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and not the 2-monoesters. Accordingly the counter- 
current  distr ibution curve for oxidized l~-monostearin, 
for example, is void of a n y  monoglyceride peak. A 
poorly defined peak appears  however at a higher tube 
number.  This peak is due to the hydroxyaceta ldehyde 
ester which is the reaction product  of the oxidation. 

Oxidation of 2-monostearin, on the other hand, sur- 
vives the periodic acid t rea tment  and comes through 
the distr ibution in its proper  place. F igures  2 and 4 
are distr ibution curves for 2-monostearin and oxidized 
2-monostearin. I t  will be noticed that  the peak for 
the oxidized sample shifted slightly to a lower tube 
number.  This, in addition to the appearance  of the 
hydroxyaceta ldehyde peak in F igure  4, clearly sug- 
gests that  the original 2 - m o n o s t e a r i n  was contami- 
nated with some 1-monosteariu. This was indeed the 
case as periodic acid analysis indicated the presence 
of this c o n t a m i n a n t .  The par t i t ion coefficient for 
pure  2-monostearin therefore is judged to be the 0.270 
value. 

The possibility of separat ing the 1- and 2-monoester 
has been mentioned. Calculations with Equat ion  2 
and the par t i t ion  coefficients for  the 1- and 2-mono- 
stearins indicated that  150 t ransfers  should be suf- 
ficient to resolve these substances into two separate 
peaks f rom a mixture  of equal weights of the two. 
In addition, a yield of about 20% of each isomer 
should result  in the tubes on the extremities of the 
curve. The experimental  verification of these calcu- 
lations was not successful, owing to the great  tend- 
ency of the 2-isomer to revert  readily to the 1-form. 
Apparen t ly  the addit ional t ime involved to car ry  out 
150 transfers ,  even with the automatic equipment,  
over a 49-transfer  distribution was sufficient for the 

isomerization to take place. The experimental  effort 
expended in this direction was quite limited however. 

Conclusions 

l. The countercurrent  distr ibution curves have been 
d e t e r m i n e d  fo r  eight pure  and one commercial 
monoglyeeride, one diglyeeride, and one diglyeerol 
monoester. 

2. Cer ta in  generalities exist between the part i t ion co- 
efficients and the s t ructures  of the acid radicals of 
the monoglyceride. 
a. An increase in the chain length of the acid pro- 

duces an increase in the par t i t ion  coefficient. 
b. The 2-monoesters have lower part i t ion coeffi- 

cients than  the corresponding 1-isomers. 
c. Unsa tura t ion  in the acid decreases the value of 

the par t i t ion coefficient. 
3. The direct s e p a r a t i o n  of m i x t u r e s  of 1- and 2- 

monoglyeerides by  eountercurrent  distribution is 
thwar ted  by the rapid  isomerization of the 2-isomer 
to the 1-form. 
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2-Monoglycerides 
G. Y. BROKAW, E. S. PERRY, and W. C. LYMAN, Distillation Products Industries, 
Division of Eastman Kodak Company, Rochester, New York 

I 
N THE YEAR 1920 Emil  Fischer (1) established that  

all a t tempted  syntheses of 2-monoglyeerides up to 
that  time had resulted in 1-monoglycerides. He  

pointed out the greater  stabil i ty of the 1-isomer and 
developed an isomerization mechanism to explain this 
result. [ t  was 1931 before Bergmann and Carter  (2) 
synthesized the first 2-monoglyceride of a f a t t y  acid 
(2-monopalmit in) .  Feuge and Bailey (3) postulated 
the presence of 2-isomers in mono-diglyceride inter- 
esterification mixtures  but  rejected them as the source 
of small discrepancies between theory and their  ob- 
servations. Mattson et al. (4) demonstrated the pres- 
ence of unsa tura ted  2 - m o n o g l y c e r i d e s  in intestinal 
contents but  did not isolate them. In  fact ,  unsatu- 
rated 2-monoglycerides were not p repared  unt i l  1953 
when Mart in  (5) used a boric acid hydrolysis  ra ther  
than the classic hydrogenolysis of the intermediate.  
He also proposed a perehloric acid isomerization to 
aid in direct determinat ion of 2-monoglycerides since 
periodic acid (or lead tetra-acetate)  oxidation will 
not detect the 2-isomer (5, 6). Very  recently Borg: 

t Communicat ion No. 216 f rom the laboratories of Dist i l la t ion Prod~ 
ucts Industries.  

2 Presented at  the Minneapolis meeting of the American Oil Chem- 
ists' Society, Oct. 13, 1954. 

stronl (7) isolated ]- and 2-monoglycerides f rom in 
v i t ro  hydrolyzed fat,  using silicic acid adsorption of 
periodic acid oxidized products. 

I n  a var ie ty  of publications (for example, 3) it has 
been established tha t  reactions of fats  or f a t ty  acids 
with glycerol normal ly  result in a randomized reac- 
tion product,  tha t  is, the composition of the product  
can be calculated, based on the input  molar ratios. 
In mono-diglyeerides the monoglyceride analysis by 
periodic acid oxidation agrees ra ther  closely with the 
calculated value for  total monoglyceride, assuming 
equal par t ic ipat ion of all three positions possible in 
glycerin. This sugges ts  that  the 2-isomer played an 
impor tan t  pa r t  in d e t e r m i n i n g  the  composition of 
that  equilibrium mixture.  This 2-monoglyceride has 
been t r a n s i e n t  s ince comple te  or part ial  isomeri- 
zatiou to 1-monoglyeeride has occurred in the f n a l  
product.  I t  was our purpose to determine whether  
the final product  contains a detectable q u a n t i t y  of 
2-monoglycerides. 

The work to be described shows that  2-monoglye- 
erides do exist  i n  commercial monoglycerides;  they 
have been isolated; and they apparen t ly  behave as 
do the 1-isomers in at least one application. A rapid  
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analysis for total monoglyceride has been developed 
which incorporates Martin's isomerization procedure 
directly into the usual periodic acid analysis. 

I s o l a t i o n  

In order to establish methods for investigation of 
commercial products, techniques were developed which 
permitted isolation of 2-monoglyeerides from interes- 
terification mixtures. Relatively pure 2-mono-olein 
and 2-monostearin were prepared from the reaction 
products of  glycerin with recrystallized oleic acid and 
with high puri ty stearic acid. Partial isolation, along 
with isomerization analyses or eountercurrent distri- 
butions, were carried out for commercial material. By 
these procedures all tested products (distilled mono- 
glycerides and three mono-diglycerides) were found 
to contain 2-isomers. 

2-MONOGLYCERIDE ISOLATION 
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An outline of the isolation procedure is shown in 
Figure 1. The monoglyeerides were first separated 
by molecular dis t i l la t ion.  After water-washing an 
ether solution to remove glycerin, the product was 
dissolved in methanol or ethyl ether and crystallized 
at successively lower temperatures until 85 to 90% 
of the distilled monoglyceride had been removed as 
crystals. The concentrations, temperatures, and re- 

sults varied considerably, depending upon starting 
material, but, for distilled mono-olein, the filter cakes 
were removed from a 15% solution in ethyl ether at 
--10, --20, and, after removal of half the solvent, at 
--25~ About 12% of the distilled monoglyceride 
remained in the filtrate. This crystallization residue 
contained 68.2% of 1-monoglyeeride and an esti- 
mated 20 to 25% 2-monogtyceride along with some 
diglyeeride. 

An oxidation with periodic acid converted the re- 
maining ]-monoglycerides to esters of hydroxyacetal- 
dehyde. Borgstrom (7) showed subsequent separation 
by silicie acid adsorption. 

We found that c o u n t e r c u r r e n t  distribution was~ 
practical, but aldehyde complexing was preferred for 
large quantities. The reaction conditions required for 
making phenylhydrazones or semicarbazones resulted 
in 2-monoglyceride destruction. However reaction 
with Girard's reagent P permitted removal of the 
aldehyde by simple water washing, without affecting 
the 2-isomer. 

The remaining 2-monoglycerides and diglycerides 
were separated by crystallization from methanol or 
by solvent partition between Skellysolve B and 85% 
aqueous methanol. Some properties of the resultant 
2-monostearin and 2-mono-olein are shown in Table I. 

T A B L E  I 

Ana lys i s  of 2-Monoglyeer ides  

P r o p e r t y  2-Olein 

O H v a l  ..... . . . . . . . . . . . . . . . . . . . . . .  [ 3 1 1  / 
Pe r iod ic  acid  analysis . . . .  J 6.7 I 
I some r i z a t i on  ana lys i s" . .  9 9 . 6 %  [ 
Melting" po in t  . . . . . . . . . . . . . . . . . . . . . . . .  

T h e o r y  (or  l i t .)  

stoario  :Olei i    ,in " 

315 313 

'~" ~ l O  o ~ ~ o ~  9 8 . 0 %  
72.5- " ..... I 7 4 . 5 ( 1 0 )  
73.5~ b 

a U s i n g  7 0 %  perchlor ic  acid  with a fac tor  of 1.15. 
b NO depress ion  on a d m i x t u r e  with an  au then t i c  2 -monos tea r in .  

7- ......... 

In addition to these properties, infrared absorptions 
were deternlined. The curve for this 2-monostearin 
was identical with that for material by classic syn- 
thesis. The curve for 2-mono-olein differed from the 
one for 1-mono-olein in the same features as noted 
for the stearate pair. 

The 2-mono-olein was compared with 1-mono-olein 
in one cake baking test. A 140% sugar white cake 
formula with a batter weight of 340 g. was used. The 
volume of this test cake is critically dependent upon 
type and amount of monoglyceride added, with con- 
trol volumes (0% addition) of about 1,040 ml./lb. 
of batter.  The four test cakes (each isomer in dupli- 
cate at ]% of the shortening) had volumes ranging 
between 1,230 and 1,250 ml./lb, of batter. For this 
test the isomers may be considered of identical utility. 

C o u n t e r c u r r e n t  D i s t r i b u t i o n  

Perry et al. (8) characterized pure monoglycerides 
by countereurrent distribution and showed the analyt- 
ical utility of this technique for mixtures containing 
monoglycerides. The patterns for pure monoglycer~ 
ides and for mixtures had shown the development of 
a single well-defined peak in the region between tubes 
4 and 15, depending upon the predominant monoglye- 
erides present. 

When applied to distilled monoglycerides, including 
the commercial product, 95 to 100% of the recovered 
material was in this monoester peak. This was true 
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even when periodic acid analyses for  1-monoglyceride 
were as low as 88 to 90%. In the crystallization resi- 
dues (50 to 65% 1-monoglyeeride) 75 to 80% of the 
weight was recovered as total monoglyceride by dis- 
t r ibution (Figure 2). And in the isolated 2-mono- 
glycerides, with periodic acid analyses of 0 to 10%, 
over 90% of the material  occurred in the monoglyc- 
eride peak. 

The material  behaving as monoglyceride in all ways 
except by periodate analysis was considered to be 
2-monoglyeerides. By  way of confirmation various 
products were oxidized and then distr ibuted before 
or af ter  eomplexing with Girard 's  reagent P. Oxi- 
dized distilled monoglyeerides gave no monoglyceride 
peak, but  the residue, af ter  Girard 's  reagent complex- 
ing, did. When up to 8% of pure 2-monostearin was 
added to the distilled monoglyeeride, oxidation and 
distribution without complexing still showed no re- 
maining monog lyee r ide .  Apparen t ly  the oxidation 
products interfere with normal distribution and have 
to be removed. 

This interference was not complete in the case of 
the oxidized crystallization residues (Figure  2). Ap- 
proximately 30% of these oxidized samples (0 to 5% 
1-mouoester by periodate analysis) was recoverable 
as total monoglyceride. I f  some interference existed, 
the actual content may have been higher. 

Spontaneous Isomerization 
Distilled monoglycerides from hydrogenated lard, 

when freshly distilled from a freshly prepared mono- 
diglyceride mixture, f requent ly  would have a peri- 
odic acid analysis as low as 86%. Upon standing for  
24 to 48 hrs., this figure increased to as much as 
94%, with the average change being 4 to 6%. No 
other chemical change was observable. This change 
was not observed on freshly distilled product  f rom 
aged mono-d ig lyee r ides .  The unsaturated products  
were higher originally and did not change. 

Crystallization residues from unsaturated monoglyc- 
erides always increased in analysis upon standing. One 
sample at an original 57.6% 1-monoglyeeride content 
increased to 77.6% af ter  63 days at room tempera- 
ture. Crystallized 2-monostearin did not undergo a 
change, but the solvent-partit ioned 2-mono-olein did 
increase slowly in 1-monoglyceride content at room 
temperature.  

I~duced Isomerizatio,n 
Stimmel and King (9) "isomerized" 2-monoglyc- 

erides by th e addition of acid or base as catalyst. 
Fo r  example, they used N/20 alcoholic HC1 and af ter  

24 hrs. were able to crystallize pure 1-monostearin 
f rom the solution. Dur ing  the current  investigation 
it was noted that material  recoveries were poor. I f  
the HC1 is neutralized and the solvent removed at 
room t e m p e r a t u r e  under  vacuum, glycerin and a 
mono-di-triglyceride is recovered. The product  from 
this technique, or f rom water quenching followed by 
ether extraction of the i somer ized  m ix tu r e ,  shows 
complete reversion to the composition calculated from 
random distribution of a monoglyeeride. 

Martin (5), apparent ly  recognizing the invalidity 
of earlier isomerization methods, proposed the use of 
perchloric acid. He showed that isomerization could 
be made essentially complete before reversion would 
seriously interfere. F rom this he developed an isom- 
erization method, permit t ing determination of " t o t a l  
monoglyeeride."  

We had at tempted adding various i somer iza t ion  
agents during analysis in hopes of obtaining simul- 
taneous i somer i za t ion  and oxidation. This should 
result in a total monoglyceride value. Adding sul- 
furic  or h y d r o c h l o r i c  acids,  changing acetic acid 
concentration, and other such approaches were un- 
successful. If,  dur ing analysis, perchloric acid is 
added before periodic acid, the results are dependent 
upon the time interval  and the isomerization-rever- 
sion characteristics of the system. Curves for 1- and 
2-monopalmitin are shown in Figure  3. 
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Since the periodic acid is aqueous, it serves as the 
water quench for inactivating perchloric acid. Ac- 
cordingly isomerization cannot be affected by adding 
perehloric acid simultaneously with or subsequent to 
the periodic acid addition. The use of 0.045 ml. of 
56% perchloric acid and a 10-minute interval, as sug- 
gested by Martin, resulted in the same factor (1.15) 
that  he reported. 

The lack of effect of changed isomer ratio or of fat  
dilution is shown in Table II.  

T A B L E  I I  
P e r c h l o r i c  Acid  I somer i zu t i on  Ana lys i s  for 

Tota l  Monogqyceride 

A ]3 C 

Composition of m i x t u r e  1-i'r found  TotM mona 
a f t e r  isomeri-  found 

% 2 - M P .  Othe r  za t ion  ( 1 . 1 5 B )  

0 1 0 0 %  I " • P  b 86 .9  100 .0  
50  5 0 %  1-MP b 88 .4  1 0 1 . 6  

1 0 0  85 .4  98 .2  
50  5 0 %  F ~ t  A 43 .2  4 9 . 6  
10 9 0 %  F a t  A 8.9 10.2  

a 2 -monopahni t in .  
b 1-monopalmitin. 
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The above have been established as prefer red  con- 
ditions although prel iminary work was done with 
70% perchloric acid, which causes more rapid isom- 
erization and introduces more reversion. With this 
strength of acid a 90-second interval  with a factor 
of 1.15 can be used and was  the method of analysis 
shown in  Table I. 

The precision and accuracy seem reasonable in the 
light of the limited work reported. T h e  analytical 
method, which combines Mart in 's  isomerization with 
the periodic acid oxidation procedure of Handschu- 
maker and Linteris  (11), consists of the following 
steps : 

1. Dissolve a weighed sample (which contains ap- 
proximately 100 rag. total monoester, glycerol- 
free by water  washing in ether solution) in 15 
ml. of 2 :1  acetic ac id :chloroform in a 250-ml. 
iodine flask. 

2. Add 0.045 ml. of 56% HCI04, shake for 60 sec- 
onds, and let stand for 9 minutes. 

3. Add the 25 ml. periodic acid reagent and con- 
tinue with the analysis as described by Hand- 
schumaker and Linteris (11). 

4. Calculate the total monoglyceride content by 
mult iplying the result of that  analysis by 1.15. 

Composition of Monoglycerides 
Isomerization analyses indicated about 5 to 8% of 

2-monoglyceride in distilled products;  mono-diglycer- 
ides contained about half as much total monoglycer- 
ides with about 5% of this also being 2-isomer. For  
example, one product  at 37.8% 1-monoglyceride an- 
alyzed for 39.6% total monoglyceride. Countercur- 
rent  distributions and chemical analyses were con- 
firnmtory. For  example, hydroxyl  values of distilled 
monoglycerides ranged from 316 to 322 in material  
where 322 was theoretical for 100% monoglyeeride. 

The crystallization residues contained, by a var ie ty  
of techniques, about 25 to 30% 2-monoglycer ide ,  

which corresponded to 4 to 5% 2-monoglyceride in 
the distilled product.  This figure is, of course, a min- 
imum since the crystallization was not necessarily a 
quanti tat ive separation. 

As a result, it is believed that  all commercial mono- 
glyceride products contain 2 -monoglyce r ides .  The 
amount  is probably 5 to 8% of the total monoglyc- 
eride content. 

Summary 
1. Commercial monoglycerides and mono-diglycer- 

ides contain 2-isomers. The amount  is in the range 
of 5 to 8% of the total monoglyceride content. 

2. 2-Mono-olein and 2-monostearin have been iso- 
lated from the reaction products of glycerin with 
oleic and with stearic acids. 

3. At least for  cake baking utility, 2-monoglycer- 
ides appear  to be equivalent to 1-monoglycerides. 

4. An analysis for  total monoglyceride content is 
proposed. I t  incorporates perchloric acid isomeriza- 
tion directly into the usual periodic acid analysis. 
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Accelerated :Stability Test for Vitamin A in Oils and Fats by 
Means of Surface-Enlarging at Room Temperature 
J. P. SPRUYT, Food Products Department, N.V. Philips-Roxane Pharmaceutisch-Chemische 
Industrie "Duphar," Weesp, Holland 

M 
A N Y  A C C E L E R A T E D  M E T H O D S  have been proposed 

and used for the s tudy of relative' stability to 
oxidation of fats, oils, and oil-soluble vitamins. 

Among these are the Active Oxygen Method (fre- 
quently re fer red  to as the " S w i f t "  method) (1, 2, 
4, 7), the Schaal oven test (2, 6, 7, 12), and the Bar- 
crof t -Warburg manometric method (8, 10, 14). All 
of these methods have the weakness of being con- 
ducted at temperatures  higher than those of ordinary  
storage, thus raising a question as to the mechanism 
of the reactions, which would be involved under-these 
conditions, as compared with those in more nearly 
" n o r m a l "  circumstances ( 1 5 ) .  For  example, it has 
been found that  N.D.G.A. has a diminished effective- 
ness at relatively high temperatures  (3, 9, and au- 
thor ' s  own data) .  Similar observations have been 
made with respect to isobutylgallate (11). The use 

of metallic catalysts such as copper (12) for acceler- 
at ing oxidation also raises a question as to the reac- 
tions involved. 

Dubouloz (5) has accelerated oxidation by expand- 
ing the surfaces through the medium of spreading 
vitamin A oil on filter paper. These papers are then 
suspended in a closed container at a cohstant tem- 
perature  between 90 ~ and 100~ Taufel  (15) also 
developed a method employing s u r f a c e - e x p a n s i o n ,  
using chromatographic paper in diffuse daylight at 
room tempera ture ;  but  the use of diffuse day l igh t  as 
a catalyst presents a condition not often found in 
regular  storage conditions of vi tamin A substances. 

The present paper  proposes an accelerated test for  
the relative stability of vitamin A-bearing: oils which 
at tempts to stay as closely as possible~ to: ordinary  
storage conditions and s t i l l  offer the merits of an 


