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Abstract

Distribution of the individual fatty acids in the
{riglycerides of lard was determined by fractional
erystallization, partial enzymatic hydrolysis with
steapsin, and fatty acid analyses by GLC. It was
found that none of the individual fatty acids cor-
responded to a random distribution in the erys-
tallization fractions, but that the distribution of
the total saturated and total unsaturated acids
was very nearly random. The short chain fatty
acids, Cj, and Cig, both saturated and unsatu-
rated, were found to be more predominant in the
2-position than in the 1- and 3-positions of the
lard triglycerides. All of the Cis fatty acids were
found to be more predominant in the 1- and 3-
positions. ‘

Introduction

METHOD for the caleulation of the amounts of the
six glyeeride types, SSS, SSU, SUS, SUU, USU,
and UUU (8 = saturated and U = unsaturated fatty
acids) in a fat, from the total saturated fatty acid
composition and the percentage of saturated acids in
the 2-position, has been described by VanderWal (3).
Random distribution and the same ratio of saturated
and unsaturated acids in the 1- and 3-positions as in
the 2-position were assumed. Youngs (5) presented a
similar method together with experimental data for
lard. Results based on both the Youngs data and the
VanderWal calculation method indicate that the dis-
tribution of the saturated and unsaturated acids were
random for the 2-position, and for the 1- and 3-posi-
tions of the six glyceride types in lard, even though
the 2-position and the 1- and 3-position distributions
were different. These results do not indicate whether
the individual fatty acid distributions were random.
The purpose of this investigation was to study the
distribution of individual fatty acids in the glycer-
ides of lard.

The study was made by fractionation of the lard
by low temperature crystallization followed by enzy-
matic hydrolysis of the original lard and each of the
crystallization fractions. The composition of the fatty
acids liberated by the hydrolysis and the fatty acid
compositions of the lard and each of the fractions were
determined by gas-liquid chromatography of the fatty
acid methyl esters.

TABLE I
Lard Crystallization Fractions

Wtin g
Fraction?
Before? After?
- 4.22 1.57
1:3(35 2.46 5.08
F-6 10.80 6.43
F-5 5.01 5.86
F- 2.51 6.07
Total 25.00 25.01

a PP = precipitate; F = filtrate.
b Before and afler molecular rearrangement.

t Present address: Texaco Inc., Beacon, N. Y.

TABLE II
@lyceride Composition of the Fractions

Composition in mol percentages

Type? Before? After?
Exp. Cale.c Exp. Cale.©
(€ T N 3.4 7.1 4.7 9.5
G8U 29.6 30.1 33.9 34.0
G8Us. 54.7 42.6 49.1 40.4
GSUs, 12.3 20.1 12.3 16.0

f‘dGr = glycerol radical; 8 = saturated fatty acid; U = unsaturated fatty

acid. -

b Before and after rearrangement; experimental and calculated values.
¢ Calculated for random distribution on all possible sites, 1-, 2-, and

3-positions.

Experimental

Randomized lard was prepared by heating steam
rendered lard with 0.2% sodium methylate for 2 hr at
120-150C. Samples of the natural lard and the rear-
ranged lard were then both treated in the same manner
through fractionation, hydrolysis, and fatty acid an-
alyses. The fractional crystallization into five frac-
tions followed the scheme of Liuddy et al. (1), using
dry ice for cooling.

A modification of Youngs’ (5) enzymatic hydroly-
sis was used. Highteen ml of 0.5M K,H PO, adjusted
to pH 8 by the addition of 0.5M NaH,PO, and 30 mg
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F1g. 1. Distribution of palmitoleie, oleie, and linoleic acids
in lard.
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TABLE III

Fatty Acid Composition of Lard Fractions
(In mol percentages)

Crystallization fraction
Lard P-3 P-6 F-6 F-5 P4
B A B A B A B A B A B A

isti 1.8 2.0 0.7 2.3 2.0 1.7 2.0 2.0 2.1 1.9 2.5 1.9
Myristic o 0.6 2.0 0.4 2.1 0.4 13 1.0 18 08 1.2 0.4 1.6
Palmitic TG 27.8 30.7 37.3 57.3 41.0 42.6 30.1 32.1 15.9 25.2 13.6 12.7
TRA 9.1 27.9 11.9 43.6 16.9 41.0 12.6 32.9 12.4 29.4 9.1 13.4

TG 2.4 3.5 0.8 0.3 0.8 1.9 2.1 3.0 5.4 4.6 9.5 7.6

FFA 1.8 3.2 1.1 1.5 1.2 2.8 0.6 2.2 3.0 3.2 3.8 4.7

TG 11.8 13.0 35.5 31.7 23.6 20.9 6.1 14.1 2.6 8.0 1.7 1.7

TFA 14.3 14.2 43.2 36.0 284 18.7 11.9 19.8 7.2 11.9 5.7 4.0

TG 45.5 45.3 22.2 8.4 27.9 29.7 54.1 44.2 57.7 53.2 49.9 66.9

FFA 62.5 48.7 36.9 15.6 45.0 32.2 67.8 38.9 59.9 48.5 60.3 66.9

TG 10.7 5.5 3.6 Trace 4.8 3.2 5.6 4.7 16.2 7.1 22.9 9.2

TFA 11.6 4.0 6.6 1.2 8.1 4.1 6.2 4.5 16.6 5.8 20.8 9.4

TG 41.4 45.7 73.4 91.3 66.6 65.2 38.2 48.1 20.7 35.1 17.7 16.3

FFA 24.0 44.1 55.5 81.7 45.7 61.0 25.5 54.5 20.4 42.5 15.2 19.0

Caled TV oo TG 61.5 53.1 26.8 7.9 34.2 34.0 60.0 50.8 84.0 63.9 92.9 81.8
FFA 79.6 55.5 46.3 20.9 56.9 40.3 73.4 46.6 87.5 58.6 98.1 82.7

Abbreviations: P =
S = saturated; I.V. = iodine value.

bile salts, were added to 120 mg fat samples. The
mixture was stirred at 40C until emulsion formed.
After the addition of 48 mg of steapsin the hydroly-
sis continued for 15 min with constant stirring. Next
18 ml of 1N aqueous HCI, and sufficient NaCl to satu-
rate the solution, were added. The hydrolyzed fat was
extracted with ethyl ether and then treated with ex-
cess ethereal diazomethane. After standing with occa-
sional stirring for 1 hr at room temperature the excess
diazomethane and ether were evaporated and portions
of the residue were injected into the gas chromato-
graph to obtain the compositions of the fatty acid
methyl esters. Methyl esters of the lards and lard
fractions were prepared by refluxing the samples with
5% anhydrous HC1-CH3;OH by the method of Vogel
(4). The ehromatograph was an F and M Model 500
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Fig. 2. Distribution of myristie, palmitic, and stearic acids
in lard.

precipitate; F = filtrate; B = before rearrangement; A = after rear.angement; T

jov]

= triglyceride; FFA — fre fatty acid;

with 1 MV Brown recorder, dise integrator, and a
copper tube column packed with 20% ethylene glycol
succinate (EGS) on 60/80 mesh Chromosorb. Column
temperature was 215C. Part of the methyl ester an-
alyses were also made in a column of 5% butanediol
succinate (BDS) on 80/100 mesh aqua regia treated
(C-22 firebrick at 220C (6).

Data for the ecrystallization fractions are summa-
rized in Tables I, IT, and III. The crystallization
fractions from the lard before and after rearrange-
ment are shown in Table I. The glyceride composi-
tions of the lards caleulated from the fraction weights
and the fatty acid compositions of the fractions and
based upon the assumption that each fraction con-
tained no more than two of the four major types of
glycerides, GS3, GS,U, GSUs, and GU; are shown in
Table 11. Table III shows the fatty acids liberated
during hydrolysis, and the iodine values calenlated
from these fatty aeid compositions.

The results agree in general with previous work
such as that of Quimby et al. (2). The data in Fig-
ures 1 and 2 show that in the natural lard each of the
individual fatty acid distributions deviate from ran-
dom both for the ecombined 1-, 2-, and 3-position fatty
acids (TG data), and the 1- and 3-position fatty acids
(FFA data). The short chain fatty acids were more
predominant in the 2-position than in the 1- and 3-posi-
tions. All of the Cyg fatty acids were found to pre-
dominate in the 1- and 3-positions.

The samples after rearrangement corresponded very
closely to a random distribution of the individual
fatty acids in the lard fractions. The distribution of
both saturated fatty and unsaturated acids among
each of the six glyceride types, SSS, SSU, SUS, SUTU,
URSU, and UUU, appeared to be random even though
none of the individual saturated acids showed random
distribution in these glycerides. The deviations of the
individual saturated fatty acids from random were in
general larger for the saturated fractions. The devi-
ations of the individual unsaturated acids were larger
for the unsaturated fractions and very nearly random
for the saturated fractions.
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