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they are marked as single peaks. Solid spheres in
Figure 3 represent peaks which are not included in
either pattern. Some or all of this unassigned absorp-
tion may be due to methylene vibrations, or it may
be carboxylate vibrations as discussed at the end of
the 1070-710 em™ section on saturated salts.

Unsaturated, Cis. Unsaturated salts have fewer
peaks in this region than saturated salts of the same
total chain length. See Figures 1 and 6, and Tables
IT and V. The similarity of oleate and palmitoleate
spectra suggests that the number and the position of
the peaks is related to the length of the carboxylate
segment, The double bond must prevent coupling of
the methylene vibrations in the two segments. The
wagging vibrations which are parallel to the chain
naturally will be more sensitive to bending of the
backbone than the rocking vibrations which are per-
pendicular. The twisting vibrations will also be
affected.

Figure 7B outlines the distribution pattern for the
methylene wagging vibrations in sodium salts of the
cis-unsaturated acids, The silver salts have peaks at
all the same positions, plus others whose positions and
strengths are satisfactory for assignment to twisting-
rocking vibrations. This is additional support for
considering all of these peaks as caused by vibrations
of the carboxylate methylenes. Some of the unassigned
peaks may represent twisting-rocking vibrations of
the earboxylate segment, or wagging vibrations of the
methyl segment, but they are only weak peaks.

Assignments for the ¢is-6-Cqs salts are the most
uneertain, especially the peaks about 1320 and 1330
em™, The former is the stronger in the sodium salt
and the latter the stronger in the silver salt; thus
the 1820 em™ peak is assigned to a wagging vibration
although it does not fit the phase reldtlonshlp curve
so well as the other point. No assignment is made
for the 1330 em~* peak.

Figure 11 shows the phase relationship curves for
the cis-unsaturated silver salts. Values of m are cal-
culated from the number of carbons in the carboxylate
segment minus two, as in the low wavenumber region.
Values of & are ass1gn(,d aceordlng to the distribution
pattern for saturated salts, since peak separations are
the same for eorrespondmg values of m. Table V lists
the resultant values of ¢/=. The phase relationship
curves for the unsaturated salts agree quite well with
those of the saturated salts, except for a shift of about
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10 em™ on the wavenumber scale. Thus the saturated
phase relationship curves may be used for the deter-
mination of unsaturated carboxylate segment chain
lengths if the shift is taken into account.
Unsaturated, Trams. The trans salt spectrum in
TFigure 6 has the same number of peaks as the. cis salt
spectrum, so this region gives vibrations of the car-
boxylate segment methylenes. See also Tables V and
VIb. In all respects in this region, elaidate spectra
agree with those of oleate salts. Silver elaidate has
peaks assigned to twisting-rocking and wagging vibra-
tions, while the sodium salt has only the wagging
peaks, ete. Figure 11 shows the close correspondence
of the phase relationship curves for the silver salts.
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Abstract

The glyceride distribution in depot fats from
a series of animals was determined by pancreatic
lipase hydrolysis, isolation of hydrolytie products
by thin-layer chromatography (TLC), and fatty
acid analysis by gas-liquid chromatography
(GLC).

Distribution of the principal types of gly-
cerides (S, S:U, SU, U;) in the internal and

1Presented at the AOCS meeting, Chicago, October 11-14, 1964.
2K, Utiliz. Res: and Devel. Div,, ARS, USD

external adipose tissue fats from the same pig
was nonrandom. The percentages of palmitic acid
at the 2-position in these adipose fats were com-
parable. However, liver glycerides from this
same animal differed strikingly from adipose
glycerides, having, for example, only ca. 15% of
its palmitic acid in the 2-position compared
with > 80% for adipose fats. The liver gly-
cerides of lamb, rabbit, and dog also differed
considerably from adipose glycerides in glyceride
distribution and in percentages of individual fatty
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acids in 2-position.

The composition of adipose glycerides from
lamb, beef, deer, rabbit, chicken, and dog in
terms of the four principal glyceride types ap-
proached closely the values calculated for random.
‘When positional isomers were considered, how-
ever, only the adipose glycerides of the dog con-
formed to random distribution.

Introduction

DEVELOPMENT OF NEW TECHNIQUES in fat analyses,
including hydrolysis of glycerides with pan-
creatic lipase as a means for determining the compo-
sition of acids esterified on the 2-position of the
glycerides, has made possible more comprehensive
studies on the glyceride distribution in animal fats
(1-3). In a recent publication from this laboratory
(4) it was demonstrated that the glyceride distri-
bution could be obtained by these techniques with
only 5-50 mg of sample. In the present investigation
this semimiero technique was employed to determine
the composition of the fatty acids in 2-position of
glycerides from adipose and liver tissues of several
animals. The glyceride distributions in these animal
fats are also discussed.

No attempt was made here to discusss the history,
development, and applications of the lipase method,
since these have been reviewed recently (5-T7).

Experimental

Fresh adipose and liver tissues were obtained
from a number of animals and kept frozen until ex-
traction of fat could be undertaken. Adipose tissue
from animals other than pig was mainly internal
tissue.

Extraction of Fat. Ten grams finely-minced tissue
were extracted by triturating in a mortar with suecces-
sive 200 ml portions of acetone, Delsal solvent (3:1
Methylal-Methanol) and ethyl ether. After removing
the solvent from the combined decanted extraects the
crude residue was thoroughly extracted with Skelly-
solve P, and the proteinaceocus fines were removed by
centrifugation. The solvent was removed from the
extracts and the residue brought to constant weight.

Treatment of Adipose Fat. The extracted adipose
fats were subjected to column chromatographic treat-
ment to remove traces of free fatty acids, unsaponi-
fiables, and phospholipids. The apparatus and method
of packing column have been described in another
publication (8). Approximately 400 mg fat were
fractionated on a 30 g Silicie Acid — Supercel (80/20)
column, The fractions containing only triglycerides,
as judged by showing a single spot when examined
by TLC, were combined. Usually, 550 ml Skellysolve
F containing 4% ethyl ether was required to elute
the triglycerides. The yields of triglycerides were ca.
95% of the weight of adipose fat placed on column.

Treatment of Liver Lipids. Tt was found convenient
to employ preparative TLC to isolate triglycerides
from liver lipids. The method was similar to that
employed for the isolation of lipase hydrolysis prod-
ucts and has been described (4). Approx 25 mg lipid
were chromatographed on each of four Silica Gel G
plates. The developing solvent was a mixture of
Skellysolve F — ethyl ether (85:15) containing 1%
acetic acid. The pig and rabbit liver lipids contained
925% triglycerides, the dog about 15%.

Tamb liver lipids contained only ca. 6% triglye-
erides. Hence, it was necessary to fractionate the
lipids first on a silicic acid eolumn (8), then to
purify the glyceride fraction by preparative TLC.
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TABLE I

Composition of Monoglycerides from Lipase Hydrolysis
ig Adipose and Liver Glycerides

Fatty aeid composition, Mel 9%

<16:0% 16:0 18:0% 16:1 18:1 18:2¢ 8¢ Ue

Triglye. 1.5 262 9.4 3.6 458 13.6 37.1 629

External J}y’[opogélyn. 3.8 68.9 2.2 6.6 14.8 8.7 749 25.1

0 1IN

Pos. 84.4 87.7 81 62,9 107 9.9 867.3 183

Triglye. 2.1 804 157 2.2 393 10.3 482 518

Tnternal 1}7’[0noglyc‘ 44 1765 3.2 3,1 10.2 2.6 84.1 159
o in 2

Pos. 69.8 83.9 6.8 46.9 8.7 84 58.2 102

Triglye. 2.2 381.7 7.8 4.1 355 19.2 41,2 588

. Monoglye. 1.5 14.2 0.9 3.9 514 281 166 834
Liver % in 2

Pos. 22.7 14.9 4.1 317 483 487 134 473

a Predominantly 14:0
bIncludes trace amts, 17:0
¢Inecludes < 19% 18:3
dTotal saturated

eTotal unsaturated

Enzymatic Hydrolysis. Tha procedures employed
for hydrolysis, isolation of hydrolytic products, con-
version of monoglyeerides and fatty acids to methyl
esters, along with conditions for GLC analysis of the
latter have been deseribed in a recent publication
(4). Fifty-milligram samples of adipose glycerides
and 5 mg samples of liver glycerides were employed in
the lipase hydrolysis.

Owing to the multiplicity of fatty acids in lamb
adipose and liver glycerides, it was necessary to em-
ploy both polar and nonpolar columns in GLC
analysis. The polar column was an 8 ft X 3/16 in.
0.D. (I.D.=0.118 in.) stainless steel coiled tube
packed with 42-60 mesh acid and base washed Chro-
mosorb W coated with 25% ethylene glycol succinate
polyester. The nonpolar column was a 2 ft X 3/16
in. (ID.=0,124 in.) stainless steel tube packed with
42-60 mesh acid and base washed Chromosorb W
coated with 15% silicone polymer SE-30 (General
Electric).

Calculation of Glyceride Composition. The mol %
of each component fatty acid of the fat which is
esterified in the 2-position was determined as de-
seribed by Mattson (3) (mol % in 2-position = mol
% in monoglyceride/3X mol % in triglyceride).

The values determined experimentally for the acids
released by the lipase were in good agreement with
the caleulated values based on analyses of the mono-
glycerides and original triglycerides. The average of
these values for 1,3 fatty acids were used in the
calculations of glyceride distribution (1), the indi-
vidual aecids being grouped as saturated (S) and
unsaturated (U). Random glyceride distribution for
each fat was caleulated from percent saturated and
percent unsaturated in the triglyceride as deseribed
by Vander Wal (9).

Results and Discussion

The results (Table I) show that the external and
internal adipose glyearides differ appreciably in

TABLE II
Glyceride Distribution of Pig Liver and Depot Fats

Glyceride type Isomeric forms

83 8:U 8Uz Us SUS SSU USU sUU
% P % % % G P %

23.0 57.7

External

F 2.4 16.9 0.8 22.2 503 7.4
R 5.1 26.0 440 24.9 8.7 17.3 14.7 29.3

b 7.7 36.8 47.8 7.7 14 854 410 6.8

Internal R 11.7 36.1 383 13.9 | 12.0 24.1 128 255
Liver F 49 325 449 17.7 | 243 82 35 414
v R 7.0 29.9 42.8 20.3 9.9 20.0 142 28.6

P = From values found for 2-position aelds (1).
R =— Random ecale. (9).
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TABLE III
Composition of 2-Position Acids of Some Animal Pats

TABLE IV
Glyceride Distribution of Some Animal Fats

Fatty acids, * Mol %
: Glye.
Animal Source
<16:0 16:0 18:0 16:1 18:1 18:2 S U
TG | 4.4 21.0 3817 2.9 355 4.6 571 429
Adipose®| MG-| 6.7 13,1 149 3.4 54.9 7.0 34.7 653
%%2160.7 21.1 15.7 39.0 51.5 519 20.0 51.3
Lamb
X TG 1117 21.6 29.1 4.2 25.0 5.7 65.1 34.9
Livere MG (119 26.3 15.0 7.1 821 7.6 B53.2 468
%%2133.9 405 172 563 428 444 272 448
X TG | 2.7 22.5 9.0 3.9 51.8 10.1 342 65.8
Adipose | MG { 6.0 25.1 3.2 6.3 459 13.6 34.3 63.7
b %2741 372 119 538 295 44.8 33.3 33.3
og
TG 2.3 284 1890 3.2 424 10.7 437 563
Liver MG| 2.3 185 2.8 52 47.0 242 286 764
%2133.4 21.7 7.2 541 86.9 753 18.0 583
TG | 6.8 3822 5.3 4.8 28.0 19.2 443 55.7
Adiposed| MG | 7.0 26.0 0.7 6.6 346 214 337 66.3
%2 |34.3 26.9 4.4 458 41.1 41.2 254 39.7
Rabbit
TG | 3.7 40.1 5.7 3.3 281 16.9 495 50.5
Livere MG 1.9 13.6 0.8 4.2 433 337 161 839
%2 115.8 11.3 4.7 424 513 665 108 554
TG | 6.3 265 24.4 3.3 374 2.1 57.2 428
Beef Adipose |MG [10.6 14.0 12,5 5.7 53.9 3.3 387.1 629
%% (66,1 17.6 17.1 57.6 479 54.8 21.6 50.0
Chick TG 1.0 28.7 4.9 6.9 461 144 326 674
16K- | Adipose (MG | 0.8 12.7 4.8 4.8 583 18.8 181 819
en %2125.9 159 31.6 22.9 420 435 18.5 40.5
TG | 2.9 23.6 32.8 3.7 35.9 1.1 59.3 40.7
Deer Adipose | MG | 4.3 16.0 13.8 4.1 595 2.3 34.1 65.9
%2150.1 22,6 14.0 374 556 684 192 54.0

aTyrace components treated as in Table 1.

b < 16:0 also includes 14:Br and 15:Br; 18:0 alse includes 17:Br
and trace of an unknown acid (possibly multibranched}.

¢ Acids combined as in b except for 2.79% of an unknown sacid
(possibly multibranched) in TG, whichk was not included with 18:0.
Thig aeid was not found in M@,

4TG contained 3.89% 18:3, MG 3.7% 18:3 not included with 18:2.

¢TG contained 2.29% 18:8, MG 2.7% 18:3 not included with 18:2.

fatty acid composition, the latter containing more
saturated acids but with a lesser proportion of these
in 2-position. In general, the data show the same
trend reported previously (4) for commerecial lard
which is a mixture of internal and external fat. More
than 80% of the palmitic but only about 8% to 11%
each of stearic, oleic, and linoleic acids occurred in
2-position. Strikingly different results, however, were
obtained on liver glycerides from the same pig, where
only about 15% of the palmitic but nearly 50% each
of oleic and linoleic acids occurred in 2-position. The
liver glycerides also contained considerably more lin-
oleic and less oleic acid than the adipose fats. Similar
results were obtained on glycerides of liver from
a different pig.

This diiference between pig adipose and liver
glycerides could also be seen in terms of glyceride
distribution calculated from lipase hydrolysis data
(Table II). The external and internal adipose gly-
cerides exhibited a nonrandom pattern, whereas a
random distribution of liver glycerides was ap-
proached when only the four principal glyceride
types were considered. When the amts of isomers
were examined, the liver glycerides had greater pro-
portions of symmetrical disaturated and unsymmet-
rical monosaturated glycerides than ecalculated for
random distribution, while the adipose glycerides
had less than random proportions of these isomers.

The dissimilarity in composition of 2-position acids
from adipose and liver fats was mnot unique in the
pig, but was also shown in the lamb, rabbit, and
strikingly in the dog fats. In the latter, 33-1/3%
of total saturated or unsaturated fatty acids of the
adipose glycerides were in the 2-position, i.e., they
were distributed randomly. The saturated and un-

Gly- Glyceride types Isomeric forms
Animal) ceride S: SU SU2 Us |SUS 88U USU 80T
To % % Do | % Do % Yo
: F |16.6 46.2 311 6.1(31.4 148 3.3 278
Adipose| § |yg'¢ 420 315 7.9/140 280 105 200
Lamb
Liver F 1253 450 252 4.5/22.2 228 5.1 20.1
R 127.6 443 238 4.3{148 296 7.9 159
. F | 3.9 22.7 444 29.0{ 7.4 153 151 29.3
b Adivose| g | 4o 2311 445 28.4| 7.7 154 148 297
og
Liver F | 6.9 342 42.9 16.0(22.4 11.8 4.9 88.0
ave R | 8.4 322 41,6 17.8/10.8 21.5 13.9 277
. ¥ | 8.2 32.8 41.9 17.1/16.0 16.8 8.7 332
Adiposel B | g7 32l 412 17.3/109 219 137 275
Rabbit
Liver T | 6.4 40.7 41.4 115332 7.5 2.2 389.2
R [12.1 37.1 37.8 12.9(12.4 24.7 12.6 252
. T |16.6 444 321 6.9[280 164 41 280
Beef |Adipose| 5 |3g'7 420 314 7.81140 280 105 209
. : ¥ | 2.9 215 458 29.8/12.9 86 6.6 392
Ohicken Adipose: g | 37y 515 444 306 7.2 143 148 295
. F [17.6 478 294 5.2(84.0 138 2.7 26.7
Deer  |Adipose| § |211 430 293 66143 287 9.8 195
F = From values found for 2-position acids (1)

R = Random cale. (9).

saturated acids of dog liver glycerides, however, were
not distributed randomly. The 2-position acid com-
positions of these glycerides together with those of
beef, chicken, and deer adipose glycerides show in
Table 111. Table IV gives the glycerides distribution
in these fats.

Lamb liver triglycerides contained an acid which,
from its behavior on both polar and nonpolar GLC
columns, appeared to be multibranched (10). Neither
the monoglycerides nor the fatty acids from the lipase
hydrolysis of lamb glycerides contained this acid.
However, the diglycerides contained appreciable amts
of it. Therefore, the multibranched acid was assumed
to have been esterified on one of the terminal positions
and was resistant to hydrolysis by lipase. It has
been reported that branching of the aliphatic chain
in the vieinity of the carboxyl group hinders lipase
action (5).

Perkins, in a recent report (11), stated that rat
carcass fat might be designated as a randomly dis-
tributed fat if only the four glyceride classes were
compared with random values. However, when the
amts of isomers were considered, deviation from
random was noted. Similar observations were made
during the present study. Of all fats examined, only
pig adipose fat showed a clearly nonrandom distri-
bution in terms of the prinecipal glyceride eclasses.
However, only dog perinephric fat would be classified
as being randomly distributed after the proportions
of isomers were compared to random,
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