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Abstract
Procedures are described fo r rapid lipase hy-

drolysis of triglycerides, isolation of the hydro-
lytic products by TLC and their conversion to
methyl esters a n d fa t ty acid analysis b y GLC.
The techniques are applicable to a few mg of
triglycerides o r f a t s . Examples of data obtained
with purified triglycerides i~dieate t h a t the spe-
cific action of pancreatic lipase fo r the 1,3 e s t e r
groups is nearly absolute and the technique may
be used as a cri ter ion of pur i ty o f di- and tri-aeid
triglycerides. Ca. 83% of the palmitie but only
10-12% of stearic and Cls unsaturated acids of
commercial lard occur in 2-position.

Introduction

T HE DISCOVERY that pancreatic lipase preferentially
hydrolyzes the fa t ty acids esterified at the 1,3-

positions of triglycerides has stimulated considerable
interest in applications to studies of glyceride composi-
tion and s t ruc ture of na tu ra l f a t s . Published work
in this area including history of the discovery, fac-
tors t h a t influence the rate of lipase hydrolysis, speci-
ficity and application to glyeeride composition of
na tu ra l fats have been discussed recent ly in com-
prehensive reviews (1,2,2a). The ra te attd degree of
hydrolysis are primarily dependent upon the surface
area o f the fat substrate produced e i the r by intensity
of agitation of the heterogeneous system (or by use
of emulsifiers) and at least u p to a max, upon the ratio
o f enzyme to substrate. Presumably the enzyme is
adsorbed on the finely dispersed part icles o f glyceride
substrate. O the r factors repor ted to be of importance
are pH, presence of electrolytes, bile salts and calcium
ions. Digestion temp of ca. 40C are favored. Higher
temp increase rate o f destruction of enzyme, whereas
a t lower temp some fats remain as solid o r semi-solid,
a condition considered less favorable than dispersed
liquid particles fo r efficient adsorption of the lipase.
Purified lipase does not hydrolyze esters in solution
indicating that l ipase action probably takes place a t
water-oil interfaces.

Until improved techniques fo r quantitative frac-
tionation and analysis of lipolytie products became
available, it was not possible to say how specific was
the action o f pancreatic lipase fo r the 1,3-positions of
glycerides. However, as these techniques were im-
proved, the more recen t work, particularly with pure
specimens o f triglycerides, suggests that the specific-
i ty may be nearly absolute. Mattson and Volpenhein
(3) f o u n d that some small prcentage of the acids
in the 2-position are split off b u t whe the r this was
d u e to acyl sh i f t ing to the 1-position was unknown
Mattson and Beck (4) clearly showed, however, that
the monoglycerides isolated from the digestion p r o d -
ucts were a mixture of 1- and 2-monoglycerides and
t h a t increasing proportions o f the 1-position were
isolated the longe r the digestion was allowed to pro-
ceed. There is little doubt t h a t this was due to
acyl migration from the 2-monoglyceride formed in

1 P r e s e n t e d i n part at the AOCS M e e t i n g , M i n n e a p o l i s , 1 9 6 3 .
A l a b o r a t o r y o f E . U t i l i a . R e s , & Dev. D i v . , A R S , U S D A .

the selective hydrolysis. Therefore, the fa t ty acids in
the entire monoglyeeride fract ion may be considered
representative of those in the 2-position of the init ial
t r iglyceride o r fa t .

In addi t ion to specificity of the enzyme, however,
according to Jack et al. (5), o t h e r conditions should
be fulfilled in o rde r to apply the principles of the
method fo r quantitative determination of glyceride
composition o f na tu ra l f a t s : there should be non-
preferent ia l hydrolysis of a tr iglyceride species, ab-
sence o f substantial amt of complete hydrolysis to free
glycerol, absence of significant amt o f aeyl migration
dur ing digestion and no grea t difference in rates of
hydrolysis of various acids in the glycerides.

Evidence of some difference in rates o f hydrolysis
of acids o r tr iglyceridc species has been reported and
that simple mono-aeid triglycerides such as triolein
and trilaurin are hydrolyzed fa s t e r than tripalmitin
o r tr istearin (1,5). Some complete hydrolysis, evi-
denced by free glycerol, also takes places dur ing di-
gestion (5,6,7). Nevertheless, it appears t h a t the
extent o f these adverse findings has little effect on the
fa t ty acid composition of the monoglyeerides pro-
duced and does not invalidate the application of t h e
principles o f the method.

Procedures have been published fo r lipase digestion
of 100 mg u p to 2 g sample and fo r separating the
hydrolytic products by chromatographic columns o r
eountercurrent extraction. The present investigation
was under taken to develop a n extensive of the tech-
n ique to smaller samples such as are of t en obtained
in biochemical investigations and in fractionation of
tissue l ip ids . A procedure is described fo r extremely
rapid hydrolysis of 5-50 mg triglycerides, separation
of products by thin-layer chromatography ( T L C ) ,
conversion of isolated products to methyl esters a n d
their fa t ty acid analysis by gas-liquid chromatography
( G L C ) . Examples of data obtained and other pert i-
nent observations are reported.

Experimental
The di- a n d tri-acid triglycerides were synthesized

by methods which introduce aeyl groups in known
positions. The mono-aeid triglycerides were ca. 99%
pure as determined b y GLC on their methyl esters.

Lipolysis of 50 mg Samples. Conditions fo r lipase
hydrolysis of small samples were selected with special
attention to extremely rapid agitation in o rde r that
the desired degree o f hydrolysis could be obtained
as quickly as feasible, thereby miniulizing acyl migra-
tion and destruction o f enzyme. Essential ly the re-

T A B L E I
Fatty A c i d C o m p o s i t i o n o f T r i g l y c e r i d e s - - G L C

Glye-
e r i d e "

P O S . .
O P S
S 0 S . .
O S S

P u r i f . O P S .
P u r i f . O S S

I~A, % mol I m p u r i t i e s . % tool

1 6 : 0 1 8 : 0 I 1 8 : 1 - 1 < 1 6 : 0 ~ - ~ 1 ~ : O -

33-- -I 31--TI--Y - °--7
3 6 . 7 3 3 . 6 2 8 . 5 0 . 8 0 . 5
... 6 6 . 2 3 2 . 1 t 0 . 7 0.9

6 7 . 1 3 1 . 5 0.1 0 . 4 0 . 4

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

2 0 : 0

0 . 4

a p ~ p a l m i t i e , 0 ~ oleic, S --~ s t e a r i c . T h e acy l g r o u p s a r e i n p o s i -
t i o n i n d i c a t e d . E x : P 0 S ---- 2-oleyl 1 , 3 - p a l m i t o s t e a r i n .
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T A B L E I I
L i p a s e H y d r o l y s i s o f Glycerides ( 5 0 m g ) a n d A n a l y s i s of P r o d u c t s

T G

P O S
P O S
P O S
P O S
O P S
O P S
P u r i f . O P S
S O S
S O S
S O S
O S S .

Li-
p a s o

3
3
9
9
3
9
9
3
9
9
3

L
T i m e

r a i n
0 . 7 5
1 . 5
1 . 5
5 . 0
1 5
1 5
1 . 5
1 . 5
1 . 5
5 . 0
1 . 5

O S S
P u r i f . O S S
P u r i f . O S S

1 . 5
1 . 5
5 . 0

%
H y d r o l . a

3 6
4 1
5 7
6 0
4 0
51
5 3
2 7
4 2
4 9
2 7
4 0
4 5
5 1

FA

m,~
1 7
1 9
2 7
2 8
2 0
2 5
2 6
1 3
2 0
2 3
1 3
1 9
2 1

I 24

P r o d u c t s

M G D G

m g m g
4 1 3

1 2 1 1
1 6 4
1 5 4

6 1 4
1 2 6
1 4 6

5 1 5
1 1 1 3
1 5 8

5 1 4
9 1 2

1 1 1 0
1 1 6

I T G

m g
1 3

1

2

o

Fatty acid c o m p o s i i t o n ,b % t o o l

16 "0

5 0
5 0
4 9
4 9
1 1
1 0

3
2
1
2

tr
1
1
1

FA

1 8 : 0

5 0
5 0
5 0
5 0
4 0
4 3
4 7
9 7
9 7
9 7
4 3
4 1
4 2
4 6

1 8 : 1

tl"
tr
I
i

4 9
4 7
5 0

1
2
1

5 7
5 8
5 7

1 5 3

b i g

1 6 " 0 1 8 . 0 t 1 8 : 1 1 6 "0

2 2 9 6 2 6
2 2 9 6 2 7
1 1 9 8 2 7
1 2 9 7 2 6

9 7 2 1 5 1
9 6 2 2 5 0
9 7 2 1 5 3

3 7 9 0 1
2 5 9 3 1
2 3 9 5 2
I 9 7 2 1
2 97 1 I
1 9 9 0 1
1 9 8 1 2

a % of theoretical amt of fatty a c i d s p o s s i b l e f r o m w t of s a m p l e .
b S m a l l a m t ( < 1 % ) o f 1 7 : 0 a n d 1 6 : 1 w e r e o f t e n o b s e r v e d o n G L C . )"or s i m p l i c i t y o f p r e s e n t i n g " data, the f o r m e r w a s i n c l u d e d

latter w i t h 1 8 : 1 .

agents described by Mattson and Volpenhein (3) were
employed, although with some changes in concn in
o rde r to have a satisfactory volume for effective ag i ta -
t i on . To 50 mg trig]yceride weighed in a 5-ml screw-
cap vial (45 x 15 ram) was added the predetermined
weight o f pancreat in (Steapsin) . [Nutr i t ional Bio-
chemical Corp. The Steapsin was extracted 2× with
acetone (5:1 V / W T ) and 2× with anhydrous e t h y l
e t h e r ( 5 : 1 ) a t room temp although no significant
differences in results were observed when this extrac-
tion was omitted. The amt of pancreatin to use fo r
50 mg samples depends on the activity of the par t icu-
lar preparation. A n amt, usually ca. 9 rag, that gives
ca. 50% hydrolysis in 1-2 rain is satisfactory.] Then
1 ml 1 M trishydroxymethylaminomethane (adjusted
to p H 8), 0.1 ml 22% calcium chloride solution, a n d
0.25 ml 0.1% bile salts solution were added by means
o f graduated 1-ml pipettes. The via l and contents
were f i r s t warmed in a wate r bath a t 40 C for 1 rain
wi thout shaking. The cap was then screwed on tightly,
secured with a str ip of plastic t a p e , and the vial
shaken fo r the time required fo r 50 ( ± 5 ) % hydroly-
sis (usual ly 1-2 rain) in a n amalgamator (Model 5-A,
Crescent Den ta l Mfg. Co., Chicago, Ill.). The via l
ho lde r was modified a n d reinforced to accommodate
the size vial used. The shaking speed was ca. 3000
strokes/min. The preheating and shaking were carr ied
out in a room regula ted a t 40C and timed by stop-
wa tch . A t the end o f the reaction time, contents of
the via l were acidified with 0.5 ml 6 N HCI, promptly
t ransfer red quantitatively to a small separatory fun -
n e l and thoroughly extracted with e t h y l ether. The
e t h e r extract was washed with distilled wate r several
times unti l washings were neu t ra l to Congo Red
paper , dr ied over sodium sulfate, filtered and the
solvent removed. The weighed residue was t ransfer red
quantitatively to a 50-ml volumetric flask with ether,
made up to volume and reserved fo r fractionation and
analysis.

Degrce of Hydrolysis and Analysis of Fatty Acids.
The activities of different lipase preparations var ied
considerably. Hence it was necessary to determine
the ratio o f enzyme to sample to employ u n d e r the
conditions o f digestion which gave the desired p e r

D G

1 8 : 0 ! 1 8 : 1

2 5 4 9
2 8 4 5
2 4 4 9
2 7 4 7
3 7 1 2
4 3 7

i 45 2
I 5 1 4 8

5 2 4 7
5 2 4 6
8 9 1 0
9 4 5
9 7 2
9 6 2

w i t h 1 8 : 0 , the

cent hydrolysis, i.e., f a t ty acids liberated expressed as
percentage of t o t a l possible from sample. It was
f o u n d t h a t 50 ( ± 5 ) % is n e a r opt imum because in
this range the amt of monoglyeeride formed was near
maximum. The u s u a l t i t ra t ion methods, which are
satisfactory fo r determining percentage of hydrolysis
when large samples are employed, were unreliable
fo r small samples. The following procedure was
f o u n d both convenient and reliable with 5-50 mg
samples which had been subjected to l ipase digestion.
A 5-ml aliquot of the e t h e r solution of hydrolytic
products from 50 mg glycerides, o r a n amt equal to ca.
5 rag, was t rea ted with diazomethane directly to con-
vert the free acids to their methyl esters. A known
wt (ca. 1 rag) of in terna l standard ( 1 5 : 0 methyl
ester) was a d d e d and the mixture subjected to GLC
analysis. Each peak area of the chromatogram was
compared to the area fo r the in terna l staudard which
is e q u a l to a known wt , thus permit t ing calculation
of wt and percentages of each component. The sum o f
wt o f all components re la ted to the wt of reaction
product (o r sample) represented by the aliquot gave
the t o t a l percentage o f free acids. The percentages
of the component acids a n d per cent of hydrolysis
found in this way agreed well with those f o u n d by
direct wt a f te r isolation of free acids by TLC from
the remainder of the hydrolytic products. Af t e r satis-
factory conditions fo r lipase digestion have been es-
tablished fo r the par t icular lipase preparation, the
above technique fo r determining degree of hydrolysis
may be omitted, since the hydrolytic products will
then be separated b y TLC, and the isolated fa t ty acids
can be weighed.

Lipolysis of 5 mg Samples. The same apparatus and
genera l procedure were employed fo r 5 mg as fo r
50 mg with modifications as follows: The pancreatin,
0.9 rag, was added as a freshly made solution in the
Tris buf fe r (1 ml solution o f 9 mg in 10 ml Tris).
In this way the t o t a l amt o f buffer was also included.
Also a d d e d were 0.1 ml 2.2% calcium chloride solu-
tion and 0.25 ml 0.05% bile salts solution. The di-
The in terna l s t andard was added as a 5 ml aliquot
o f a n iso-octane solution o f known conch. The solu-
tion of methyl esters was then evaporated to dryness

T A B L E III
L i p a s e H y d r o l y s i s o f P O S ( 5 a n d 5 0 m g ) a n d A n a l y s i s of P r o d u c t s

P O S L i p a s e T i m e

I F a t t y a c i d c o m p o s i t i o n , % mol
P r o d u c t s . . . . .

% F A M OH y d r o l .

m ~ m g ~ - -
5 0 2 . 5 1 . 5 4 9 5 0 1 1 9 6
5 7 2 7 i 1 6 4 9 I 5 0 I 1 1 ~ 1 [ 9 8

m g m g m i n
5 0 . 9 1 . 5

5 0 9 1 . 5
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T A B L E I V
A n a l y s i s o f Mono~Iyeerides a n d F a t t y A c i d s f rom L i p a s e H y d r o l y s i s o f Lard (5 a n d 5 0 m~)

Lard

Tr ig lyce r ide s

i'ffonoglyc. ( 2 - p o s i t i o n ) 5 m g a
~ o n o g l y c . ( 2 - p o s i t i o n ) 5 0 m g b

% i n 2 - p o s i t i o n a v g . c

F a t t y a c i d s , 5 m g
F a t t y a c i d s , 5 0 m g b
F a t t y a c i d s ( 1 , 3 ) ta lc d

F a t t y ac id c o m p o s i t i o n , % t o o l

~ 1 6 : 0 1 6 : 0 2 8 : 0 1 6 : 1 1 8 : 1 1 8 : 2 1 8 : 3

1 . 9 2 7 . 8 1 2 . 7 3 . 4 4 2 . 6 1 0 . 1 1.5

3 . 7
5 2

6 8 . 9
6 8 . 9

5 . 3
3 . 8

4 . 3
5 . 0

1 3 . 4
1 3 . 5

4 . 1
3 . 0

0 3
0 . 5

( 7 7 . 2 ) ( 8 2 . 6 ) ( 1 2 . 1 ) ( 4 6 . 1 ) ( 1 0 . 6 ) ( 1 1 . 2 ) ( 1 1 . 1 )

2 . 6
3 . 0
2 . 7

0 . 9
1 . 0
0 . 7

5 7 3
5 8 . 4
5 7 . 1

1 8 . 3
1 8 . 6
1 5 . 8

1 0 . 6
1 0 . 6
1 3 5

7 . 2
6 . 3
7 . 2

3 . 1
2 . 1
2 . 0

% i n 1 , 3 - p o s i t i o n ~ ( 2 2 8 ) ( ] 7 . 4 ) ( 8 7 . 9 ) ( 5 3 9 ) ( 8 9 . 4 ) ( 8 8 . 8 ) ( 8 8 9 )

a F r o m l ipase h y d r o l y s i s o f 5 m g la rd .
b F r o m l ipase h y d r o l y s i s o f 5 0 m E la rd .
c % o f each f a t t y ac id t y p e i n lard g lyce r ide s es~erif ied at 2 - p o s i t i o n calc
a F a t t y a c i d s i n 1 , 3 - p o s i t i o n s , ealc as descr ibed (8).
e 1 0 0 - - ( % i n 2 - p o s i t i o n ) .

a n d t ransfer red quantitatively with rain portions of
gestion aud recovery of products were carr ied out
essentially as described fo r 50 mg. The recovered
p roduc t was made u p to ca. 1:10 di lut ion with chloro-
form for fraetionation by TLC.

Isolation of Lipolytic Products by TLC. Thin- layer
pla tes ( 2 0 x 20 cm) were coated singly by spreading
a well-stirred mixture of 7 g acetone-washed Silica Gel
G a n d 17 ml distilled wate r with a spreader designed
to give a layer thickness of ca. 275 ~. The plates,
a f t e r br ief a i r -drying, were activated by hea t ing in
a n oven at 105C for 2 h r a n d cooled in a desiccator.
The lipolytic product in 1:10 di lut ion in chloroform
was appl ied dropwise with a microsyringe in a series
of spots 1 em apar t . The origin spots were 2.5 cm
from the b o t t o m edge of p la te . Two chromatoplates
were required fo r the product from digestion of 50-
mg samples--one fo r 5-rag samples. The developing
solvent was a mixture of petroleum e t h e r and e t h y l
e t h e r (60:40) to which 1.6% formic acid was added.
All solvents were redistilled before use. The develop-
ment time was ca. 25 min fo r the solvent f ront to reach
a he igh t of 120 mm from baseline. The components
separated into 4 well-defined zones (rows of spots)
in the following orde r of increasing height t ravel led:
monoglyeerides, diglycerides, free acids and unreaeted
glyeerides. The zones were detected (wi thout use o f
indicator) by holding the ehromatoplate j u s t above
a white reflector lamp containing 2 (15-watt) fluores-
cent-light bulbs. When very small amts of sample
were chromatographed and the zone spots were in-
distinct, they were visualized af te r p lac ing the pla te
in a t a n k containing iodine v a p o r fo r a few seconds.
Af t e r marking their location with a needle po in t the
silica gel zones were scraped from the pla te into
beakers. A t this stage the material was handled in 2
ways with equally good results: 1) When 50 mg tri-
glycerides were employed in the lipase digestion, the
respective silica gel zones were extracted with e t h y l
ether, the extracts fi l tered and residues weighed. Each
residue was then converted to methyl esters by acid
methanolysis or esterification and fa t ty acids deter -
mined by GLC. 2) When 5 mg triglycerides were
employed, each sil ica gel zone (free acids and mono-
glyceride) a f te r be ing scraped from pla te was re-
fluxed directly with 10 ml absolute methano l contain-
ing 2-3% of conen ttfS04 fo r 1 h r with nitrogen bub-
bl ing slowly through the solution to p reven t bumping.
Af t e r the reaction mix was cool, 30 ml pe t ro leum
e t h e r was added, the solution filtered into a separatory
funnel , washed with wate r and the petroleum e t h e r
solution dried over sodium sulfate. To the dr ied solu-
tion of methyl esters was added a known amt of
methyl pentadecanoate ( in ternal s t a n d a r d ) estimated

lrom mean e o m p o f m o n o K l y c o r i d e as descr ibed (3).

to be ca. e q u a l to the expected wt of ester product.
e t h y l e t h e r to a tube, 65 m m x 15 ram, drawn to a
sharp cone a t one end. The solvent was removed by
warming u n d e r slow flow o f nitrogen, the methyl
esters be ing conen in the tip of the cone, thus facil i tat-
ing the picking up o f a por t ion in a microsyringe fo r
GLC analysis. The percentage distribution of fa t ty
acids and t o t a l wt of the free acid a n d monoglyceride
fractions were calculated from the GLC area relation-
ships and weight of in terna l s t andard as described
earlier. The purpose in add ing the in terna l s t andard
was to provide a means fo r calculating the wt of free
acids l iberated (or percentage hydrolysis) a n d also
of monoglycerides. These wts are not required in cal-
culation o f glyeeride composition. Therefore, a f t e r
satisfactory conditions fo r digestion and desired de-
gree o f hydrolysis have been determined, the use o f
in terna l s t andard could be omit ted unless the wt of
fractions are desired fo r completeness of d a t a .

Gas-Liquid Chromatography. GLC analyses of
methyl esters were performed with a n extensively
modified commercial apparatus. It was provided with
a four-filament thermal conductivity cell detector,
and a recorder having a I my, 1-sec full scale pen
deflection. The column was an 8 f t x ~ 6 in. OD (ID
0.118 in.) stainless steel coiled tube packed with
42-60 nlesh acid and base washed Chromosorb W
coated with 25% ethylene glycol succinate polyester.
It was heated isothermally a t 204C a n d hel ium was
used as carr ier gas. The areas u n d e r the peaks of in-
d iv idua l components were determined by a n electronic
in tegra to r coupled to a digi ta l printer . Areas and
percentages obtained by this means on known mixtures
were f o u n d to be in excellent agreement with the
known values.

Results and Discussion
The fa t ty acid composition of the di- and tri-acid

triglycerides as received show in Table I. The cor-
respondence with theory tool percentage is reasonably
good except fo r OPS and possibly OSS. Extraneous
fa t ty acid impurities were present u p to 1.6%. These
glycerides in 50-nlg quantities were subjected to li-

T A B L E
Composition o f M i x t u r e s o f Triglycerides

Glycer ides i n m i x t u r e F a t t y ac id i n m i x t u r e , % (wt)

%
oFs - ~ - I
P O S 2 0 . 2
OSS 1 3 . 5
SOS 1 5 . 0
0 0 0 I 2 0 . 9
SSS 5 . 0
P P P 4 . 9 6
M M M e 5 3

I T h e o r y a I F ° u n d b

M (la:o) 5 . 3 - -
1 6 . 7 5 . 61 6 . 5F ( 1 6 : 0 )

S ( 1 8 :O) 3 6 . 50 ( 1 8 : 1 ) 3 5 : 8 4 1 . 4

a T h e o r y calcula ted f rom k n o w n g l y c e r i d e c o m p o s i t i o n .
F o u n d v a l u e s de te rmined b y GLC o n m e t h y l es te r s .

¢ T r i m y r i s t i n .
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TABLE YI
Lipase Hydrolysis of Known Mixture of Glyceride and Analysis of Products

(50 mg sample, 9 mg lipase, 40C)

[ Fatty acid composition, % wt
,~ Products . . . .

Time i_iy~Vrol. _ _ FA . . . . I~G

]. . . . . . . . . . . .1 F A I M G D@ TG / 14.0 16:0 I 18:0 I 1 8 : 1 1 14.0 I 16:0 I 18:0 18:1

mg mg rag mg |
0.75 54.4 ~6.9 14.5 6.5 1.9 I ~.0 14 s 4~.7 35.6 6.2 20.e lS.S 54.s
1 . 5 ~ 5 7 . 3 , e s . 6 ~ 1 6 . g ~ 0 . 9 ~ 1 . ~ L 5 . 9 [ 1 5 . 0 [ 4 4 . s [ 3 4 . 3 [ 6 . z t 2 0 . 6 I e o . o I 5 3 . 2

V ~ ! 6.0 I 14.9 I 44.2 I 35.0 / 6.2 1 20.4 I 10.4 I 54.0
Theory, ealea | 5.3 ] 15.1 [ 44.4 I 35.2 ] 5.3 j 20.1 ] 18 5 ] 56.1

a Calculated from known composition of mixture.

pase t rea tment u n d e r some var ia t ion in time o f di-
gestion and amount of lipase. Analysis of the sepa-
ra ted products of hydrolysis are g iven in Table II.
The distribution o f products with increasing extent
of hydrolysis supports previous published observa-
tions on the step-wise nature of the hydrolysis and
that the ra te of hydrolysis of monoglycerides m u s t
be very slow compared to t h a t o f the triglyceride
and diglyeeride. It is evident t h a t in general the fa t ty
acid composition of the hydrolytic products conform
well with expectations based on specificity of the
lipase. Some discrepancies, such as 10-11% palmitic
acid in the free acids from OPS, proved to be due
to the presence of a small percentage of tri- a n d di-
palmitin as impurity in the sample. Purification o f
the sample by silicic acid chromatography yielded a
p roduc t which conformed more nearly with theory
in fa t ty acid composition. Similarly OSS was purif ied
giv ing a somewhat pu re r specimen. The analysis of
these are included in Table I.

The purif ied specimens were also digested with lipase
and the results are included in Table II. The free
acids from purif ied OPS had much less patmitic ac id .
The presence of 2-3% monoglyeeride impurity in
SOS was shown by TLC. This proved to be mono-
stear in a f te r isolation a n d analysis by GLC, a n d ex-
pla ins the significant amt of stearic acid f o u n d in
the monoglycerides reported in the table fo r SOS. It
appears therefore t h a t the specificity u n d e r these con-
ditions is nearly-absolute and t h a t t h e technique can
be used as a cri ter ion of pur i ty a t least fo r t r ig lyc-
erides of the h ighe r mol wt acids. There is consistent
evidence in the da t a fo r 0 P S and OSS t h a t oleic is
hydrolyzed somewhat f a s t e r than stearic acid when
they are in 1,3-position. The free acids liberated con-
tain excess oleic, resu l t ing in a deficiency of oleic in
the diglycerides. This difference in ra te , however, does
not affect the monoglyceride fa t ty acids indicat ing
no significant acyl sh i f t ing of the 1,2- to the 1,3-
diglycerides a n d subsequent hydrolysis. Coleman (7)
also presented evidence indicat ing t h a t the unsatu-
ra ted acids hydrolyze fa s t e r t h a n h ighe r mol wt satu-
ra ted acids in work on lard .

Tables III and I V show comparative results ob-
ta ined on 5- and 50-rag samples of P 0 S and lard on
lipase digestion, a n d separation and analysis of p r o d -
ucts as described. W h a t differences are n o t e d probably
can be a t t r ibu ted to normal experimental er ror in-
volved in the entire separation a n d analysis. The
results on lard show t h a t ca. 80% of the palmitic a n d
shorter chain saturated acids, mostly myris t ic , b u t
only 12% o f the stearic acid, o c c u r in the 2-position
o f triglycerides. There a p p e a r to be no significant
differences in the C16 unsaturated acids as fa r as their
occurrence in 2-position, each ca. 10-11%. Paimitoleic,
however, is ca. evenly divided between the 2- and 1,3-
positions.

Some observations also were made on known mix-
tures of mono-, di- and tri-acid triglycerides. In one

instance, a mixture of 70% triolein and 30% tri-
s tear in was subjected to the lipolysis a t 40C, yielding
free acids containing 94% oleic and only 6% stcaric
acids. This d ispar i ty from the expected was thought
to be due to differences in physical state existing in
the digestion mixture, most of the tr istearin separat-
ing as solid aggregates despite the presence of the
grea te r proportion of the liquid tr iolein. Therefore
a more realistic mixture containing 8 triglycerides
and lesser proportion of high melting trisaturated
glycerides was prepared. The composition as made by
direct weighings and, as determined by GLC, shows in
Table V.

Two 50-mg portions o f the mixture were subjected
to lipolysis, the products isolated and analyzed. The
results, in Table VI, along with theory values fo r
acids in 1,3- and 2-positions calculated from known
composition, show good agreemeut between the two
sets of f o u n d values and with theory. The good agree-
ment with theory, particularly fo r the acids liberated,
was somewhat unexpected in view of the presence of
ca. 5% each of tristearin, tripalmitin a n d trimyristin
in the mix. Previous observations of o u r own as well
as of others (1,5) indicated significant differences in
their ra tes of hydrolysis compared to triolein which
was also present to the extent of 21% in the mixture.
Pe rhaps the explanation is t h a t the melting po in t of
the complex mixture is low enough t h a t all compo-
nents remain liquid dur ing the digestion and in this
state differences in ra tes of hydrolysis become negligi-
ble.

U n d e r the conditions of lipase digestion described,
because of very rapid hydrolysis a n d prompt han-
dl ing o f the products, no appreciable acyl shifting
took place in e i the r the mono- or di-glycerides. A n a l y -
sis of monoglycerides by periodic acid t i t ra t ion from
a.5-min digestions fo r presence of 1-monoglycerides
gave a va lue o f 7.3% ; on TLC, only 1 spot fo r diglyc-
erides was observed. When longer digestions were
employed there was increasing evidence of a second
spot fo r 1,3 diglycerides. From the results obtained
with the known mixture of glycerides and with the
lard sample, there appears little choice in the selec-
tion of analysis of monoglycerides over analysis of
liberated fa t ty acids. Pe rhaps the analysis of both
would be desirable as standard procedure.
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