks), 229 and 
246 g. Fur the rmore  Table 4 shows six diets whose 
free gossypol content varied within the narrow range 
of 0.11 to 0.13% (diets 4b, 4e, 4d, 4e, 4f, and 4h). De- 
spite this the respeetiye average body weights af ter  
8 weeks on test were 196, 225, 272, 283, 294, and 303 
g . - - a  107-g. difference between the first and the last 
groups fed two diets which contained the same amount  
of free gossypoI (0.13%). 

These results and similar ones obtained on 29 other 
samples of t reated cottonseed meals (23) show tha t  
the residual toxicity of t reated cottonseed meals can- 
not be explained solely on the basis of their analyzed 
free gossypol content. A similar conclusion had been 
made on the basis of toxicity studies on gossypol and 
cottonseed pigment  glands in rats (21, 24, 25, 26). 

There  has been some confusion with respect to the 
use of the te rm "nu t r i t i ve  value of cottonseed." Many 
authors  have used this designation to refer  p r imar i ly  
to the biological value (and digestibility) of the pro- 
tein in cottonseed. This depends not only on the pres- 
ence of essential amino acids but  also on the relative 
amounts, tha t  are absorbed by  the digestive tract.  
Thus reference is really being made to the biological 
utilization of cottonseed protein, which can be deter- 
mined by  the effect on maintenance and growth of 
animals fed threshold levels of the cottonseed protein, 
with similar levels of s tandard  proteins fed as con- 

trols. The use of protein levels much higher than 
9-10% for  such an evaluation would exceed the level 
imposing a stress upon t h e  organism and obscure 
small differences in protein quality. 

Other investigators have used the t e rm "nu t r i t i ve  
value of cot tonseed" in the broad sense to include 
the net effect obtained f rom feeding high levels of 
cottonseed meal, with due consideration to protein 
quali ty and contributions by  fat,  carbohydrate ,  vita- 
mins, minerals, etc., as well as to the growth-depress- 
ing effects f rom toxic factors. In  these cases they are 
dealing with the algebraic sum of positive and nega- 
tive effects, which is the over-all food value. 

Summary  

In  a series of four  tests in which three deliberately 
chosen toxic cottonseed meals were t reated with aque- 
ous solutions of salts and alkalies, it was found that  
the best  detoxifying effect was obtained with sodium 
hydroxide,  followed very  closely by  potassium and 
ammonium hydroxides. 

Dry  heat  t rea tment  alone did not detoxify, and 
morta l i ty  was high. Trea tment  with moisture plus 
heat gave par t ia l  detoxifieation. Of the 22 chemically- 
t reated cottonseed meal samples  tested, those t reated 
with Mkalies showed the best weight gains, the order 
of decreasing' effectiveness being 

N a 0 H  > K0H > NH40H > Ca (0H) ~. 

T A B L E  I V  

Effec t  of Chemical  T r e a t m e n t  of Cot tonseed Meals  on T h e i r  F r e e  Gossypol Content  a n d  The i r  B o d y  
W e i g h t  P e r f o r r a a n c e  Af t e r  H i g h  Level  F e e d i n g  in R a t s  

D i e t  
No. 

4P~ 

4b 

4c  

4d 

4e  

4,f 

4g  

4h  

4i 

Va r i ab l e  in diet  

U n t r e a t e d  cot tonseed meal  0 

0 - m o i s t  boa, t - t rea ted  

C - t r e a t e d  w i t h  1 %  sod ium hy- 
pochlovite 

C - t r e a t e d  wi~h 1 %  ca lc ium hy- 
d rox ide  

C - t r e a t e d  wi th  1 %  t r i s o d i u m  
phospha te  

C - t r e a t e d  wi th  1 %  a m m o n i u m  
h y d r o x i d e  

C - t r e a t e d  w i t h  1 %  po ta s s ium 
hydrox ide  

C - t r e a t e d  w i t h  1 %  sod ium hy- 
d rox ide  

S teak  diet  control  

~l 'ee No. Avera~ e 
gossyPo] ra ts  • g Ave rage  body  w e i g h t  a f t e r '  
eontel,at p e r  Swt a~; til~tg . . . . .  ' - - "  
of diet" g roup  _ _ /  l wk.  /_  ~ w k s .  3 w k s .  4 w k s .  5 w k s .  6 w k s .  7 w k s .  

0.41 5 55 42 b . . . . . . . . . . . . . . . . . . . . . . . .  

0 .13 5 55 86 121 152 176 202 207 J 195 L 
0.11 

0.13 

0 .14 

0.12 

0.09 

0.13 

0 

55 

55 

55 

55 

55 

55 

55 

76 

85 

89 

91 

91 

89 

92 

107 

122 

127 

128 

129 

131 

130 

136 

152 

164 

163 

166 

165 

168 

153 

172 

182 

185 

187 

191 

2'03 

170 

198 

210 

212 

223 

223 

238 

199 

232 

245 

252 

257 

261 

271 

210 

249 

259 

268 

275 

278 

293 

8 wks .  

gm~, 

190 

225 

272 

283 

294  

296 

3O3 

315 

a T l m  f ree  gossypol conten t  of the cottonse,ed meals  would  b,e a p p r o x i m a t e l y  5 0 %  h i g h e r  t h a n  tha t  g iven  for  the  diet  since the  cottonseed meal  
compr i sed  ~r~ of the diet.  

b ~ v e r a g e  of 2 r a t s ;  5 /5  dead  w i t h i n  8 days .  
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The residual toxicity of t reated cottonseed meals 
cannot be explained on the basis of their free gossy- 
pol content as analyzed for  meals with high values 
gave bet ter  growth performance than  some with lower 
levels of free gossypo]. There were also very marked 
differences in final body weight a f t e r  8 weeks of feed- 
ing six different t reated cottonseed meal samples hav- 
ing practical ly the same free gossypol content. 
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Determination of the Phosphorus Content of Lipids 
W. D. HARRIS, research engineer, and PRANJIVAN POPAT, graduate assistant, Texas Engineering 
Station, Texas A. & M. College System, College Station, Texas 

N UMEROUS procedures, including gravimetric,  
t i tr imetrie,  and colorimetric, have been sug- 
gested for the determinat ion of phosphorus in 

organic materials.  Of these, colorimetrie procedures 
are usually p re fe r red  for  their  rap id i ty  and adapta-  
bil i ty to mieroanalysis. A eonsiderable amount  of 
work has been done on eolorimetrie methods and in 
part icular ,  on the " m o l y b d e n m n  b l u e "  reaction sug- 
gested by  Bell and Doisey (1) and developed by  Fiske 
and Subbar row (2),  which appears  to be the one 
most generally accepted. This method is extremely 
s.ensitive, and very  small samples may  be used without 
loss of accuracy. 

However  an examination of the l i terature on this 
subject reveals the existence of many  variations and 
modifications of the molybdenmn blue method. Ex- 
perienee with the most authori tat ive procedures (3, 4) 
has shown that  eolor development is very critical and 
varies with the nature  and the concentration of the re- 
ducing agent, acidity, time, and temperature.  Be- 
cause of this, the analyst  has had to do considerable 
experimentat ion in order to develop a technique which 
would give reliable results. 

]n  this work a number  of molybdemum blue pro- 
cedures were investigated, and a method was devel- 
oped for  the determination of phosphorus in cotton- 
seed lipids which considerably reduces the effect of 
the variables. The method utilizes perehloric acid for 
sample digestion and p-methyl-amino-phenol sulfate 
(elon, metol) as a, reducing agent  for color develop- 
ment. Samples analyzed included crude and semi- 
refined cottonseed oil as well as phospholipid fract ions 
separated f rom the oil. 

Digestion of Lipid Samples 
Perehloric acid has found considerable favor  for  

the digestion of organic materials  due to its high 0xy- 

The findings' reported in this article were determined in research 
dealing with the separation and properties uf the constituents of crude 
cottonseed oil by the use of liquid-liquid solvent ext,raction, which i s  be- 
ing conducted by the Texas Engineering Experiment Station in cn- 
~peration with ~he Gotten Research Committee of Texas. 

gen eontent and its speed of reaction. I t  has. been rec- 
ommended by King (5) and F rampton  (6) for the di- 
gestion of l ipids fo r  phosphorus deternfination. A 
disadvantage however is its incompatibi l i ty with stan- 
nous chloride, which is an excellent redueing agent  
for the molybdenum blue reaction. Moreover per- 
ehlorie acid is a hazardous chemical, and explosive 
conditions may occur unless proper  care is taken. 

The hazard may be reduced by a) the use of a min- 
imum size sample which reduces the heat  liberated, 
b) the use of sufficient acid to avoid an explosive mix- 
ture, and e) the use of a small amount of nitrie acid to 
supplement  the perehlorie acid. 

Since the sensitivity of the molybdenum blue 
method permits  the use of small samples, a maximum 
of 0.1 gin. of oil and a minimum of 1.0 ml. of 72% per- 
chloric acid have been found desirable. Larger  sam- 
ples are mueh more difficult to digest, and less per- 
chlorie acid will fo rm an explosive mixture.  

I t  was found tha t  one d r o p  of concentrated nitric 
acid would initiate the reaction at a lower tempera-  
tare  and, a f t e r  the major  action had subsided, two or 
three more drops helped to complete the oxidation. 
The digestion procedure involved four  stages which 
were as. follows: first, a foaming reaction involving 
the nitric acid ; second, the major  oxidation which lib- 
erates considerable heat ;  th i rd ;  a clean-up with addi- 
tional nitric acid ; and fourth,  a final clarifieation with 
strong heating. 

I t  is most impor tant  tha t  the final clarification be 
eomplete, otherwise errat ic  results will be obtained. 
Yet it is well to avoid exeessive heating since some 
phosphoric acid may  be vaporized. 

The use of hydrogen peroxide has been suggested 
for  clarification of the digest (7), but  it was not found 
as sat isfactory as the nitric acid. A test has shown 
that  residual nitric acid will not interfere with the 
color reaction. Ydowever Greenberg (8) has found 
that  the nitri te ion interferes when the phosphoric- 
molybdic complex is reduced with SnC12 and reeom- 


