
DECEMBER 1957 M E H T A  ET A L . :  G L Y C E R O L Y S I S  OF 

assumption that  mono- and di-esters have the same 
adduct-forming tendency is also questionable. 

Urea fractionation of crude glycerol monolaurate 
prepared by the method of Basu-Roy-Choudhury 
et el. (17) also supported these conclusions. The per- 
centages of diglycerides decreased in the successive 
fractions and the monoglycerides showed a gradual  
increase (Table XI ) .  The triglycerides appeared in 
the last fraction. The results obtained in this labora- 
tory  are supported by those of Roncero, Fiestas, 
Mazuelos, and Moreno (9) and by Bradley, Mueller, 
and Shokal (10). 

Summary 
This s tudy of the glyeerolysis of linseed, coconut, 

and sesame oil at 200~ 225~ and 250~ shows 
that  coconut oil, because of its low-average-molecular 
weight, is esterified more easily than sesame and lin- 
seed oils. Comparison of the reactions of sesame and 
linseed oils indicates that  saturated acids are trans- 
esterified more easily than the unsatura ted ones. The 
amount of glycerol to be used is determined by its 
miscibility at the par t icular  reaction temperature.  

Results of alcohol extraction of the crude mono- 
glycerides from linseed and coconut oil indicate that  
the glycerides separate on the basis of degree of ester- 
ification rather  than on unsaturation.  

Urea adduct  fractionations of the technical mono- 
glycerides of sesame oil and laurie acid show that  
diglycerides form urea adducts more easily than do 
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monoglycerides. In  this case, also, the fractionation 
is related to the degree of esterification ra ther  than 
unsaturation.  
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International Collaboration on Glycerine Analysis 

D 
URING the past four years collaborative analyses 

have been carried out among laboratories in the 
United Kingdom, Europe, and the United States 

under  the auspices of the Glycerine Analysis Commit- 
tee of the. American Oil Chemists' Society. The first- 
year analyses were made by the Internat ional  Acetin 
Method and the new A.O.C.S. Sodium Periodate 
Method. These analyses and previous collaborative 
work showed the superior accuracy of the sodium 
periodate method. This led to the withdrawal of the 
Acetin Method and the adoption of the Sodium Perle- 
date Method as the Official Method by the A.O.C.S. 
and the Internat ional  Union of Pu re  and Applied 
Chemistry. Since then some modifications of the so- 
dium periodate method have been proposed. The 
principal modifications involve using an indicator for  
determining the t i t rat ion endpoint  in place of the 
electrometric endpoint, a larger sample so that  the 
t i t ra t ion would be approximately 80 ml. in place of 
40 ml., the use of nitrogen to protect  the solution 
during the titration, and the use of a neutral,  sodium 
periodate reagent in place of the acidified sodium 
periodate. These variations were incorporated in the 
Sodium Periodate Method adopted by the British. 
Dur ing  the past year  a collaborative s tudy was under-  
taken to determine the relative merits of the various 
modification. 

For  this collaborative work we are indebted to the 
Brit ish Group, which provided a specially purified 
glycerol which was diluted to approximately 90% 
glycerol and a synthetic crude containing approxi- 
mately 68% glycerol. 

The glycerol content of the C. P. glycerol was based 
upon the specific gravi ty  tests which are the most 
precise and accurate means for determining the glyc- 
erol content of such solutions. The accuracy of the 
various procedures and modifications were evaluated 
by comparing the average analyses on the C. P. glyc- 
erine with the percentage of glycerol found by the 
specific gravi ty method. 

There were eight laboratories in the United King- 
dora, eight in Europe, and 14 in the United States 
which took par t  in this collaborative work. The re- 
sults are given in the following tables. Table I gives 
a comparison of the methods and modifications with 
respect to accuracy and precision. The individual 
analyses are given in Tables II,  I I I ,  and IV. The 
statistical analysis of the collaborative data by H. P. 
Andrews follows the tables together with Table V 
summarizing his data. 

" Statistical Analysis of International 
Collaborative Study 

Two samples of glycerine, one C. P. and a made-up 
crude, were analyzed for percentage of glycerol in 
duplicate by 29 international  collaborating labora- 
tories, each using a number  of variations of the 
A.O.C.S. and British methods. The variations in- 
volved acidified and neutral  reagent, the use or 
omission of nitrogen with the acidified reagent, and 
the use of an indicator or electrometric endpoint. 

Statistical analyses have been made to determine 
the within- and among-laboratories precision of the 
various modifications of the methods. The means and 
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variance components are summarized in the attached 
tabulation. Concerning the absolute values obtained, 
and related to accuracy: 

a) there was no significant difference between 
values obtained by the A.O.C.S. and Brit ish 
methods, irrespective of the use of acidified 
or neutral  reagents or indicator or electromet- 
ric endpoints ; 

b) using a neutral  reagent gave slightly, and 
significantly lower values than were obtained 
with an acidified reagent ;  

c) t i t ra t ing to an electrometric endpoint  gave 
significantly higher values than the indica tor  
endpoint, irrespective of other conditions; and 

d) in the Brit ish method, using the acidified rea- 
gent, the omission of ni trogen gave significantly 
higher results than were obtained when nitro- 
gen was used. 

With respect to precision of the various methods: 

a) the within-laboratory precision of the Brit ish 
method was somewhat better  than that  of the 
A.0.C.S. (average A.O.C.S. S 2 z  0.0111, Brit- 
ish $ 2 ~  0.0049). However the among-labora- 
to ry  precision was reversed with the variabili ty 
among laboratories being greater  for the British 
method than for the A.O.C.S (average A.O.C.S. 
S 2 ~ 0.1101, British S 2 z 0.1594). Since among- 
laboratory variation is the major  contributor to 
error, the over-all precision of the A.O.C.S. 
method ($2~--0.1212) was superior to that  of 
the British method (S 2 ~ 0.1643) ; 

b) precision was slightly poorer, using the acidified 
reagent ( $ 2 ~ 0 . 1 4 8 5 ) ,  than with the neutral 
reagent ($2~-0 .1364) ,  and this was particu- 
lar ly t rue with the A.O.C.S. method (the dif- 
ference was negligible with the British) ; 

c) there was no significant difference in the preci- 
sion obtained by using indicator or electrometrie 
endpoints ; and 

d) omission of nitrogen with the acidified reagent 
in the Brit ish method very  markedly decreased 
the precision, $2~-0.2773 compared to $ 2 ~  
0.1631 for the acidified reagent with nitrogen. 

These analytical  variations were directly propor- 
tional to the magnitude of the measurement and 
consequently were larger for  the C. P. than for the 
made-up crude sample. For  this reason it seems im- 
practical to a t tempt  to calculate probabili ty limits 
for  various analytical situations. 

H .  P .  A N D R E W S  

The statistical evaluation and comparison of the 
average analysis with that  by the specific gravi ty  
method indicate the following: 

a) analysis of the C. P. Glycerine by the A.0.C.S. 
Method, using acidified and neutral  reagent 
( e l e c t r o m e t r i c  e n d p o i n t ) ,  and  the B r i t i s h  
Method, using acidified reagent (electrometric 
endpoint) ,  gave results closer to the glycerol 
content as determined by specific gravi ty than 
the other modifications (Table I) ; 

b) precision obtained with the A.O.C.S. Method 
among the collaborators was slightly better  than 
with the Brit ish Method (Table I ) ;  and 

c) on the Made-up Crude the most accurate re- 
sults were obtained by using the electrometric 
t i t rat ion in the A.0.C.S. Method and British 
Method with acidified and neutra l  reagent. The 
apparent ly  better  precision on the crude is due 
to using a larger  sample, which gave approxi- 
m a t e ly  the  same t i t r a t i o n  as fo r  the C. P. 
Glycerine. 

The complete data and statistical report  provide 
the information necessary for any other comparisons 
that  one may wish to make on these methods and 
modifications. 

T A B L E  I 

A v e r a g e s  and  P r e c i s i o n  for  t he  :Methods a n d  ~Iodif icat ions Used  

C. P .  Glycerol 

P r e c i s i o n  expressed  as  9 5 %  
confidence l imi ts  for  ind iv id-  
ua l  ana lyses  a m o n g  laborato-  
r ies,  s t a n d a r d  devia t ion  X 2 

•  

Method A v e r a g e  

Specific g r a v i t y  90.19 

Electro-  I n d ' c  
m e t r i c  en1~ ,ator 

I endpo in t  I a p ~  

A.O.C.S.  I - - - - -  
Acidif ied r e a g e n t  ...... I 90 .17 89.87 
N eu t r a l  r e a g e n t  ........ 90 .14  89.86 

B r i t i s h  [ I 
Acidif ied r e a g e n t  ...... ] 90.18 89.96 
N e u t r a l  r e a g e n t  ........ [ 90 .07 [ 89.85 
Acidif ied r e a g e n t  
( w i t h o u t  N2) ........... 90 .35 90.11 

Electro-  I n d i c a t o r  
m e t r i c  

endpo in t  endpo in t  

•  •  
•  •  

•  •  
•  --~0.96 

•  •  

Made-Up Crude  

A O C S  I 
Acidif ied r e a g e n t  ...... ] 68.03 67.85 •  •  
N e u t r a l  r e a g e n t  ........ ] 68.03 67.83 •  •  

B r i t i s h  ] 
Acidif ied r e a g e n t  ...... ] 68.05 67.85 •  •  
N e u t r a l  r e a g e n t  ........ I 68.00 67.87 •  •  
Acidif ied r e a g e n t  I 
( w i t h o u t  N~) ........... l 68.22 68.01 •  •  

T A B L E  I I  

Specific G r a v i t y  and  F i s c h e r  Mois ture  Anal  ~ses of C. P.  Glycerol 

Collabo- 
r a to r  

1 
2 
3 
4 

5 

6 
7 

8 

9 
10 

11 
12 

13 
14 

15 

Glycerol 
by  specific 

g r a v i t y  

% 
90.15 
90.12 
90.17 
90.26 
90.26 
90.17 
90.17 
90.15 
90.28 
90.29 
90.23 
90.26 
90.23 
90.13 
90.15 
90.17 
90.21 

90.27 
90.14 
90.16 
90.10 
90.10 

Moi s tu r e  
by  F i s c h e r  
vo lumet r i c  

method  

% 
9.1 
9.8 
9.8 

10.0 
10.0 

9.8 
9.8 

10.0 
]0 .3  
10.3 

9.8 
9.8 
8.4 

10.1 
10.2 

9.4 
9.9 
9.8 

9.9 
9.8 
9.9 
9.9 

Collabo- 
r a to r  

16 

17 

18 
19 
2O 
21 
22 
23 
24 
25 
26 
27 
28 
29 

I Glycerol  Mois tu re  
by  specific by F i s che r  

g r a v i t y  vo lumet r ic  
method  

% % 
90.18 10.0 
90.19 10.1 
90.30 9.8 

9.8 
90.18 9.8 
90.15 9.8 
90.23 
90.21 
90.21 

9 0 . 1 7  9.8 
90.17 
90.21 10.1 
90.18 

9.5 

I 

Country 

C a n a d a  

D e n m a r k  

C o l l a b o r a t o r s  

Names and Addresses 

K .  H .  R u s s e l l  
S w i f t  a n d  C o m p a n y  
T o r o n t o ,  O n t a r i o  

K .  H e l h o l t  
A a r h u s  O l i a f a b r i k  
A a r h u s ,  D e n m a r k  



D E C E M B E R  1 9 5 7  P O H L E :  I N T E R N A T I O N A L  ( ] O b L A B O R A T I O N  5 9 3  

T A B L E  l I I  

C. P. G l y c e r i n e - - P e r c e n t a g e  of Glycerol by 

A.O.C.S. Method Br i t i s h  Method 

Acidified 
Acidified Neut ra l  Neut ra l  Acidified reagen t  
reagent  r eagen t  r eagen t  reagent  N2 omit ted 

Ind .  Elect. Ind .  Elect. Ind .  Elect. Ind .  Elect. Ind .  Elect. 

1 90.4 90.7 90.0 90.6 
90.4 90.8 90.0 90.5 

2 90.4 90.5 90.1 90.4 
90.4 90.5 90.1 90.4 

3 90.1 90.3 90.0 90.1 
90.1 90.3 90.0 90.0 

4 89.2 89.4 89.0 89.0 
89.3 89.4 88.9 89.0 

5 89.8 90.0 89.7 89.9 
89.8 90.0 89.8 89.9 

6 90.0 90.2 90.1 90.3 
90.1 90.2 90.2 90.4 

7 89.3 89.4 89.2 89.4 
89.3 89.4 89.1 89.3 

8 89.8 90.0 89.8 90.0 
89.8 90.0 89.7 90.1 

9 89.5 90.1 - -  90.1 
89.6 90.0 - -  90.1 

10 89.6 90.0 89.7 90.0 
89.6 90.0 89.7 90.0 

11 88.7 89.5 89.0 89.8 
88.7 89.5 89.0 89.8 

I2 90.5 91.1 90.1 90.1 
90.5 91.0 90.2 90,2 

13 90.1 90.3 89.9 90.0 
90.1 90.2 89.9 90.0 

14 90.0 90.2 90.0 90,2 
90.0 90.3 90.0 90.2 

15 90.1 90.3 90.1 90.4 
90.0 90.2 90.2 90.4 

16 90.1 90.4 90.1 90.1 
90.0 90.4 90.3 90.5 

17 90.0 90.1 89,9 90.1 
89.9 90.0 90.0 90.1 

18 89.9 90.3 89.4 90.0 
89.7 90.2 89.3 89.9 

19 89.6 90.1 89.8 90.2 
89.4 89.9 89.9 90.4 

20 89.8 90.0 89.8 90.2 
89.9 90.0 89.9 90.2 

21 89.3 89.6 89.3 89.6 
89 .3  89.7 89,4 89.6 

22 89.5 90.0 90.0 90.3 
90.4 90.8 90.1 99.3 

23 90.5 90.7 90.3 90.4 
90.4 90.6 90.4 90.5 

24 90.2 90.5 90.0 90.3 
90.2 90.4 90.1 90.4 

25 89.7 89.9 90.0 90.2 
89.8 90.0 90.0 90.2 

26 90.2 90.5 90.1 90.5 
90.2 90.5 90.1 90.5 

27 90.3 90.7 99.3 90.5 
90.3 90.7 90.3 90.5 

28 89.6 90.0 90.1 90.5 
89.4 89.7 90.0 90.4 

29 89.9 90.2 89.9 90.5 
90.0 90.3 90.0 90.5 

89.6 89,7 90.1 90.3 90;2 90.4 
89.7 89.8 90.2 90.4 90.4 90.5 
89.8 89.9 90.1 90.2 90.1 90.2 
89.8 89.9 90.1 90.2 90.1 90.2 
90.0 90.1 90.1 90.3 90.1 90.2 
90.0 90.0 90.1 90.3 90.1 90.3 
88.6 88.7 89.1 89.1 89.1 89.1 
88.7 88.7 89.0 89.1 89.1 89.1 
89.8 89.9 89.9 90.0 89.7 89.8 
89.8 90.0 89.9 90.0 89.8 90.0 
90.1 90.3 90.1 90.2 90.0 90.1 
90.3 90.4 90.1 90.2 90.1 90.2 
89.1 89.5 89.0 89.4 89.1 89.6 
89.3 89.6 89.0 89.3 89.1 89.6 
89.8 90.0 89.9 90.0 89.9 90.0 
89.7 90.0 89.9 90.1 90.0 90.1 
89.4 91.3 89.5 90.7 
89.4 91.3 89.5 90.7 
89.7 89.6 89.6 90.0 89.9 90.0 
89.7 89.6 89.6 90.0 89.9 90.0 
89.0 89.4 88.9 89.4 89.7 89.9 
89.0 89,4 89.3 89.8 89.7 89.9 
90.1 90.1 9 ! .3  91.6 91.5 91.8 
90.6 90.6 91.2 91.5 91.5 91.8 
89.6 89.8 89.6 90.0 90.0 89.9 
89.7 89,9 89.7 89,8 87,9 90.1 
89.9 90.0 90.0 90.1 90.1 90.3 
89.9 90.0 90.0 90.1 90.1 90.3 
90.0 90.0 90.0 90.1 90.2 90.3 
90.0 90,1 90.1 90.2 90.3 90.4 
89.9 90.0 90.0 90.2 90.1 90.2 
90.0 90.1 90.0 90.1 90.1 90.2 
90.1 90.2 90,1 90.2 90.2 90.3 
90.1 90.2 90.1 90.2 90.2 90,3 
90.1 90.4 90.0 90,1 89.7 90.1 
90.1 90.6 89,9 90.2 89.6 90.2 
90.1 90.2 90.1 90.2 90.4 90.5 
90.1 90.2 90.1 90.2 90.3 90.4 
90.1 90.3 - -  - -  90.1 90.3 
90.1 90.3 - -  - -  90.2 90.4 

90.2 90.3 90.1 90.4 90.5 - -  
90.3 90.4 90.2 90.3 90.4 - -  
90.3 90.5 90.1 90.4 90.4 - -  
90.3 90.5 - -  - -  90,5 - -  
90.3 90;4 90:3 90.5 90.4 90.6 
90.2 90.4 90.4 90.6 90.4 90.6 
89.8 90.0 89.8 90:0 89.8 90.0 
89.7 89.9 89.7 89.9 89.8 90.0 
90.2 90.2 90.2 90.2 90.2 90.2 
90.2 90.2 90.2 90.2 90.2 90.7 
90.6 90.8 90.6 90.7 90.5 90.7 
90.5 90.7 90.6 90.8 90.6 90.7 
89.2 89.5 90.1 90.2 91.0 92.5 
89.2 89.6 90.0 90.2 91.0 92.5 
89.9 90.2 90.0 90.3 90.8 91,0 
90.0 90.2 90.0 90.3 90.8 91.0 

U n i t e d  K i n g d o m  U n i l e v e r  R e s e a r c h  L a b o r a t o r y  
P o r t  S u n l i g h t ,  C h e s h i r e  

L e v e r  B r o s .  P o r t  S u n l i g h t  L t d .  
P o r t  S u n l i g h t ,  C h e s h i r e  

C o l g a t e - P a l m o l i v e  L t d .  
M a n c h e s t e r  

T h o m a s  H e d l e y  a n d  C o m p a n y  
N e w e a s t l e - o n - T y n e  

J o s e p h  C r o s f i e l d  a n d  S o n s  L t d .  
W a r r i n g t o n ,  L a n e s .  

H e h n e r  a n d  C o x  L t d .  
L o n d o n  E .  C. 3 

I m p e r i a l  C h e m i c a l  I n d u s t r i e s  L t d .  
N o b e l  D i v i s i o n  
S t e v e n s t o n ,  A i r s h i r e  

E .  R .  B o l t o n  
L o n d o n  E .  C. 1 

T h e  N e t h e r l a n d s  H . W .  K n o l  
M e m b e r s  o f  t h e  J a n  D e k k e r  N .  V .  
D u t c h  N a t i o n a l  W o r m e r v e e r  

G l y c e r i n e  G. C a r r i e r e  
C o m m i t t e e  L e v e r ' s  Z e e p  M o a t s c h a p p i j  N .  V .  

P a r a l l e l w e g ,  V l a a r d i n g e n  

U n i t e d  S t a t e s  

J .  A .  R e d d i n g i u s  
C h e m i s c h e  F a b r i e k  ~ ' N a a r d c n "  
N a a r d e n  

A.  P .  v a n  d e r  V e t  
U n i l e v e r  R e s e a r c h  L a b o r a t o r i u m  
V e e r s i n g e l  
V l a a r d i n g e n  

J .  C. v a n  d e r  W e e l  
N .  V.  K o n i n k l i j k e  S t e a r i n e k a a r s e n f a b r i e k e n  
' ' G o u d a - A p o l l o  ' ' 
G o u d a  

C. v a n  R e d e  
N .  V.  M i j .  t o t  E x p l o i t a t i e  
d e r  V e r e n i g d e  O d i e f a b r i c k e n - Z w i j n d r e c h t  
Z w i j n d r e c h t  

T.  C. B o n d  
S w i f t  a n d  C o m p a n y  
L o s  A n g e l e s ,  C a l i f .  

H u g o  de B u s s i e r e s  
C u r t i s  a n d  T o m p k i n s  L t d .  
S a n  F r a n c i s c o ,  C a l i f .  

H .  S.  M u m f o r d  
C o l g a t e * P a l m o l i v e  C o m p a n y  
B e r k e l e y ,  C a l i f .  

T A B L E  I V  

Made-Up Crude- - -Percentage  of Glycerol by 

A.O.C.S. Method B r i t i s h  ~[ethod 

Acidified Neut ra l  
r eagen t  r eagen t  

Ind .  Elect. Ind .  Elect. 

1 68.1 68.3 67.9 68.1 
68.0 68.2 67.8 68.0 

2 68.3 68.4 67.9 68.2 
68.3 68.4 67.9 68.2 

3 68.1 68.2 68.0 68.1 
68.1 68.2 68.0 68.1 

4 67.5 67.6 67.2 67.2 
67.4 67.5 67.2 67.2 

5 67.8 67.9 67.6 67.8 
67.7 67.9 67.6 67.8 

6 67.8 67.9 68.0 68.2 
67.8 67.9 68.1 68.2 

7 67.0 67.1 67.5 67.7 
67.1 67.3 67.5 67.6 

8 67.8 68.0 67.8 68.0 
67.9 68.1 67.7 67.9 

9 67.7 67.9 
67.6 67.9 

10 67.6 67.8 67.7 67.9 
67.6 67.8 67.8 67.0 

1 I  67.1 67.7 67.4 67.9 
67.1 67.7 67.4 67.9 

12 68.0 68.5 68.0 68.1 
68.3 68.7 67.9 67.9 

13 68.1 68.3 68.0 68.0 
68,1 68.3 67.9 68.1 

14 68.0 68.1 68.0 68.1 
67.9 68.1 68.0 68.1 

15 68.0 68.2 68.2 68.4 
68.0 68.1 68.2 68.5 

16 67.9 68.2 67.8 68.1 
67.8 68.2 68.1 68.4 

17 67.9 68.0 67.8 68.0 
67.8 68.0 67.9 68.0 

18 68.0 68.2 67.8 68.1 
67.9 68.4 67.8 68.1 

19 68.0 68,2 67.8 68.2 
68.0 68.3 67.8 68.3 

20 67.9 67.9 67.8 68.0 
67.8 68.0 67.8 68.0 

21 67.9 67.4 67.4 67.7 
67.8 67.3 67.4 67.6 

22 68.0 68.0 68.0 68.2 
68.1 68.2 

23 68.2 68.3 68.3 68.3 
68.2 68.3 68.2 68.3 

24 68.0 68.2 67.8 68.1 
68.0 68.2 67.9 68.1 

25 67.5 67.7 - -  68.1 
67.5 67.7 - -  68.1 

26 68.1 68.3 68.1 68.2 
68.2 68.3 68.1 68.2 

27 68.1 68.4 68,1 68.3 
68.1 68.4 68.1 68.3 

28 67.8 68.1 67.5 67.9 
67.8 68.2 68.2 68.6 

29 67.7 67.9 67.6 68.0 
67.7 67.9 67.5 68.0 

Acidified 
Neut ra l  Acidified r eagen t  
r eagen t  reagent  N2 omit ted 

Ind .  E lec t .  Ind .  Elect. I nd .  Elect. 

68.0 68.1 68.3 68.4 68.3 68.4 
68.0 68.1 68.1 68.2 68.3 68.4 
67.8 67.9 67.9 68.0 67.9 68.0 
67.8 67.9 67.9 67.9 67.9 68.0 
68.0 68.1 68.0 68.2 68.0 68.2 
68.0 68.1 68.1 68.2 68.1 68.2 
66.9 67.0 67.1 67.3 67.2 67.3 
67.0 67.0 67.2 67.3 67.2 67.3 
67.8 67.9 67.8 68.0 67.7 67.9 
67~8 68.0 67.8 68.0 67.7 67.9 
68.1 68.2 67.7 67.9 67.8 68.0 
68.2 68.4 67.7 67.9 67.7 67.9 
67.3 67.6 67,0 67.5 67.2 67,7 
67.4 67.6 67.1 67.5 67.2 67.8 
67.9 68.0 67.8 68.0 67.8 68.0 
67.7 67.9 67.9 68.1 67.8 67.9 
67.5 68.0 67.6 68.0 
67.5 68.0 67.6 68.0 
67.8 67.8 67.7 68.0 67.9 68.0 
67.8 67.7 67.7 68.0 67.9 68.0 
67.0 67.1 67.0 67.2 67;8 67.7 
67.0 67.1 67.0 67.2 67.6 67.8 
67.7 67.7 68.3 68.6 68.6 68.8 
67.8 67.8 68.5 68.7 68.4 68.7 
68.1 67.8 67.9 67.8 67.9 68.1 
68.0 67.8 67.9 68.1 67.9 68.0 
68.0 68.0 67.9 68.1 68.0 68.2 
67.9 68.0 6 7 . 9 '  68.0 68.0 68.1 
67.8 67.9 68.1 68.1 68.1 68.2 
67.9 67.9 68.0 68.1 fi8.2 68.3 
68.0 68.0 68.0 68.1 68.1 68.2 
68 ,0  68.0 67.9 68.1 68.0 68.2 
68.1 68.1 68.1 68.2 68.2 68.2 
68.1 68.1 68.1 68.2 68.1 68.2 
67.8 68.6 68.0 68.4 67.7 68.5 
67.9 68.5 68.0 68.5 67.7 68.4 
68.1 68.0 67,8 67.7 68.1 68.1 
68.1 68.0 67.8 67.8 68,0 68.0 
68.1 68.3 68.3 68,5 
68.2 68.4 68.4 68.6 

68.1 68.2 68.0 68.1 68.3 - -  
68.1 68.2 67.9 68.1 68.3 - -  
68.2 68.3 68.0 68.2 68.4 - -  
68.1 68.3 68.0 68.3 68.4 - -  
68.1 68.3 68:2 68.3 68.2 68.3 
68.1 68.2 68.3 68.5 68,2 68.3 
67.7 - -  67.7 - -  67.8 - -  
67.7 - -  67.7 - -  67 .8  - -  
68.2 68.3 68.3 68.3 68.3 68.3 
68.2 68.4 68.2 68.2 68.2 68.2 
68.3 68.5 68.3 68.5 68.3 68.5 
68.3 68.5 68.3 68.5 68.3 68.5 - 
67.8 68.0 67.6 68.0 68.3 69.6 
67.9 68.1 67.6 68.0 68.3 69.8 
67.9 68.1 67.9 68.1 68.5 68.7 
67.9 68.1 67~9 68.1 68.5 68.7 
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A.O.C.S.  Glycer ine  A n a l y s i s - - I n t e r n a t i o n a l  Col labora t ive  S t u d y - - S u m m a r y  of Means  a n d  V a r i a n c e s  
( %  Glyce r ine )  

C. P .  Glyce r ine  
A.O.C.S.  method  

Acidif ied r e a g e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e u t r a l  r e a g e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B r i t i s h  method  
Acidif ied r e a g e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e u t r a l  r e a g e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Acidif ied  r e a g e n t  ( w i t h o u t  N2) ......... 

m a d e - U p  Crude  Glycer ine  
A.O.C.S.  method  

Acidif ied r e a g e n t  . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . .  
N e u t r a l  r e a g e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B r i t i s h  method  
Acidif ied r e a g e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e u t r a l  r e a g e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Acidif ied r e a g e n t  ( w i t h o u t  N2) : ........ 

Components  of V a r i a n c e  

I n d i c a -  E lec t ro-  
to r  me t r i c  

89 .87  9 0 . 1 7  
8 9 . 8 6  9 0 , 1 4  

8 9 . 9 6  9 0 . 1 8  
89 .85  9 0 . 0 7  
90 .11  9 0 . 3 5  

67 .85  6 8 . 0 3  
67 .83  6 8 . 0 3  

67 .85  68 .05  
67 .87  6 8 . 0 0  
68 .01  68 .22  

~/r~ean 

W i t h i n  B e tween To ta l  

I n d .  Elec t .  Avg.  I n d .  Elect .  Avg.  Ind .  Elect .  Avg.  

0 . 0 1 7 6  0 . 0 1 5 5  .0166  
0 . 0 0 3 9  0 . 0 0 5 2  .0046  

0 . 0 0 4 8  0 . 0 0 5 6  .0052  
0 . 0 0 7 9  0 . 0 0 7 5  .0077  
0 . 0 8 4 1  0 . 0 0 8 4  ,0462  

0 . 0 0 3 8  0 . 0 0 3 4  .0036  
0 . 0 1 2 6  0 . 0 2 6 8  .0197  

0 . 0 0 3 3  0 . 0 0 5 0  .0042  
0 . 0 0 2 5  0 . 0 0 2 6  .0026  
0 .0030  0 . 0 0 3 3  .0032  

0 . 1 6 3 3  0 . 1 4 6 0  . 1 5 4 6  
0 . 1 3 7 3  0 . 1 2 4 0  . 1 3 0 6  

0 . 2 0 8 0  0 . 1 9 5 6  . 2 0 1 8  
0 , 1 8 7 2  0 .2228  .2050  
0 . 2 6 2 2  0 . 4 3 2 9  . 3 4 7 6  

0 . 0 8 6 2  0 . 0 9 9 6  .0929  
0 . 0 5 8 7  0 . 0 6 0 6  . 0 5 9 6  

0 . 1 2 1 8  0 .1083  . 1 1 5 0  
0 . 1 0 6 6  0 . 1 2 4 8  .1157  
0 . 1 1 4 4  0 . 2 0 1 0  . 1 5 7 7  

0 .1809  0 . 1 6 1 5  .1712  
0 ,1412  0 . 1 2 9 2  .1302  

0 ,2128  0 .2012  .2070  
0 ,1951  0 .2303  .2127  
0 .3463  0 .4413  .3938  

0 .0900  0 . 1 0 3 0  .0965  
0 .0713  0 . 0 8 7 4  .0794  

0 .1241  0 .1133  .1192  
0 .1091  0 . 1 2 7 4  .1183  
0 . 1 1 7 4  0 .2043  .1609  
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Studies on the Nutritional and Physiological 
Effects of Thermally Oxidized Oils 
O. C. JOHNSON, E. PERKINS, M. SUGAI, and F. A. KUMMEROW, Department of 
Food Technology, University of Illinois, Urbana, Illinois 

E 
DIBLE OILS which had been heated to 200~ in the 

presence of air were shown to have less nutrit ive 
value than the comparati~e;-,~ fresh oils (1). I t  has 

been shown that the polyunsaturated fa t ty  acids in 
these oils were attacked and the viscosity and oxy- 
gen content of the oil were increased. Crampton et al. 
have suggested that polymeric or cyclic products 
were formed in heat-polymerized oils and that these 
products caused at least some of the results observed 
when diets containing the polymerized oils were fed 
to rats (2, 3). When oils were aerated at 90~176 
the nutri t ive value of the oils also decreased (4). 
Kaunitz et al. have suggested that this growth depres- 
sion was related to polymeric products since the resi- 
due which remained after molecular distillation of 
these oils proved to be more growth-depressing than 
the whole oil (5). 

The studies to date therefore suggest that  poly- 
meric products formed during oxidation of edible 
oils cause at least par t  of the growth depression. I t  
was also implied that these polymers were formed 
from the polyunsaturated fa t ty  acids. Several mech- 
anisms have been suggested which would lead to poly- 

meric or cyclic materials from unsaturated fa t ty  acid 
esters. Sunderland has proposed a direct reaction 
between a double bond in one molecule and a methyl- 
ene group of a second molecule to give a carbon-to- 
carbon linkage (6). Other workers have suggested 
that 1:4 addition reactions lead to the polymeric 
products (7). Paschke and Wheeler found that  cyclic 
products were produced in polymerization of methyl 
eleostearate (8, 9, 10). Since it has been shown that 
linoleie acid can undergo these polymerizing reac- 
tions, an at tempt was made in the present study to 
relate the linoleic acid content of a fat to thermal 
oxidative damage as measured by comparative growth- 
rates in rats. 

The physiological effects of oxidized oils are not 
known, but studies have shown that organ-body 
weight-ratios are affected by these products (4, 11). 
Other workers have found some loss in the coefficient 
of digestibility, but most heated oils retain a high 
coefficient of digestibility (12). In  the present work 
the rate of absorption and the in  vitro rate of hydroly- 
sis of thermally oxidized corn oil and the effect of 
thermally oxidized corn oil on the livers of rats fed 


