COMPONENT GLYCERIDES OF VEGETABLE FATTY OILS.
PART 1. NIGER SEED OIL.

By N. L. VipvarTHI AND M. VENKATESH MALLYA.

The fatty oil extracted from the seed of Guizolia abyssinicra (Niger seed) has been
found tov contain myristic acid (along with some capric, caprylic and lauric acids) (1°7%),
palmitic acid (§%), stearic acid {29%), oleic acid (38-0%) and linolic acid (sr-6%) along
with traces of archidic, behenic and lignoceric acids.

The glvceride structure of the nilhas been determined by brominating the nentral oil,
resolving the brominated solid and liquid products into a namber of simpler fractions
and estimation of the fatty acid composition of the different fractions. The component
glycerides of the oil have been found to be trilinolin (2%), oleo-di-linclin, (40%). di-oleo-
linolin (30%), myristo-di-linolin (2%) myristo-oleo-linolin (3%), palmito-di-linolin (6%),
palmito-oleo-linolin (119%), stearo-di-linolin (2%) and stearo-cleo-linclin (4%).

The methods adopted by Hilditch et al. (J. Soc. Chem. Ind., 1938, 517,
44) for the determination of glyceride structure of solid seed fats cannot
be adopted for the liquid fats, because they do not comtain any appreciable
quantity of di- or tri-saturated glycerides. Up till now there has been no
satisfactory method for the study of the fully unsaturated glycerides. With
a view to explore a satisfactory method for the quantitative estimation of the
triolein in natural and synthetic fats, Hilditch and Grifith {J, Ckem. Soc.,
1932, 2315) converted oleic acid into elaidic acid. But they found that only
66% of the acid could be converted to elaidic acid when the equilibrium
was attained and the process could not be used for any quantitative work.

Hilditch and Jones (J. Soc. Chem. Ind., 1934, 53, 131) examined the
glyceride structure of a number of technically important fatty oils by the
fractional crystallisation of the fully hydrogenated oils from different sol-
vents, This method does not throw any light upon the association of the
different unsaturated acids in the glycerjdes.

Suzuki and Yokoyama (Proc. Imp. Acad. Tokyo, 1927, 8, 529) and
Hashi (J. Soc. Chem. Ind. Japun, 1927, 30, 849 ; 1928, 81, 117) brominated a
number of vegetable and fish oils and determined the glyceride composition
of these oils by the fractional crystallisation of the solid bromo-glycerides
from different solveuts. They could not examine the liquid bromo-glycerides,
which are the products of bromination of the glycerides containing mono-
and diethylesic acids. Stein and Ulzer (Chem. Zenirl., 1928, 11, 1337) and
Sahashrabudhi and Kale (J. Univ. Bembay, 1932, 2, 37) have brominated
Niger seed oil and they have reported some qualitative results,
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The present work has been taken up with a view to find out a method
for the quantitative estimation of the coinponent glycerides of the fatty oils,
and it has been found that the quantity of fully unsaturated and di-unsatu-
rated glycerides containing mono- and diethylenic acids can be determined
from a fatty oil by resolving the liquid bromo-glycerides into a nunber of
simpiler fractions by extraction with different solvents. The method has
been tried upon the Niger seed oil and a number of other vegetable fatty
oils is being studied by this process. ‘The method is described here in
brief.

The component fatty acids of the oil are determined bythe usual method
of lead salt separation, ester fractionation and hexabromide estimation. Then
the neutral oil is dissolved in 6 times its weight of dry acetone and crystallis-
ed at 0°. Any fully saturated or disaturated glyceride will crystallise out.
The guantity of fully saturated glyceride in the oil is determined by
siiccessive oxidation of the neutral oil in acetone solution {(Hilditch and Lea,
J. Chem. Soc., 1927, 3106). The neutral oil br the glyceride, from which
fully saturated and disaturated glycerides have been separated out, is dissolv-
ed in low boiling petroleum ether and brominated at o°. ‘The solid and
liquid bromo-glycerides are further resolved into a number of fractions with
benzene, acetone, alechol and acetone and alcohol mixture (x : 1). All the
fractions are debrominated, the component fatty acids are determined and
the amount of the various glycerides in the fractions is calculated.

Niger seed oil has been found to consist of the following glycerides :
Tri-linolin {(29%), myristo-di-linolin (2%), myristo-oleo-linolin (3%), palmito-
di-linolin (6%), stearo-di-linolin (29%), palmito-cleo-linolin (119%), stearo-oleo-
linolin {49%), di oleo-linolin (30%) and oleo-di-linolin (409). Palmito-glyce-
rides contain the small quantity of lauric, and other lower acids and stearo-
glycerides contain the archidic, lignoceric and behenic acids.

The neutral oil was hydrogenated in presence of nickel catalyst suspen-
ded on kieselguhr by agitation process to two stages, one to the iodine
number of 1’8 and the other to the iodine number of 27°2; The former one
gave 75°3% of tristearin on crystallisation from ether at 0° and the Ilatter
one gave 51°2% tristearin in 76°2% of fully saturated glycerides, on making
allowance for the non-saponifiables of 2°4% in the oil. The amount of Cj,
glycerides calculated in the oil is about 77°3% and the remaining 20°8%
of the glycerides contain at least one acid having less than 18 carbon atoms
in the chain. It agrees fairly well with the results obtained from the
brominated glycerides.

The oleic and linolic acids, being the major component acids, have
distributed themselves evenly in the glycerides.
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EXPERIMENTAL.

Finely crushed seeds of Guizotia abyssinica (Niger seed, N.O.. Composi-
tue) were extracted with carbon tetrachloride. The oil, golden yellow in
colour, was 40% on the weight of the seeds and had the following physical
and chemical constants {¢f. Crossby and Sueur, J. Soc. Chem. Ind., 1898, 21T,
go1 ; Bolton, ‘‘ Qils, Fats and Fatty Foods,”’ p. 209).

Taece I,

Sp. gr. at 28° 0-9475
Refractive Index at 25° ... en .- 1473
Sapon. value 189-7
Yodine value - o . 129°2
Acetyl valne vee - 19-8
Free fatty acids (% as oleic acid) 427
Non-sapoenifiables o e . e .- 365%

Component Fatty Acids of the Oil—440 G. of the oil were saponified and
the non-saponifiables of the oil were extracted from the soap. The mixed
acids, liberated from the soap, were subjected to the usual procedure of lead
salt, alcohol and ether separation. The resulting acid fractions were con-
verted into methyl esters and fractionally distilled under a pressure of
0’2 mm. as given in the following tables.

Tasre II.
Wt. Percentage. Saponification Todine
equivalent, value.
Oil 440 £. 2055 129°2
Mixed acids (free from nom-sap.) 403 917 281°5 120-4
{A) Acids from alcohol- 233 57-5 281-3 192
solable lead salts
(E) Acids from ether- o8:5 246 28x-1 1432
soluble lead salts
(S) Acids from insoluble 725 17-9 2732 52-42
lead salts
Esters of A 2942 14770
Rsters of B 947 I41°1
Esters of S 3869 52-35

3
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TarLg III.

Fractional distillation of esters A.

Fractions. Stillhead. Weight. Saponifica tion Todine
equivalent. value.
A 1X 60-120° 31g. 186-6 5468
A 12 120-135" 46 230°0 8023
A 1A 13 135-147° 6-8 2870 124-8
A 14 141-145° 46 20274 1479

A 15
(Residue) _ 45 295°4 I55°1
Ay 145-150° 4771 2943 150-7
Ay 152-155° 320 294-3 1576
Ay 155-160° 16-6 204-7 150-2
Ag 166-190° 7-8 204.6 120-4
Ag (Residue) — 24-8 300-X 121-0

N.B. The residue, fraction Ag, contained 14% of non-saponifiables and the corrected
sap. equivalent is 28g-1.

TasLg IV.

Fractional distillation of ester E.

E, 72-145° 53 & 202'5 1279

Ey 145-147° 30 2g2:6 142-2

Es 147-152° 10-5 292-8 151°0

B, 52° 6.2 206-8 138-5

Bg (Residue) - 12-4 2958 1390
TasLe V.

Fractionation of ester S.

S 9o~140° 56 g. 262°3 52
Sy 140-142° 12°1 2805 35112
S 142-143° 12:0 2826 55:8%°
S, 146-150° 12:4 291-7 6619
Ss 150° 35 2917 4974
Sy (Residne) — 79 3073 %
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Lauric acid (m.p. 42°), myristic acid {m.p. 52°), palmitic acid {(m.p. 62°)
and stearic acid {m.p. 62°) were identified from the various fractions by
their mixed m.p. with authentic samples. By the oxidation of the fractions
of the liquid acids in alkaline permanganate {(Lapworth and Mottram,
J. Chem. Soc., 1525, 127, 1678), dihydrox{ystearic acid (m.p. 130°) and two
tetrahydroxy acids, one melting at 154° and the other melting at 174°,
were identified.

The residue S; from the solid esters gave three acids melting at 72-73°,
81-82°, and 75-76° having the saponification equivalents of 316'2, 342°z and
366°6 respectively. The second one, melting at 81-82°, was identified to be
behenic acid. The other two had lower melting point for straight chain
archidic and hignoceric acids, though their equivalents are fairly correct. As
these acids have been found to be present in vegetable fats in branched chain
forms these have been considered to be branched chain archidic and ligno-
ceric acids.

By steam distillation of the splitted up scap of the oil 079% of
steam-volatile acids was obtained, which on estimation of barium
from their barium salts were found to be a mixture of capric and
caprylic acids. (Found: Ba, 62.8 and mean M. W., 163'1. Cale. for
C1eH32,0; : Ba, 54 per cent and C,H,,0, : Ba, 46 per cent. Equivalent, 162°1).
On brominating the mixed acids of the freshly extracted oil in ether no
hexabromide was obtained. Hence the oil does not contain any linolenic
acid. From these observations the component fatty acids of the glyceride
of Niger seed oil have been calculated as given in Table VI.

TanLe VI
% on mixed acids.
In A. In E. In S. —_———
. %bv wt. Mol. %.
Acids. 57°5% 24'6% 17°9%
Lauric, capric, caprylic and o8 nil 00 1y 19
myristic acids
Palmitic acid o3 —_ 47 so 56
Stearic acid —_ -_ 2.1 2-1 20
Archidic, behenic and ligno- — — o2 o2 trace
ceric acids
Oleic acid 205 89 1070 389 389
Linolic acid 35°9 157 — 516 556

Component Glycerides.—The oil from Niger seed was rendered neutral
by treating with sodium carbonate and S£ltered through decolourising
charcoal.
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The oil (101°2 g.) was dissolved in 600 c.c. of diry acetone and left
overnight at o°. Nothing precipitated out and hence the oil does not
contain any appreciable quantity of any disaturated glyceride. 4go0 C.c.
more of acetone were added to the solution and it was oxidised thrice with
powdered potassium permanganate. Finally it gave 12 g. of neutral
product, which was found to be only non-saponifiables, and the oil was
found to have no fully saturated glycerides.

The neutral oil (100°3 g.) was dissolved in one litre of petroleum ether
and cooled down to —5°. Bromine was added slowly tili the whole solution
was permanently brown. It was left overnight at 0°, the precipitate was
filtered off and washed with chilled petroleum ether. It was further
resolved into two fractions by crystallisation from alcohol. Frem the
filtrate the excess of bromine was washed off with sodium thiosulphate
solution and on evaporating off the solvent a viscous liquid was
obtained. It was successively extracted with alcohol, alcohol and acetone
mixture (1:1) and acetone. Four fractions, three soluble in the solvent
and one residue were obtained., The general scheme of separation is shown
in Table VII.

TamLe VII.

Neutral oil (100’3 g.)
Brominated in petrolenm ether.

] |
Insolable. Soluble.

Crystallised from Extracted with
alc?hol alcohol
| I ] |
(Fy) : Insolable (Fy) : Boluble Insolable Solable (F3)
44 g (m.p. 78°) 17'5 £, [ 289 g.)
(semi solid) i Viscous lignid.

Extracted with alcohol and acetone mixture (1 :1).
b

I |
Insoluble. (F,) : Solunble (47g.}.

Extracted with acetone Viscouns liquid.
|
i !
(Fp) <Soluble (38'9 g.). (Fg) :Insoluble {487 g.).
Viscons liguid. Viscons liquid.

All the fractions were debrominated by boiling with zinc dust and
hydrogen chloride in methyl alcohol solution. The debrominated products
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were sapounified and acids were liberated after extracting the non-saponi-
fiables. The quantity of individual acids was estimated in each fraction
by determnining their saponification equivalents, iodine wvalues and
thiocyanogen values. The quantity of saturated acids being too small in
these fractions for estimating the amounts of individual acids, they were
considered as one and their mean molecular weight was determined on
extracting with petroleum ether the oxidation products of each fraction
with atkaline potassium permanganate.

F, was obtained in z small quantity. Instead of subjecting it to the
same procedure its bromine coutent was estimated according to the method
of Bacons (Chem. News, 1g03, 98, 6). It was found to be a triglyceride of
tetrabromo-liinolic acid. (Found: Br, 52702. Calc, for Cs;;HgsQeBr:2 : Br,
490.63 per cent). ‘The analytical results are given in Table VIII.

TapLe V1IIL.

¥,. Fa Fy. F,. Fy. Fg.
Weights (in g.) e 44 17°5 28-9 47-1 389 487
Saponification equivalent . — 276+7 278-2 282-0 2817 281-9
Icdine valne e — 12146 927 1217 1474 1476
Thiccyanogen value ves — 61-3 590 go-1 %00 go 1*
Weight of debrominated material e 2°1 10'0 17°5 264 448

tas glycerides and non-sap.)

Weight of non-saponifiables . 008 0-002 0°09 0-225 o803
% of glycerides (free from non-sap.} 2-0 10-0 17°4 26-2 444
Saponification egunivalents of the — 2642 258-4 — _—

saturated acids

* As the fractions 5 and 6 gave almost similar analytical figures, they were combined
and considered as cne fraction.

Tame 1X.

Mol. % of the acids ih each fraction.

. Fy. Fy. Fy. F;.  Mean.
Acids e 2% 0% 7°4% 262% 44% —
Saturated acids . .. — 32 33°5 -— _ 2%
Oleic acid v — 2 304 656 374 391

Linolic acid - v 10O 66 3671 344 634 517
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TasLe IX (conid.).

Mol. % of the acids in the fractions on total acids.

. Fy. Fi. F,. Fg.  Mean,
Saturated e — 373% 5-86% — —  9T6%
Qleic acid — 02 527 17-05% 16-6% 3912
Linolic acid .. 2°0% 6-5 5-27 9-I5 27°8 5172

These figures agree within the experimental limits with the component

fatty acids of the oil determined from the oil direct.
From the above figures the component glycerides of the Niger seed oil

have been calculated as given in Table X.

TaeLe X.
Glycerides in F;. Fa. F;. Fy. Fg. Total in
the oil.
2% 10% 174% 26-2% 44-4% 100%
1. Fully saturated glyceride Nil Nil Nil Nil Nil Nil
2. Disaturated glyceride — — — —_ —_ —_
3. Monosaturated glyceride
(@} Monosaturated dilinolin — 93 1-5 — - 10-8
(b) Monosaturated oleo-linolin —_ 06 159 —_ - 16-5
4. Tri-unsatnrated glycerides
(a) Dioleo-linolin — — _— 25°1 54 305
(b) Oleo-di-linolin —_ - —_ I 3970 40°1
(¢) Trilinolin 20 o1 — — — P

1. By the oxidation of the neutral oil with potassinm permanganate in

acetone.
2. By the crystallisation of the nentral oil from acetone at 0®

3and 4. From the component fatty acids of the brominated fractions.

All the saturated acids have been considered as one acid in calculation of
the glycerides. As all the saturated acids are combined in the glycerides of
Niger seed oil as mono-saturated-diunsaturated glycerides, the assumption that
the saturated acids are proportionately divided in mono-saturated-dilinolin
and mono-saturated-oleo-linolin glycerides will not be incorrect. From the
molecular percentage of the saturated acids in the oil, the component glycerides
of Niger seed oil may be given in round figures as—trilinolin (2%),
oleodilinolin (40%), dioleo-linolin (30%), myristo-dilinolin (2%), myristo-
oleo-linolin (3%), palmito-di-linolin (6%), palmito-oleo-linolin (1x%), stearo-
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dilinolin (23%) and stearo-olec-linolin (49%). The myristo-glycerides will
contain small quantities of lauric, capric and caprylic acids which are about
29, and the stearo-glycerides will contain small quantity of archidic, behenic
and lignoceric acids which will be less than 1%.

Glyceride Composition by the Progressive Hydrogenation of the Oil.—
The meutral oil was hydrogenated in presence of nickel catalyst, suspended
on kieselguhr by agitation at 140° till it was saturated (lodine wvalue 1°8).
On crystallisation from ether at o° it gave 75% of tristearin, melting
at 71°, and had saponification equivalent of 297°6. Amnother portion of the
oil was hydrogenated in the same way to an iodine value of 27°2. It gave
76% of fully satuarated glyceride on successive oxidation with potassium
permanganate in acetone. The fully saturated glyceride contained 2°4% of
non-saponifiables. On crystallisation from ether the hydrogenated product
gave 51°6% of tristearin. According to the observations of Hilditch and
Bushell (J. Chem. Soc., 1937, 1767) during the process of hydrogenation,
the glycerides having one or more acids containing less than 18 carbon
atoms are saturated before the glycerides containing acids with 18 or more
than 18 carbon atoms. In accordance with this view the observation of the
hydrogenated products of Niger seed oil shows that it must contain
about 22°89% of the glycerides having at least owe acid with less than 18
carbon atoms in the chain and the rest 77°2% of the glycerides must be only
tri-C,; glycerides, This observation is in agreemnent with the glyceride
composition obtained by bromination.
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