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Abstract 
The composition of glycerol lactopalmitates 

was determined by  analysis of fract ions ob- 
tained f rom chromatographic  separat ion on si- 
licic acid. These fractions, when incorporated 
into shortenings and test baked in white cakes, 
showed that  the most active components are 
those containing 2 free hydroxyl  groups. Fur -  
ther  breakdown of individual  fract ions indi- 
cates that,  when these hydroxyl  groups are 
located on the lactic acid port ion of the molecule 
ra ther  than  on the glycerol portion, they are 
more effective in emulsification. 

Introduction 

R ECENTLY, lactylated emulsifiers have been used 
extensively in shortenings. They have supple- 

mented and, to an extent, replaced monoglycerides 
which had been the chief emulsifiers in shortenings. 
The composition of these lactylated emulsifiers, con- 
sisting chiefly of glycerol lactopalmitates (GLP)  and 
glycerol lactostearates (GLS) ,  may  va ry  consider- 
ably depending on the manufac tu r ing  process and on 
the rat ios of f a t t y  acid:glycerol: lact ic  acid employed. 
Because lactic acid has a reactive hydroxyl  group, 
the composition of the emulsifier can be very  com- 
plex. I t  would be of value to know the composition 
of these lactylated products  and to know which of 
the components are the most effective emulsifiers. 

Column chromatography  has  been used for the 
separation of mono, di, and triglycerides (2). Quin- 
lin and Weiser (3),  showed that,  on a silica gel col- 
umn, using adsorption chromatography,  the number  
of hydroxyl  groups in the glyeeride determined the 
tenaci ty  of adsorption. This procedure was followed 
essentially in the separat ion of the components of 
GLP. The hydroxyl  of the lactic acid behaves simi- 
lar ly to the glycerol hydroxyl  as f a r  as adsorption 
is concerned. 

Separat ion by  this method does not give fractions 
containing a single type  molecule. To fu r the r  char- 
acterize each fraction, saponification values, lactic 
acid content, and monoglyceride content (where ap- 
plicable) were determined. 

Experimental 
Four  GLP samples were analyzed for  (a) water- 

soluble content, (b) saponification value, (e) lactic 
acid content, (d) a lpha monoglyceride content, (e) 
total f a t t y  acid content, (f)  average molecular weight 
of f a t t y  acids, and (g) total  glycerine content. 

Analyses (b),  (c),  and (d) were conducted on 
both the original GLP  and on the product  af ter  
water-washing, whereas analyses (e),  ( f ) ,  and (g) 
were conducted only on the washed product.  

The water  soluble content was determined by ex- 
t ract ing a chloroform solution of the product  3 times 
with distilled water  and determining the weight of the 
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combined extracts  a f te r  evaporat ion of the water.  Sa- 
ponification values, monoglycerides, total f a t t y  acids, 
and glycerine were determined by s tandard  AOCS 
procedures. Lactic acid was determined, a f te r  con- 
version to acetaldehyde, by  its color reaction with 
p-phenyl  phenol (1). 

The 4 samples were each washed 3 times with hot 
water  to remove water  soluble components. Af te r  
dry ing  over anhydrous  sodium sulfate, the emulsifiers 
were separated chromatographical ly  into 4 fractions. 

One gram of the emulsifier was accurately weighed 
into a 50' ml beaker and dissolved in 15 ml of A.I~. 
grade chloroform. The solution was placed on a col- 
unto p repa red  as follows: 

Column Preparation. Twenty-nine grams of silicic 
acid (Mall inckrodt ' s  2847) were thoroughly mixed 
with one ml of distilled water  and slurried in low 
boiling petroleum ether. The s lur ry  Was t ransfer red  
to a chromatographic  column 400 mm long by 30 mm 
I.D. The silicie acid was allowed to settle, and a filter 
paper  disc having the circumference of the inside of 
the column was placed on top of the silicie acid, af ter  
which the contents were forced down with a plunger.  
The petroleum ether was forced through the column 
with air  pressure unti l  within 2 mm of the top of the 
column. 

Fractionation. The 15 ml of sample solution was 
poured onto the top of the column and allowed to 
pass into the column without  application of pressure. 
The sample beaker was rinsed with 5 ml of chloro- 
form which was added to the column with a pipet,  
washing down the sides of the column dur ing  addi- 
tion. The washings were allowed to pass into the 
column. Af t e r  5 min, a small amount  of pressure 
was applied to the top of the column. 

When near ly  all of the solvent had passed into 
the column, development was begun with 150 ml A.R. 
grade benzene. A tared  250 ml Soxhlet flask was used 
as receiver. Dur ing  development, air pressure, ap- 
plied to the top of the column, was adjusted to give 
an effluent flow of 1-2 drops per second. Three more 
150 ml portions of eluting solvents were added to the 
column 'in the following order:  10% U.S.P. grade 
ethyl ether in benzene; ethyl ether;  and 1:1 metha- 
nohe thy l  ether. Receivers were changed each time a 
new solvent was introduced. 

The solvent was evaporated f rom each of the frac-  
tions, which were then dried and weighed to obtain 
weight percentage of each of the fractions. F igure  1 
i l lustrates the separat ion of a commercial GLP  in 
which 25 fract ions of 25 ml each were removed from 
the column. Using 150 ml of each eluting solvent 
assured complete separat ion of fractions. 

Each of the first 3 fract ions was analyzed for 
saponification value and lactic acid content. Mono- 
glyeerides were determined only on the th i rd  frac- 
tion, a f ter  it had been established that  there were 
none present  in the first 2 fractions. Since there was 
only sufficient mater ia l  in a given fract ion to per- 
form one of the above analyses, 3 separations were 
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made of each emulsifier. Replicate separations of a 
given sample checked within • 1% on a weight basis 
for  any given fraction. 

Resul t s  and Discuss ion  

Separation and Analysis of GLP Components. The 
results of the analyses on the 4 emulsifiers are shown 
in Table I. Table I [  shows the analyses on the frac- 
tions of these emulsifiers obtained f rom the column 
separation. 

F rom the saponification values and lactic acid con- 
tents of the 3 major  fractions, it can be established 
that  separat ion on the column is based on polar i ty  

and, as in the case of separat ion or mono, di, and 
triglycerides, takes place in accordance with the num- 
ber of hydroxyl  groups present  in the molecule. Al- 
though the lactic acid hydroxyl  is somewhat more 
polar  than the glycerol hydroxyl ,  it was not found 
possible (using solvents of in termediate  polar i ty)  to 
separa te ,  e.g., a molecule containing only one hy- 
droxyl  group located on the glycerol portion of the 
molecule f rom one containing only one hydroxyl  group 
located on the lactic acid port ion of the molecule. 

Components of the 4 fractions obtained could con- 
sist of the following: ( I t  was not established whether 
or not all possibilities existed.) 

Fraction 1. Elu ted  with benzene--Components  con- 
sist of a glyeeride molecule containing 3 f a t t y  acid 
groups and f rom 0 to 3 lactic acid groups--e.g. ,  tri- 
pahni t in  or 1-0-palmitoyl lactyl  2, 3, dipalmitin. 

Fraction 2. Ela ted  with 10% ether in benzene- -  
Components consist of a glyeeride molecule contain- 
ing 2 f a t t y  acid groups and f rom 0 to 3 lactic acid 
groups. 

Fraction 3. Eluted  with ethyl e the r - -Components  
consist of a glyceride molecule containing one f a t ty  
acid group and f rom 0 to 3 lactic acid groups. 

Fraction 4. Eluted  with ] : 1 methanol :e thyl  ether 
solution. Iden t i ty  of this f ract ion was not estab- 
lished. In  each of the emulsifiers analyzed, this frac- 
tion constituted less than 2% of the total washed 
product.  

To obtain more complete knowledge of the com- 
position of the individual  fractions, fu r ther  work 
would be indicated in separat ing components of a 
given fraction. 

Bake Tests on GLP Components. Fract ions 2 and 
3 of sample 4, Table I I ,  were each incorporated into 
shortenings which were used in white layer cakes. 
(This sample was chosen because it had the lowest 
nlonoglyceride content of the 4 samples.) A com- 
mercial  shortening containing GLP was used as a 

T y p e  of a n a l y s i s  

% W a t e r - s o l u b l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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A v g  mo]  w t  a c i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
% T o t a l  g l y c e r i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M o l e  r a t i o  F A  : L A  : G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T A B L E  1 
C o m p a r i s o n  of  C e m p o s i t i o n  of  F o u r  C o m m e r c i a l  

P r o d u c t  1 

As  A f t e r  
r e e e i v e d  w a s h i n ~  

4 .3  
2 5 4 . 0  2 4 9 . 1  

1 5 . 7  1 2 . 0  
9 .9  1 0 . 6  

7 2 . 7  7 6 . 0  
.. . . . .  2 5 7  
. . . . . .  1 7 . 7  
. . . . . .  1 . 5 / 0 . 7 / 1 . 0  

P r o d u c ~  2 

A s  A f t e r  
r e c e i v e d  w a s h i n g  

2 .3  
2 5 1 . 6  2 4 8 . 3  

1 3 . 7  1 3 . 0  
1 2 . 0  1 2 . 2  
. . . . . .  7 6 . 2  
. . . . . .  2 5 8  
.. . . . .  1 6 . 9  
.. . . . .  1 . 6 / 0 . 8 / 1 . 0  

P r o d u c t  3 P r o d u c t  4 

A~ 
reee iw~d 

~ L P s  

As  A f t e r  
r e c e i v e d  w a s h i n ~  

5 .4  
2 5 0 . 4  2 3 9 . 2  

1 5 . 3  1 2 . 4  
1 5 . 6  1 6 . 2  
. . . . . .  7 4 . 3  
.. . . . .  2 5 8  
. . . . . .  1 7 . 9  
. . . . . .  1 . 5 / 0 . 7 / 1 . 0  

0 .8  
2 5 6 . 5  

5 .1  
t . . . . . .  

A f t e r  
w a s h i n g  

2 5 3 . 5  
1 4 . 6  

5 .3  
7 5 . 2  

2 5 9  
1 4 6  

1 . 8 / 1 . 0 / 1 . 0  

a C a l c u l a t i o n  b a s e d  on  u v g  tool  w t  of  f a t t y  a e id s .  

T A B L E  II 

C o m p a r i s o n  of  C o m p o s i t i o n s  of  C o l u m n  S e p a r a t e d  F r a c t i o n s  of  
F o u r  W a s h e d  C o m m e r c i a l  G L P s  

F r a c t i o n s  a n a l y z e d  
a n d  a n a l y s e s  1 

1.  No  f r e e  h y d r o x y l s  
W t  % o f  t o ta l  . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 . 5  
S a p o n i f i c a t i o n  v a l u e  . . . . . . . . . . . . . . .  1 9 4  
% L a c t i c  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 

2.  O n e  f r e ~  h y d r o x y l  
W t  % of  t o t a l  . . . . . . . . . . . . . . . . . . . . . . . . .  i 
S a p o n i f i c a t i o n  v a l u e  . . . . . . . . . . . . . .  
% L a c t i c  a c i d  . . . . . . . . . . . . . . . . . . . . . . . .  

3.  T w o  f r e e  h y d r o x y l s  
W t  % o f  t o ta l  . . . . . . . . . . . . . . . . . . . . . . . . .  
S a p o n i f i c a t i o n  v a l u e  . . . . . . . . . . . . . .  
% L a c t i c  a c i d  . . . . . . . . . . . . . . . . . . . . . . . .  
% A l p h a  m o n o g l y c e r i d e s  . . . . . . .  

4 .  F r a c t i o n  e l u t e d  w i t h  
5 0 %  m e t h a n o l  

W t  % o f  t o t a l  . . . . . . . . . . . . . . . . . . . . . . . . .  
T o t a l  w t  % r e c o v e r e d  

f r o m  c o l u m n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 6 . 8  
2 3 6 . 3  

3 9 . 8  
2 7 8  

2 1 . 8  
2 5 . 6  

1 .3  

1 0 0 . 4  

P r o d u c t  n u m b e r s  

2 3 

1 2 . 1  2 2 9 . 7  
2 2 6  9 

. 1 . 4  

4 9 . 6  4 0 . 4  
2 4 5  2 3 6  

9 .1  .5 

3 6 . 4  4 6 . 4  
2 7 1  2 6 2  

2 0 . 4  1 7 . 3  
3 4 . 1  3 4 . 0  

0 .9  1 .2  

9 9 . 0  9 7 . 7  

1 8 . 9  
2 2 2  

2 .3  

4 4 . 6  
2 4 5  

1 1 . 0  

control for the bake tests. Results of these bakes, 
given in Table I I I ,  show that  effective emulsifying 
components in GLP  are those esters which contain 
2 free hydroxyl  groups, at least one of which is lo- 
cated on a lactic acid portion of the molecule. 

In  addition to the above, bake tests were made on 

T A B L E  III 

Results of Bake Tests on GLP Fractions from Product No. 4 in 
W h i t e  L a y e r  O a k e  a 

3 3 . 3  
2 9 6  

2 6 . 6  
1 4 . 0  

1 .8  

% o f  Spec i f i c  C a k e  v o l u m e  
F r a c t i o n  No.  f r a c t i o n  in  g r a v i t y  of ( c c )  

s h o r t e n i n g  c a k e  b a t t e r  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  0 . 9 9  1 0 5 0  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 0 . 7 6  1 1 2 5  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 0 . 6 7  1 1 9 5  
C o n t r o l  s h o r t e n i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 8 2  1 0 8 5  

a T h e  a l p h a  m o n o g l y c e r i d e  c o n t e n t  of  e a c h  s h o r t e n i n g  w a s  4 . 5 % .  9 8 . 6  
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shortenings containing 5 laboratory-prepared prod- 
nets obtained from Armour  Industrial  Chemical C o .  

T A B L E  I V  
l~esults of B a k e  Tes ts  on Whi t e  Cakes  C o n t a i n i n g  Sho r t en ings  into 

W h i c h  V a r y i n g  P e r c e n t a g e s  of L a b o r a t o r y - P r e p a r e d  
Lac ty la ted  Glycer ides  W e r e  I n c o r p o r a t e d  

Componen t  

1-mono-0-palmitoyl lact in  ........................ 
1-mono-0-palmitoyl lact in  a ...................... 
1 palmitoyl,  2 lac t in  ............................... 
1 palmitoyl,  2 lac t in  ............................... 
1-0-palmitoyl laetyl,  2 lact in  ................... 
1-0-palmitoyl laetyl,  2 lac t in  ................... 
1 palmitoyl,  2, 3, d i lae t in  ....................... 
i palmitoyl,  2, 3, d i lac t in  ....................... 
1-0-palmitoyl lactyl,  2, 3, d i lac t in  ........... 
1-0-pahnitayl  lactyl,  2, 3, d i lac t in  .......... 

I Specific 
% Used  in} g r a v i t y  
s h o r t e n i n g  of cake  
_ _ 1  ba t t e r  _ _  

4.5 I 1.09 
5.0 I 1.02 
4.0 I 0.84 
6.0 / 0.79 
4.0 I 0.88 
6.0 [ 0.84 
4.0 [ o.91 
6.0 [ 0.90 
4.0 0.95 
6.0 0.92 

Cake 
volume 

(ca)  

880 
1030 
1100 
1170 
l l O 0  
1145 
1190 
1160 
1230 
1200 

a W i t h  the  except ion of this  sample  which  con ta ined  a total  of 7 .8% 
a lpha  monaglyceride.s ,  all s b o r t e n i n g s  conta ined  4 . 5 %  a lpha  monoglyc- 
er ides.  

Each of these products  was a glyceride containing one 
fa t ty  acid group and one or more lactic acid groups. 
Results of these bakes are shown in Table IV. 

Based on the results obtained O.ll p u r e  samples, the 
conclusion reached is that  those molecules which con- 
tain 2 free hydroxyl  groups, both of which are lo- 
cated on the lactic acid portions of the molecule, are 
the best emulsifying agents in a GLP. This being 
the case, the best GLP would then be one that  was 
richest in these components. 

A C K N O W L E D G M E N T  

Pr oduc t i on  of p u r e  lactylated es ters  used  in  the bake  tests  by S. H .  
Shap i ro  a n d  A. Mais .  
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Fatty Acids of Lard. A. 
Chromatography I 

Identification by Gas-Liquid 

S. F. HERB, PAUL MAGIDMAN, R. A. BARFORD, and R. W. RIEMENSCHNEIDER, 
Eastern Regional Research Laboratory, 2 Philadelphia, Pennsylvania 

Abstract  
A fresh commercially rendered lard was sepa- 

rated into its component f a t ty  acids by subjecting 
the methyl  esters to gasqiquid chromatography 
on nonpolar and polar columns. The lard m e t h y l  
esters were first chromatographed on a silicone 
column. This column achieved separation of the 
component esters pr incipal ly on the basis of chain 
length, and fractions which were represented by a 
single peak or series of peaks were collected. The 
collected fractions were then rechromatographed 
on an ethylene glycol succinate polyester column 
to separate and ident i fy  the saturated and the 
unsaturated esters. Qualitative evidence was ob- 
tained for  the presence of 29 fa t ty  acids ranging 
in chain length from 10 to 20 carbon atoms. In- 
cluded were the esters of the following: Satu- 
ra ted  acids (10,12,14,15,16,17,18,19,20, and 22 C- 
atoms), monounsaturated acids (14,16,17,18,19, 
20, and 22 C-atoms), and polyunsaturated acids 
(18:2, 20: 2, 22:2, 18:3, 20: 3, 22:3, 20: 4, 22:4, 20:5, 
and 22:5). a Peaks for  several additional trace 
components were also observed. 

Introduction 

T HE IDENTITY Of the pr inc ipa l  and some of the 
minor f a t ty  acids of lard has been known for at 

least two decades. They include laurie, myristic, my- 
risto]eic, palmitic, pamitoteic, stearie, oleic, linoleic, 
]inolenic, arachidic, and araehidonic acids. Later  pen- 
taenoic acid of undetermined chain length (4) was 
added to the list. 

I n  previous work from this laboratory (3), gas- 
liquid chromatography (GLC) was applied directly 
to the total methyl  esters of lard. Evidence for pres- 
ence of arachidonate or pentaenoate could not be seen 
on the chromatogram, although ultraviolet spectre- 

1 P r e s e n t e d  in  p a r t  at the  A O C S  meet ing ,  St. Louis ,  Me., 1961. 
E a s t e r n  Util iz.  ICes. & Dev.  Div . ,  At~S, U .S .D .A.  

s A " s h o r t h a n d "  des igna t ion  of s t r u c t u r e  of each f a t t y  ac id  is used  
t h r o u g h o u t  th is  p a p e r :  1 8 : 0  = s a t u r a t e d  Cls ac id ;  1 8 : 2  = C*s wi th  2 
double bonds ;  1 8 : 0  b r  = b r a n c h e d  cha in  Cls acid, etc. 

photometric analysis showed they were present in 
concentrations of 0.3-0.5 and 0.1-0.2%, respectively. 
The chromatogram, however, suggested the presence 
of small amounts of esters of lower molecular weight 
than myristate and also an unidentified ester having 
greater  retention than linolenate but  which did not 
agree with the retention of a tetraenoia or pentaenoic 
ester. Craig and Mur ty  ( ] )  haxe indicated that  even- 
numbered carbon acids f rom Clo to C2o were present 
in lard along with a number of unsaturated acid~ in 
each group. 

In the present work, principal  emphasis was given 
to identification of the  minor and trace fa t ty  acids of 
lard. A GLC column with a nonpolar stat ionary 
phase (silicone) was employed first to separate lard 
methyl esters pr imari ly  on the basis of chain length. 
Fractions collected from this operation were then 
chromatographed on a polar polyester (EGS)  col- 
umn in order to separate saturated and unsaturated 
esters. This procedure enabled identification of mi- 
nor and trace fa t ty  acids to be made with greater 
certainty.  A number of f a t t y  acids were identified 
which hi therto had escaped detection. Normal satu- 
rated and monoethenoid acids having 15, 17, and 19 
carbon atoms were found but  none with branched 
chains. A series of C2o and C22 acids having from 
0-5 double bonds was detected. Some of these have 
not been reported previously. 

Exper imental  

A sample of commercial steam rendered lard, 
obtained on the same day it was produced, was 
promptly  converted to methyl  esters by methanoly- 
sis (6) and separated by GLC on a nonpolar column. 
Six fractions were collected and each rechromato- 
graphed on a polar (EGS)  column, before and af ter  
hydrogenation. 

Gas-Liquid Chromatography. The appara tus  was a 
conventional type with thermal conductivity detector 
and was described previously ( 3 ) .  The separation on 


