
J U N E  ] 9 5 7  B R A A E  ET A L . :  S O M E  P R O B L E M S  2 9 9  

Summary 
An investigation of the removal of soap from neu- 

tralized vegetable oils by washing with water has 
shown that some oils are obtained practically soap- 
free after only one water wash whereas the soap in 
other oils cannot be removed even by repeated wash- 
ing. Coconut, palm, and olive oils are easily washed 
whereas linseed and rapeseed oils are not. Peanut, 
sunflowerseed, soybean, and cottonseed oils are some- 
times washable and sometimes not. 

With unwashable oils different methods for soap 
determination give inconsistent results because cal- 
cium and magnesium soaps, or other naturally-occur- 
ring compounds of these metals, are not determined 
to the same extent  by these methods. Calcium and 
magnesium in the  crude oils are probably combined 
with phosphatides or other lipids and remain to some 
extent in this state af ter  neutralization. Calcium and 
magnesium present as soaps or as any other com- 
pound may be detected easily in crude, neutralized, 
and washed oils by the t i t rat ion method of Wolff. 

Washabil i ty of neutralized oils may be improved 
in a number of ways; the most efficient is pre-treat- 
meat  with concentrated phosphoric acid or re-refining 
with a mixture  of sodium hydroxide and sodium 
carbonate. Ei ther  of these t reatments  can be ap- 

plied in batch or continuous refining processes. To 
prevent  contamination of washable oils wi th  calcium 
and magnesium, soft water should be used for wash- 
ing and in" preparat ion of refining solutions. 
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The Destruction of Gossypol in Cottonseed Oil 
Soapstock by a Heat Treatment I 

JOSEPH POMINSKI and FRANK C. PACK, Southern Regional Research Laboratory, 2 
New Orleans, Louisiana 

T 
HERE IS A NEED to find uses for  the excess supplies 
of oil soapstocks. Approximately  120 million 
pounds of cottonseed oil soapstock are produced 

annual ly  in this country  (reported as refining loss). 
The market price of cottonseed oil soapstock, when 
salable, is often insufficient to cover t ranspor ta t ion 
costs. Some refiners have been forced to discard this 
material, and  even its disposal may prove troublesome 
at times by  reason of conservation laws. Examined 
for the specific case of cottonseed oil soapstock, many  

p r o p o s e d  uses aimed at an increased uti l i ty for  this 
material would benefit by a reduction in the amount  
of or t h e  outr ight  destruction of the gossypol con- 
tained in soapstock. The gossypol content of cotton- 
seed oil soapstock may vary  from 0 to approximately 
4%. Samples of alkaline soapstock analyzed in our 
laboratories exhibit a range f rom a few tenths of 1% 
to near ly  4%. Acidulated soapstocks show a range 
of f rom substantially 0 to 6%. All of our gossypol 
analyses employ the p-anisidine method: 

The efficient preparat ion of considerable amounts 
of degossypolized soapstock for evaluation purposes 
necessitated the designing, construction, and opera- 
tion of a continuous, pilot-plant scale, degossypoliz- 
ing apparatus.  The apparatus  based on previously 
reported laboratory data ( 1 )  and its operation is the 
subject of this paper. 
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Apparatus 
The pilot-plant apparatus  is designed to process 

approximately 1.88 lbs. or 0.25 gal. of raw alkaline 
soapstock per hour at temperatures  of 212~176 
and pressures of 290-300 lbs. p.s.i. F igure  1 is a 
photograph, and Figure  2 a flow diagram of the 
apparatus.  Alkaline soapstock is forced through the 
system continuously while being subjected to the heat 
treatment.  The pressures developed are the result of 
heat-treating temperatures  and are not in themselves 
essential for  the destruction of gossypol. The heated, 

FIG. 1. A p p a r a t u s  f o r  h e a t - t r e a t i n g  s o a p s t o c k .  
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alkaline soapstoek (approximately 50-60% water) is 
pressurized so that  high temperatures  can be attained 
without losing, as a result  of .... v,~*~ vaporization, 
the liquid physical characteristics of the soapstock. 
The heat t reat ing system comprises a holding tank 
wrapped with steam eMls; a high-pressure, positive- 
displacement, diaphragm pump;  a heat-treating tube 
through which the soapstock is forced;  and a spring- 
loaded back pressure valve for control of the system 
pressure. Simple, pipe-jacketed, heat exchangers are 
employed for preheat ing the untrea ted  soapstock and 
for cooling the t reated soapstock. The holding tank 
is a 4-ft. length of extra strong, seamless, 3-in. steel 
pipe with a pipe cap on each end. The pump feed is 
of variable volume capacity. Ei ther  the pump or the 
holding tank containing nitrogen gas under  pressure 
may be used to force soapstoek through the system. 
Figures  3 and 4 show the s t ructural  details of the 
heat-treating tube and of the oil bath that  is used to 
heat the tube. The bath is heated electrically with a 
2,000-watt immersion heater, and the temperature  is 
controlled with a bimetallic thermoregulator  that  op- 
erates through a relay. The heat-exchange surface of 
the t reatment  tube immersed in the oil bath is .0082 
sq. ft. Relief valves are installed as a precaut ionary 
measure. All piping in the system is extra strong, 
seamless steel, and all the fittings are rated for service 
at 300 lbs. p.s.i. 

Operational Details 
Exper imenta l  t reatments were made on various 

types of soapstock (soda ash-refined and caustic-re- 

fined). Dur ing  the initial experimental  runs, soap- 
stock was forced through the system from the holding 
tank by means of the pressure exerted by cylinder 
gas (N2). Gas pressures were adjusted by reference 
to steam tables since the temperature  and pressure 
relations for raw alkaline soapstoek closely approxi- 
mate those for water. However use of the holding 
tank and gas pressure for  feeding soapstock through 
the apparatus  proved somewhat troublesome. Uneven 
flow, and as a consequence thereof localized overheat- 
ing, caused the development of pressures within the 
heat-treating tube that exceeded the controlled nitro- 
gen gas pressure. The excessive pressures, produced 
periodically, in tu rn  caused Spasmodic ejection of 
soapstoek not uniformly heat-treated. In  addition, 
toward the end of each batch run there was a tend- 
ency for small quantities of the nitrogen gas under  
pressure to by-pass the viscous soapstock and enter ~ 
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T A B L E  I 

Process ing Data 

Soapstoek Analyses 
Temp. ~ Type 

Soapstock 

Na~,COg, s I 

Na:COa, II 

N a O H  

Rate  
lbs . /hr .  

Holding 
time a 
rain. 

Pressure ] 
lbs./sq. 

ineh I n  

7.43 
5.51 
1.88 

Untrea ted  

1.41 275 
1.90 275 
5.51 275 

9.87 
2.75 

5.49 
4.70 
3.86 
2.55 

Untreated 

3.64 315 
3;81 290 

Untreated 

1.90 268 
2.22 275 
2.71 270 
4.1 2 6 8  

a Hold ing  time in 3.5 ft. of the heat  t rea t ing  tube. 
b W a t e r  added before t rea tment .  

200 
200 
200 

I" 175 
175 

I 155 
150 
140 
170 

Out 

212 
212 
211 

210 
210 

210 
211 
210 
210 

~ 0  
% 

52.67 

65.72 
65.75 
69.57 

66.0 
60.0 

59.37 

53.52 
54.83 
55.73 
57.47 

Total Free 
G ossypol Gossypol % % 

0.77 0,23 

0.16 0.10 
0.08 0,07 
0.04 0,03 

2,27 1.85 

O.O7 0.06 
0.09 0,07 

0.62 0.32 

0.13 0.11 
0.10 0,09 
0.07 0.06 
0.05 0.04 

Total 
Fat ty  Acids % 

30.2 

20.5 
20.2 
18.9 

27,90 

31.08 
30,20 
29,52 
28.76 
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the heat-treating portion of the system. This likewise 
caused intermittent ejection of soapstock that was not 
uniformly heat-treated. By use of a positive-displace: 
ment, diaphragm pump to force the soapstock through 
the system these difficulties were avoided. Rates were 
determined by collecting and weighing the heat- 
treated product. 

Table I is a compilation of several test runs in 
which the soapstock passed through the apparatus 
once. Total and free gossypol were reduced to values 
as low as 0.03%. Cottonseed oil soapstoek passed 
through the  apparatus with a holding time of approx- 
imately 12 min. (attained by recycling treated mate- 
rial) showed a total gossypol content of 0.003%. Re- 
duction of gossypol is dependent upon the holding 

time in the apparatus, the temperature of the heat 
treatment, and the type of soapstock being treated 
(1). Total fat ty acid content o f  the soapstock is un- 
affected by the heat treatment. It  is of some interest 
to note that the free and total gossypol content ap- 
proached a common value, following heat treatment, 
despite initial differences. 

Summary and Conclusions 
Successful operation of the apparatus, as described 

in this paper, was conducted at rates of feed that 
ranged from 1.89 to 5.51 lbs. per hour. The data 
show that cottonseed oil soapstock can be heat-treated 
continuously on a pilot-plant scale so that both the 
free and total gossypol content, as measured by the 
p-anisidine method (2, 3), are reduced to values as 
low as 0.003%. In the work reported, the heat trans- 
fer medium was oil, heated electrically. Commer- 
cially a direct, gas-fired, heat exchanger would be 
more practical. These experiments indicate that addi- 
tional work on a larger or plant scale is justified, 
provided, of course, that the marketing economics 
involved are favorable. 
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Report of F.A.C. Monoglyceride Subcommittee--1956 

T 
Y[E M O N O G L Y C E R I D E  S U B C O M M I T T E E  o f  t h e  F a t  

Analysis Committee was established in 1953 for 
the  purpose of selecting a method for the deter- 

mination of monoglycerides. The determination of 
monoglycerides is based upon the original work of 
Malaprade (1) on oxidation of polyaleohols. Fleury 
and Paris were the first to report on the reaction of 
periodic acid on glycerol phosphoric acid, a com- 
pound similar to the monoglycerides. The first method 
for fa t ty  acid monoglycerides was reported by Pohle, 
Mehlenbacher, and Cook (2). This method was im- 
proved by Handschumaker and Linteris (3), and fur- 
ther improvement was made a little later by Pohle 
and Mehlenbacher (4) and by Krutz, Segur, and 
Miner (5). 

Three methods have been tested comparatively by 
the subcommittee: 

1 .  M i n e , r  M e t h o d  ( 5 ) .  T h e  s a m p l e  i s  d i s s o l v e d  i n  a s o l u t i o n  
o f  5 %  d i m e t h y l f o r m a m i d e  i n  c h l o r o f o r m .  T h e  t o t a l  m o n o -  
g l y c e r i d e  a n d  g l y c e r o l  a r e  d e t e r m i n e d  o n  a 25-mi .  p o r t i o n  
b y  o x i d a t i o n  w i t h  a m e t h a n o l  s o l u t i o n  o f  p e r i o d i c  a c i d .  
W h e n  t h e  r e a c t i o n  is  c o m p l e t e ,  a s o l u t i o n  o f  s o d i u m  
b i c a r b o n a t e  a n d  p o t a s s i u m  i o d i d e  is  a d d e d ,  a n d  t h e  l ib -  
e r a t e d  i o d i n e  is  t i t r a t e d  w i t h  a s t a n d a r d  s o d i u m  a r s e n i t e  
s o l u t i o n ,  u s i n g  s t a r c h  i n d i c a t o r .  T h e  g l y c e r o l  i s  d e t e r -  
m i n e d  b y  a d d i n g  100  ml .  o f  w a t e r  to  t h e  25  m],  o f  t h e  

c h l o r o f o r m  s o l u t i o n ,  t h e n  25 ml .  o f  a n  a q u e o u s  p e r i o d i c  
a c i d  s o l u t i o n .  T h e  m o n o g l y c e r i d e  is  c a l c u l a t e d  f r o m  t h e  
d i f f e r e n c e  i n  t h e  t i t r a t i o n  f o r  t o t a l  m o n o g l y c e r i d e  a n d  
g l y c e r o l  a n d  t h e  t i t r a t i o n  f o r  t h e  g l y c e r o l .  

T A B L E  I 

Repeated Analysis of the Same Sample 

~ean 

Miner Method 
1954 ............................................... 
1955 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1955 (known)  ................................ 
1956 (known)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1956 ............................................... 

Average ...................................... 

Ext rac t ion  Method 
1954 ............................................... 
1955 ................................................ 
1955 (known)  ................................ 
1956 (known)  .......................... ~ ..... 
1956 ............................................... 

38.5 
38.7 
38.6 
38.6 
38.7 

38.6 

38.4 
38.6 
38.2 
38.4 
38.4 

Average ..................... , ........... ; . . . . . . .  
38.4 

Par t i t ion  M e t h o d  
1954. ............................................... 38.5 
1955 ........................................ ~ ....... 38.8 
1955 (known)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 8 . 8  
1956 (known)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38.8 
1956 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38.8 

Average ....................................... 38.7 

Ooeffieient 
S tanda rd  of 
dev ia t ion  var ia t ion  

0.41 1,07 
0.92 2 . 3 7  
0.30 0.78 
0.20 0.52 
0.62 .1 .60 

0.45 1.27 

0.65 1.69 
0.44 1.14 
0.39 1.02 
0.25 0.65 
0.41 1.06 

0.43 1.Ii 

0.17 0.44 
0.63 1.62 
0 . 1 2  0.31 
0.23 0.59 
0.41 1.06 

0.31 0.80 


