
152-3I3-5m

TEXAS AGRICULTURAL EXPERIMENT STATIONS

B U L L E T IN  N O . 156 M A R C H , 1913

D IV IS IO N  OF C H E M IS T R Y

TECHNICAL BULLETIN

THE PHOSPHORUS COMPOUNDS OF COTTON SEED 
MEAL AND WHEAT BRAN

BY

J. B. R A TH E R , Assistant Chemist

P O ST O F F IC E

C O L L E G E  S T A T IO N , B R A Z O S  C O U N T Y , T E X A S

AUSTIN, TE XA S 
V o n  B o e c k m a n n - J o n e s  C o . 

1913



TEXAS AGRICULTURAL EXPERIMENT STATIONS.

GOVERNING BOAKD.

(B oard  of D irectors, A . and M . College.)

E . B, C u s h i n g , P r e s id e n t............................................................................................ H ouston
J o h n  I. G u io n , V ice  P r e s id e n t............................................................... ...............B allin ger
E . R. A s tin ............................................................................................................................ B ry a n
WALTON PETEET ............................................  ...................................................... F o rt W orth
L. J. H a r t ................................................................................................................San  Antonio
J. ALLEN K y L E ................................................................................................................H ouston
R. L. B e n n e t t .......................................................................................................................P a ris
E d R. K o n e .........................................................................................................................A u stin

PRESIDENT OF THE COLLEGE.

R. T. M i l n e r .................................•................ .................................................. College S ta tio n

STATION STAFF.
B. YOUNGBLOOD, M. S .................................................................................................. D irector
M . FRANCIS, D . V . S ............................................................................................V eterin aria n
G . S. FRAPS, PH. D .......................................................................................................Chem ist
H. N e s s , M. S ..................................................................................................... H o rticu ltu rist
-J. C. B u r n s , B. S ........................ ; ...................................................... A n im a l H usbandm an
WiLMON NEWELL, M . S ....................................................................................... E ntom ologist
A . B. C o n n e r , B. S ............................................................................................ .A g r o n o m is t
F. H, B lo d g ett, PH. D ............................................P la n t  Patlxologist and P h ysio lo gist
W . L. B o y e t t ............................................ ............................................. S ta te  Feed Inspector
H a r p e r  DEAN, B . S ..........................................................................A s s is ta n t E n tom ologist
J . B. R a t h e r , M . S ........................................................................ .......... A s sis ta n t Chem ist
F . B . PADDOCK, B. S ........................................................................ A s sis ta n t E ntom ologist
II. H . J o b s o n , B. S .............................................................................A s sis ta n t A gronom ist
W1LL1AM L e v in , A . B ............................................................................... A s sis ta n t Chem ist
H. G. SpAuLDiNG, B. S ..............................................................................A s sis ta n t Chem ist
CH As A . FELKER. ..................................................................................................... C hief Clerk
A . S. W ARE.................................................................................................................... Secretary
J. M . ScliAEDEI.......................................................... •..........................................Stenographer
C. A . CA SE ...............................................................................................................Stenographer
R . L . SpILLER....................................................................................................... M a ilin g  Clerk

S T A T E  A G R I C U L T U R A L  E X P E R I M E N T  S T A T IO N S .

GOVERNING BOARD.

HIS EXCELLENCY, G overno r  o . B. CoLQUITT......................................................... A u stin
LIEUTENANT-GOVERNOR W iLL ,H. M AYES.........................................................Brownwood
C o m m is s io n e r  o f  A g r ic u l t u r e  E d R. K o n e ......................................................... A u stin

DIRECTOR OF EXPERIMENT STATIONS.

B. YOUNGBLOOD, M. S ..................................................................................... College S tatio n

SUPERINTENDENTS OF SUB-STATIONS.

E. E. B in fo r d , B eeville  S u b -S ta tio n .............................................. Beeville, Bee County
W. S. H o t c h k i s s , Tro up S u b -S ta tio n ..........................................Troup, Sm ith  C ou n ty
E. M . J o h n s o n , Cooperative R ice S t a t io n ....................Beaum ont, Jefferson C ou n ty
I. S. YORK, Spur S u b -S ta tio n ......................................................... Spur, Dickens C ou n ty
A . K . S h o r t, Tem ple-Belton S u b -S ta tio n ..................................... Tem ple, B ell C ou n ty
T. W . BuELL, Denton S u b -S ta tio n ............................................Denton, D enton C ou n ty
V. L . C o r y , Lubbock S u b -S ta tio n ..........................................Lubbock, Lubbock C o u n ty
H. C. S t e w a r t , Pecos S u b -S ta tio n ................................................ Pecos, Reeves C ou n ty
N . E. W in t e r s , A ngIeton S u b -S ta tio n ...............................AngIeton, B razoria C ou n ty
G. T. M cNESS, Nacogdoches S u b -S ta tio n ...........Nacogdoches, N acogdoches C ou n ty
*C . S. S c h a r f f , F eedin g and B reeding S ta tio n . . . .C o llege S tatio n , Brazos C ou n ty

NOTE.— T h e m ain sta tio n  is located on the grounds of the A g r ic u ltu r a l and  
M ech anical College, in Brazos C ou n ty. T h e postoffice address is College S tation , 
T exas. R eports and b u lletin  are sent upon ap p licatio n  to the D irector. A  
postal card w ill b rin g these publications.

*Acting in charge.



PHOSPHORUS COMPOUNDS OF COTTON­
SEED MEAL AND WHEAT BRAN.

BY

J. B. R A T H E R , A S S IS T A N T  C H E M IS T .*

ID a previous publication (Bulletin 146, Texas Experiment Station) 
we showed that the phosphorus compounds of cottonseed meal were 
nearly all organic in nature and not inorganic, as has been claimed, and 
especially that cottonseed meal does not contain meta- or pyrophos- 
phoric acid. The work presented in this bulletin is a continuation of 
the above study of the forms of phosphorus compounds in cottonseed 
mea], together with an investigation of the acid-soluble phosphorus com­
pounds of wheat bran.

REVIEW  OF LITER ATU R E.

Hardin states (Bulletin 8, Dew series. South Carolina ExperimeDt Sta­
tion) that cottonseed meal consists largely of meta- and pyrophosphoric 
acids. Crawford (Jour. Phar. & Expt. Therapeutics 1,151) claims that 
“ the chief poisonous principle of cottonseed meal is a salt of pyrophos- 
phoric acid.”  It has been shown by the writer (Bulletin 146) that the 
product which these writers thought was inorganic phosphoric acid was 
of organic Dature and with very similar properties to pyrophosphoric 
acid.

ID Technical Bulletin No. 25 of the New York (Geneva) Experiment 
Station, E. J. Anderson reports some work on meta- and pyrophosphoric 
acid in cottonseed meal and concludes that “ The aqueous solution of the 
free acid gives all those reactions which have been attributed previously 
to the presence of meta- and pyro-phosphoric acid in cottonseed meal.”

Bulletin 146, of the Texas Experiment Station, published ten months 
before the New York Bulletin, deals primarily with the question of the 
presence of the above named inorganic forms of phosphorus in cottonseed 
meal and the conclusions were as follows: “ The principal compounds 
containing phosphorus were separated which gave the same reactions as 
those relied upon for proving the presence of meta- and pyrophosphorip 
acid. We have no evidence that the samples of cottonseed meal examined 
contain either pyrophosphoric acid or metaphosphoric acid.5'

The only difference between our work and Anderson’s on the subject of 
meta- and pyrophosphoric acid was a difference in the method of prepara­
tion of the free acid tested and a much more complete duplication on our 
part of those tests on which were based the claims that cottonseed meal 
contains the above named inorganic acids.

Anderson further concludes that “ cottonseed meal contains an organic 
phosphorus acid which is verv similar to phvtic acid. Whether the sub­
stance is identical with phvtic acid could not be determined.”

Posternak (Eev. Gen. Bot. 12, 5 and 65; Compt. Rend. 1-37, 3, 5, 8)

*U nder the general direction of G. S. F rap s, Chem ist.
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obtained aD organic phosphorus acid from the seeds of peas, beans, pump­
kins, hipiDe and other plants, which gave inosite as a cleavage product 
when heated in a closed tube with acid. He called this acid phytic acid, 
or aDhvdro-oxvmethvleDe-diphosphoric ac-id, and proposed the formula
C2H 8P "0 #.

Winterstein (Ber. Deut. Chem. Ges. SO, 2299) separated a phos- 
phorized product from the seeds of a black mustard, which also gave 
ihosite as a cleavage product.

Patten and Hart (New York [Geneva] Experiment Station, Bulletin 
250) studied the acid-soluble phosphorus compounds of wheat bran, and 
state that the principal compound corresponds to the formula C2H 8P20y, 
and that it is probably identical with Posternak’s “ phytic acid.”

Hart and Tottingllam (Wisconsin Experiment Station Research Bulle­
tin 9) claim that “ phytin”  is present in the seeds of Inaize, oats and 
barley.

Suzuki and Yoshirnura (Bulletin College Agriculture [Tokyo] 7, 498) 
Neuberg (Bioc-hem. Ztechr. 6, 405), and Forbes (Ohio Experiment Sta­
tion Bulletin 215) regarded the above compound as phytin, but do not 
report complete analyses of the product.

Levine (Biochem. Ztscher. 16, 390) describes a semicrystalline barium 
salt of an organic phosphorus acid. Yorbrodt (Anzeiger. Akad. Wiss. 
Krakau, 1910. Series A. 414) separated an organic phosphorus compound, 
to the barium salt of which he ascribed the formula C12H 26P 11Ba70 46.

A number of constitutional formulas have been proposed by various 
investigators and several attempts have been made to synthesize “ phytic 
acid”  in the laboratory.

Rising (Svensk Kemisk Tidskrift 22, 143 [1910]) prepared a silver 
salt of “ phytic acid”  for which he proposes the formula CfiH 14P &Ag60.>2.

ADdersoD (New York [Geneva] Agricultural Experiment Station 
Technical Bulletins 19 ancl 21) studied the salts of “ phytic acid”  ob­
tained from commercial phytin. Among others, he reports the analyses 
of two silver salts of the acid, one of which he termed octa-silver phytate 
and the other hexa-silver phytate. Carbon and hydrogen in the silver 
salts were not reported.

More recently, Anderson (New York [Geneva] Station Technical Bul­
letin 22) reported a study of the acid-soluble organic phosphorus acid of 
wheat braD, iD which he states he DreDared salts which corresponded to 
the formulas C25H 55P 0Ba5Ofi4 and Ci0H 4rP 0Ba5O4ft. He claims that the 
latter compound is formed from the former by the splitting off of one 
pentose group. He concludes that wheat bran does not contain “ phytin.”

P R E L IM IN A R Y  STUDIES.

The first step in the identification of an unknown compound is to estab­
lish its purity. Unless this is done the analysis is of doubtful value.

In the purification of the organic phosphorus acids from feeding ma­
terials, it is necessary to remove, be=ides other substances, the inorganic 
bases iron and aluminum, calcium, magnesium, potassium and sodium, 
and the inorganic phosphoric acid which is always present to a greater 
or less extent.

The method of purification used bv Postemak (loc. cit.) and modified 
by Patten and Hart deserves especial attention, because of the fact that
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upon analyses of products prepared by this method rests the theory that 
phytic acid has the formula C2H sP 20 9, or a multiple thereof. The modi­
fication of PatteII and Hart consists in the substitution of barium chloride 
for calcium chloride. They offer no evidence that inorganic bases have 
been removed, nor do they appear to have taken into consideration the 
possibility of the presence of inorganic phosphorus iD the final product.

A product prepared from wheat bran by the method of Patten and 
Hart was dried at 110° and analyzed. The results were as follows:

Iron and aluminum........................................... 3.33 per cent
C alciu m ..............................................................  0.30 per cent
Magnesium ........................................................  0.18 per cent

The method was followed as carefully as possible.
In our previous work on this subject, we concluded from qualitative 

tests that lime and magnesium were practically eliminated by the method 
of Patten and Hart, but quantitative examinations proved that, although 
the amount of these bases was relatively small, the total basic impurities 
was sufficient to render any formula erroneous if it were based on the 
analysis of the product prepared in this way. The mixed iron and 
aluminum phosphates were assumed to be half and half; calculated to 
iron, it would be 3.13 per cent, and calculated to aluminum, 3.53 per 
cent. Inorganic phosphorus was determined according to the method of 
Forbes et a l.; 0.32 per cent was found. This would correspond to 1.01 
per cent ortho-phosphoric add. The total impurities in this product are, 
therefore, about 4.7 per cent.* The oxygen in the product would accord­
ingly appear 4.7 per cent too high and the carbon too low; the apparent 
percentage of phosphorus would also be too high. It is obvious that a 
formula based on the analysis of such a product would he erroneous.

Another product prepared in a similar manner gave the following 
results:

Iron and aluminum.........................................  3.26 per cent
C alciu m ..............................................................  0.38 per cent

Another product was prepared in a similar manner, hut made alkaline 
with ammonia after the first hydrogen sulphide treatment to remove 
inorganic bases and the resulting precipitates filtered off, the excess of 
ammonia removed by evaporation, and the purification completed as 
usual. Found:

Iron and aluminum.........................................  1.85 per cent
C alciu m ..............................................................  0.51 per cent

Another product was analyzed after a treatment similar to the above, 
involving the addition of ammonia in the proportion of about 10 to 1 
and filtration from the resulting precipitate, the removal of ammonia and 
completion as usual. Found:

Iron and aluminum........................................... 1.93 per cent
C alciu m ............................................................... 0.50 per cent

*W e have assumed that the iron and aluminum were present as phosphates in 
the ignited product. Should this not be the case, the total inorganic impurities 
would be about 10 per cent.
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Still another product contained 1.75 per cent iron and aluminum and 
0.30 per cent calcium.

It is evident, therefore, that the assumption that the method of Patten 
and Hart removes inorganic bases completely is not justified by the 
facts. The amount present is enough in most cases to seriously inter­
fere with the accuracy of the work and any formula based on these 
analyses is undoubtedly wrong. Tile oxygen content would appear too 
high by several per cent and the carbon, hydrogen, and phosphorus con­
tents too low. This effect on the phosphorus would be offset by the in­
crease due to the presence of inorganic phosphorus. It is noteworthy 
that although the calculated percentage of carbon in the compound 
C2H*P.,O0 or “ phytic acid”  of Posternak, Patten and Hart, Hart and 
Tottingham, and Anderson is 10.08, the American investigators in vari­
ably secured higher results on analysis, ranging from 10.22 to 10.76 per 
cent and averaging 10.50 per cent.

Patten and Hart state that their reason for using barium chloride 
instead of the calcium chloride used by Posternak was that the lime was 
much more difficult to remove. I f  this is correct, then the method of 
Posternak is of still less value than that of Patten and Hart, which we 
have already shown left in the product, in one case, 4.7 per cent inor­
ganic impurities.

The Patten and Hart method has been used by Hart and Totting- 
ham (loc. cit.) on corn and other grains. They make no mention of 
tests for the completeness of the removal of inorganic bases and their 
work is open to the same objections as that of Posternak, and Patten and 
Hart.

Anderson (loc. cit.), who studied a large number of the salts of phytic 
acid, used the method of Patten and Hart to prepare free phytic acid 
and based the calculated composition of these salts on the theory that 
phytic acid has the formula C6H 18P 60 27, a multiple of the C2H „P20 9 of 
Posternak. In a large number of cases he made no carbon and hydrogen 
determinations in these salts, and as far as we have been able to find has 
made no tests to see if inorganic bases were absent. We will show that 
the acid does not correspond to the above formula, and it is obvious that 
all of the above work of Anderson is open to the same objections as that 
of Posternak, Patten and Hart, and Hart and Tottingham.

From a review of the literature it is evident that the theory that phy­
tic acid has the formula C2H sP 20 ;), or a multiple thereof, rests entirelv 
on the work of Posternak, Patten and Hart, Hart and Tottingham, and 
Anderson. The methods used were very much alike. Rising, Verbrodt. 
and the writer (this bulletin) used different methods and obtained dif­
ferent results.

As far as we have been able to find, few of the investigators of the 
so-called “ phytin”  have made any attempt whatever to prove that the 
products analyzed were homogeneous. This was apparently assumed 
after the completion of the various methods of purification used.

SEPAR ATIO N  AN D P U R IF IC A T IO N  OF T H E  P R IN C IP A L  ORGANIC PH OSPH ORUS  

ACID  OF COTTONSEED M E A L  AN D W H E A T  BR AN.

In our previous work on cottonseed meal we found that more than 
twice as much phosphorus was soluble in water as in 0.2 per cent hydro­



P h o s p h o r u s  C o m p o u n d s  o f  C o t t o n s e e d  M e a l  a n d  W h e a t  B r a n  7

chloric acid, and that after extraction with acid the remaining phosphorus 
was no longer soluble in water, but could be dissolved in 0.2 per ceDt 
ammonia.

The following method was designed to Separate the water-soluble phos­
phorus in two fractions, the acid-soluble and the ammonia-soluble after 
acid extraction.

Method.— The method finally adopted for this work was a modification 
of the modified Patten aDd Hart method used by us iD previous work oD 
the phosphorus compounds on cottonseed meal.

The purpose of the precipitation with ammonia and with alcohol was 
to remove inorganic phosphorus and inorganic bases. It was found by 
analysis (see below) that this result was accomplished.

The metbod is as follows:
Two kilograms of cottonseed meal were digested with 8000 c.c. 0.2 

per cent hydrochloric acid for three hours with frequent shaking. The 
extract was strained through cheesecloth and the residue washed well 
with water. The residue was digested with 8000 c.c. 0.2 per cent am­
monia for three hours with frequent shaking and allowed to settle, and 
washed with water by decantation. Conner acetate was added to the 
acid extract of the cottonseed meal in sufficient quantity to precipitate 
most of the phosphorus compounds, the precipitate was washed well with 
water, decomposed with hydrogen sulphide, filtered, and evaporated to a 
sirupy consistency.

The product was dissolved in a small amount of water and about ten 
times the volume of ammonia added. The' mixture was allowed to stand 
over night. The precipitate was filtered off. The filtrate from the pre­
cipitation with ammonia was evaporated on the water-bath to remove 
the ammonia and taken up with water. Barium chloride was added and 
the resulting precipitate was filtered and washed with water. Tbe barium 
salts were decomposed with sulphuric acid and filtered. The filtrate was 
again made alkaline and precipitated with barium chloride. This process 
was repeated two or three times and the acid finally precipitated with 
copper acetate in acid solution, the copper salt decomposed with hydro­
gen sulphide, filtered and evaporated to a small volume.

A large volume of alcohol was then added and the resulting precip­
itate filtered off. The alcohol was evaporated from the filtrate and the 
product taken up in a small volume of water.

The ammonia extract of the cottonseed meal was made acid with hydro­
chloric acid, the precipitate allowed to settle and the liquid decanted 
through a filter. This extract was precipitated with copper acetate, 
ammonia, barium chloride and alcohol exactly as described for the acid 
extract.

In the examination of the wheat bran, the ammonia extraction of the 
feed was omitted.

Analysis of the wheat bran product, dried at 110° C, gave the follow­
ing results:

0.53 gram gave .0011 gram combined iron, aluminum, lime 
and magnesium phosphates.

0.10 per cent inorganic phosphorus.

The above amount of phosphates would correspond to 0.08 per cent 
iron. It is evident that this amount of inorganic phosphorus, calcu-



8 TEXAS AGRICULTURAL EXPERIMENT STATIONS

]ated as silver phosphate in the silver salt subsequently analyzed, would 
not change the composition of the organic silver salt beyond the limit 
of analytical error.

Analysis of the products from the extractions of cottonseed meal gave 
the following results:

.6675 gram of the product from the acid extraction gave 
.0020 gram combined iron, aluminum, lime and magne­
sium phosphates.

.3830 gram of the product from the ammonia extraction 
gave .0015 gram combined inorganic phosphates.

This would correspond to 0.11 per cent and 0.14 per cent iron, respect' 
ively. Inorganic phosphorus was found to be 0.12 and 0.10 per cent in 
the products.

The above percentages of inorganic phosphorus was calculated from 
analysis of silver salts hereinafter described. The method for the prepar­
ation of the acid product is therefore satisfactory, as far as the removal 
of inorganic impurities is concerned.

In order to see if the products were the same, the following experi­
ments were made:

Portions of tile acid products prepared as described above were made 
up to a volume of 200 c.c. with water, and aliquots titrated with standard 
potassium hydroxide and phenolphthalem. The rest of the solution was 
evaporated to about 50 c.c. and cooled to room temperature, an amount of 
Standard ammonium hydroxide calculated to make a neutral ammonium 
salt was added to each. They were then diluted to make the concentra­
tion of the salts the same, and the theoretical amount of standard silver 
nitrate solution required to form a neutral Salt was added. The re­
sulting precipitates were filtered and washed with equivalent amounts 
of water. The washed precipitates, were then dried in air, powdered and 
dried in a vacuum desiccator over sulphuric acid.

The filtrates from the silver precipitates were made slightly acid with 
nitric acid (two or three drops) and precipitated with copper acetate. 
The copper was removed from the washed precipitate with hydrogen 
Sulphide and the resulting filtrate was evaporated to a small volume. The 
acids were then precipitated with silver nitrate under exactly the same 
conditions as to concentration, temperature, alkalinity, etc., as before. 
Unfortunately the amounts of the second fractions of the silver salts 
secured were too small to obtain good results with, and the analyses were 
not considered.

The silver was determined in 0.2000 grams of the dried first fractions 
described above, with the following results:

Cottonseed m eal: Grams silver.

H O M O G E N E ITY  OF T H E  PRODUCTS.

Acid extraction 
Ammonia extraction

1224
1237

Wheat bran:
Acid extraction 1206
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The results agree closely and it appears probable that the products 
were the Same, siDc-e the fact that the Salts contain the Same amount of 
silver when precipitated under the Same conditions is evidence that they 
are identical.

ODe-half gram of each salt, dried in a vacuum over sulphuric acid, was 
digested at room temperature in 200 c.c. of water for five hours with fre­
quent shaking. The solutions were then filtered and the residues washed 
with equal volumes of water. Silver was determined iII the filtrates. The 
results are as follows:

Cottonseed m eal: Grams silver.

These results agree very closely, all of them beiDg well within the limit 
of error. It is evident, therefore, that the compounds are the same.

The above is evidence that the compounds are pure, for it would be 
very improbable for them to be impure and each have the same amount 
of impurities and of the same solubility. Further evidence that the 
compounds are pure, will be mentioned later.

In our previous work on cottonseed meal (loc. c-it.) we made a large 
Dumber of tests oD the products of the acid and ammonia extracts and 
in every case the reactions were the same. This is further proof that 
the cottonseed meal products are the same.

PR EPAR ATIO N  OF T H E  SILVER  SALTS OF T H E  PRODUCTS.

Aqueous solutions of the acid products prepared as already described 
were made alkaline with ammonia and boiled uutil the excess of am­
monia was expelled. Silver nitrate solution was added in slight excess 
nnd the resulting precipitates washed well with water. (Fractions 1.)

The filtrates from the above precipitation were made slightly acid with 
nitric acid (two or three drops) and precipitated with copper acetate. The 
precipitates were washed well with water, suspended in water, decom­
posed with hydrogen sulphide and the copper sulphide filtered off. The 
acid filtrates were then evaporated to remove excess of hydroffen sulphide 
and taken up with water. The products were then precipitated with sil­
ver nitrate in neutral solution exactly as described above. (Fractions 2.)

The silver salts were precipitated in warm solution and an excess of 
silver nitrate was generally used. The portion which went into solution 
was thereore more than in the homogeneity tests described before, and 
Do difficulty was found in getting sufficient amounts of the second frac­
tion to analyze.

The silver salts were dried in air, powdered, dried in a vacuum desic­
cator over sulphuric acid and analyzed.

Products were also prepared from the hydrochloric acid extract of cot­
tonseed meal by a method similar to the above, but no ammonia was used 
to precipitate inorganic phosphates, etc. The crude free acid was pre­
cipitated with magnesia mixture as suggested by Forbes et al. (Ohio

Acid extraction . . . .  
Ammonia extraction

.0178

.0172

Wlieat bran:
Acid extraction 0162
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Experiment Station Bulletin 215). and washed with 0.2 per cent nitric 
acid in alcohol. The magnesium was removed by precipitation of the 
acid with copper acetate in acid solution and the subsequent purification 
and the preparation and the fractionation of the silver salts was the Same 
as described above. (M g).

The silver salts prepared from the acid and ammonia extracts of cot­
tonseed meal and from the acid extract of wheat bran were found on 
analysis to be free from nitrogen and pentosans. We have already Shown 
that the amount of inorganic impurities is negligible.

The analyses of the silver salts and the formulas corresponding to 
them are Sho.wn in Table 1, together with those of the salts reported in 
our previous work on cottonseed meal.

TABLE 1.
Percentage Composition of the Silver Salts of the Phosphorus Compounds.

Carbon Hydro­
gen

Silver Phos­
phorus

f Fraction t, found............................................... 4.60 0.91 61.79 9.54
* § 4.88 0.81 62.10 9.45
2-43 Fraction 2, found............................................... 4.87 0.74 59.86 10.06
X) CO C 12H 26A g,6P 90 42, Calc,..............................

j Fraction 1, (M g), found...................................
5.06 0.88 60.66 9.81

<D (- 5.46 0.94 56.15 10.73
i f  X

aW
| C 12H 2eAg13P90 42, Calc............................... 5.70 1.11 55.57 

60.37
11.04 
10.00

372 C ,2H 25A g,8P 90 42, Calc.,.............................
i Product B (Bull. 146), found..........................

5.06 0.88 60.66 9.81

s<
5.42 0.86 61.40 9.82

1 C i2H 25A g,eP 90 42, Calc ............................. 5.06 0.88 60.66 9.81
f Fraction I, found............................................... 4.78 0.78 62.68 9.40

5 "  S-J3 C 1„H 24A gi7P90.i2, Calc............................... 4.88 0.81 62.10 9.45
3 5 o c \ Fraction 2, found............................................... 4.97 1.08 57.15 10.20
0̂ 3 5 *3 C ,2Ho7A g14P 90 42, Calc...............................

Product C (Bull. 146), found..........................
5.47 1 .03 57.41 10.59M 0) Sti 5.09 1.14 60.03 10.15

( C 12H 25Ag10P9O42, Calc............................... 5.06 0.88 60.66 9.81

-  <= f Fraction 1, found............................................... 5.21 0.82 61.86 9.67

W
he

;
Br

ar
Ac

id
E

x­
tr

ac
t’ C 12H.2 ,A g17P 90 42, Calc............................... 4.88 0.81 62.10 9.45

/  Fraction 2, found............................................... 4.75 0.97 59.27 10.12
1 C 12H 26A g,5P90 42, Calc............................... 5.25 0.95 59.10 10.18

The products correspond to the formulas given in the table. It is evi­
dent that the products from the acid and ammonia extracts of cottonseed 
meal and the acid extract of wheat bran are all salts of the same acid, but 
containing different quantities of silver. The latter is to he expected as 
no attempt was made to precipitate the salts under identical conditions, 
for it has already been shown that the salts have the same amount of 
Silver when they are so precipitated. The free acid corresponds to the 
formula C1oH41P £)0 4o.

These results are not in accord with the conclusions of Patten and 
Hart, who claim that wheat bran contains an inosite-phosphoric acid cor­
responding to the formula C2H 8P2O0, nor with those of Anderson, who 
claims that cottonseed meal contains an acid of similar composition, nor 
with those of Anderson, claiming that wheat bran contains an inosite- 
phosphoric arid of the formula C20H 55P 00 45.

In our previous work on cottonseed meal it was shown that more than 
twice as much phosphorus was soluble in water as in 0.2 per cent hydro­
chloric acid, and that after extraction with acid the remaining phos­



PHOSPHORUS C o m p o u n d s  o f  C o t t o n s e e d  M e a l  a n d  W h e a t  B r a n  11

phorus was no longer Soluble in water, but soluble in 0.2 per cent am­
monia.

The principal acid-soluble and ammonia-soluble compound have been 
shown to be the same acid, an inosite-phosphorie acid corresponding to 
the formula C]2H.11P n0 42. The amount of ammonia Soluble inosite-phos- 
phoric acid is then about twice as much as that soluble in 0.2 per cent 
acid. The difference in solubility of the salts as they occur in the meal is 
a point which is as yet unexplained, but on which we hope to work in 
the future.

It appears from the work on cottonseed meal that the amount of 
inosite-phosphorie acid present is not necessarily limited to that in the 
acid extract as has apparently been assumed. The behavior of cottonseed 
meal in regard to acid and water is similar to that of oats, malt sprouts, 
and wheat bran, for Patten and Hart found nearly twice as much water- 
soluble as acid-soluble phosphorus in oats and appreciably more in the 
case of the last named materials. It is probable, therefore, that phytin 
is the principal constituent not only of that part of the material soluble 
in 0.2 per cent acid, but is the principal phosphorus compound in the 
entire feeding material.

D ECO M POSITIO N  OF T H E  PH O SPH OR U S COM POUNDS OF COTTONSEED M E A L  

IN TO  IN O SIT E  AN D PH O SPH O R IC ACID.

Unweighed portions of the crude free acids extracted from cottonseed 
meal by the acid and ammonia treatment were heated in sealed tubes for 
three hours at 160-65° C. After cooling, the tubes were opened, the 
products removed, the sulphuric and phosphoric acids precipitated by 
barium hydroxide and carbon dioxide added to remove excess of 
barium hydroxide. The filtrates were evaporated nearly to dryness^ taken 
up with hot water and the remaining barium carbonate filtered off. The 
filtrate was dissolved in purified alcohol, and ether was added until a 
cloudiness was produced. The liquid was then cooled in ice water and 
allowed to stand. A crystalline precipitate separated in both cases. The 
amount of the precipitates was small and they were not recrystallized.

Dried in a vacuum over Sulphuric acid, the substances gave the fol­
lowing results on combustion:

The products gave the reaction of Sherer and Gallois. The product of 
the acid extraction melted at 220° C (uncorrected) and the product of 
the ammonia extraction melted at 225° C (uncorrected). Inosite melts 
at 218° C (uncorrected). Although the above products are impure they 
are undoubtedly inosite.

The product from what bran was not decomposed into inosite and 
phosphoric acid, this already having been done by Patten and Hart on a 
sample prepared in a similar manner to ours.

Carbon. Hydrogen.
Product of acid extraction. . . . 
Product of ammonia extraction 
Calculated for inosite.................

38.96 6.86 
40.55 7.18 
40.00 6.66
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E X A M IN A T IO N  OF T H E  A M M O N IA  AND A LCO H O L P R E C IP ITA T E S O BTAINED  

IN  P U R IF Y IN G  T H E  PRODUCTS.

The ammonia precipitates from the acid extract of cottonseed meal 
were powdered, dried in a vacuum desiccator over sulphuric acid, and 
analyzed. Found:

C arbon ................................................................  8.24 per cent
Hydrogen ..........................................................  3.71 per cent

The substance was rich in phosphorus and inorganic bases. It is evi­
dently composed of inorganic phosphates, salts of inosite-nhosphoric acid 
anti unknown substances. Its carbon and hydrogen content agrees 
roughly with that of a calcium-magnesium-potassimn salt of inositer-phos- 
phoric acid. The substance was not examined further.

The alcohol precipitate obtained in the purification of the product from 
wheat bran was powdered, dried as above and analyzed. Found:

C arbon ................................................................  9.24 per cent
Hydrogen ..........................................................  3.42 per cent

This product contained phosphorus and inorganic bases and is appar­
ently largely organic in nature. It comprised about one-fourth of the 
purified wheat bran product. It evidently consists of salts of inosite 
phosphoric acid and other substances. No further examination was 
made.

ID E N T IT Y  OF T H E  COMPOUNDS.

To Summarize the above work, we have the following evidence that the 
compounds are salts of the same acid: (1) the free acids yield inosite 
on decomposition with sulphuric acid; (2) the silver salts correspond to 
salts of the same ac-id: (3) silver salts having the same amount of sil­
ver are formed under identical conditions; (4) the silver salts, prepared 
under identical conditions, have the same solubility in water; (5) the 
qualitative reactions of the products from cottonseed meal are the 
same.

The facts that the various fractions of the silver salts correspond to 
salts of the same acid, and that the silver salts prepared under identical 
conditions have the same solubility, is evidence that the products are 
pure.

We are therefore justified in concluding that the inosite-phosphorie 
acids of wheat bran and cottonseed meal are the same, and that the free 
acid corresponds to the formula C12H 41P 90 42.

These results are not in accord with those of Patten and Hart, and of 
Anderson, whose work has already been discussed on preceding pages.

We have already shown that the method of Patten and Hart would give 
erroneous results, since we found as much as 4.7 per cent inorganic im­
purities present in a product prepared by their method.

Anderson’s method for the preparation of the organic phosphorus acid 
from wheat bran, given in detail on a following page, consists in repeated 
precipitation of the crude salt with alcohol from ac-id solution and finally 
with barium hydroxide. It is a well known fact that calcium and mag­
nesium phosphates are precipitated under the same conditions, and unless
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the inorganic acid is present in a free state, which is not likely, this 
purification process would remove very little of the inorganic phosphoric 
acid or inorganic bases.

This method of Anderson is open to a still more grave objection, which 
will be discussed on a following page.

The method used by Anderson for the preparation of the inosite-phos- 
phoric acid of cottonseed meal was similar to that used by him in his 
work on wheat bran, the only essential difference being the crystallization 
of a barium salt from neutral solution and from acid-alcohol. He ob­
tained crystals of constant composition, but he apparently assumes that 
iron, alumnia, lime and magnesium were absent, for he offers no ana­
lytical evidence concerning them. His product is therefore liable to con­
tain these substances for the reasons we have already stated.

T H E  QU ESTIO N  OF T H E  PR ESE N CE  OF PEN TO SE  IN  T H E  IN O SIT E -P H O S - 

J’ H ORIC ACID  OF W H E A T  BR AN .
%

Anderson (loc. cit.) claims that wheat bran does not contain phytin, 
but that it does contain an acid, the barim salt of which corresponds to 
the formula C25H g50 54P9Ba5, and that this compound is easily trans­
formed into a compound, the barium salt of which corresponds to the 
formula C20H 40 0  49 P 0Ba5, and that it loses one pentose group, C5H loOr,, 
in so doing.

Anderson digested the bran with 0.2 per cent hydrochloric acid, pre­
cipitated the strained extract with alcohol, and purified the resulting 
precipitate by reprecipitating six times with alcohol from 0.2 per cent 
hydrochloric acid; .3887 gram of the dried substance gave .0367 gram 
phlorglucid when distilled with 12 per cent hydrocholoric acid.

Anderson dissolved a portion of the above substance in water and pre­
cipitated hot with barium h}'rlroxide. The washed precipitate was dis­
solved in 0.5 per cent hydrochloric acid and reprecipitated with barium 
hydroxide, the resulting precipitate dissolved by addition of dilute hydro­
chloric acid, and then precipitated by the addition of a like volume of 
alcohol. The filtered substance, washed in dilute alcohol, was again dis­
solved in 0.5 per cent hydrochloric acid and reprecipitated in the 
same manner as before. These operations were repeated four times. 
It was then dissolved in the same strength hydrochloric acid, pre­
cipitated with alcohol, filtered, washed in dilute alcohol, alcohol, and 
ether, and dried in a vacuum over sulphuric acid; 1.2124 grams of this 
substance gave 0.0053 grams phlorglucid when distilled with 12 per 
cent hydrochloric acid. From analyses Anderson concludes that the for­
mula is C25H 550 34P5Ba5.

The above salt was suspended in water, decomposed with dilute sal- 
phoric acid, filtered from the barium sulphate and precipitated with 
copper acetate. The copper was removed by hydrogen sulphide and 
the filtered solution concentrated, dried and analyzed. The formula 
C20H 5-P„O49 is proposed for this product.

The following is quoted from the summary, page 2 :
“ The purified barium salt of the compound corresponded to the fol­

lowing formulas: C25H 550 54P 9Ba3 and C2nH 450 4nP nBa.. Attempts to 
isolate the free acid corresponding to the first salt did not succeed. From 
both salts the same acid, corresponding to that of the second salt.
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C20H 43O40P0 was obtained. This acid is apparently formed from the first 
by the splitting off of tile elements of one pentose. . . . The conclu­
sion Seems justified that wheat bran does not contain phytrn.”

The following review of the evidence offered by Anderson will show 
that his conclusions are not justified by the facts:

According to theory, if the product to which he assigns the formula 
C25H 55 0  54P0Ba5 contained, one pentose group, this salt would contain 
0.87 per cent pentose. But by his analysis 1.2124 grams yielded 0.0053 
grams phlorglucid, which would correspond to 0.88 per cent pentose. 
This is 12.8 per cent of 6.87, or only one-eightli as much as his theory 
requires.

From the phosphorus-pentose ratio in the theoretical barium salt one 
can get an idea of what the lime-magnesium-potassium salt of the acid 
should contain. In the pure salts the ratio would be the same regardless 
of the amount of lime, magnesium, potassium or barium present. The 
theoretical percentage of pentose in the barium salt, is 6.87 and the per­
centage of phosphorus 12.76. The amount of phosphorus found in the 
crude lime-magnesium-potassium salt was 14.42. Then if X  repre­
sents the per cent of pentose theoretically present in this salt, 
6.87: 12.76: :X :14.42, whence X  equals 7.76. The amount of phos­
phorus in the crude salt, then, corresponds to 7.76 per Cent pentose ac­
cording to theory.

Anderson’s analysis shows that 0.3887 grams of substance yielded
0.0367 grams phlorglucid, which would correspond to 10.94 per cent 
pentose, yet by theory 7.76 per cent, is present in the salt, a difference of 
3.18 per cent. His crude salt, then, contains 1+1 per cent too much pen­
tose and his barium salt 87 per cent too little. It is evident from Ander­
son’s results only one-eighth of the barium salt can be in the form 
claimed by him.

This matter was tested further in the following manner:
Twenty-five grams of wheat bran and of cottonseed meal were digested 

for three hours with 250 c.c. 0.2 per cent hydrochloric acid, filtered, and 
200 c.c. precipitated with alcohol, just as described in the method used 
by Anderson. The precipitate was filtered and washed with alcohol, 
washed from the filter with hot water, boiled and some insoluble matter 
filtered off. (Anderson claims that the crude salt is readily soluble in 
water.) The filtrate was heated nearly to boiling and precipitated with 
barium hydroxide, filtered hot and washed with hot water. The phos­
phorus and pentosans were determined in the precipitate. The prepara­
tion of the barium salt was exactly the same as that used by Anderson 
except that we precipitated the product only one time with each precip­
itant.

The filtrate from the barium precipitate was freed from barium, con­
centrated and precipitated with alcohol. The precipitate was filtered on 
acid-digested asbestos and washed with alcohol. Phosphorus and pen­
tosans were determined.

The results are shown in Table 2.
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TABLE 2.
Products of Acid Extracts of W heat Bran and Phosphorus and Pentoses in Cotton Seed M eal 

Percentage of Original Substance.

Phos­
phorus

_  . 1 PentosePentoses ----------------
[Phosphorus

Barium Salt:
0.314
0.085
0.001
0.001

0.144
0.111
0.065
0.044

0.459
1.307

65.000
44.000

0.539

Alcohol Precipitate from filtrate from Barium Salt:

Theoretical:
(According to Anderson’s Proposed Formula)...............

Sum of Pentoses and of Phosphorus:
0.315
0.086
3.

12.

0.209
0.155

31.
28

Cottonseed Meal....................................................................
Percentage lost by treatment with Barium Hydroxide:

- i ... .
. 1.311 . .

From the table it is evident that wheat bran and cottonseed meal con­
tain soluble pentoses that are associated with very little, if any, phos­
phorus, and that these pentoses are insoluble in alcohol. The evidence 
on this point is positive. The bariIlm salt from the wheat bran contains 
not quite enough pentoses to satisfy the theory, and the cottonseed meal 
product contains more than twice as much as is required. The barium 
hydroxide treatment removed 31 per cent of the pentoses, from the crude 
salt from wheat bran and 28 per cent from that of cottonseed meal, 
while the amount of phosphorus removed in the same fractions was only 
3 per cent and 12 per cent, respectively. Anderson's barium salt purified 
by repeated treatment contained only one-eighth as much pentoses as is 
required by his theory. So it is evident that pentoses are removed in 
each successive treatment with barium hydroxide. Anderson’s crude salt 
contained 1.25 per cent nitrogen. He does not report the nitrogen in the 
barium salt, so we do not know what other non-phosphorised impurities 
it contained.

The above results, and those of Anderson show that we have no evi­
dence that wheat bran contains an inosite-phosphoric acid with pentose in 
the molecule. There is also no evidence that cottonseed meal contains 
such an acid.

The method of Anderson described above for the preparation of the 
lime-magnesium-potassium salt of phytic acid wras the same as that used 
by Patten and Hart. The latter workers analyzed a product prepared in 
this way and which they regarded as an impure lime-magnesium-potaa- 
sium salt of phytic acid. This salt contained by analvsis 17.30 per cent 
carbon; the free acid, according to their theory, contains 10.08 per cent 
carbon. The lime-magnesium-potassium salt, then, contained 70 per cent 
more carbon than the free acid, and at least twdce as much as their theory 
would require for such a salt. This abnormal result can be explained by 
our work described above. They merely reprecipitated water soluble, 
alcohol insoluble pentosans, by their method, and obtained a product 
highly contaminated with those substances.
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COM PARISON QF FORM ULAS PROPOSED FOR IN O SITE -P H O SP H O R IC  ACID OF  

W H E A T BR AN  AN D  COTTONSEED M EA L.

In Table 3 is shown the percentage composition of inosite-phosphorie 
acid of wheat bran and cottonseed meal, as calculated from the formulas 
proposed by different investigators.

TABLE 3.
Percentage Composition of Inosite-Phosphoric Acid of Cotton Seed M eal and W heat  

Bran, Calculated from Formulas Proposed.

Proposed Formula ' Carbon Hydrogen Phosphorus

CaH „P 20 9.............................................. 10.08 3.36 26.07
c ; 0h 55p . o 49.......................................... 17.67 4.05 20.54
C l.,Hl lP90 4............................................ 12.68 3.61 24.56

We have already shown that the acid would apparently contain less 
carbon and more phosphorus than it really contained if  prepared and 
analyzed by the method of Patten and Hart. The product of Anderson 
was obviously not pure, as it lost by simple separation as the free acid 
enough of some substance to change the calculated formula by CLHinOV 
It was not purified further and no homogeneity test was made. Since 
we have shown that our product was homogeneous and probably pure, we 
believe that the formula C12H n P 90 42 is more nearly the truth than the 
others proposed.

TFIE COM PO SITION OF P H Y T IC  ACID.

The theory that the inosite-phosphorie acid, or so-called “ phytic acid”  of 
feeding materials has the composition represented by the formula 
C2H sP 2O0 or a multiple thereof, rest upon the work of Posternak, Pat­
ten and Hart, Hart and Tottingham, and Anderson, all of whom used 
similar methods and analyzed, in most cases, the free acid. We have 
shown that grave errors are introduced by this method. Patten and 
Hart, Hart and Tottingham, Anderson, and as far as we have been able 
to find Posternak made no attempt to prove that their products were 
homogeneous and free from inorganic substances. The analysis of the 
free acid is attended with much risk, as gummy substances of this nature 
are liable to contain water which is imperfectly removed on drying.

The method used by Rising provides for the removal of inorganic bases 
but not for inorganic phosphorus. HiS method involves precipitation of 
bases with alcohol and ether, and from our results with alcohol it ap­
pears that it accomplished its purpose. Rising analyzed the silver Salt 
of his product and his calculated formula agrees better with our for­
mula than does that of any other investigator.

Yerbrodt, with the details of whose work we are unacquainted, pre­
pared and analyzed a barium salt of inosite-phosphorie acid, and assigned 
the formula C12H 40P 11O4ft to the free acid.

The percentage composition (calculated) of inosite-phosphorie acid, or 
so-called phytic acid, according- to these investigators, is shown in Table 4.

Our formula is Cl2H 41P 90 49, Rising’ s multiplied by 2, would be 
C12H 4nP 10O44,Verbrodt’s is C12H 40P 11O46, while the formula proposed by 
Posternak, and agreed to by other investigators, multiplied by CJ, would



be C12H 48P120 54. Both the formula and percentage composition Of our 
acid agree fairly well with that of Rising, and since he made no effort to 
remove inorganic phosphorus, the slightly lower content of carbon and 
higher content of phorphorus could be explained in this way. At 
any rate, the preponderance of evidence is in favor of a carbon content 
higher than 10.08 per cent, the results of Patten and Hart, Hart and 
Tottingham, and of Anderson, themselves being always higher than this 
figure.

TABLE 4.
Calculated Percentage Composition of Inosite-Phosphoric Acid According to Proposed

FormuIas.
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Proposed Formula Carbon Hydorgen Phosphorus

Posternak, P a t t e n  
and Hart; Hart and 
Tottingham; a n d

C „H 9P 30 9)........................................ 10.08 3 36 26.07
11.42 3 17 27.04
12.02 3.34 25.88

A n d e r s o n  (s y n - 12.60 2.80 27.14
12.62 3.24 26.51
12.68 3.61 24.56

We believe our formula, C12H 41P90.l2, more nearly represents the truth 
and propose it as the empirical formula of inosite phosphoric acid, or the 
so-called “ phytic acid”  of feeding materials.

It will be noticed that the calculated composition of our acid is similar 
to that of the di-inosite-tripyrophosphoric acid ester Anderson claims to 
have synthesized from inosite and pyrophosphoric acid, the phosphorus, 
however, being about 2 per cent higher in the product of Anderson. An­
derson states that “ the substance was isolated as the barium salt in 
exactly the same way . . .  as described for the dipyrophosphoric 
ester.”  The preparation of this last named ester involved precipitation 
from phytic acid solution with alcohol. Since the phvtic acid had not 
been shown to be free from inorganic bases, and since they have been 
found by us in considerable amounts in products prepared as Anderson 
prepared the phytic acid, and since these are precipitated by alcohol as 
salts of phytic add, Anderson’s products are necessarily impure.

SUMMARY AND CONCLUSIONS.

1. The method for the preparation of the so-called phytic acid, on 
which rests the theory that this acid corresponds to the formula 
C2H rP 2O0 or a multiple thereof, have been shown to produce an impure 
product containing notable amounts of iron and aluminum, calcium, 
magnesium and inorganic phosphorus. Formulas based on analyses of 
products prepared by these methods are therefore erroneous.

2. The principal organic phosphoric adds of cottonseed meal and 
wheat bran were separated and purified and the silver salts fractioned 
and analyzed.

3. Upon hydrolysis both the acid and the ammonia-soluble organic 
phosphorus compounds of cottonseed meal were found to yield inosite.
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4. The inosite phosphoric acids of wheat bran and cottonseed meal 
were found to be identical and correspond to the formula C12H 41P9 0  42.

5. Probably two-thirds of the inosite-phosphorie acid of cottonseed 
meal is not Soluble in 0.2 per cent acid, but is soluble in water. It is not 
soluble in water after extracting the material with acid, but may be dis­
solved in 0.2 per cent ammonia. The inosite-phosphorie acid of feeding 
materials is therefore not necessarily confined to the acid extract, which 
has formerly been assumed.

6. We have no evidence that wheat bran contains an inosite-phos- 
phoric acid with pentose in the molecule.

7. The formula C12II41P 0 0  42 is proposed for inosite-pho&phoric acid, 
or the so-called “ phytic acid”  of feeding materials.


