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TABLE I 

I~ecovery o~ Free Carbonyl Compounds after Regeneration from 
Their DNP-ttydrazones 

Carbonyl compound carbon Mg. for Mg. Percent- 
chain length re~enera- recovered age tion recovery 

n alkanals 
n-e5 .......................................... 
n-Cl0 ........................................ 
n-C12 ........................................ 

n-alkan-2-ones 
n-C5 .......................................... 
n-C9 .......................................... 
n-e l l  ........................................ 

n-2-alkenals 
n-C5 .......................................... 
n-C7 .......................................... 
n-C~ .......................................... 
n-C9 .......................................... 
n-C10 ........................................ 
n -Cl l  ........................................ 

1.05 
0,681 
1.35 

0.997 
1.61 
0.82 

0.446 
0.475 
0.744 
1.27 
0.984 
1.11 

0.438 
0.333 
0.669 

0.328 
0.665 
0.502 

0.257 
0.257 
0.413 
0.538 
0.306 
0.252 

42 
49 

5 0  

33 
41 
61 

57 
54 
56 
42 
31 
23 

Recoveries for  a number of alkanals, alkan-2-ones, 
and 2-alkenals are presented in Table I. Aside from 
these compounds, a number of miscellaneous carbonyl 
compounds have been regenerated and their  odors 
found to be typical  of the authentic compounds. These 
included 3-methylthiopropanal,  fur fura l ,  phenylaeet- 
aldehyde, einnamaldehyde, and the bis-DNP-hydra- 
zone of 2,3-butanedione. 

Discussion 
Low recoveries shown in Table I may be at t r ibuted 

in part,  to the manipulat ion required to obtain the 
quanti tat ive data. Pa r t  of the loss was caused by 
steam distillation because isolation by this procedure 
varies among compounds. The extent of reaction of 
the distilled carbonyl compounds with DNP-hydra-  
zinc reagent may be limited at  the concentration used 
here (2). Cons('(luently it is not known whether the 

procedure will regenerate each carbonyl compound 
equally well. 

With the alkanals and alkan-2-ones, there was no 
evidence that  the regeneration methods caused the 
product ion of addit ional  carbonyl compounds. On 
regeneration of 2-alkenals however traces of addi- 
tional earbonyl compounds were produced. The trace 
components appeared as faint bands on the chroma- 
tography column that were not identified. One com- 
pound moved before the original "enal," and two 
very small bands fol lowed it. In every recovery 
the bulk of the carbonyl compounds regenerated from 
the DNP-hydrazone of the 2-alkenal was the original 

' e n a l .  ' ' 

The advantage of the sulfuric-acid regeneration 
method over other methods is that  it is fast and sim- 
ple, and the odor of the regenerated carbonyt is easily 
observed. This procedure has been par t icular ly  useful 
in flavor chemistry research and in s tudying oxida- 
tion products  of lipids. 
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The Preparation 
I. Glycerolysis of 

and Purification 
Oils I 

of Monoglycerides. 

R. BASU ROY CHOUDHURY, Iowa Engineering Experiment Station, Iowa State University of Science and 
Technology, Ames, Iowa 

Mono-  a n d  d i g l y c e r i d e s  w e r e  p r o d u c e d  by r e a c t i n g  the  fo l low-  
i n g  oils w i t h  g l y c e r o l :  coconut ,  p e a n u t ,  s e s a me ,  l inseed ,  .rod 
s a r d i n e .  I t  w a s  show n  t h a t  t i le  y i e ld  o f  n m n o g l y c e r i d c  w a s  not  
depe l~dcnt  u p o n  the  f a t t y  a c i d  c o m p o s i t i o n  of  the  oil b u t  on the  
s o l u b i l i t y  of  g l y c e r o l  in  oil, wh i c h  is d e p e n d e n t  in p a r t  on the  
~ e m p c r a t u r e .  A n  excess  of  g l y c e r o l  a b o v e  t h a t  wh ich  is so luble  
does  no t  c h a n g e  t he  c o m p o s i t i o n  of  t he  r e a c t i o n  p r o d u c t .  A t  
180~ no m o r e  t h a n  4 5 %  m o n o g l y c e r i d c s  can  be  f o r m e d  by 
g [ycc ro lys i s ,  

M 
ONOGLYCERIDES are  i m p o r t a n t  commerc i a l  
products used for various purposes. The two 
important  processes used in industry for pre- 

par ing monoglyeerides are the direct esterification of 
f a t t y  acids and glycerol and the glycerolysis of oils, 
i.e., the reaction of an oil with glycerol. 

Of the two method~, the glyeerolysis method has 
become more impor tant  because the fa t ty  acid does 
not have to be liberated from the fat. The method 

1 Presented at the 51st annual spring meeting, Dallas, Texas, April 
4-6, 1960. 

consists in heating the glycerol with fats at 180- 
250~ in the preseuce of catalysts such as caustic 
soda oi" sodium alcoholates in amounts of 0.05 to 
0.20% of the weight of fat  used. Along with mono- 
glycerides, di- and triglyeerides are also produced. 
The reaction is conducted at a high temperature  to 
hasten the rate of reaction and to increasc the mis- 
cibility of the reaction nlixture with glycerol. The 
extent  to which the reaction can be carried out is 
limited by the comparative immiscibility of glycerides 
and glycerol. Any  glycerol forming a second liquid 
phase cannot part ic ipate  in the reaction. 

The maximum amount  of glycerol miscible and 
reactable with highly hydrogenated cottonseed oil 
plus 0.1% NaOH was determined by Feuge and Bailey 
(1).  The solubilities of other oils such as coconut, 
linseed, and sesame in glycerol were determined by 
Choudhury (2). I t  was concluded from this work 
that  the solubility of oil in glycerol was mainly 
dependent  on temperature,  and slightly dependent  on 
molecular weight and the unsaturat ion o f  the oil. 
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There are m a n y  articles in the l i terature  which 
Imrpor t  to show that  factors such as temperature ,  the 
presence of catalysts,  and fa t  composition affect the 
composition of the reaction mixtures  of glycerol and 
fat. Feuge, Bailey, and Kraemer  (3) have shown 
that  glycerolysis in an homogeneous medium proceeds 
substant ia l ly  according to chance, producing at  equi- 
l ibr ium a reaction mixture  in which the f a t t y  acid 
radicals are dis tr ibuted and esterified at random 
among all available hydroxyl  groups. According to 
them, the composition of the product  in terms of 
mono-, di-, and tr iglycerides can be calculated f rom 
the proport ions  of the reactants,  provided tha t  the 
final mixture  is homogeneous. 

The t empera tu re  which is usual ly  employed in 
glycerolysis reaction is 175-250~ Higher  temper-  
atures cannot be used because they cause both the 
glycerol and the oil to polymerize. The m ax imum 
amount  of glycerol miscible with oils at 175-200~ 
is, according to Choudhury  (2),  about  20 to 22% on 
the basis of the weight of the fat.  According to 
Feuge c t a l .  (3),  the composition of the glycerides 
will be fixed rcgar(tless of the amount  of excess glyc- 
erol that  is used. There have been m a n y  papers  re- 
cently s tat ing that  by glycerolysis reaction it is po~i-  
ble to obtain much higher amounts  of monoglyeerides 
(4,5,6). 

Mehta et al. (7) tlave carried out glycerolysis of 
peanut  and mustard  oil in the presence of catalysts 
such as lime and litharge. According to them, the 
na ture  of the component  acids present  in the oil 
influences tile relative amounts  of mono- and diglyc- 
erides formed. 

The data existing on the effect of the molemllar 
weight and the, unsa tura t ion  of f a t t y  acids on the 
ul t imate equilibrium concentration of monoglyceride 
in the f a t t y  product  at a par t icu lar  t empera tu re  are 
fa r  f rom complete. 

The purpose of the present  investigation was to 
s tudy  the glycerolysis reaction in order to answer the 
following questions: 

1. how the reaction actual ly  proceeds at  ~imnpera- 
ture where glycerol decomposition is completely 
suppressed ; 

2. whether  the nml. wt. or the unsatura t ion of the 
fa t  has any  influence on the propor t ions  of mono-, 
di-, and tr iglyeerides formed at  different inter- 
vals up to the equil ibrium stage in the glyeer- 
olysis process. 

Experimental 
The oils selected for  the s tudy  along with their  

propert ies  are shown in Table I. Each of the oils 
was refined according to the s tandard  A.O.C.S. pro- 
cedure. The glycero]ysis reaction were carried out 
in a 3-necked round-bot tomed flask immersed in a 
constant t empera tu re  bath at  180~ The flask was 

T A B L E  I 

P h y s i c o - C h e m i c a l  C o n s t a n t s  o f  t h e  Oi ls  

Oi l  

C o e o n l l t  
P e a n u t  
S e s a m e  
L i n s e e d  
S a r d i n e  

: o d i n e  
v a l u e  

6.1 
94 .9  

107 .2  
1 8 1 . 7  
1 7 8 . 5  

M e a n  m o l e c u l a r  w e i g h t s  
Hy-  i ] 

F a t t y  ] T r i ~ l y  c- I  " , I Dl~Iyc-  ]~, . . . .  FOXy 
a l u e  ac ids  e r i d e s  e r i d e s  g~.~(:el-- 

3.1 2 0 0 . 1  638 .3  4 5 6 . 2  2 7 4 . 1  - -  
4 .5  2 7 9 . 8  8 7 7 . 3  6 2 4 . 2  360 .1  
3.5 279 .3  8 7 5 . 8  6 1 5 . 4  353 .3  
2 .7  2 7 8 . 3  872 .9  [ 6 9 2 . 6  352 .3  
1 .5  I 300 .2  / 9 3 8 . 6  / 6 5 6 . 4  I 3 7 4 . 2  

G l y c e r o l  
f r o m  oi l  

G.  p e r  
1 0 0  g .  
14 .49  
1 0 . 5 0  
10 .52  
1 0 . 5 2  

9 .80  

p r o v i d e d  wi th  a h i g h - s p e e d  glass  s t i r r e r  p a s s i n g  
through a stuffing box in the central  neck. Nitrogen 
was allowed to enter the reaction vessel in measured 
amounts.  A slight suction was main ta ined  to car ry  
away the water  formed in the reaction but not to 
car ry  away the glycerol. 

All the experiments  were carr ied out with lots of 
100 gins. of oil. The weighed amount  of glycerol was 
poured into the reaction flask, and the catalyst  (0.1 
gin. N a O H )  was added to it. When  the reaction tern- 
pera ture  was attained, the weighed amount  of oil 
preheated to the same tempera tu re  was poured into 
the flask. Reactions were carried out with each of 
the oils and amounts  of glycerol f rom 10 to 25%, 
at times f rom one to six hours. Samples were drawn 
quickly f rom time to t ime to s tudy the ra te  and man- 
ner of the reaction. 

Treatment and Analysis of Reaction Product 
The f a t t y  product  was taken into solution in ether, 

and the ether solution washed free of uncombined 
glycerol by  washing with 20% solution of sodium 
sulphate in water.  The ether solution was dried over 
anhydrous  sodium sulphate,  and the ether was evap- 
orated under  vacuum. 

Alpha-monoglyceride content of ~he product  was 
determined by  the official A.O.C.S. method (8). The 
hydroxyl  value was determined by  the method of Hind  

0 I 2 5 4 5 6 
Hours  

FIG. 1. Products of glycerolysis of linseed oil for various 
time intervals. 25% glycerol, 0.1% NaOtI, temp. 180~ 
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0 5 ~0 15 2O 25 
Percent Glycerol 

F r o .  2. P r o d u c t s  o f  g l y e e r o l y s i s  o f  l i n s e e d  o i l  w i t h  d i f f c r ( ' n t  
a m o u n t s  o f  g l y c e r o l .  T i m e  6 h r s ,  0 . 1 %  N a t ) l [ ,  t e m p .  1 8 0 ~  

ct al. (9). F r o m  the monoglyceride content and the 
hydroxyl  wdue, the composition of the reaction prod- 
net was cMcnlated. 

R e s u l t s  

Typical data  for the progress  of the glyecrtllysis 
reaction with tinle are shown for  linseed oil in Table 
[ I  and F igure  1. Results of glyccrolysis of different 
oils for  six-hour periods with vary ing  quantit ies of 
glycerol arc given in Table [1I  and results for  linseed 
oil in F igure  2. 

These data  show that  there always exists an equi- 
l ibr ium state where there is no appreciable change 
in the different percentages of the et)mponent glyc- 
erides. The results corroborate the findings of Feuge 
et al (3). The equilibrium stage is at tained witilin 

T A B L E  I I  

P roduc t s  of Glyeerolysis of Linseed  Oil wi th  25% Glycerol �9 

Composit ion of glycerides in p roduc t  
Time in hours  

1 ................................................... 
2 .................................................... 
3 .................................................... 
4 .................................................... 
5 .................................................... 
6 .................................................... 

Mono- Di- 

% % 
32.0 14.7 
36.3 21.0 
40.9 28.5 
43.5 37.2 
44.1 40.9 
44,5 42.8 

Tri- 

% 
53.3 
42.7 
30.6 
19.3 
15.0 
12.7 

a 0 .1% NaOtt ,  18O~ 

T A B L E  I I I  

P roduc t s  of Glycerolysis  of the Oils w i th  Severa l  Rat ios  of 
Glycerol  for  Six H o u r s  a 

Oil 

Coconut  ............................... 

P e a n u t  ................................ 

Sesame ................................ 

L inseed  ............................... 

Sa rd ine  ............................... 

G1 reerol 

% 
t0  
I5 
20 
~5 

t0  
15 
)"0 
)"5 

t0  
t5 
)"0 
.)5 

l0  
t5 
)"0 
).5 

l0 
L5 
.)0 
.)5 

Composi t ion of glyeerides 
in  p roduc t  

M~ono- 

% 

32.4 
41.8 
45.1 
45.2 

29.2 
39.1 
43.5 
44.1 

31.2 
39.9 
43.7 
44.2 

30.1 
39.6 
44.1. 
44.5 

30.9 
39,5 
44.2 
44.5 

Di- 

% 
46.5 
43.7 
44.0 
44.1 

49.1 
46.3 
43.7 
43.2 

48.7 
47.1 
42.9 
43.3 

48.2 
46.1 
43.2 
42.8 

48.2 
47,1 
43.8 
43.1 

Tri- 

% 
21.1 
14,5 
l l . O  
10.7 

21.7 
14.6 
12.5 
12.7 

20.1 
13.0 
13.4 
12.5 

21,7 
14.3 
12.7 
12.7 

21.3 
13,4 
12.0 
12.4 

" 0 .1% NaOI-I, 180~ 

four  to five hours  a f t e r  s tar t ing  the reaction in all 
eases studied. 

When  a low amount  of glycerol is reacted with the 
fat,  the propor t ion of monoglyeeride at equil ibrium 
concentrat ion is much less than  the propor t ion of 
diglyceride in the reaction product .  As the glycerol 
concentration is increased, this difference between 
lnono- and diglyceride diminishes g radua l ly ;  and 
u l t imate ly  when 20 antl 25% glyeer<)l are used, the 
proport ion of mono- an<t diglyccrides in the reaction 
product  at the equilibriunl stage is ahnost  the same 
or the nlonoglyeeride is sl ightly higher. The con- 
eentrat ion of nlonop~'lyceride in any  ease does not 
exce(~d 45%. 

The tr iglyceride percentages diminish with a con- 
s tant  rate  up to the fourth hour of the reaction in 
ahllost all cases, a f te r  whi(~h the h)wering of tr iglyc- 
eride com~entration is eomllarat ively slower and ulti- 
mate ly  tile eone(,ntration of t r iglyeer idc l)ecomes 
constant.  

As regards the effect of f a t ty  acid <~Oml>osition on 
the ul t imate percentages of mono-, di-, and tr iglyc- 
erides, it is found thai; the,'(, is no marked  effect 
up to 20% glycerol e<)ne(~,ltration. As has been 
shown by Choudhury  (2) the sohlt)ility of glycerol 
in oils at 100-200~ ;is 20 t<> 22%. Under  these con- 
ditions, all the glycerol is mis<dtlle with the oils and 
the number  of hydroxyl  gronps awtilablc to the f a t ty  
radicals are the same for all tile oils. The yield of 
monoglyceride is determined by the random distribu- 
tion pa t te rn  of Bailey and co-workers (3).  When  the 
data  obtained by  the present  invest igator  are com- 
pared  with the yield of monoglyeeride as predicted 
by Bailey, it is found that  the experimental  results 
are in fa i r  agreement  with tim stat ist ically predicted 
ones result ing f rom a random distr ibution pat tern .  
I t  can be concluded, therefore,  tha t  the f a t ty  acid 
composition of the fa t  does not have any  effect on 
the ul t imate percentages of mono-, di-, and triglye- 
erides, so long as the glycerol is miscible with the oil. 

When  25% glycerol was used, not as high a mono- 
glyeeride yield was obtained as repor ted  by  other 
workers. This is because at 180~ the max imu m 
amount  of glycerol miscible is 20 to 22%. I f  we add 
an excess of glycerol, it s imply forms a separate  
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layer  alld does not react  with the fat.  No mat te r  
how niueh excess glycerol is used, there will be very 
little change in monoglyceride yield. 

In the present  work the presence of 2-monoglycer- 
ides in the reaction p roduc t  has been neglected be- 
cause it is general ly assumed tha t  the amount  of 
2-monoglyeerides formed in this reaction is small. 
If  the presence of 2-monoglyeerides had been taken 
into account, it would have resal ted in slightly more 
nmnoglyceride than shown by  the s tandard  method 
and less diglyceride than  calculated. 

Conclusions 

The yield of monoglyceride is not dependent  on the 
f a t t y  acid composition of the oil but  on the solubility 
of glycerol in oil, which is more or less dependent  
upon temperature .  

No mat te r  how much excess glycerol is used, the 
ul t imate composition of the reaction product  in a 
glycerolysis reaction is fixed; and this depends on the 
amount  of glycerol miscible with the oil. 

At  180~ no more than  45% monoglyceride can 
be obtained by  glycerolysis. 
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A Kinetic Study of the Autoxidation of Methyl 

Linoleate and Linoleic Acid Emulsions in the 

Presence of Sodium Chloride 1'2 
AHMED FAHMY MABROUK and L. R. D U G A N  JR., American Meat Institute Foundation, 
University of Chicago, Chicago, Illinois 

A u t e x i d a t i o n  of l inoleie ac id  and  methy l  l ino lea ie  enmlsions 
in aqueous  l i n g e r  solut ions  was  s tud ied  by  the ra te  of oxygen 
upt. ,ke.  The ox ida t ion  ra tes  of me thy l  l imfleate  emulsions in- 
c reased  wi th  an increase  in  the p H  of the bar fer  solution.  Wi th  
l inole ie  acid,  ox ida t ion  r a t e s  rose un t i l  the  increase  reached i ts  
peuk a t  pH  5.50 and  then decreased g r a d u a l l y  to a min imum a t  
pH 8.O0. 

Ox ida t i on  ra tes  of me thy l  l inolente  and  l inoleie  ac id  emul- 
s ions decreased  wi th  inc reased  concen t ra t ion  of NaC1 in the 
system. The effect of v a r i a t i o n  of pH  of the emuls ion  in  the 
r a n g e  i n v e s t i g a t e d  was s imi l a r  to t h a t  in  emuls ions  wi thou t  
SAC1. There was  no evidence t h a t  NaC1 acce le ra ted  the oxida- 
t i on  ra tes  in the system. 

The observed i nh ib i t o ry  effect of NaC1 m a y  resu l t  f rom the 
decreased  so lub i l i ty  of oxygen in  the mnulsion wi th  the increased  
concen t ra t ion  of SAC1. Consequent ly  the a v a i l a b i l i t y  of oxygen 
would  be a l i m i t i n g  fac to r  in ox ida t ion  rates.  

The a c t i v a t i o n  energy  for  the mononmleeular  and  b imoleeu la r  
reac t ions  of me thy l  l inolea te  a nd  l inoleie  ac id  a u t o x i d a t i o n  was  
found  to be independen t  of the p H  value and. sodium chloride 
concen t r a t i on  of the system. The energy  of a c t i v a t i o n s  for  the 
monomoleeu la r  and  b lmoleeu la r  reac t ions  of me thy l  l ino lea te  
and  of l inole ie  ac id  are  22,000, 18,200, 19,600, and  16,400 
cal . / tool . ,  respect ive ly .  

Spee t ropho tome t r i c  s tudies  of the au tox id ized  emulsions of 
l inole ie  ac id  and  i t s  methy l  es ter  ind ica te  t h a t  the m a g n i t u d e  of 
the a b s o r p t i o n  a t  23253. is  the same a t  d i f ferent  pH  values.  On 
the con t ra ry ,  the secondary  p roduc t s  showing abso rp t ion  a t  
27753. a re  to some exten t  dependen t  on the p H  value  of the 
emulsion.  

D EVELOPMI03NT OF RANCIDITY in foods often involves 
an aqueous fa t  system. Compara t ive ly  little 
work has been done in such systems, and it is 

often difficult to draw any  general conclusion as mois- 
ture  m a y  influence the solubility of accelerators or 

1 Presented at the 51st annual meeting, American Oil Chemists' Soci- 
ety, Dallas, Tex., April 4-6, 1960. 

American l~eat  Inst i tute  Foundation Journal Paper No. 203. 

inhibitors. Lea (22), in reviewing the l i terature,  re- 
por ted that  the fa t  in most powdered foods, craekcrs, 
and other cereal foods becomes more rancid as mois- 
ture  content is lowered to extremely low values. 0Ii  
the contrary,  nloisturc was found to have an acceler- 
a t ing effect on the oxidation of lard. Chang and 
Wat t s  (7) observed that  the effect of NaC1 on fa t  
oxidation depended great ly  on the amount  of moisture 
in the  sys tem.  L a t e r  S p e t s i g  (30) r e p o r t e d  t h a t  
methyl  linoleate oxidized fas ter  in the d ry  fo rm than 
in the presence of water.  

No common meat  addit ive has a more profound or 
more puzzling effect on oxidative changes than  sodium 
chloride. In  1934 Lea (20) repor ted  tha t  sodium chlo- 
ride accelerated oxidation of pork  fat. Later ,  in 1936, 
he (21) cited several studies in which SaC1 solutions 
either had no effect or actual ly  inhibited rancid i ty  in 
various foods. 

Sodimn chloride has been shown to have no accel- 
erat ing effect on oxidative ranc id i ty  in mayonnaise 
made f rom cottonseed oil (18), in her r ing  oil (1),  and 
in but ter fa t ,  lard, and pumpkin-seed oil (27). On 
the contrary,  it was found to have an accelerating 
effect on oxidative rancidi ty  in frozen pork (8,35,38~, 
in cured pork (37), in bacon (9),  in but ter  (4,5,10, 
17 25,28,34), and in fish (1,6).  

F rom a s tudy  on five series of bu t te r  consisting of 
192 sanmles made and held under  careful lv  controlled 
conditions for six years at 0 to -10~  the relation- 
~hln between the spoilage factors  of NaCl, acid, both 
SaC1 and acid, and na tura l  milk s~ooilar enzymes 
wa~ found to be 1" 3 : 4 :  6, respect ively (29). Com- 
m-~oial salt, when dispersed in the solid ~tate in but- 
*o,'fat, exerted a catalytic effect on fa t  oxidation (12~. 
This catalytic effect on fa t  oxidation by  commercial  


