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Figure 3 also shows two values of oleic hydrogena-
tion rate coefficients which have been taken from the
investigations of Swicklik and co-workers (4) (Ta-
ble 1) on the assumption that the first three results
in Hydrogenation No. 3 are also due to an initial
period. The corresponding experiments were carried
out with 0.49% Ni, a hydrogen pressure of 65 lbs,
vigorous agitation, and high hydrogen dispersion.
Even though these conditions are quite different
from ours, the results nevertheless show the same
activation energy with a marked change in the fre-
quency factor.

The final periods are independent of the catalyst
only when oleie hydrogenations are examined, in
which case they cannot be correlated with any com-
mon acid pereentage. IHydrogenations of the linoleic
components follow different patterns, depending on
the state of the nickel. While, when hydrogenating
with 0.259, fresh Ni, first-order kineties can be ob-
served down to Jinoleie percentages below 5%, the
corresponding hydrogenations with 1% self-poisoned
Ni seem to stop at about 109% linoleie acid. The ex-
periments illustrated in Figure 4 were made in order
to examine the stagnation of the linoleie hydrogena-
tions. They were divided into five stages. (A) Sesame
oill was hydrogenated with 194 self-poisoned Ni at
175°C. for b hrs. (B) What was left of the oil from
stage (A) when samples had been drawn was doubled
up with a fresh portion of sesame oil and hydrogen-
ated for another 5 hrs. (C) A new portion of sesame
oil was hydrogenated with 1% sclf-poisoned Ni at
175°C. for 6 hrs. After removal of the catalyst by
filtration, what was left of this oil was divided into
two equally large parts: (D)) one part was hydro-
genated in the same way as in stage (C) with a new
portion of self-poisoned catalyst; (H) the other part
was hydrogenated with 0.25% fresh Ni. On the basis
of Kigure 4 we draw the following conclusion. The
decreasing hydrogenation rate cocfficients cannot be
caused by progressive catalyst poisoning sinee, after
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¥1a. 4. Various hydrogenations to investigate the linoleie stag-
nation. (A) Hydrogenation with 1.09% self-poisoned Ni, 175°C.;
(B) A continued after addition of fresh oil; (C) hydrogenation
under the same conditions as A; (D) C eontinued after rencwal
of the 1.0% self-poisoned Ni; (E) C continued after exchange
of the self-poisoned catalyst with 0.25% normal Ni.

an addition of fresh oil, the hydrogenation resumes
what would have been its original rate, the reduced
eatalyst concentration taken into consideration. Onece
the final linoleic period has begun, the hydrogenation
as a whole can best be characterized by assuming that
the catalyst can no longer distinguish between lin-
olei¢ and oleic components, and this applies whether
fresh or self-poisoned nickel is used for further hydro-
eenations. We believe that these results are due to an
isomerization of the linoleie aeid.
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A Critical Study of the Oxidation Methods for the

Determination of Glyceride Composition of Fats**
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acetone was proposed by Hilditeh and Liea
(9,15) for the estimation of trisaturated glyec-
erides (GS;3).* Kartha (21-23) carried out this oxi-
dation in the presence of excess (3-6%) acetic acid
and developed a method for the determination of the
glyceride type of composition of natural fats by sep-
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radical; O, oleic acid radical; L, linoleic acid radical; A, azelaic acid
radical; and 8°, oxygenated ssturated acid radical (incomplete oxida-
tion product of oleic acid).

arating magnesium salts of azelao-glycerides. The
results obtained for the glyceride type of composition
of many natural fats by Kartha’s method are differ-
ent from those obtained by Hilditch’s crystallization
method (12), and the theories put forward by these
two investigators (13,24) for the glyceride distribu-
tion in fats on the basis of these results also differ
widely (10,11,14,24,28 36,41,42). Both the oxidation
methods of Hilditeh and Lea and Kartha are based on
the assumptions that the unsaturated acids in the un-
saturated glyeerides (GS.U, GSU., and GUj;) are
cleaved and that the resultant azelao-glycerides are
not hydrolyzed during the oxidation and the subse-
quent separation procedures.
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1550 g., (35.5), A.V, 0.5, S.V, 188,8, unsaponifiable matter 0.5%.

3m,, 26°C, 70 hr,

1266 ge
10 ml., 22°C, 21 hr,

1108 g. 148 L., (45.0)

LZO ml,, 22°C, 20 hr.
r

955 Be 131 g., (30~5)

20 ml, hexane, 7°C, 3 hr,

2]77 g., (53.0)

10 ml,, 0°C, 6 hr.

—
178 g.

10 ml., 0°C, 8 hr,

150 g.

=

117 go

10 ml., 17°C, 26 hr,

485 g., (28.0) 460 g., (28.5),

S.V. 191.5

10 ml, hexane, 12°C, 6 hr.

160 g., (28.0),
S.V. 191.4

320 g., (28.0),
5.V, 191.h

GS,U concentrate

150 g. 106 g.%, (51.0)
10 ml., 0°C, 8 hr,
|
155 e 30 ge
10 mi., 18°C, 2L hr, [
% g., (30.0) 62 g.*, (18.5)

10 ml., 8°C, 6 hrs

35 goy (18.9),
¥ 01,2

130 g., (50.L),
5.V, 191.7
GSU, concentrate I

F1a. 1. Crystallization of GS:U and GSU: concentrates from G. indica fut

Key for Figures 1 and 2: Volume of solvent (acetone unless otherwise stated) is expressed in milliliters per gram of glycerides.
The figure in parentheses represents 1.V. ®Recrystallization under same conditions gave no precipitate showing absence of GSa (25).

The oxidation of oleic acid with aqueous perman-
ganate results in the formation of cleavage products,
a-diols, a-ketols, and other intermediate eompounds
(3,6,16,30,31,34,35,44). Armstrong and Hilditeh (2)
reported the presence of saturated esters in the per-
manganate oxidation produects of alkyl esters of oleic
acid in acetone and in acetic acid. These esters had a
high saponification value and were cleaved on re-oxi-
dation to pelargonic acid and half-ester of azelaic
acid. The formation of an acetyl derivative of the
hydroxy compound produced during the oxidation of
oleic acid esters in acetic acid by hydrogen peroxide
or air has also been reported (16,20,31). It is prob-
able therefore that some of the intermediate oxidation
products formed during the acetone-permanganate
oxidation (alkaline) (23) and acetonec-acetic acid-per-
manganate oxidation (acidic) (23) may be present as
such, without being cleaved, in the oxidized fat even
at the end of the oxidation. These products will eon-
tain oxygenated saturated fatty acids derived from the
unsaturated acids. For future reference these prod-
ucts will be referred to as ‘‘incompletely oxidized
glycerides’’ (e.g., GS28°).

Hilditeh and Saletore (19) failed to isolate azelao-
glycerides quantitatively because of hydrolysis dur-
ing acetone-permanganate oxidation and purification.
Although Kartha (21-23) showed that (S2A do not
hydrolyze in his oxidation by oxidizing a sample of
GS2U, he did not investigate the hydrolysis of GSA,
in a similar manner.

A critical evaluation of the individual steps in the
oxidation methods of Hilditch (15,18) and Kartha
(23) was therefore undertaken in order to examine
the limitations of these methods by investigating the
completeness of oxidation and absence of azelao-glyc-
eride hydrolysis. Barlier investigations (15,18,22,36)

were carried out chiefly on natural fats of unknown
composition. However in this investigation concen-
trates of GS,U and GSU,, prepared by intensive
crystallization of fats, were nsed so that the results
would be conclusive. During the course of this in-
vestigation a chromatographic¢ procedure for the deter-
mination of GS3 was standardized to overcome the
limitations of Hilditeh and lica’s method.

Experimental

Methods of Analysis. The methods of the A.0.C.S.
(1) for acid (A.V.), saponification (8.V.), and iodine
(I.V.) values were carried out on a semi-micro scale.
The dihydroxystearie acid content was determined by
the method of Sreenivasan et al. (38) except that chlo-
roform was added before the reaction with periodic
acid. Unsaponifiable matter was estimated by the pro-

875 g., (48.0), AV, 0.2, 5.V, 190.1, unsaponifiable matter 0.1f.

10 nl., 0°C, 2k hr,

650 g. 220 g., (7L.0)
S ml., 0°C, 6l hr,

600 g, L2 g., (65.0)
3 ml. (3% methanol), 18°C, 72 hr,

195 g., (3h.7) 98 gt
5 ml., 0°C, S0 hr, _I]

8l g., (55.6) 9 g., (65.1)

5 ml., 5°C, L0 hr,

|

7 g., (85.0), 5.V, 150,58 13 g., (60.7), S.V. 150.7

GSU, concentrate IT

Fig. 2. Crystallization of GSU, concentrate from G. morella fat.
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TABLE I
Composition of Glyceride Concentrates 2
Analytical constants Fatty acids (wt. %) Glycerides (wt. %)
Glyceride concentrate Source -
I.V. S.V. S [0} l Ly GSs G820 GS:L G802
GS2U i ¢, indica 28.0 191.4 64.5 31.2 0.0 2.8 97.2 0.0 0.0
GSUz I. . indica 50.4 191.7 40.4 54.5 0.8 0.0 25.4 2.4 72.2
GSU: IL.... RN G. morella 55.0 190.5 40.9 48.6 6.3 0.0 8.5 19.7 | 718
“ The concentrates contained no free acids or unsaponifiable matter and were protected against oxidation with propyl gallate.
" No other polyunsaturated acid was found.
TABLE LI
Oxidation of Glyceride Concentrates
- Method of Ulyeeric q,w - ) Oxidized conc.
lixperiment No.t oxidution® concentrate W?I";l(t of Acetone KMnO4 T S e
(conc.) one. Yield Ly,
g. ml./g. cone. 9-/9. cone. Do
Hilditch (15) GS:U 46.00 10 7 96.3 .2
Hilditch (821 52.17 10 7 95.9 0.2
Hilditeh ¢ GS:2U 22.13 20 6 78.3¢ 0.2
Hilditch GS:U 48.31 20 7 68.3 ¢
Hilditch ASU2 1T 20.61 20 9 86.6 1.0
Karthad(23) G8:U 52.46 40 10 103.0 0.5
Kartha G8:=U 10.16 40 10 88.3 ¢ 0.3
Kartha GSU=T 14.35 40 16 64.5¢ 0.6
Karthe GSUZIT 12.00 40 18 67.9¢ 0.3
* Same identification is used in the remaining tables. .
¥ Duration of the oxidation: 33 hr, in Kxperiment 4 and 10-12 hr. in the remainder.
¢ KMnOi was mixed with anhydrous MgS0s (50 g.) (15).
4 Acetic acid councentration varied from 3.0% to 3.6%. .
¢ Insoluble azeluo-glycerides obtained after Kartha's magnesium salt separation.
T Regenerated glycerides after KHCOas washing.
TABLE III
Kstimation of GSs by Carbonate Washing Procedure
B N Crude GSy AV, of 1ast GSsP in cone.
: ; Glycerido — - o T S
Experiment No. T carbonate . .
conc, Oxidized s N Assuming Assuming
cone.s Weight 1.v. AV, extracts (X) () G SsA
9. 9. % o
GS:U 4,285 0.4051 1.9 429 1 .. 3.1
GS:U 10.860 1.3230 0.7 18.1 90.2 9.0 8.4
GS:2U 5.585 0.5621 1.8 18.7 107.6 6.0 5.3
GS:U 19.380 1.4890 1.0 19.1 114.8 4.2 3.7
GSU:2 1T 1.714 0.4260 7.0 64.4 140.7 2.3 Negative
GS:U 9.118 | 1.8680 1.1 378 9.0

« Hilditeh's oxidation in HExperiments 1-5 and Kartha's oxidation in Mxperiment 6.

» Actual GSs content in concentrates: 2.8% in G8:U and nil in G8Uz2 L (Table 1).

cedure of the Society of Public Analysts (5). Poly-
unsaturated acids were determined by the method of
Brice et al. (4).

MATERIALS

Glyceride-Type Concentrates. Systematic frac-
tional crystallization of refined Garcinia indica (43)
and Garcimia morella (7) fats was carried out sep-
arately to obtain GS,U and GSU, concentrates (Fig-
ures 1 and 2). These fats were chosen because the
fatty acids are predominantly Cg, and the amounts of
GS3, GUs, and linoleo-glycerides are small. The com-
position of each concentrate was calculated from its
IV, S.V. and linoleic acid econtent (Table I). It was
assumed (22,25) that the GSyU concentrate consisted
of GS; and GS20 and the GSUs, concentrates GS.0,
GS:L, and GSO; only.

('S, A. The insoluble magnesium salts obtained from
the GS2U concentrate by Kartha’s method (23) were
washed with aleoholic ether. The regenerated GSzA
were further purified (9) by successive crystalliza-
tions from 10 volumes of ether (0°C.), acetone (0°C.),
90% ethanol (20°C.), and hexane (20°C.) (found—
AV, 704, 8.V. 287.4; theoretical —A. V. 714, S.V.
285.5).

OXIDATION OF CONCENTRATES

The concentrates of GS,U and GSU, were oxidized
by the methods of Hilditch and Liea (15) and Kartha
(23) (Table 1I).

ESTIMATION OF GS; BY CARBONATE WASHING
PROCEDURE

An ether solution (300 ml.) of the pure GS.A
{1.563 g.) was washed with 10% aqueous K,COj5 solu-
tion (4 X 200 ml.) and water alternately. The GS.A
were recovered quantitatively from the ether and
aqueous extracts with no appreciable change in char-
acteristics (ether extract—1.238 g, A.V. 704, S.V.
286.8; aqueous extracts—0.31 g., AV. 71.1), thereby
showing the absence of hydrolysis.

The oxidized concentrates were subjected to the
carbonate washing procedure (15) to determine the
GS3 contents (Table IIT). The unoxidized glycerides
present in the crude GS3 were calculated as GS.0.
The acidie substances were assumed to be GSA in one
case, and in the other case the A.V. of the material
extracted by the last two carbonate and water washes
was used.

DETERMINATION OF GS: BY CHROMATOGRAPHIC

PROCEDURE

Standardization of Chromatographic Procedure. A
preliminary investigation of a chromatographie pro-
cedure for the determination of GS; was reported
earlier (33). Merck’s alkaline alumina (No. 1097)
was heated at 300°C. for 1 hr. Hexane was found to
be unsuitable as a solvent because of hydrolysis of
triglycerides in the ecolumn. However columns packed
wet with hexane and washed with ether (6 ml. /g. of
alumina) were found to be satisfactory. Chloroform
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TABLE 1V
Determination of GSs by Chromatographic Procedure
Gl a Oxidized - Bluted glycerides® G S.V.
: yeeride xidize uant Sse
Experiment No.? cone. conc.b vol.4 " Weight LV in cone. Eluted G 82804~
cre glycerides G882
mg. |13 my. Y%

GS:U 504 0.5 25.5 1.9 4.6

GS:U 2591 0.7 138.6 1.7 4.8
GS:U 5218 1.0 300.8 2.2 5.1 201 214
GS:U 4543 1.0 299.3 2.9 4.6 200 214
G8:U 4749 1.6 374.8 1.6 5.1 201 214
G8U:z 1T 4353 1.4 251.8 3.9 4.3 256 266
GS:U 6036 2.2 860.4 1.6 13.8 227 239
G8:U 4461 0.7 687.9 1.6 15.0 230 241
G820 4721 2.1 775.9 1.5 16.0 223 232
G8S:U0 3366 0.8 329.5 1.8 8.1 228 250
GSU:21 584 0.3 59.8 7.0 5.0
GSU: IT 687 0.3 99.1 2.8 8.8 230 234

2 Letters after numbers represent different runs of the same sample.

b Hilditeh’s oxidation in Experiments 1-5 and Kartha's oxidation in Experiments 6-9.

¢ AV.=0.0

4 Kther in Experiments 1a and 6a and chloroform in the remainder. Column dimensions: 1.85 X 12 cm. in Experiments la, 8 and 9; 3.1 X 26

cm, in the remainder.

e Actual GSs content in concentrates: 2.8% in GS2U and nil in GSU:z concentrates (Table I).

was found to be an excellent solvent for packing as
well as elution (32). Two columnsg (1.85 X 12 em,,
30 g. of alumina, and 3.1 X 26 em., 180 g. of alumina)
were standardized, using mixtures of GS;A and hy-
drogenated @. indica fat (I.V. 0.0, A.V. 0.0). The
optimum volume of solvent for the quantitative elu-
tion of neutral triglycerides was found to be 300 ml.
of chloroform or 500 ml. of ether for the 12-cm. col-
umn and 2.2 liters of either solvent for the 26-cm.
column. The recovery of neutral triglycerides was
97 to 999% (32).

Determination of GS; in Concentrates. The oxi-
dized concentrates were chromatographed to deter-
mine the (38; contents (Table IV). Optimum volume
of the eluant or less than the optimum amount was
used to be sure that the eluted neutral triglycerides
were free of other eompounds. The GSj3 content of
the concentrates was obtained by deducting the per-
centage of unoxidized glycerides (GS.0) from the
percentage of eluted glycerides. Higher values for
(4S; content than the actual indicate the presence of
incompletely oxidized glycerides ((S28°, GSS,°). The
S.V. of the latter was calculated (Table IV) from
the percentages of true GS; and unoxidized GS.0,
and the S.V. of these (theoretical) and the eluted
glycerides (experimental).

STRUCTURE OF INCOMPLETELY OXIDIZED
FATTY ACID

Determination and Analysis of Saturated Acids.
The oxidized concentrates were hydrolyzed and sub-
jected to Bertram separation twice according to the
modifications of Kartha (3,26,37) to determine the S

content (Table V). Even though the GS; contents
of the concentrates as determined by the oxidation-
chromatographic procedure were higher than the
theoretical contents (Table 1V), the S contents were
not higher than the theoretical (Table V). To demon-
strate that saturated acids and dihydroxystearic aecid
are not lost as soluble magnesium soaps, prepared
mixtures of these acids with azelaic acid were sub-
jeeted to the Bertram separation twice. The stearie
and dihydroxystearic acids, free of azelaic acid, were
recovered quantitatively (32). However the dihy-
droxystearic acid content of the saturated acids from
the oxidized concentrates was negligible (ITilditch’s
oxidation, 0.3%; Kartha’s oxidation, 0.1% on the
basis of concentrates).

Analysis of the Eluted Glycerides. The percentage
yields of acids from the eluted glycerides (Table IV)
were lower than the expected yields for a mixture of
G35 and GS,0 (found, 81-93% ; expected, ca. 96%).
For example, the pereentage yield of acids from the
eluted glycerides in Experiment 6 was 80.7% before
Bertram separation and 69.89% after Bertram sep-
aration. The S.V. of the same acids was 226.5 before
Bertram separation and 198.0 after Bertram separa-
tion (expeeted, 200.1). The a-glycol contents of the
eluted glycerides and of the derived fatty acids were
very low (IIilditch’s oxidation: fatty acids, 0.2%;
Kartha’s oxidation: cluted glycerides, 0.3%, fatty
acids, 0.3%, on the basis of concentrates).

HYDROLYSIS OF AZELAO-GLYCERIDES

The pure GS:A (1.050 g.) were subjected to the
magnesium salt scparation procedure of Kartha and

TABLE V

Determination of Saturated Acids by Bertram Separation

S from TAGUV S from SAG?Y
n . . Glyceride . y T Total 8
Experiment No.* cone. 1AG LBAY 8in IBA Sin in cone.t
Yield 1.V SV cone. yield conce.
my. mg. % mg. % Yo

D GS:U 2123¢ 1392 0.2 200.2 62.7 62.7
3 GS:U 3064 2447 0.3 202.1 62.4 Nil Nil 62.4
5 GSU=21I 3871¢ 1738 0.2 204.0 38.8 38.8
7 GS:U 3144 23800 0.5 199.5 64.3 Nil Nil 64.3
8 GSU21 1948 1186 1.3 208.6 38.7 251.64d.¢ 1.7 40 .4
9. GSU:2 11 2715 1516 0.7 201.9 37.6 378.834 3.2 40.8

a Hilditch’s oxidation in lxperime 2, 3, and 5, and Kartha's oxidation in Iixperiments 7-9.

b TAG, insoluble azelao-glycerides; SAG, soluble azelao-glycerides; IBA, insoluble Bertram acids.

e Total oxidized concentrate (Table L[) before magnesium salt separation.

d From the total concentrate oxidized (Table II).

e 8.V. 215.2.

t Actual S content in concentrates: 64.5% in GS:U, 40.4% in GSU: I, and 40.9¢9 in GSU2 IT (Table I).
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TABLE VI
Insoluble Azelao-Glycerides?: Yields, Analytical Values and Saturated Acid Contents
. ) Yield, 9% AV S.V. S on conc. blSlS Uo
Experiment No.P Gl)"cerlde — R .
cone, F B Te W T o T ® T
K ] 80 3 85) '7 107.8 68.9 276.0 282.0 62,1 64.5
78.3 89.7 118.5 68.7 275.2 281.9 62.4 64.5
91.3 89.9 62.7 67.3 277.7 280.1
88.3 89.7 73.3 68.5 280.0 281.7 64.3 64.5
64.5 77.2 134.2 131.2 337.0 365.2 38.7 38.7
106.24 333.14
GSU:211 67.8 74.0 141.0 129.4 369.7 361.1 37.6 37.7
118.5¢ 348.14 )

0.2 in lﬁ\ll(llm‘nt 2 und 0. 7 in Kxperiment 6. Othors arc given in 'lublo ll

b Ihldxt(h s oxidation in Kxperiments 2 and 8 and Kartha's oxidation in lxperiments 6-9.

¢ ¥, found; T, theoretical.

4 (ulculated from the composition of the insoluble azelao-glycerides ng determined by Kartha's method (Table VI1).

were recovered quantitatively (1.048 ¢.) from the in-
soluble magnesium  salts without hydrolysis (A.V.
70.2, 8.V. 287.0).

The oxidized concentrates were subjected to Kartha's
magnesium salt separation. The percentage yield, per-
centage 8 content (on the basis of the concentrate),
A V. aud 8.V, of the insoluble azelao-glycerides were
determined and compared with the theoretical values
(Table VI). The theoretical percentages of the yield
and the S content in the case of GS,U concentrate
were caleulated on the assumption that the GS.U
(after deducting the unoxidized GS,0) were oxidized
to GS2A alone. The theoretical AV, and S.V. were
caleulated from the percentages of the expected con-
stituents of the insoluble azelao-glycerides, viz., GSs,
GS:A (theoretical), and unoxidized GS;0 (experimen-
tal) and the theoretical A.V. and S.V. of the same
(Table 1). In the case of GSU. coneentrates, the the-
oretical percentage yield was obtained by adding the
percentage unoxidized GS,0 (calculated from the L.V,
of the saturated acids isolated), percentage GS.A
derived from the remainder of the GS.U, and the per-
centage GSA, derived from the remainder of the GSUs
after deducting the pereentage of GSU, present in the
soluble azelao-glycerides as GSAp-magnesium salt
(Tables I and VII). The theoretical A.V. and S.V.
of the insoluble azclao-glycerides were caleulated from
the theoretical percentages of (ISyA and GSA, ex-
pected, the percentage unoxidized G820, and the A.V.
and 8.V. of the same. The expected A.V. and S.V. of
the insoluble azelao-glycerides were also calculated
(Table VI) from the composition obtained by Kartha’s
method (Table VII).

COMPOSITION OF GSU. CONCENTRATED
BY KARTHA’S METHOD

The glyeceride-type composition of the GSUs, concen-
trates was determined by the method of Kartha (23)
(Table VII).

Discussion

PERMANGANATE OXIDATION OF MIXED
SATURATED-UNSATURATED GLYCERIDES

Incomplete Oxidation of Unsaturated Acid. The GS;
content of the GS,U and GSU; concentrates as deter-
mined by the acetone-permanganate oxidation and
chromatographic procedure is distinetly higher (2-4%,
Table IV) than that present in the concentrate (Ta-
ble 1I). This increase is larger when the oxidation is
carried out in the presence of acetic acid (5-13%, Ta-
ble IV). These results demonstrate that the oleic acid
in a part of the unsaturated glycerides is not cleaved
but gives an incomplete oxidation product having sat-
urated acid characteristics. While this paper was in
preparation, Eshelman and Hammond (8) also re-

ported the formation of such produets on oxidation
of methyl oleate by Kartha’s method.

Structure of the Incompletely Oxidized Fatty Acid.
Epoxy (40) or dihydroxystearic (30) acids or the
acetyl derivative of the latter are not the main prod-
ucts of incomplete oxidation, as is shown by the low
a-glycol values of the saturated acids, the eluted glye-
erides, and the fatty acids of these glycerides. Fur-
thermore the S contents of the GS,U and GSU. con-
centrates as determined by Kartha’s oxidation and
Bertram separation procedure (Table V, Experiments
7-9) are the same as those determined independently
of oxidation (Table 1). If epoxy- (39) or dihydroxy-
stearic acids are present, then the S content of the
concentrates would be higher.

The above evidence therefore suggests that the in-
completely oxidized acids are fissioned during sapon-
ification fo lower acids which are lost during the
Bertram separation. 9,10-Ketohydroxystearie acids
are obtained by oxidation of oleic acid under con-
trotled conditions (6,30,35,44). These a-ketols are
split on saponification with aleoholic potassium hy-
droxide to give pelargonic and azelaic acids (17) and
thus have a high S.V. The S.V. of the cluted glycer-
ides and those calculated for glycerides eontaining
incompletely oxidized acid (GSsS°, GSS:°) are higher
(Table 1V) than those of GS.0 (191.3) or GS;
(191.9). The 8.V. of the acids (226.5) of the eluted
glycerides is higher than the value expected (200.1)
for the mixed fatty acids of GSy0 and GS; (Experi-
ment 6, Table IV). The presence of lower acids (e.g.,
pelargonic and azelaic) in the recovered acids is thus
indicated. The 8.V. of the same acids is reduced to
198.0 by Bertram separation, thereby suggesting that
these lower acids are lost during the Bertram separa-
tion. Furthermore the yield of the insoluble Bertram
acids agrees fairly well with the yield calculated on
the assumption that the 9,10-ketoacetoxystearic acid
is lost during saponification and Bertram separation
(found, 69.8%; caleculated, 67.2%, on the basis of
eluted glycerides).

The consumption of periodic acid by the eluted
glycerides, isolated from the oxidized concentrates
(Kartha’s oxidation), was negligible, showing the
absence of a-ketol (30). This suggests that the eluted
glycerides contained acetylated a-ketols which do not
seem to be cleaved readily by either periodic acid or
permanganate. This could be the cause for the higher
(GS; contents obtained by Kartha’s oxidation than by
Hilditeh’s oxidation.

HYDROLYSIS OF GS:.A

Hilditeh’s Ouxzidation. The results in Table VI
(Experiments 2 and 3) show definite evidence for hy-
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drolysis of GSsA to saturated acids in Hilditeh’s
oxidation. The addition of magnesium sulfate (15)
does not prevent the hydrolysis. These resnlts do not
support the opinion of earlier investigators (15,23)
that the saturated fatty acid-glyceryl ester linkage
in GS:A and GSA; is stable during the oxidation.

Kartha’s Oxidation. Results given in Table VI
(Experiments 6 and 7) show that hydrolysis of GS:A
oceurs to a very slight extent even in Kartha’s oxida-
tion. It has been shown that G:S,S° increase the GS3
content and therefore should also increase the yield
of the insoluble azelao-glycerides. As the yields of
the insoluble azelao-glycerides obtained from the
GS,U concentrate are almost the same as those calcu-
lated on the basis of complete oxidation, the percent-
age of hydrolysis is very small.

HYDROLYSIS OF GSA:

Kartha’s Oxidation. No attempt was made to study
the hydrolysis of GSA. during Hilditeh’s oxidation
as these are more susceptible to hydrolysis than GS,A
(19) which were shown to hydrolyze considerably.

Appreciable hydrolysis of the azelao-glycerides, ob-
tained from GSU, concentrates by Kartha’s oxidation,
was found to take place during the oxidation and/or
subsequent working procedure. The experimentally
determined yields of insoluble azelao-glycerides (Ta-
ble VI, HExperiments 8 and 9) are lower than the
theoretiecal. The acid values of the same are higher
than the theoretical, calculated either from the ex-
peeted composition or from the composition obtained
by Kartha’s method. As the GS:A hydrolyze to a
negligible extent, the difference in values suggests
that the GSA,, derived from GSUs in the concentrate,
hydrolyze to an appreciable extent. Monoglycerides
are the expeeted hydrolysis products of GSA.; how-
ever the T-monoglyceride content of the insoluble
azelao-glycerides was found to be low (0.5% on the
hasis of concentrate). This proves that the monoglyc-
erides are further hydrolyzed to free saturated acids.
The percentages of GSUs. hydrolyzed in GS8U, T and
(ISU., 11, ealeulated on the assumption that the loss
in yield of the insoluble azelao-glycerides is entirely
due to the loss of azelaie acid groups and glyeerol from
the (3SA. molecules, were 37.1 and 18.2, respectively,
on the basis of total GSU, present in the concentrates.

DETERMINATION OF SATURATED ACIDS

The values obtained in this investigation for the S
contents of the GS,U and GSUs concentrates by Hil-
ditch’s oxidation (15,18) are slightly lower (Table V,
Experiments 2, 3, and 5) than the actual because of
the chain degradation of free higher saturated acids
(32). However the S content of the concentrates is
accurately determined by Kartha’s oxidation and
Bertram separation (23,29) (Table V, Experiments
7-9).
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ESTIMATION OF GSs

Limatations of Hilditeh and Lea’s Method. There is
definite evidence to show that GS:A hydrolyze during
Hilditeh’s oxidation. The high acid values of the
material extracted by the last carbonate and water
washes and also the inconsistent values for the per-
centage GS3 caleculated on the two assumptions, (Ta-
ble ITI, Experiments 1-5) suggest definite hydrolysis
of GSzA during the oxidation and/or carbonate wash-
ing. But the GS;A do not hydrolyze during the car-
bonate washing procedure, as proved by subjecting
GS2A to this procedure. The hydrolysis of GSsA must
have therefore taken place during the oxidation it-
self contrary to the opinion of Hilditeh (10). How-
ever the error in the estimation of GS3 is not as large
as expected from the extent of hydrolysis of GS.A to
diglycerides because most of the latter are further
hydrolyzed to saturated acids which are washed out
by the carbonate solution. Further the error is more
when GS,U are more than GSU, in the concentrate
because the monoglycerides derived from GSA, are
hydrolyzed more readily than the diglycerides. The
replacement of Hilditeh’s oxidation by Kartha’s oxi-
dation is not helpful because of the formation of in-
completely oxidized glycerides (GS.S° (SS.°) to a
greater extent in the latter than in the former (Table
I1I, Experiment 6).

Ozxidation-Adsorption Method. The chromatographic
separation procedure developed for the purpose of the
present study gave a slightly higher value (by about
29) than the actual value for the GS; content of the
GS,U concentrate oxidized by Iilditeh’s method (Ta-
ble IV, Experiments 1-4). This error, due to the
presence of incompletely oxidized glycerides, is not
minimized by carrying out the oxidation for a longer
period (Table IV, Experiment 4) but probably could
be reduced by isolating and analyzing the dnsol-
uble Bertram acids of the eluted glycerides. The ad-
vantages of the method are that a) a small quantity
of fat is sufficient, b) acidic compounds and hydrolysis
produets are strongly adsorbed, and ¢) emulsions en-
countered in the carbonate washing procedure are
avoided.

KARTHA'’S OXIDATION METHOD FOR
GLYCERIDE-TYPE COMPOSITION

The accuracy of Kartha’s oxidation method for
the determination of glyceride type of composition of
fats depends on the accurate determination of the in-
soluble azelao-glycerides and the saturated acids con-
tained in these and in the soluble azelao-glycerides.
From these data the proportions of GSoU and GSU,
are calculated after deduetion of the amounts of GSy
and unoxidized GS,U. The GUj; content is determined
by difference.

Determination of GS,U in the Absence of GSU, and
GU,. As there is no appreciable hydrolysis of GS;A
and as the S content is accurately determined by
Kartha’s method, the GS;U content of a concentrate

TABLE VII
Composition of GSUz Concentrates by Kartha's Method

GsU s G82U, % GSUs, % .
Experiment No. :oncz % Unoxi 3,

C . 2 noxi- As GS2A S 3s ; As GSA: From From %

’ dized | in 1AG | Oxidized | Total | %y rie™ | TAG SAG Total

Bttt iiaree et I I 40.4 1.78 37.10 41.60 43.4 } 25.64 32.65 5.81 38.4 ’ 18.2

1 U TN 1T 40.8 0.87 31.02 34.77 35.7 35.86 45.64 9.99 55.6 8.7

= Actual composition of the concentrates: 27.8% GS:2U and 72.29% GSUz2in GS8U: I; 28.2% GS2U and 71.8% G8U:z in GSU:z II (Table I).
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containing 97.2% GS,U and 2.87% GS, was accurately
estimated (Table VI, Experiment 7: caleulated value
for the GS,U content from the S content after deduct-
ing the amount of saturated acids in 2.8% GS;=
96.99,). This is in confirmation of KKartha’s experi-
mental observation with a mixture of GS,U (99%)
and GS3 (23).

Dotermination of GS,U in the DPresence of GSU,.
According to Kartha, the insoluble azclao-glyeerides
obtained from an oxidized fat are composed of (Sy
(if any), unoxidized GS:0, the whole of GS.A, and
a part of GSA. only. After correcting for the percent-
ages of GS; [determined independently by crystalli-
zation (25)] and unoxidized GS8.0, caleulated on total
elyceride basis, and the percentage of saturated aeids
contained in these, caleulated on the basis of insoluble
azelao-glycerides, he obtained the pereentage yield of
(GS.A + GSAL) mixture together with its percentage
of § content. From these data he ealeulated the GS.A
content on total glyceride basis using the following
equation (22):

% 382A = % yield of (GS.A + (GSAR) X
[% S of (GSaA + GSA2) — % S of GSA.]/
(% S of GSsA — % N of GSAL).

The GS»A content can be determined aceurately by
this equation only if the assnmptions that the oxida-
tion of unsaturated glycerides to azelao-glycerides is
complete and that the latter do not hydrolyze are valid.
To test these assumptions and to show that GS.U can
be determined accurately in the presence of GSUs
and Gt Kartha (22) added a definite amonnt of
GS.U to sesame oil and determined the total GS.U
content of the mixture. However this will not veveal
any crror since the composition of the mixture as well
as the oil was determined by the same oxidation
method.

Effect of Hydrolysis. The saturated acids, liberated
mainly from (SA, are precipitated together with
GS.A and a part of unhydrolyzed GSA. as insoluble
magnesium salts. Because of this, the percentage yield
of the insoluble azelao-glycerides will be lower and its
percentage of 8 content will be higher than the values
calculated on the assumption of absence of hydrolysis.
Furthermore the inerease in the percentage of S con-
tent will be larger than the decrease in the percentage
yield of the insoluble azelao-glycerides since the for-
mer is based on the latter, which in turn is on the total
glyceride basis. Therefore the calculation of the com-
position of the insoluble azelao-glyceride mixture will
result in a higher GS.A content and a lower GSA.
content. The decrease in the GSU, content of fat will
be approximately twice the increase in the GS;U eon-
tent. As the GUj; content is determined by difference,
this will also be higher than the actual content. The
increase is approximately equal to that in the GS.U
content.

Effect of Incomplete Oxidation. The incompletely
oxidized glycerides (GS2S°, GSSy°, GSS°A, etc.) eon-
taining acetylated a-ketols will be found in the precipi-
tate of Kartha’s magnesium salt separation. The effect
of incomplete oxidation will therefore be the converse
of the effect of hydrolysis of GSU,.

Over-all Effect. The effect of incomplete oxidation
can be equal to, more than, or less than the effect of
hydrolysis, depending on the amount of incompletely
oxidized glycerides formed and their nature (GS.S°,
G88.°, GSS°A, ete.) and the amount of GSU; hydro-
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lyzed. It these two effects are equal, Kartha’s method
will give the actual composition. If the effect of incom-
plete oxidation is greater than the effect of hydrolysis,
then the GSUs content will be higher and the GS;U
and GUy contents will be lower than the actual. The
converse will also be true. For the GSUs concentrates
used in this investigation, the latter was the case since
the amount of hydrolyzed (JSUs (Table VI: GSU; I,
26.7% ; GSU, 11, 13.0% on the basis of concentrate)
was larger than the amount of incompletely oxidized
glycerides (Table IV: G8U, I, 5.0% ; GSU. I, 8.8%).
Thus Kartha’s method gave higher values for GS;U
and GUy contents and lower values for GSU, content
than the actual (Table VII).

Erplanation of the Differences Between the Com-
positions Obtained by Hidditch’s Crystallization and
Kartha’s Oxidation Mcthods. According to Kartha
(22,24 27), for fats in which the GUj; content is high,
the value for GSU, content obtained by the erystalli-
zation procedure is higher than the actual beeause of
intersolubility effects. Kartha’s experiment (27) to
demonstrate the effect of mutual solubility in the
erystallization procedure involved azelao-glyceride an-
alysis of the precipitate and filtrate fractions obtained
from a single cerystallization of peanut oil. e com-
pared the resnlts thus obtained with those caleulated
on the assumption that the precipitate and filtrate
fractions contained only (GS:U + GSU.) and (GSU,
+ GUy), respectively. Ilowever the azelao-glyceride
analysis is now shown to be inaccurate, and thns Kar-
tha’s ¢riticism beeomes unsound.

The present study gives a suitable explanation for
the differences (10, 11, 24, 28, 41, 42) between the re-
sults obtained for the glyceride type of composition of
a number of natural fats by Kartha’s oxidation method
(23) or by the ‘“‘glyceride type of distribution’’ rule
{24) and those obtained by the crystallization method
of Ilildit¢h (12). For fats in which the GS.U or GUy
contents are high and GSU, contents low, the glycer-
ide type of compositions recorded by both the methods
are almost the same. This is mainly due to the facts
that the GS2A do not hydrolyze appreciably, the hy-
drolysis of GAs does not interfere with the quantita-
tive determination of glyceride composition, and the
effect of hydrolysis of a part of the GSU, is compen-
sated by the effect of the incompletely oxidized glyec-
erides. Where the GSU, content as determined by the
crystallization method is high, the greatest divergence
is noted because of the considerable hydrolysis of
GSU. in Kartha’s method. As the experimental basis
of the restricted random distribution theory of Kartha
(24), viz., the oxidation method, is erroneous, the
validity of the theory must be re-examined.

Summary

A eritical evaluation of the individual steps in Hil-
ditch’s acetone-permanganate and Kartha’s acetone-
acetic acid-permanganate oxidation methods for the de-
termination of the glyceride type of composition of fats
was carried out in order to examine the limitations
of these methods. Concentrates of mono-unsaturated-
disaturated (GS.U) and monosaturated-diunsaturated
(GSU.) glycerides, and pure monoazelao-disaturated
glycerides (GS,A) were used to obtain definite con-
clusions.

An alumina ecolumn chromatographic procedure
was standardized for the quantitative separation of
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neutral triglycerides from the acidic and hydrolysis
products of oxidation. By this procedure both oxida-
tion methods gave values higher than the actual for
the trisaturated glyceride content of the concentrates.
This increase was shown to be due to the probable
formation of a-ketols from the unsaturated acids in
Hilditeh’s oxidation and the corresponding acetyl de-
rivatives in Kartha’s oxidation. These incompletely
oxidized glycerides were formed to a greater extent in
Kartha’s oxidation than in Hilditeh’s oxidation.

The saturated acid content was determined accu-
rately by Kartha’s oxidation and Bertram separation
procedure whereas Hilditeh’s oxidation gave slightly
lower values.

The GS;A were unaffected by the carbonate wash-
ing procedure of Hilditch and Liea. However the
GS2U were found to hydrolyze considerably in Hil-
diteh’s oxidation. The GSU, were hydrolyzed appre-
ciably in Kartha’s oxidation procedure whereas the
GS,U were very slightly affected. As a result of this,
I{artha’s method, when applied to the GSU, concen-
trates, gave an increase in GS,U and GU; contents
and a decrease in GSUs content.

The effects of incomplete oxidation and hydrolysis
on the determination of glyceride composition were
demonstrated. This investigation explains the differ-
ences in the results obtained by Hilditeh’s crystalliza-
tion method and Kartha’s oxidation method. As the
experimental basis of Kartha’s restricted random dis-
tribution theory is unsound, this theory must be re-
examined.
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Catalyzed Esterification of Oleic Acid’

L. H. DUNLAP and J. S. HECKLES, Armstrong Cork Company, Lancaster, Pennsylvania

titatively the effects of type and conecentration

of catalyst and temperature on the rate of
esterification of oleic acid with ethylene glycol. The
catalysts used were salts of divalent metals. In ad-
dition, a study was made of the rate of the catalyzed
esterification of oleic acid by a variety of mono- and
polyhydric aleohols. Some comments are made on the
mechanism of esterification.

There have been many studies of catalysis of esteri-
fication, and no attempt will be made here to review
them. Most of them are qualitative; some measure
the time to reach a given low acid number. Flory
(1, 2) showed that self-catalyzed esterification fol-

THE PURPOSE of this study was to determine quan-

1 Presented at the spring meeting, American Oil Chemists’ Society,
New Orleans, La., April 20-22, 1959.

lows, for the most part, third-order kinetics; esterifi-
cation catalyzed with p-toluenesulfonic acid follows
second-order kinetics. This was also found by Othmer
and Rao (3) in the esterification of oleic acid with
butanol, using sulfuric acid catalyst. Rubin (4) eal-
culated rate constants for the esterification of fatty
acid with polyhydric epoxy resins, both self-cata-
lyzed and catalyzed with acids or salts. He found no
difference in rate between litharge and lead naphthen-
ate; p-toluene sulfonic acid was about 30% faster.
Caleium naphthenate was about 50% slower and its
rate only a little greater than that of the self-catalyzed
reaction. Feuge, Kraemer, and Bailey (5) compared
the effectiveness of a variety of catalysts for the es-
terification of fatty acids with glyeerol. They found
zine or tin chlorides the most effective and practical.



