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differs somewhat from that  reported by Herman  et al. 
(4), par t icular ly in the ratio of the absorbance at the 
maximum (244 or 245 mt~) to the absorbance at the 
inflection at 238 or 240 m~. 

Discussion 

The toxic substance which we have isolated from 
triolein resembles that  recovered by Harman  et al. 
(4) f rom animal feed tallows. However the diverg- 
ences in their properties suggest either that we are 
dealing with two different but closely related cola- 
pounds, or that  one or both of the preparations is still 
a mixture of related compounds despite the fact  that 
only a single spot could be obtained on paper chro- 
matography in a number of solvent systems. In  view 
of the manifest difficulties involved in isolating a pure 
compound in minute quantities f rom a myriad of sub- 
stances with similar properties it would be hazardous, 
as Ha rman  warns, to infer chemical structures from 
spectral data. Nevertheless it should be pointed out 
that the spectra obtained by us and by Harman  et al. 
are strongly reminiscent of those exhibited by highly 
substituted naphthalenes (7). Fur thermore  the toxic 
factor occurs in association with a bewildering ar ray  
of aromatic naphthalene and phenanthrene deriva- 
tives, as we have previously noted (2). The detection 
of chlorine in large proportions in a toxic prepara- 
tion, and the ultraviolet spectrum observed, suggest a 
possible relationship with chlorinated naphthalenes. 
Pentachloronaphthalene possesses an absorption maxi- 
mum at 243 mr* and a secondary maximum at 312 mt~ 
(8), and it has been shown to cause hyperkeratosis in 
cattle (9) and several other species of animals includ- 
ing chickens (10). Other chlorinated naphthalenes 
also are toxic (11). 

The possibility that  the chick edema factor is a 
chlorinated naphthalene derivative cannot be ignored. 
Samples of tetrachloronaphthalene and hexachloro- 
naphthalene, kindly provided by Engel and Bell of 
the Virginia Polytechnic Institute, who had demon- 
strated that these compounds could produce hyper- 
keratosis in cattle, were without effect in the chick 
edema test. Fur thermore  these compounds, despite 
the similarity of their ultraviolet spectra and their 
c h r o m a t o g r a p h i c  behav ior  to the toxic  subs tance ,  
showed considerable difference in the microcoulomet- 

ric gas chromatograph. For  instance, the chlorinated 
pesticides, aldrin and heptachlor, showed retention 
times of 10 rain., tetraehloronaphthelene 9 rain., and 
hexachloronaphthalene 14 min., whereas the toxic sub- 
stance, as well as its inactive analogue with the ab- 
sorption maximum at 248 m~, had retention times of 
37-38 min. I t  is tempting to speculate that the greater 
retention-time of the toxic material is related to a 
greater molecular weight or to a substituent conferring 
different solubility and polari ty properties. 

We are continuiug our studies toward the isolation 
of the toxic factor. I t  is necessary that  the chemical 
nature of this substance be elucidated to make possible 
a rapid chemical test for its detection, to clarify its 
origin, to verify the suggestion of its severe toxicity 
to primates, and to s tudy its action in other species. 
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Determination of the Glyceride Structure of Fats 
C.G. YOUNGS, Prairie Regional Laboratory, National Research Council, Saskatoon, Saskatchewan, Canada 

A method has been described for the quantitative determi- 
nation of the following six glyceride types in fats: SSS, SSU, 
SUS, SUU, USU, and UUU. The method involved a quantita- 
tive oxidation of the unsaturated acids in the whole fat to the 
corresponding dicarboxylie acids. The oxidized fat was sep- 
arated on a liquid-liquid partition column into two fractions, 
the first containing glycerides having no dicarboxylie acid or 
one dicarboxylic acid and the second containing glycerides 
with two or three dicarboxylie acids. Analysis of these free- 

1 Contr ibut ion f rom the National  Research  Council of Canada,  P ra i r i e  
Regional Laboratory, Saskatoon, Saskatchewan. 
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tions by gas chromatography coupled with llpase hydrolysis 
allowed the calculation of the proportions of the above six 
glyceride types. 

The oxidation, fractionation, lipase hydrolysis, gas chroma- 
tographic analysis, and the over-all method were checked on 
natural fats and mixtures of synthetic g]ycerides. The final 
glyceride composition appeared to be reliable to within plus or 
minus 2 unit per cent. 

Analyses are given for five natural fats. The compositions 
found agree very well with those calculated by a distribution 
theory recently proposed by Vander WaL 
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~ MALb NUiVIBER of fatty acids gives rise to a 
comparatively large number of combinations 
as glycerides, and there is little difference in 

physical properties between adjacent glycerides of 
the series. As a result, the quantitative separation 
of the individual glycerides is extremely difficult, if 
not impossible. The problem can be simplified, at the 
expense of obtaining less information, by an oxidative 
cleavage of the unsaturated acids to form a free acid 
group at the position of the double bond. If  the only 
distinction then made is between mono- and dicar- 
boxylic acids, corresponding to saturated and unsatu- 
rated acids, the number of combinations as glycerides 
is limited to the following six: SSS, SSU, SUS, SUU, 
USU, and UUU. No distinction is made between the 
optical isomers. The oxidative cleavage also has the 
advantage of amplifying the difference between the 
various glyceride types, giving molecules with zero 
to three free acid groups corresponding to the four 
glyceride types $3, S2U, SU2, and U3. 

This general method was first used by Hilditch and 
Lea (1), who determined the amount of fully satu- 
rated glycerides, $3, as the neutral fraction recovered 
after oxidation. Kartha (2,3) in a later study showed 
that the oxidation with potassium permanganate in 
acetone, used by Hilditch and Lea, resulted in partial 
hydrolysis of the glycerides. He avoided this hydroly- 
sis by the addition of acetic acid to the acetone and 
extended the method by fractionating the oxidized 
glycerides as their magnesium salts. Since neither 
the oxidation nor fractionation were entirely quanti- 
tative, the accuracy of the results is difficult to assess. 

A number of techniques have been developed re- 
cently which make possible further improvement and 
extension of the above general method, von Rudloff 
(4) has demonstrated the quantitative oxidation of 
unsaturated acids in glycerides, using a mixed oxi- 
dant of periodate and permanganate in a medium 
containing organic solvents. Gas chromatography (5, 
6,7) has made possible the quantitative analysis of 
fat ty acid mixtures on a micro scale. Mattson and 
Beck (8) and Savary and Desnuelle (9) have demon- 
strated the specific hydrolysis of the 1 and 3 positions 
in glyecrides by pancreatic lipase. A combination of 
these techniques with an efficient fractionation of the 
oxidized glycerides should allow an accurate determi- 
nation of the six glyceride types, SSS, SSU, SUS, 
SUU, USU, and UUU. There are however a number 
of points which should be checked. The oxidation 
must be quantitative and must not result in any 
appreciable hydrolysis or ester interchange of the 
glycerides. The fractionation of the oxidized glyc- 
erides must be sharp and clear-cut. The analysis of 
the fractions must be reliable, and the lipase hydroly- 
sis must not make any distinction between mono- and 
dicarboxylic acids in the 1 and 3 positions. 

Since gas chromatography was to be the basis of 
all fat ty acid analysis, it was the starting point in 
the present investigation. A liquid phase of butane- 
diol-succinate polyester was found to give a good 
separation of both saturated and unsaturated methyl 
esters and the saturated and dicarboxylic methyl es- 
ters. Craig and Murty (7) have shown that the 
response of a "ho t  wire" detector is on a weight 
basis for the normal monoearboxylie fat ty acid esters, 
with art average standard deviation of 0.5 unit per 
cent. The response for the dicarboxylic esters was 
found to be slightly lower than for the monocar- 
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boxylic esters, and a factor was introduced to off- 
set this. 

The oxidation procedure was a slightly-modified 
form of that described by yon l~udloff (4), employ- 
ing 60% tertiary butanol and 40% water as solvent. 
Gas chromatography of the methyl esters prepared 
from a number of fats before and after oxidation 
of the fats demonstrated that quantitative oxidation 
was obtained. Typical gas chromatographic charts 
before and after oxidation are shown in Figure 1, 
and results for a number of fats are summarized in 
Table I. Peaks representing the unsaturated acids dis- 

TABLE I 

P e r i o d a t e - P e r m a n g a n a t e  Oxidat ion  of  Fats  

l Before oxid atio.___~n 

Fat  S a t u r a t e d  U n s a t u r a t e d  
ac ids  ac ids  

] tool % tool % 
L a r d  ........................ t 45.9 I 54.1 
Chicken ................... ] 31.3 I 68.7 
R a t  .......................... ! 19.7 I 80.3 
Linseed ................... .I 7.8 92.2 
Cocoa b u t t e r  ........... .I 40.1 ] 59.9 

After  oxidation 

Sa tura ted  Dicarboxylic 
acids acids  

tool % tool % 
45.3 54.7 
31.8 68.2 
19.6 80.4 

8.6 91.4 
] 40.6 / 59.3 

appeared completely on oxidation, and dicarboxylic 
acids were formed in corresponding molar amounts. 

Possible hydrolysis of the glycerides during oxida- 
tion was also checked by using gas chromatography. 
A known proportion of an acid, such as lauric, not 
present in a fat, was added to a sample of the oxi- 
dized fat, and the mixture was treated with diazo- 
methane. The mixture was run on the chromatograph 
under conditions such that only the methyl esters 
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formed f rom free acids came through the column. 
Comparison of the peaks obtained with the peak for 
laurie acid showed less than 1% free acids in the 
oxidized sample, excluding the short-chain monocar- 
boxylic acids formed on oxidation. 

The next point  considered was the fract ionat ion of 
the oxidized glyeerides. In i t ia l ly  countereurrent  dis- 
t r ibut ion was used. A suitable solvent pair  was found 
in 90% ethanol-10% water  and Skellysolve " B .  ' 'a  
A 90-transfer-distr ibution of oxidized cocoa but ter  is 
shown in F igure  2. The short-chain nmnocarboxylie 
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FIG. 2. Countercur ren t  d i s t r i bu t i on  of oxidized cocoa bu t te r .  

acids formed on oxidation had been removed from 
the sample by placing it in a vacuum oven over-night. 
Four  peaks were obtained corresponding to the U3, 
SUe, S2U, and Sa fract ions in the original fat. There 
is a good separat ion of the Ua and SUe f rom the S.~U 
and Sa with a par t ia l  separat ion within these two 
groups. Separat ion into the two g~oups is however all 
that  is required for  the analysis. The first group 
would contain the three glyeeride types,  UUU, UUS, 
and USU. The sa tura ted  acids found on total f a t ty  
acid analysis of the first group can only be present 
as SUe, and the mole fract ion of this glyeeride type 
in the fract ion would be three times the mole fract ion 
of sa tura ted  acids. The remainder  of this fract ion 
would be Ua. Sa tura ted  acids l iberated on lipase 
hydrolysis  of this f ract ion could only come f rom the 
UUS isomer, and the mole fract ion of this isomer 
would be two times the mole fract ion of saturated 
acids found. The amount  of USU is then the dif- 
ference between the total  SUe and the UUS. Simi- 
larly, in the second fract ion which would contain 
SSU, SUS, and SSS, the mole fract ion of S.~U is 
three times the mole fract ion of dicarboxylic acids 
(corresponding to the unsa tura ted  acids) in the total 
f a t t y  acid composition. The mole fract ion of SSU is 
twice the mole fract ion of dicarboxylie obtained on 
lipase hydrolysis,  and the SUS and Ua are calculated 
as differences. 

This division into ~ two fract ions has the ad- 
vantage that  the relative proport ions can be calcu- 
lated f rom the composition of the fract ions and that  
of the original oxidized fat.  I t  has the disadvantage 

Petroleum fraction with boiling range of 58-69~ 

that any error  in the gas chromatographic  analysis 
is mult ipl ied by  three in one instance and by two in 
another  in the calculation of the amount  of the glye- 
eride types. 

Fract ionat ion by countercurrent  distr ibution is a 
tedious process, and since only small amounts  of the 
fractions are required for analysis, the solvent sys- 
tern used for  the countercurrent  distr ibution was 
t ransfer red  to a liquid-liquid par t i t ion column. The 
90% ethanol-10% water  phase was absorbed on silicie 
acid as the s ta t ionary phase, and the Skellysolve " B "  
made the mobile phase. Separat ion of a sample of 
,oxidized lard on such a column is shown in F igure  3. 
Af te r  the first peak, consisting of $3 and S2U, had 
been eluted f rom the column, the remaining material  
SU2 and U3 was washed f rom the colunm with ethyl 
ether. Calculation f rom the eountereurrent  distribu- 
tion indicated that  a very  large volmne of Skelly- 
solve " B "  would have been required to elute this 
second fraction. The par t i t ion column gave a very  
good separat ion of the two desired fract ions and was 
used in all subsequent work. 

Analysis of the fract ions f rom the par t i t ion column 
was next considered. The gas chromatographic  deter- 
ruination of saturated,  unsaturated,  and diearboxylic 
acids had been checked earlier so that  the determina- 
tion of the total composition of the fract ions presented 
no problem. With  regard to lipase hydrolysis  Mattson 
and Beck (8) have demonstrated that  the 1 and 3 
positions are hydrolyzed at a rate  independent  of 
whether the acids occupying these positions are satu- 
rated, unsaturated,  or of vary ing  chain-length over a 
moderate range. I t  remained to be seen if this gener- 
alization could be extended to include dicarboxylie 
acids. Synthetic  unsymmetr ica l  oleodipalmitin (OPP)  
and palmitodiolein (OOP)  were used as test samples. 
The conipositions of the f a t t y  acids l iberated by  lipase 
hydrolysis  before and a f te r  oxidation of the synthetic 
glycerides were determined by gas chromatography.  
The results are given in Table I I .  I f  the free acid 
groups of the dicarboxylie acids formed on oxidation 
were lef t  as such, hydrolysis  of the dicarboxylie acids 
in the glyeerides was less than expected. I f  however 
these free acid groups were methylated with diazo- 
methane, lipase hydrolysis  did not appear  to differ- 
entiate between dicarboxylic acids and unsa tura ted  
acids. Dicarboxylie acids were released f rom the oxi- 
dized glycerides in an equimolar proport ion to the 
unsa tura ted  acids in the unoxidized fats. 
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T A B L E  1 i  

L i p a s e  H y d r o l y s i s  o f  S y n t h e t i c  Glycerides 

F a t t y  a c i d s  l i b e r a t e d  b y  
l i p a s e ,  too l  % 

P a l m i t i c  ]. O l e i c  

O P P  
B e f o r e  o x i d a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 . 3  
A f t e r  o x i d a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! 5 3 . 6  
A f t e r  o x i d a t i o n  a n d  m e t h y l a t i o n  . . . . . . . .  ' 4 9 . 1  

ooP i 
B e f o r e  o x i d a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 4 7 . 1  
A f t e r  o x i d a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 9 . 3  
A f t e r  o x i d a t  o n  a n d  r n e t h y l a t i o n  . . . . . . . .  4 6 . 6  

A z e l a i e  

5 1 . 7  
. . . . . .  4 6 . 3  
. . . . . .  5 0 . 9  

5 2 . 9  
. . . . . .  4O.6  
. . . . . .  5 3 . 4  

The ratio of pahnitie to oleic or azelaic in the f a t ty  
acids l iberated f rom the oleodipalmitin are close to 
the expected 1:1 ratio. In  the palmitodiolein the ratio 
is a little low, possibly because of a small amount  of 
the symmetr ical  isomer in the sample. 

The remaining point to be checked was the possi- 
bili ty of ester interchange dur ing hydrolysis.  This 
and the method as a whole were checked by analyzing 
known mixtures  of synthetic glycerides. Two mix- 
tures  were made up front tr istearin,  oleodipahnitin. 
palmitodio]ein, and triolein. The total f a t ty  acid com- 
position and the f a t ty  acids l iberated by lipase hy- 
drolysis were determined for the mixtures  before and 
a f te r  oxidation. Good agreement was obtained for  the 
molar proport ions of unsa tura ted  acids in the original 
mixtures  and dicarboxylie acids in the oxidized mix- 
tures. The oxidized mixtures  were fract ionated on 
the liquid-liquid par t i t ion column, and the total fa t ty  
acid composition and tha t  result ing f rom lipase hy- 
drolysis were determined for each fraction. From 
these data the compositions of the original mixtures  
were calculated as outlined earlier (Table I l I ) .  There 

T A B L E  I I I  

A n a ] ~ s i s  o f  M i x t u r e s  of  S y n t h e t i c  G y c e r i d e s  

h l i x t u r e  1 5 I i x l u r e  2 

K n o w n  C a l c u l a t e d  K n o w n  i C a l c u l a t e d  
c o m p o s i t i o n  c o m p o s i t i o n  c o m p o s i t i o n  i c o m p o s i t i o n  

i 

S S S  . . . . . . . . . . . . . . . . . . . . . . . . .  9 . 5  9 . 0  3 . 5  4 . 0  
S S U  . . . . . . . . . . . . . . . . . . . . . . . .  4 0 . 8  4 1 . 5  3 5 . 2  3 7 . 1  
S U U  . . . . . . . . . . . . . . . . . . . . . . . .  2 8 . 8  2 9 . 7  3 5 . 2  3 3 . 6  
U S U  . . . . . . . . . . . . . . . . . . . . . . . .  1 .9  0 . 8  2 . 4  i 4 . 0  
U U U  . . . . . . . . . . . . . . . . . . . . . . .  1 9 . 1  1 8 . 9  2 3 . 7  i 2 1 . 2  

is no apparen t  rea r rangement  on oxidation, and the 
method as a whole gives results  which are accurate to 
about ___2 unit  per cent. This is the accuracy expected 
since there is a possible error  of •  unit  per cent 
in the gas chromatographic  analysis, and this is nml- 
~iplied by  three in the calculation of the glyceride 
analysis. 

The degree of replication tha t  can be obtained for 
a single fa t  is i l lustrated in Table I V  by a tr iplicate 

T A B L E  I V  

T r i p l i c a t e  A n a l y s i s  o f  L a r d  

a . n ~ o  ..................... _ _ _ _ ~ ~  3 

sss ....................................................... I 7 I 7 1 9 
ssu ...................................................... I 30 I 28 I 28 
S U S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S U U  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 1 5  , 1 7  / 1 5  
U S U  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 3 7  / 3 7  / 35  
U U U  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 1 2  I 11  1 13  

analysis of lard. The max imum varia t ion is 2 uni t  
per  cent, well within the expected l imit  of accuracy: 
With  regard  to the distr ibution of the f a t ty  acids 
among the glycerides in lard, the amoun t s  of $3, 
S2U, SU2, and U3 are approximate ly  those expected 
for a " r a n d o m "  distribution. The amounts of the 

isomers of S2U and SUe are however very different 
f rom tha t  predicted by a " r a n d o m "  distribution. Two 
theories have recently been proposed which give this 
type of distribution. The first, proposed by the pres- 
ent author  (10"), is based oll a random at tachment  of 
the fa t ty  acids to the glycerol in the order 1,2,3, with 
an intramoleeular  rea r rangement  at the 1,2-diglyeer- 
ide stage. The second theory proposed by Vander  Wal  
I l l ' )  is based on a random at tachment  of one group 
of f a t ty  acids at the l and 3 positions and the random 
at tachment  of a different group of f a t ty  acids at the 
"2 position. The composition of these two groups is 
determined experimental ly  by lipase hydrolyses. Both 
theories predict  near ly the same composition for lard. 
However  for four  other fats  which have been ana- 
lyzed, chicken fat,  rat  fat, linseed oil, and cocoa but- 
ter, there are differences between the two theories. As 
shown in Table V, the analytical  results agree very  
well with those predicted by Vander  W a l ' s  theory 
for a l l  five fats analyzed. The differences between the 
present analytical  results and the theory proposed 
earlier by the author are sufficient to invalidate this 
theory. 

E x p e r i m e n t a l  

Gas Chromatography.  All analyses were run  on 
a liquid phase of butanediol-succinate polyester, pre- 
pared as described by  Craig and ]Kurty (7). The 
solid support  was 60 to 80 mesh, acid-washed, C22 
firebrick with a rat io of 6:1  by weight of firebrick 
to polyester. A commercial gas chromatographic  unit,  
employing a thermal  conductivi ty detector, was used 

3 " with an 8-ft. column of .~ 6-m. copper tubing. The 
column tempera ture  was 205~ and helium flow-rate, 
measured at the detector outlet, was 40 ml. per minute. 

Where  the total  f a t ty  acid composition of a sample 
was desired, the methyl  esters were p repared  f rom the 
glyeerides by methanolysis. Ten to 20 rag. of sample 
u-ere refluxed for  Y'z hr. with 10 ml. of methanol, con- 
raining 0.5% anhydrous HC1 by weight. The metha- 
nol and HC1 were then removed under  vacuum on a 
ro ta ry  evaporator,  and the result ing esters were in- 
jected into the chromatographic  unit. P repara t ion  of 
esters f rom f a t t y  acids released by  lipase hydrolysis  
will be covered under  the section on lipase hydrolysis.  

Peak areas were measured by drawing tangents  to 
the curves and using the height of the t r iangle times 
the width at the base. On test mixtures  these areas 
were found to be proport ional  to the weight of the 
components for  the sa turated and unsatura ted  mono- 
earboxylie acids. Fo r  the dicarboxylic acids, formed 
by oxidation of the unsa tura ted  acids, the results 
were consistently lower than for the monoearboxylic 
acids. 5[ult iplication of the peak areas for diearbox- 
ylic acids by a factor  of 1.10 gave a good correlation 
of the mono- and dicarboxylie acids over a wide range 
of compositions. All compositions were .... converted to 
mole percentages and repor ted as such;. 

Oxidation of Fats, The oxidation procedure used 
was essentially that  described by  yon Rudloff (4). 
The oxidant solution was 21 g. of sodium periodate 
plus 25 ml. of 0.1 M potassium permangana te  made 
up to one l i ter with water ;  250 rag. of fa t  were dis- 
solved in 25 mi. of t e r t i a ry  butanol  and added to a 
nlixture of 67 ml. of the oxidant  solution, 83 mg. of 
potassium carbonate, and 75 ml. of t e r t i a ry  butanol. 
The reaction mixture  was refluxed for  1 hr. The rel- 
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ative amounts  of fa t  and oxidant  given are sufficient 
for fa ts  with an iodine value up  to ]00. Fo r  more 
unsa tura ted  fats  the proport ion of oxidant must  be 
increased. 

Af te r  refluxing, the excess oxidant  was destroyed 
by  bubbling in ethylene gas unti l  the permangana te  
was reduced to manganese dioxide. The te r t ia ry  buta- 
nol was removed on a boiling water  bath  by a s t ream 
of air, and the resul t ing aqueous phase was acidified 
by the addit ion of 3.1 ml. of 10% sulfuric  acid. Three 
extractions of the acidified aqueous phase with ethyl 
ether served to recover the oxidized fat.  The ether 
was removed in a s t ream of air, and the short-chain 
monoearboxylic acids formed by  the oxidation were 
s t r ipped f rom the sample by  placing it in a vacumn 
oven over-night at 85~ 

When oxidized fa t  was taken for  analysis, the sam- 
ple was dissolved in ethyl  ether and an aliquot was 
taken as the fu l ly-sa tura ted  glycerides tend to crys- 
tallize out. 

Fractionation of Oxidized Fats. The oxidized fats 
were divided into two fract ions on a liquid-liquid 
par t i t ion  column, the first f ract ion containing the $3 
and S2U glyceride types and the second fract ion the 
SUe and U~ types. The par t i t ion column was pre- 
pa red  by  absorbing 40 mI. of 90% ethanol and 10% 
water  (by  volume) on 60 g. of Mallinckrodt, 100 mesh, 
silicic acid. The 90% ethanol was added to the silicic 
acid in a beaker, and the mixture  was worked with a 
spatula  unti l  it regained the appearance  of a d ry  
powder. This powder was then slurr ied with Skelly- 
solve " B "  s a t u r a t e d  w i t h  90% e t h a n o l  a n d  was  
allowed to settle in a 1-in. diameter  column to give 
a packed column height of about 12 in. 

Approx imate ly  200 mg. of an oxidized fa t  were 
d~ssolved in 1 ml. of Skellysolve " B "  and 1 ml. of 
90% ethanol. This resulted in 2 phases, both of which 
were pipet ted on to the top of the column. The sam- 
ple was rinsed on to the column with an addit ional  
1 ml. of each phase, and  the first f ract ion was eluted 
with Skellysolve " B "  sa tura ted  with 90% ethanol. 
Elut ion of mater ia l  f rom the column was detected by  
collecting 10-ml. aliquots, evaporat ing the solvent, 
and weighing the residue. The first peak, which con- 
tained all of the first fraction, was eluted with 70 
to 90 mI. of Skellysolve "B ."  The Skellysolve " B "  
was then replaced with ethyl ether, and the second 
fract ion was eluted. 

Lipase Hydrolysis. The proport ions of the posi- 

tional isomers in the fract ions were determined by a 
specific hydrolysis  of the 1 and 3 positions of the 
glyeerides, using pancreat ic  lipase. The lipase used 
was a commercial steapsin, which had been hot-ex- 
t racted for  6 hrs. with Skellysolve " F " 4  to remove 
residual fat.  Ten to 20 nag. of fat,  or of oxidized fa t  
which had been methvla ted  with diazomethane, were 
placed in the " t r a n s i t i o n "  flask of a VirTis  45 homog- 
enizer. ~ Three ml. of 0.5M K2HP04,  buffered to p H  
8 with 0.5~I Na H2P04, were added to the fa t  along 
with 5 mg. of bile salts. 6 I f  necessary, the flask was 
warmed unti l  the fa t  sample was liquid and the 
homogenizer was then run  at high speed to give a 
stable emulsion. A weight of lipase equal to 40% 
of the weight of the fa t  was added, and hydrolysis  
was allowed to proceed for  30 rain. with the homog- 
enizer runn ing  at  low speed. At  the end of the 30- 
rain. period the reaction mixture  was added to 3 ml. 
of 1 N HC1, the resul t ing solution was sa tura ted  with 
NaC1 and the total  lipids were recovered by  four  
extractions with ethyl ether. The ether was evaporated 
in a s t ream of air, the residue was t reated with an 
excess of diazomethane in ether ;  a f te r  again evaporat-  
ing the ether and excess diazomethane, an aliquot was 
injected direct ly into the gas chromatographic  unit.  
Under  the conditions used only the hydrolyzed f a t ty  
acids, converted to their  methyl  esters by  the diazo- 
methane, came through the column. The mono-, di-, 
and tr iglycerides in the sample remained on the col- 
umn  without  any  noticeable effect on the operation of 
the column even af ter  a comparat ive ly  large number  
of samples had been run. 

Comparison of peak areas for  a given sample size 
of the hydrolyzed mater ial  with the areas for a similar 
sample size of pure  f a t t y  acid methyl  esters showed 
that  there was 30 to 40% hydrolysis  under  the con- 
ditions used. 

Example of Over-aU Analysis. The analysis of a 
sample of la rd  will be used as an example of the 
over-all method. All compositions are expressed as 
mole percentage. 

Gas chromatographic  analysis of the methyl  esters 
of the f a t t y  acids of the original sample gave 43.0% 
satura ted  acids and 57.0% unsa tura ted  acids. Lipase 
hydrolysis  gave the component  f a t t y  acids in the 1 

4 Petroleum fraction w i t h  bo i l ing  range of 3 5 - 5 8 ~  
6 High-speed ,  top-entering blender manufactured b:r the  V i r T i s  Com- 

pany,  G a r d i n e r ,  N.Y.  
e Bacto-Oxgal l ,  Difeo Laboratories, Detroit, Mich.  
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and 3 positions in the original fats  as 29.2% satu- 
rated and 70.8% unsaturated.  Af ter  oxidation the 
total f a t t y  acid composition was 43.4% saturated and 
56.5% diearboxylic. The composition in the 1 and 3 
positions was 28.1% saturated and 71.9% dicarbox- 
ylic. This oxidized material  was split into two frac- 
tions on the liquid-liquid part i t ion column. The an- 
alysis of the first fract ion was: total composition, 
73.1% saturated acids and 26.9% dicarboxylic acids; 
1 and 3 positions, 60.0% saturated acids and 40.0% 
dicarboxylie acids. The analysis of the second frac- 
tion was : total composition, 27.6% saturated acids and 
72.4% dicarboxylic acids; 1 and 3 positions, 12.8% 
saturated acids and 87.2% dicarboxylic acids. 

The relative amounts of the two fractions were 
calculated f rom a material  balance of the saturated 
acids. Let  X be the mole fract ion of the total glyc- 
erides in the first fraction. Then 

73.1 X § 27.6 (1 - X) = 43.4 
X = 0.347 

1 - X = 0.653 

Fract ion 1 contained only $3 and S2U glyceride types 
so that  each dicarboxylie acid present (equivalent to 
the original unsaturated acids) must be associated 
with two saturated acids as S2U and the mole percent- 
age of this material  in fract ion 1 was 3 • 26.9 = 
80.7%. The remaining 19.3% was Sa. Of the two 
possible SeU isomers, SUS and SSU, only the unsym- 
metrical isomer would give rise to dicarboxylie acids 
on lipase hydrolysis. There is one saturated acid for 
every dicarboxylie acid in the 1 and 3 position of 
this isomer, and the amount was 2 • 40.0 = 80.0%. 
Since the total S2U was 80.7%, there was only 0.7% 
of the SUS isomer. Mult iplying the amounts of each 
of the three glyeeride types by the mole fract ion of 
material in Fract ion 1 (0.347) gave the amounts in 

the total sample as SSS 6.7%, SSU 27.8%, and SUS 
0.2%. 

Similarly for  Fract ion 2, whioh contained SUU, 
USU, and UUU, the total amout of SUe -- 3 • 27.6 = 
82.8%. By  difference the UUU = 17.2%. The amount 
of S U U = 2 •  and USU, 8 2 . 8 - 2 5 . 6 =  
57.2%. Multiplying by the mole fract ion of material 
in Fract ion 2 gives the amounts in the total sample 
as SUU 16.7%, USU 37.4%, and UUU 11.2%. 

Rounding these figures off to the nearest percent- 
age gives the final calculated composition as: SSS 7%, 
SSU 28%, SUS 0%, SUU 17%, USU 37%, and UUU 
11%. The composition expected on lipase hydrolysis 
of a fa t  of this composition would be 29% saturated 
and 71% unsatura ted acids. The composition found 
for the original fa t  was 29.2% saturated and 70.8% 
unsaturated acids. 

Acknowledgments 

Grateful  appreciation is expressed to Leo Ruben, 
Canada Packers Ltd., who donated a number of the 
synthetic glyeerides used in this work, and to David 
McPhee for his assistance and analytical  work 
throughout  the project.  

REFERENCES 

1. Hilditch, T.P., and Lea, C.~I., J. Chem. Soc., 3106 (1907).  
2. Kartha,  A.R.S., "Studies on the Natural  Fats," Vol. 1, published 

by the author, Ernakulam, India  (1949).  
3. Kartha,  A.R.S., J. Am. Oil Chemists' Soc., 30, 280 (1953).  
4. yon Rudloff, E., Can. J. Chem., 34, 1413 (1956).  
5. James, A.T., and 5[artin, A.J.P., Analyst, 77, 915 (1952).  
6. Orr, C.H.. and Callen, J.E., J.  Am. Chem. Soc., 80, 249 (1958).  
7. Craig, B.M., and Murty, N.L., J. Am. Oil Ohemists' Soe., 36, 549 

(1959).  
8. Mattson, F.H., and Beck, L.W., J. Biol. Chem., 214, 115 (1955).  
9. Savary, P., and Desnuelle, P., Biochem. et Biophy. Acta., 21, 349 

(1956).  
10. Youngs, C.G., 5. Am. Oil Chemists' Soc., 86, 664 (1959).  
11. Vander Wal, R.J., J. Am. Oil Chemists' Soc., 37, 18 (1960).  

[Received July 5, 1960] 

The Structural Components of Milk Triglyccrides * 
H. ]. AST and R. ]. V A N D E R  WAL,  Armour and Company, Chicago, Illinois 

Pancreatic ]ipase hydrolysis and gas chromatographic an- 
alysis of two samples of butter fat show that the individual 
acyl groups are not dispersed at random among all the glyceryl 
carbons. When considered only as saturated or unsaturated, 
and not as individuals, they appear to be distributed inter- 
molecularly at random, or nearly so, but tend to assume spe- 
cific positions intramolecularly. 

T 
HE LITERATURE contains many accounts of compo- 
nent  f a t t y  acid analysis of milk fa t  triglycerides, 
and some record of work on the component tri- 

glycerides. Much of the work has been refer red  to by 
Hildi tch (1).  Recently Bhalerao, Johnson, and Kum- 
merow (2) have reported results of the tr iglyceride 
type of analysis 2 of a sample of but ter  fa t  by frac- 
tional crystallization. The percentages found were 
approximately those that  would be expected if the 

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

The triglyceride types are S~, SeU, SUe, and U~. S stands for satu- 
rated acids or acyl groups, and U stands for unsaturated acids or acyl 
groups. 

s I n  a personal communication Dr. Patton has stated that the initial. 
rough separation of the fat from the aqueous portion was as butter fat. 

S and U were distributed at random throughout  the 
molecules of the fat. 

More recently Patton,  Evans, and McCarthy (3) 
have published the results of pancreatic lipase hy- 
drolysis and gas chromatographic analysis of a sam- 
ple of summer milk fat. 3 

In  the present paper  the results of similar analyses 
of milk fat  will be reported. The percentages of the 
tr iglyceride types and isomeric forms in terms of 
S and U, calculated by the method of Vander  Wal  
(4), will also be presented and compared with the 
values calculated in the same way from the data of 
Pa t ton  et al. 

Experimental 
Samples. Sample 1 was commercially produced 

but ter  oil made by conventional processes and fur ther  
clarified by filtration. Sample 2 was obtained from 
high quali ty commercial but ter  by  evaporation of the 
water  phase under  reduced pressure, extraction of 
the residue with Skellysolve F, d ry ing  with sodium 


