
D E C E M B E R  1 9 5 8  E D M O N D S  ET A L . :  D E T E R M I N A T I O N  OF S O A P  6 8 1  

Test Analyses 

Standard oils were prepared, covering the range 
from 15-1200 p.p.m, soap calculated as sodium oleate 
by adding calculated quantities of sodium hydroxide 
solution (0.001, 0.01, or 0.1 ~ )  to separate 100-g. 
samples of Wesson oil and blending in the Waring  
Blendor. Fa i r ly  stable emulsions were thus obtained. 
The 100-g. t reated sample was immediately analyzed, 
avoiding such sampling problems as settling and in- 
homogeneity. An additional series of test analyses 
were made on Wesson oil which had been t reated with 
sufficient oleie acid to bring the F F A  to 1%. This 
assured complete conversion of sodimn hydroxide to 
sodium oleate. 

ExceIient agreement was obtained with soap con- 
centrations below 150 p.p.m. F rom 150 to 1200 p.p.m. 
the results tended to be somewhat low, probably be- 
cause of the single extraction. Tests showed that  
fu r ther  extraction did wash out more sodium. How- 
ever it was felt  that  the saving in time warranted the 
simplified procedure. Refined oils will generally con- 
tain well under  150 p.p.m, soap, and the higher sam- 
ples are so obviously contaminated that  analysis is 
probably unnecessary. Certainly in this range the 
accuracy is adequate. Representative data, obtained 
on a Wesson oil containing 1% added oleic acid, are 
given in Table II.  

The applicabili ty of the method to refined oils with 
soap contents below 15 p.p.m, was tested in the fol- 
lowing way. Wesson Oil was extracted three times 
by our procedure outlined above, i.e., concentrated 
HC1 and petroleum ether, then water added and 
mixed in the War ing  Blendor in the manner  de- 
scribed. The water  layers were discarded. The third 
water layer gave the same reading on the ins t rument  

TABLE I I  

p.p.m. Na taken  p.p.m. Na oleate 
(calc. as Na oleate) found 

15 15 
30 31 
45 47 
60 60 

150 130 
300 250 
600 490 

1,200 1,060 

as the reagent blank. Sodium hydroxide solution, the 
equivalent of 6 p.p.m, of soap, was added to the 
" so ap - f r ee "  oil, and the resulting oil was analyzed 
for soap by our method. The soap found was 5 
p.p.m. In  the range of 5 p.p.m, of soap in refined oil 
the method gives values reliable to • 1 to 2 p.p.m. 
Sensitivity can be increased by decreasing the volmne 
of water for  extraction or increasing the size of 
sample, but the latter would tend to make the proce- 
dure somewhat cumbersome. 

We are making prel iminary studies on direct as- 
piration of a petroleum ether solution of the oil 
sample into the flame photometer. 

Summary 

A method has been developed for the determination 
of sodium soap as sodium in refined vegetable oil. 
The oil is extracted with hydrochloric acid, and the 
sodium is determined in the aqueous extract  by using 
the flame photometer. 
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Selective Hydrolysis of Soybean Oil Phosphatides 1 
R. E. BEAL, Northern Utilization Research and Development Division, Agricultural Research Service, 
U. S. Department of Agriculture, Peoria, Illinois 

p lnOSPHATIDES obtained from degumming sovbean 
oil are used, af ter  suitable treatment,  in a var ie ty  
of food and industrial  products where their  emul- 

sifying properties are necessary or important.  Al- 
though the use of soybean phosphatides has increased 
year  by year, a greater quant i ty  than required for 
existing uses would be available if the entire produc- 
tion of soybean oil were degummed. Conversion of 
phosphatides to mono- and diglycerides by selective 
hydrolysis is therefore a potentially practical method 
to utilize excess phosphatides, which are now disposed 
of in soapstoek. 

Hydrolysis  of phosphatides occurs at one or more 
points in the molecule according to the agents em- 
ployed (9). Such hydrolyt ic  reagents as aqueous acids 
or bases hydrolyze the glycerol-fatty acid bonds and 
the phosphoric acid-choline or ethanolamine bonds 
first, whereas the glycerol-phosphoric acid bond is the 
most resistant to attack. Enzymatic  hydrolysis is 
generally more selective. For  example, lecithin can 
be hydrolyzed to lysoleeithin, glyceryl-phosphoryleho- 

1 Presented at the 49th  Annua l  Meeting, American Oil Chemists '  Soci- 
ety, ~[emphis, Tenn., Apri l  21-23 ,  1958. 

line, phosphoryleholine, or choline by the selection of 
appropriate  phospholipases and conditions of treat- 
ment. Both a glyeerophosphatase of takadiastase and 
a phosphatase derived from certain animal tissues 
have been reported to liberate phosphoric acid from 
egg-yolk lecithin. One product  of the hydrolysis ap- 
pears to be a diglyceride. MaeFarlane and Knight  
showed that  a-toxins of Clostridium welchii filtrates 
contain a lecithinase which hydrotyzes lecithin to a 
diglyeeride and phosphorylcholine (4). This enzyme 
does not attack cephatins and certain other phospho- 
lipides. Enzymes are generally slow acting and they 
require buffering for  maximum effectiveness. The 
present report  describes a rapid method for convert- 
ing soybean oil phosphatides to diglycerides by using 
ion-exchange resins. 

Ion-exchange resins have been shown to catalyze a 
var ie ty  of organic reactions. Sussman reported in 
1946 that  cation resins may be substituted for  acid 
catalysts in esteriflcation, alcoholysis, hydrolysis, and 
other reactions (6). A continuous flow reactor em- 
ploying a cation resin catalyst for converting ace~tone 
to mesityl oxide was described by Klein and Ban~hero 
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(2).  Hamil ton and Metzner hydra ted  ethylene oxide 
to ethylene glycol over a cation resin in a vapor-phase 
reaction at temperatures up to 180~ (1). Sut ton 
and Moore demonstrated the use of a cation resin to 
promote the hydrolysis of tallow with water at 100 ~ 
(7). They found it necessary to add an emulsifier to 
the reaction mixture to promote contact between the 
liquid phases and the resin. 

Since phosphatides emulsify with water, it was con- 
sidered possible to catalyze the hydrolysis of phospha- 
tides in nondegummed soybean oil, using a cation 
resin without adding emulsifier. I t  was found that  
the phosphatides both in the oil or af ter  their separa- 
tion by degumming are largely hydrolyzed without 
attack on the oil itself. If the acidity of the water 
phase is controlled by the addition of a strong anion 
resin to the reaction mixture, the phosphatides may 
be largely hydrolyzed free of phosphorus without an 
appreciable increase in free fatty acid content, indi- 
cating that the reaction products are diglyeerides and 
phosphoric acid or its esters with choline, ethanola- 
mine, or inositol. 

]~xperimental 
The hydrolysis experiments were conducted either 

in a l- l i ter  round-bottom flask or in a small stain- 
less-steel apparatus equipped with a steam jacket and 
agitator  (Figure 1). In  either case the reactor was 
charged with nondegummed soybean oil or soybean 
gums, water, and freshly activated resin. Often a 
hydrocarbon solvent, such as heptane or a kerosene 
distillate, was also added. 

When the stainless-steel reactor was used, the 
reactor headspace was evacuated and placed under  
ni t rogen;  the charge was heated to the desired tern- 
perature,  which was measured by a thermoeouple and 
potentiometrie temperature  recorder;  thorough agita- 
tion was provided. Samples were removed through a 
sampling valve or, af ter  cooling, the whole charge 
was removed. Af te r  the sample or entire reaction 
mixture was removed, a small amount of salt water  
was added and the reaction mixture  was centr ifuged 

2 The  men t ion  of f i rm n a m e s  or  t r ade  p roduc t s  does no t  imply  tha t  
they  a re  endorsed or  r e c o m m e n d e d  by  the  U.  S. D e p a r t m e n t  of Agr icu l -  
t u r e  over  other  f i rms  or  s imi l a r  p roduc t s  not  ment ioned .  

in 250-ml. bottles in an Internat ional  centrifuge. 2 
The oil was then separated from the water by syphon- 
ing as close to the interface as possible without dis- 
turbing the water layer. The water layer was washed 
five times with 50-ml. quantities of petroleum ether 
by shaking with the solvent, centrifuging, and sy- 
phoning off the solvent layer. The solvent was re- 
moved by evaporation, and the extracted oil was 
added to the original oil phase for analysis. 

In several instances the water layer and resin were 
evaporated to dryness, then refluxed with alcoholic 
potassium hydroxide for 1 hr., followed by evaporat- 
ing the alcohol, dissolving the residue with hot water, 
acidifying, cooling, and extracting several times with 
petroleum ether to recover fa t ty  acids. The amount 
of free and combined fa t ty  acids recovered from the 
water layer was generally less than 0.3% of the origi- 
nal nondegummed oil charged to the hydrolyzer.  The 
oil phase including the desolventized petroleum ether 
extracts was thoroughly mixed and analyzed for free 
fa t ty  acid and phosphorus. Phosphorus was deter- 
mined by the method of Truog and Meyers af ter  a~h- 
ing a sample with alcoholic magnesium nitrate (8). 

Results and Discussion 
Treatment  of nondegummed soybean oil with water 

and a cation resin in the hydrogen form under sev- 
eral conditions is summarized in Table L The resin 

T A B L E  I 
Hydro ly s i s  of Phosphatides in  N o n d e g u m m e d  Soybean 0i l  

U s i n g  a Cat ion  E x c h a n g e  Res in  

E x a m p l e s  

R e a c t a n t s  
Soybean oil, n o n d e g u m m e d ,  g. 
Dist i l led wa te r ,  g.  
Cat ion  res in ,  ml. b 
H y d r o c a r b o n  solvent," g. 
Emuls i f ie r ,  g.  
Salt, g. 

Hydro lyzed  oil r 
F r e e  f a t t y  acid, % 
ICeductien in  phosphorus ,  % 

a Reac t ions  were  conducted 
conducted 1 hr.  a t  121~ 

1 2 3 4 5 6 

100 a 100 100 1O0 1O0 100 
25 25 25 4 25 10 
20 20 10 10 5 10 

100 190 100 
0.25 

0.7 

2.40 1.84 1.44 2.64 17.2 3.2 
90 94 84 96 87 91 

hr .  a t  10O~ except  example  five was  

b Ten  ml. of we t  r e s in  we ighed  2.9 g. w h e n  d r i ed  2 hr.  at  100~ 
Dowex  50 X 4, 5 0 - 1 0 0  mesh,  I~" f o r m  was  used.  

c The  f r e e  fa t ty-ac id  content  of the  o r ig ina l  n o n d e g u m m e d  soybean ell 
was  0 .73%,  and  the  oil conta ined  0 . 0 9 5 %  of phosphorus .  

was separated and regenerated for subsequent tests~ 
In the first example 90% of the phosphorus was split 
off from the phosphatides to a water-soluble, hydro- 
carbon solvent-insoluble form. At the same time there 
was a substantial increase in free fatty-acid content 
of the oil. As a check on the procedure for recover- 
ing the oil phase following hydrolysis, a test was 
made without resin, and the phosphorus and free 
fatty-acid content of the recovered oil were the same 
as for  the original oil. This check test showed that 
the results obtained with the resin were not caused 
by degumming. 

Other examples in Table I indicate the effects of 
adding a hydrocarbon solvent, an emulsifier, or so- 
dium chloride to the reaction mixture, and the result 
of reducing the amount of water used. None of these 
factors result in appreciably different phosphorus re- 
moval although the solvent reduces free fatty-acid 
formation;  also the amount  of water  has an effect 
on fa t ty  acid hydrolyysis. I t  is estimated that com- 
plete hydrolysis of the f a t t y  acids from the phospha- 
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tides present in the crude oil would produce about 
2.2% free fat ty  acids in addition to those originally 
present in the oil. Therefore, in examples 1, 4, 5, 
and 6, nearly complete hydrolysis  of the phosphatide 
fat ty  acids must  have occurred although complete 
hydrolys is  is improbable since no phosphorus would 
then be in a petroleum ether-soluble form. 

Figure  2 summarizes  results obtained when the 
hydrolysis  was conducted at 125~ on a larger scale 
in a stainless-steel autoclave. Samples were removed 
during the reaction for treatment and analysis .  Most 
of the phosphorus is split off from the phosphatides 
in the first 10 rain. of reaction. Fa t ty  acid hydroly-  
sis shows a steady rate of increase. In this reaction 
a 200-400 mesh cation resin was used, which may 
have contributed to a faster reaction. The color of 
the oil was not visibly altered by treatment at this 
temperature.  

Dur ing  the hydrolysis  reaction increased acidity of  
the water phase is noted and undoubtedly  results 
from the formation of free phosphoric acid. As pre- 
viously  stated, acidity in the aqueous phase is con- 
ducive to fat ty  acid hydrolysis;  therefore a means of 
controll ing acidity is desirable. Methods of control- 
l ing the pH of the aqueous phase by using buffer 
salts or by neutral izat ion with alkali are believed to 
be ineffective in the presence of a hydrogen form of 
cation resin because the resin would exchange hydro- 
gen ions for the salt cations. Use of a mixture of 
hydrogen-form cation resin and sodium-form cation 
resin, the firsZ to catalyze the reaction, the second to 
exchange sodium ions with phosphoric acid formed 
in the reaction, was found to be only sl ightly effec- 
tive for preventing free fat ty  formation in two tests. 
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However  when a mixture of hydrogen-form cation 
resin and a strong anion resin in the hydroxyl  form 
was used in the reaction, it was found that a substan- 
tial amount  of the phosphorus may be split off from 
the glycerol  radical before the free fatty-acid content 
increases appreciably. 

Results of a test using mixed resins are shown in 
Figure 3. After  20 rain. at 121~ 83% of the phos- 
phorus was split off while the free fatty-acid content 
was only 0.23%. Since the free fat ty  content of the 
original crude oil according to titration was 0.73%, 
it is indicated that most of this t itration was caused 
by phosphatides. Al though very little further reduc- 
tion in phosphorus content of the oil occurred at 
longer reaction times, the free fatty-acid content had 
increased to 0.82% after 1 hr. and to 1.13% after 
2 hr. The opt imum reaction time at 121~ for maxi- 
mum phosphorus reduction with min immn free fatty-  
acid formation was therefore about 20 min. 

T A B L E  I I  
tIydrolysis of Soybean Oil Gums 

Examples 

I:~oaeLants 
Soybean oil gums, g.  
Distilled water, g. 
Cation resin, ml. b 
Anion resin, ml. c 
Hydrocarbon solvent, g.  

Conditions of treatment 
Temperature, ~ 
T i m e  at temperature, hr. 

~Iydrolyzed gums ~ 
Free fatty acid, % 
Reduction in phosphorus, 

I 2 3 

50  a 50 
50 50 
25 25 

150  150  

121  121  107  
2 2 2 

54 .4  54 .4  52 .9  
98 98 89 

5 
50 

5 
10  
50  

121  
1~ 1 2 4 

13 .9  18 .1  19 .0  25 .5  
45  90 - -  95 

a The oil phase recovered from example one was re-hydrolyzed under 
the same conditions with the same amounts of fresh water and solvent. 

I) Do ,vex  50 X , 2 0 0 - 4 0 0  mesh ,  H+ form. 
e D o w e x  1 X 4, 5 0 - 1 0 0  mesh ,  O H -  form. 
d The original gums analyzed 5.2% as free fatty acid and 2.02% 

phosphorus. 

Results of several tests conducted on the hydrolysis  
of soybean oil gums obtained by degumming a crude 
oil with 2% of water are given in Table II. In the 
first example where a cation resin catalyst is used, 
about 95% of the phosphorus was split off after a 
2-hr. treatment at 121~ However  the high free 
fatty-acid content of the hexane-soluble phase indi- 
cates that most of  the fat ty  acids have also been 
hydrolyzed from the glycerol radical. Column 2 lists 
conditions of treatment and product analyses when 
the hydrolyzed gmns from example 1 were treated 
with fresh water, resin, and solvent. No increase in 
free fat ty  acid but a further reduction in phosphorus 
is noted. Lowering the reaction temperature resulted 
in less hydrolysis  of phosphorus in example 2, column 
3. In the third example where a mixture of cation 
and anion resins was used and samples  were taken 
at � 8 9  1, 2, and 4 hr. the phosphorus was reduced 
about the same amount  as for example 1, but the free 
fatty-acid content of the hexane-soluble phase was 
substantial ly less. I f  a larger proportion of anion 
resin and a reaction time less than 30 rain. had been 
used, it is probable that the free fatty-acid content 
would have been still less although this was not  
determined. 

The recovery and repeated re-use of a cation resin 
from a hydrolysis  reaction presents no difficulties and 
is a famil iar technique. However  regeneration of 
mixed cation and anion resins presents problems. In  
one method of regenerating mixed resins used for 
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demineralizing water the exhausted, intimately mixed 
cation and anion resins are separated into layers by 
hydraul ic  classification and regenerated by appropri-  
ate t reatment  of each layer with solutions of acid or 
base, followed by rinsing and remixing (3). 

In  a catalytic process where considerable agita- 
tion is employed, at tr i t ion of the resins occurs, which 
probably prevents their  successful re-classification for 
regeneration since their  separation is governed by 
Stokes' law of settling. According to this law, the 
rate of settling of a spherical partiele in a quiescent 
fluid medium is a function of the square of its diam- 
eter and of its density. The same principle applies 
to hydraulic classification. Therefore anion and cation 
resin particles, if equal or nearly equal in density and 
if the same size, should not be amenable to hydraulic 
classification. Even though cation and anion resins 
of a different size range were used initially, they 
would probably be inseparable or only part ial ly sep- 
arable af ter  several re-uses on account of attrition. 

In  one experiment a mixture of anion and cat- 
ion resins, recovered from the reaction mixture by 
centrifugation following a hydrolysis reaction, was 
washed on a Buchner funnel with acetone, followed 
by eight washings with distilled water. When these 
resins were used to catalyze a hydrolysis reaction 
without fur ther  treatment,  84% phosphorus removal 
from a nondegummed soybean oil was effected in 30 
min. During this t reatment  the free fatty-acid con- 
tent increased to 0.86%. 

In another test the mixed resins were regenerated 
by washing with acetone followed by one wash of 
50 ml. of one normal hydrochloric acid, three washes 
with distilled water, one wash with 25 ml. of one 
normal sodium hydroxide,  and five washes with dis- 
tilled water. The regenerated mixed resins catalyzed 
the hydrolysis of 71% of the phosphorus from non- 
degmnmed soybean oil in 30 rain. at 121~ The final 
free fatty-acid content of the oil was 0.19%. 

A sample of the nondegummed soybean oil used in 
the tests and a sample of soybean oil recovered from 
a hydrolysis reaction, using mixed re~ins, were alkali- 
refined with 0.2% excess of 10% aqueous sodimn hy- 
droxide. The refined oils were analyzed for mono-, 
di-, and triglycerides by the adsorption method of 

Quinlan and Weiser (5). The refined oil contained 
3.1% monoglyeerides, 13.1% diglycerides, and 80.8% 
triglycerides while the hydrolyzed, refined oil con- 
tained 4.0'% monoglycerides, 14.7% diglycerides, and 
78.5% triglycerides. These data indicate that mono- 
and diglyeerides are formed by the hydrolysis treat- 
merit although the unexpectedly high amounts of 
mono- and diglycerides in both samples may have been 
caused by oxidized glyceridcs which were adsorbed 
and elutcd from the silica gel column together with 
the mono- and diglyceridcs. 

Summary 
A rapid method is described for t reat ing nonde- 

gummed soybean oil with water and a mixture of 
cation and anion exchange resins at elevated temper- 
atures. In less than 30 rain. 85% of phosphatide 
phosphorus is converted to a water-soluble, petroleum 
ether-insoluble form. Very  little free or combined 
fa t ty  acids are associated with the phosphorus thus 
split off from the phosphatide, and only a moderate 
increase in free fa t ty  acid in the oil phase occurs. I t  
is proposed that the phosphatides are largely con- 
verted to diglyeerides by the selective hydrolytic 
treatment.  
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Storage of 'Cottonseed 
F. A. NORRIS, LEE J. HILFMAN, and C. E. LAND, Swift and Company, Chicago, Illinois 

OSSES on account of cottonseed deterioration dur ing 
storage have been estimated at around $1 per  
ton. This f gu re  may be considerably higher or 

lower in a given locality or dur ing any specific sea- 
son. Storage losses are caused pr imari ly  by two 
factors, a) Enzymes or microorganisms (1, 2) break 
down glycerides with the formation of free f a t ty  
acids and glycerol. This hydrolysis is accelerated 
in the presence of high moisture, high acid, or dam- 
aged seed. I t  is also accelerated by increased tem- 
perature  up to the point where the biologically active 
agents are destroyed, b) Heat  developed (from the 
biological activity) affects the seed pigments so that  
they are not satisfactorily removed during subsequent 
refining and bleaching. 

Despite more than 50 years of commercial opera- 
tion, in many respects cottonseed storage is still an 
"art," without sufficient scientific background. Some 
of the most interesting and intensive work done to 
date has yielded negative results in tha t  no chemical 
inhibition of hydrolysis caused by enzymes or micro- 
organisms has proven practical  on a commercial scale. 
The inhibitors are either toxic or not sufficiently 
active (1). 

Cottonseed is usually stored in seedhouses or silos. 
The seed houses may be of wood construction, but  the 
modern types are made of steel with metal sides and 
roof. The roof is sloped at 45 ~ to equal the angle of 
repose of seed. Cooling facilities are normally pro- 
vided by large fans connected to ventilating ducts 


