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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 
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TABLE I I  

A ver age-Collabor ati~ e Analyses--1956 

Miner Method 
Collaborator 1 

2 
3 ...... 
4 
5 ...... 

~xtraction Method 
Collaborator 1 ....... 

2 .................. 
3 
4 
5 ....... 

Partition Method 
Collaborator 1 

2 ....... 
3 
4 .................. 
5 

Sample 1 Sample 2 Sample 3 

Analyst Analyst Analyst 

1 2 1 2 1 2 

2.45 2.39 
2.41 2.41 
2.44 2.46 
2.64 
2.36 

38.5 38.9 
38.5 37.9 
37.6 39.7 

39.1 
38.3 
37.8 

39.2 
38.8 
38.9 

38.5 

92.7 93.3 
92.1 91.8 
89.2 93.4 
~1.4 
91.4 9d:s 

91.7 92.1 
91.8 91.6 
88.7 91,4 
91.7 .... 
92.3 91.9 

91.8 91.1 
92.4 92.9 
89.1 92.9 
93.0 .... 
92.9 92.6 

2.86 
2.87 
2.30 
2.71 
2.84 

2.91 
2.86 
2.23 
2.90 
2.90 

.... 38.4 
2.40 38.0 

2.79 38.3 
2.92 38.7 
2.72 37.9 

38.1 
2.~ 38.4 

2.74 38.4 
2.80 38.8 
2.81 38.8 

.... 39.1 

.... 39.2 

TABLE I I I  

Summary Indicating Over-all Precis ion--1956 Results 

Sample 1 
Miner Method .............................. 
Extraction Method.....'. ................. 
Partit ion Method ......................... 

Sample 2 
Miner Method ............................... 
Extraction Method ....................... 
Partit ion Method ......................... 

Sampl~ 3 
Miner Method .............................. 
Extraction Method ....................... 
t~artition Method ......................... 

Mean 

2.45 
2.80 
2.80 

18,5 
18.4 
~8.8 

~].9 
)1.5 
}2.2 

Coefficient 
Standard of 
deviation variat ion 

0.12 4.9 
0.17 6.1 
0.18 6.4 

6.62 1.6 
0.41 1.1 
0.41 1.1 

1.36 1.5 
1.15 1.3 
1.12 1.2 

2. l~xtraction Method ( 4 ) .  T h e  s a m p l e  is d i s so lved  in chlo- 
r o f o r m ,  a n d  the  g l y c e r o l  is r e m o v e d  b y  e x t r a c t i o n  w i t h  
w a t e r .  P e r i o d i c  a c i d  in  a n  a c e t i c  a c i d - w a t e r  s o l u t i o n  is  
a d d e d .  T h e  p e r i o d i c  a c i d  c o n s u m e d  b y  o x i d a t i o n  of  the  
m o n o g l y e e r i d e  is d e t e r m i n e d  f r o m  a n  i o d i m e t r i c  t i t r a t i o n ,  
u s i n g  a s o d i u m  t h i o s u l f a t e  so lu t ion  a n d  s t a r c h  i n d i c a t o r .  

3. Part i t ion Method ( a  m o d i f i c a t i o n  of  the  e x t r a c t i o n  m e t h o d  
d e v e l o p e d  in  S w i f t  a n d  C o m p a n y  R e s e a r c h  L a b o r a t o r i e s ) .  
T h e  s a m p l e  i s  d i s so lved  in  c h l o r o f o r m ;  a n  e q u a l  v o l u m e  
of  w a t e r  is a d d e d ,  shaken ,  a n d  a l l owed  to s e p a r a t e  i n to  
two  p h a s e s ;  a n  a l i q u o t  o f  t he  c h l o r o f o r m  so lu t ion  is 
p i p e t t e d  f o r  t h e  m o n o g l y c e r i d e  d e t e r m i n a t i o n .  T h e  mono-  
g l y c e r i d e  is d e t e r m i n e d  in  the  s a m e  m a n n e r  as  in  t he  
e x t r a c t i o n  m e t h o d .  

A single sample was analyzed by the suheommittee 
in 1954, using the three methods under  trial. The 
same sample was resubmitted to the subcommittee as 
an unknown in 1955 and 1956, and duplicate portions 
were also submitted as " k n o w n s . "  The purpose of 
the " k n o w n "  was to serve as a p r imary  s tandard  for 
over-all determination. The results obtained on this 
sample in three consecutive years appear  in Table I. 

Three additional samples were submitted to the 
subcommittee in 1955 and again in 1956. The latest 
results obtained on these samples appear  in Table II .  

All of the data  were statistically processed by  H. 
P. Andrews. The summary appearing in Table IV 
indicates the 95% probabil i ty limits for  a number of 
analytical situations. 

TABLE I V  

Precision of the Parti t ion Method at Various 
Monoglyceride Levels 

Difference between 

%Mono- 
glyeeride 
present, 
approx. 

2 x  
Standard 
deviation 

Single detn. 
by same 

analyst on 
different 

days 

Single detn. 
by different 
analysts in 
the same 

labs. 

Single an- 
alyses in 
different 

laboratories 

3.0 ~0 .36  0.27 0.51 0.51 
40.0 ~0.8  0.6 1.2 1.2 
90.0 ~2.2  2.0 3.2 3.2 

Af ter  due consideration the committee recommends 
the Par t i t ion Method on the basis of superior preci- 
sion: more simple than the Extract ion Method and 
more precise than the Miner Method. 
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Studies on Castor Oil. Ii. Hydrogenation of Castor Oil I 
B. SREENIVASAN, 2 N. R. KAMATH, and J. G. KANE, Department of Chemical Technology, 
University of Bombay, Bombay, India 

T 
H E  HYDROGEN'ATION OF CASTOR OIL~ also of methyl 
ricinoleate, has been studied by several investi- 
gators (2, 6-13, 15, 20-23). In  spite of wide vari- 

ations in conditions of hydrogenat ion with respect to 
type and amount of catalyst, temperature  and pres- 
sure, practically all the investigators have assumed 
that  the products  formed will be essentially esters of 
12-hydroxy stearic acid and /o r  stearic acid; only the 
relative proportions will be dependent  on the exter- 
nal factors. Thus a) at low temperatures  and low 
pressures the rate of hydrogenat ion is slow; b) at 

1 Pa r t  of the thesis submitted for the Ph.D. degree at the University 
of Bombay. 

Present  address: Lipides Laboratory, Department of Physiological 
Chemistry, Ohio State University, Columbus, O. 

low temperatures and low pressures, saturation of 
the double bond is the predominant reaction; c) at 
high temperatures and low pressures, dehydroxyla- 
tion is marked; and d) at high temperatures and 
high pressures, decomposition reactions predominate. 
These conclusions are based mainly on the chemical 
constants of the hydrogenated product and, in par- 
ticular, on the iodine and acetyl or hydroxyl values. 
Only in certain cases have attempts been made to 
confirm the above conclusions by separating some of 
the constituent fatty acids. Thus Grfin and Wolden- 
berg (5) and Thoms and Deckert (19) isolated 12- 
hydroxy stearie acid from hydrogenated methyl ric- 
inoleate and hydrogenated castor oil, respectively. 


