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Abstract

Oleic acid was cis-frans isomerized by HNO;
generated in situ by reacting NaNO, with a min-
eral acid. The influence on the reaction of time,
temp, agitation, solvent, amt of catalyst and type
of mineral acid was investigated. Optimum reac-
tion conditions were defined for achieving equi-
librium isomerization in 30 min with minimum
by-product formation. After isomerization, nitro-
genous by-products were efficiently removed using
silicic acid. The active species causing cis-trans
isomerization was tentatively identified as free
radical nitrogen dioxide.

Introduction

INCE 1819 when Poutet (1) first reported the solidi-

fication of olive oil by ‘‘oxides of nitrogen,”’ there
has been considerable interest in the various reagents
which will ¢is-irams isomerize unsaturated fatty acids.
A large number of such catalysts have been reported:
““oxides of nitrogen’’ (2-5), selenium (6-8), tellurium
(8), sulfur dioxide (9), various phosphorus com-
pounds (10), catalytic hydrogenation (11-14), mer-
captans (15), silicates (16,17), iodine (18,19), UV
light (20), and electron radiation (21). Selenium
and ‘‘oxides of nitrogen’’ have been the most widely
used of these catalysts.

Considerable interest has been shown in the possible
commercial applications of cis-frans isomerization to
natural fats and fatty acids. Trans fatty acids have
a higher melting point than the corresponding ecis
acids; hence cis-trans isomerization can be used to
harden fats with no loss of unsaturation. Peanut
oil or olive oil can be converted to satisfactory semi-
solid margarine oils by such a process (22). Trans
fatty acids are more resistant to oxidation than the
corresponding cis aeids (23,24). Soaps made from
trans acids also have superior wetfing and detergency
properties (25,26).

The oxides of nitrogen used to catalyze cis-irans
isomerization have been produced in a number of
ways. Poutet (1) cis-frans isomerized olive oil using
the reaetion of mercury with nitric acid. Griffiths and
Hilditeh (2) verified Poutet’s results and showed that
the reaction of copper with HNO;, As;0; with HNO;,
or NaNO, with HyS80, had a similar isomerizing ac-
tion on oleic acid. Cook and Light (27) recommended
heating ammonium nitrate or nitric acid with starch,
a sulfite, a bisulfite, or a nitrate. By far the most
popular method for generating the oxides of nitrogen
has been the reaction of NaNO, with HNO;. These
latter conditions produce nitrous acid wn sifu (28),
and the HNO, then breaks down into the oxides of
nitrogen which probably produce the cis-frans iso-
merization.

A difference of opinion exists on the identity of the
active catalytic species in the oxides of nitrogen.
Eipper (29) claimed that N;O, NO, NxO3 and NO,
were all effective. Cook and Light (27) reported that
—;-I;resen‘wd at the AOCS Meeting in New Orleans, 1964,
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N0, NO and NOs were the active species. On the
other hand, Kahn (30) found that NO. would eis-
trans isomerize oleic acid but NO and N,O would not.

Many workers (2,5,31,32) report the production
of undesirable nitrogenous by-products during the
cis-trans isomerization of unsaturated fatty acids by
oxides of nitrogen. Little attention has been paid,
however, to the analysis and removal of these by-prod-
ucts. Recently, while preparing 9-trans,12-trans octa-
decadienoic acid by HNOs isomerization of linoleic
acid (32), we found that the nitrogenous by-products
could be quickly and easily removed on a column of
silicic acid. Subsequent experiments showed that the
same purification method could also remove most of
the nitrogenous by-products from HNO, isomerized
oleic acid.

This paper presents a study of the eis-frans iso-
merization of technical oleic acid by HNO. generated
i sty by reacting NaNO, with a mineral acid. The
influence on the reaction of time, temp, agitation, sol-
vent, amt of NaNO, and type of mineral acid were
investigated; and optimum reaction conditions were
defined. The removal of nitrogenous by-products by
silicic acid was evaluated, and the active species

catalyzing cis-trans isomerization was tentatively
identified.

Procedures
Materials

Technical grade oleic acid (Eastman Organic Chem-
icals, Rochester, N.Y.) was used for all cis-frans iso-
merization reactions except where otherwise noted.
This material had an iodine value (I.V.) of 87.5 and
contained 382 ppm elemental nitrogen. The fatty acid
composition of the oleic acid was determined by gas-
liquid chromatography (GLC), and the results are
shown in Table 1. IR spectroscopy indicated that the
fatty acid already contained 7.9% isolated frans
bonds, probably due to its origin or method of manu-
facture.

Refined edible grade cottonseed oil (Procter & Gam-
ble, Cincinnati, Ohio} was used as received. 98 + 7
N0, NO, NOs; and NoO3 gases were purchased com-
mercially (Matheson Co., East Rutherford, N.J.) and
used without further purification.

Methods

Gas Chromatography. Samples of oleic acid were
converted to their corresponding methyl esters using
the BF3/methanol esterification procedures of Metcalfe

TABLE 1
Fatty Acid Composition of Technical Oleic Acid (wt %)

. Before After
Fatty acid isomerization | isomerization 2
frace trace
3.6 3.7
2.6 2.9
0.2 0.2
4.2 3.9
12.7 119
1.7 1.8
0.6 0.6
71.5 73.0
3.0 2.3

a Optimum cis-frens isomerization reaction conditions described in
Figure 5.
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and Schmitz (33). Total fatty acid compositions were
determined by GLC analysis of the methyl esters on a
6 ft x %4 in. diethyleneglycol succinate polyester col-
umn as previously described (42).

The ¢rans content of isomerized oleic acid was de-
termined by separating the e¢is and trams isomers of
16 and 18 carbon monoenes using a 100 £t x 0.010 in.
ID capillary column coated with Apeizon L at 200C
as deseribed before (34). The sum of the 16 and 18
carbon frans monoenes was then reported as the ‘‘per
cent frams monocene’’ in the mixture. Although the
technical oleic acid contained a peak eorresponding to
the elution time of 14:1, capillary GLC did not show

G. HNO,
PER (00 G.
OLEIC ACID
92.74
1.83
0.91
o) 1 1 i i 1 i i i 1
@ ®
L S » 1.83
5 so0 b ® "~ 0.46
O
Z
@) 50 —
>
w3l ac b E
Z
<
x| 3o} .
'_
AN
o 5 o .
20 5 0.23
[+
o | 65 C ]
fo) L i i i i i i i H
& FOY
o b ( ® o : % 0.80
50 o 4
= S .40
40} o5 & (.23
®
30| J
20 F .
=]
. 90°C
o) i i i i H H ' 1 H
o 30 80 90 120
MINUTES

F1a. 1. Cis-trans isomerization of technical oleic acid at 30,
65 and 90C uging the reaction of NaNQ, with HNO; to produce
HNO: in situ.

Vor. 42

any separation of cis and frans 14:1 isomers after
isomerization with HNO,. The identity of this sup-
posed 14:1 component wag therefore open to question,
and it was not used in calculating per cent {rans mono-
ene values. Some 18:1 positional isomers present in
the technical oleic acid were eluted at the same time
as methyl elaidate on the capillary GLC eolumn. For
this reason, the per cent trans monoene content of the
unisomerized oleic acid was 14.6% determined by
capillary GLC and 7.9% determined by IR spectros-
copy. After substantial cis-frams isomerization, most
of these positional isomers eluted after methyl elai-
date, and GLC results were more accurate. Error
from this source was estimated to be less than 2%
(absolute) on samples containing over 509, trans
monoene, thus making capillary GLC results quite
satisfactory for the present study.

Iodine Values. 1.V. were determined using AOCS
method Cd-1-25 (35).

Nitrogen Content. Analyses of the ppm elemental
nitrogen content of fatty acids were run by Galbraith
Laboratories, Inc., Knoxville, Tenn., using a standard
micro-Dumas procedure.

Infrared Spectroscopy. IR analyses to determine
the amt of isolated trans bonds were run on Beckman
IR-4 or IR-8 IR spectrophotometers. AOCS method
Cd-14-61 (35) was used with pure methyl elaidate or
an AOCS secondary triglyeeride standard for calibra-
tion.

Experimental

Cis-Trans Isomerization Reaction. Oleic acid was
cis-trans isomerized with in situ generation of HNO,
produced by reacting NaNO; with a suitable acid. In
a typical isomerization reaction, 350 ¢ of technical
oleic acid was placed in a closed, 2-liter, heated resin
reactor fitted with a dropping funnel, a stirring shaft
equipped with a Teflon paddle, a thermometer, an out-
let to a bubble trap, and a sampling tube extending
into the fatty acid. The reactor was purged with ni-
trogen, and the fatty acid was heated to the required
temp. The desired 6 M acid (HNO; unless otherwise
specified) was added, and the system was again flushed
with nitrogen. 2 M NaNO; solution was then added
through the dropping funnel with vigorous stirring,
and the reaction was continued for two hr. A 2:1
molar ratio of acid to NaNO. was always used. 10 g
samples were withdrawn at the desired sampling times
by applying suction to the sampling tube without
stopping the stirring. To assure that a representa-
tive sample was obtained, the sampling tube was
thoroughly flushed with reaction mixture immediately
prior to taking a sample. Each sample was diluted
in three times its volume of diethyl ether, and the
catalyst was quickly removed by washing several times
with distilled water. The wash waters were combined
and extracted three times with ether to remove any
remaining fatty material. All the ether solutions were
combined and dried by passing through a column
containing 40 g of anhydrous powdered Nao.SO,. The
column was flushed with 50 ml of dry ether, and the
solvent was removed from the total eluate under re-
duced pressure. Each sample was then analyzed for
percentage of trams monoene, 1.V. and ppm nitrogen
as required.

Evaluation of Reaction Variables. The influence of
various reaction conditions was studied to try to
achieve equilibrium cis-frams isomerization within 60
min with minimum loss due to by-product formation.
Bquilibrium ¢is-trans isomerization of pure oleic acid
converts 75-80% of the c¢is double bonds into trans
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double bonds (31). Since the total 16:1 plus 18:1
content of the technical oleic acid was only 84.2%, this
meant that a maximum of ca. 629% {rans monoene
could be produced by HNO, isomerization.

Reactions were carried out at 30,65 and 90C using
varying amt of HNO,. The frans monoene content of
the oleic acid was determined by GLC at intervals as
the reaction progressed (Fig, 1). The minimum amt
of catalyst necessary to achieve equilibrium isomeriza-
tion within one hr was determined for each temp.
At 30, 65 and 90C, these minimum -catalyst levels
were, respectively, 2.74, 0.46 and 0.80 g HNO./100 g
oleic acid.

The effect of using various acids for reaction with
NaNQ, to generate HNO, was also investigated. HNOs,
H,S0,, HC1, HyPO,, and CH;COOH were compared
at 30C using sufficient NaNO, and 6 M acid to produce
1.83 g of HNO>/100 g of oleic acid. (With polyprotic
acids, only one proton was ealculated as participating
in ¥INO, generation). The frans monoene content of
oleic acid was determined by GLC at intervals as the
reaction progressed (Fig. 2). HNO; produced the
greatest amount of cis-frans isomerization, HCl and
H,804 produced a moderate amt, and HzPO4 and
CH,COOH produced very little isomerization.

The use of Hy80, and HNO; to produce higher
levels of HNO» was also compared at 30C (Figs. 1 and
2). Results indicated that 2-3 times as much HoSO,
is needed to produce the same amt of cis-frans iso-
merization as HNOs.

To check the influence of agitation on HNO, cata-
lyzed cis-frams isomerization, a reaction was run at
30C with 2.74 ¢ HNO,/100 g oleic acid and using
only enough magnetic stirring to give a slight vortex
in the fatty acid. The #rans monoene content of the
oleie acid was followed by GLC as before. Results
showed that this milder agitation gave the same rate
of isomerization as obtained with the much higher rpm
Teflon paddle used before under equivalent reaction
conditions (shown in Fig. 1).

Previous HNO, catalyzed isomerizations all involved
two liquid phases (water and fatty acid) in the reaec-
tion system. To determine if a single liquid phase
would speed up the reaction, a eommon solvent for
all the reactants was sought. Three such solvents were
found: bis{2-(2-methoxyethoxy)ethyl]ether (com-
monly called tetraglyme), methanol, and N,N-di-
methylformamide. Subsequent evaluation showed that
methanol and N,N-dimethylformamide were unsatis-
factory since they reacted with HNOs. A single phase
reaction was run in tetraglyme at 30C using 1.83 g
HNO2/100 g of oleic acid. Samples were withdrawn
at the desired sampling times and diluted in three
times their volume of petroleum ether (30-60C bp).
Water washing removed the tetraglyme, and the petro-
leum ether solution was dried over Na,SOy4 and evapo-
rated to recover the fatty acid. The trans monoene con-
tent was determined by GLC as before. Results (Fig.
3) showed that HNO, catalyzed isomerization was not
as rapid in the single phase reaction as in the equiva-
lent two-phase system.,

The minimum amt of HNO, necessary to approach
equilibrium c¢zs-frans isomerization within one hr was
now known for four reaction systems: NaNO., plus
HNO; at 30, 65 and 90C; and NaNO, plus H.SO, at
30C. To determine which of these systems gave mini-
mum losses due to nitrogenous by-product formation,
the earliest sample containing around 60% trans
monoene was analyzed for ppm nitrogen and 1.V.
The inecrease in nitrogen content and the drop in 1.V.
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Fi¢. 2. Cis-trans isomerization of technical oleie aeid at 30C
using various acids to react with NaNO; to produce HNO..

caused by isomerization were then computed by com-
parison with similar analyses on the original oleic
acid. These results (Table IT) gave an indication of
the amt of nitrogenous by-products formed in -each
reaction. In the NaNO, plus HySO, system, a sample
containing less than 60% {frans monoene was ana-
lyzed ; but since this sample showed a high level of
by-product formation, it was evident that the HoSO,
system would not give minimum losses. Comparison of
the results in Table II indicated that isomerization
with NaNO, plas HNO; at 65C for 30 min gave the
lowest loss of oleic acid due to by-product formation.
These conditions were selected as optimum for maxi-
mum ¢is-trans isomerization of technical oleic acid
with minimum loss.

Identification of Active Catalyst Species. Since
there have been conflicting reports in the literature
as to which ‘‘nitrogen oxide’’ is the active species
causing cis-trans isomerization, the abilities of N3O,
NO, NO, and N2O; to isomerize unsaturated fatty
acids were compared. Each gas was bubbled (1-3
bubbles/min) through 820 g of cottonseed oil at 60C
with vigorous stirring for 3 hr.. Samples were taken
at appropriate intervals as the reaction progressed
and were analyzed for percentage of isolated trams
bonds by IR spectroscopy. Results (Fig. 4) indicated
that NO, was by far the most active catalyst.

Since NO, is apparently the active catalyst species
in HNQ, catalyzed cis-trgns isomerization (see Discus-
sion), a preliminary evaluation was made of pure
NO, as an isomerization eatalyst for oleie acid at 30C.
An amt of lignid NO; equivalent to 1.83 g of HNOy/
100 g of oleic acid was evaporated into the reactor
where extremely vigorous stirring produced intimate
gos-liquid mixing. After 5 min, the oleic acid con-
tained 42.2% trans monoene and 1995 ppm nitrogen.
These results indiecated that NO, catalysis produces
more addition products than the equivalent NaNO.
plus HNO; system under similar conditions. Since
the use of pure NOs offered no apparent advantages

TABLE IT
Comparison of Losses During Isomerization

Catalyst | Reac- | Trams N;gf’ Drop
Temp tion mono- ’ in

WI}I\%SS Type time ene :grl;lt 1Vv.

LA C min % ppm

2.74 NaNQ:z + HNOs| 30 60 60.4 4474 7.9
0.46 NaNQ2+ HNOz2| 65 30 61.3 1221 5.0
0.80 NaNOQ:+ HNOs! 90 5 65.5 4100 11.0
5.49 NaNOs: + H2804 30 30 50.0 5830 9'9
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Recrysta“izatio’i’iﬁﬁi;‘gized Olet Aeid the eluted unisomgrized material eonta:ined 187 ppm
nitrogen. The difference, 162 ppm nitrogen, repre-
] Trans sented the net amt of nitrogen added to the acid by
Sample Temp | Soivent Ratio of it Tene the isomerization process. )

to fatty in Solvent recrystallization was used to inerease the

acid progd- .
uet® trans monoene content of the product. Best yields of
G PR % the highest frans content material were obtained by

Original oleie acid
hefore isomerization 100.0 7.9
Isomerized oleic acid
eluted from eolumn

of silicic acid 83.3 60.5
After first
recrystallization —12 | Petroleum
ether
(30-60C) 5ml/g| 53.6 70.2
After second
recrystallization 1 Methanol 7.5ml/g 28.6 30.8
After third
recrystallization i Methanol 7.5 ml/g 23.8 97.1

2 %trans monoene in original sample determined by IR spectroscopy.
Other values determined by capillary GLC.

over tn situ HNO, generation, no further experiments
were run with NO,.

Removal of Nitrogenous By-Products. The removal
of organic nitrogenous by-products by passing the
isomerized oleic acid through a column of activated
silicic acid was evaluated. A schematie outline of this
procedure is shown in Figure 5. 350 g of technical
oleic acid was cis-frans isomerized for 30 min at 65C
by reacting 25 ml of 2 M NaNOg with 17 ml 6 M HNO;
to generate HNO; 4n sifw (optimum reaction condi-
tions determined above). 1750 ml of petroleum ether
(30-60C bp) was then added and the mixture gquickly
washed four times with distilled water. The solvent
layer was dried over anhydrous NasSO4. A chromato-
graphic column was prepared using a slurry of 100 g
of silicic acid (Mallinkrodt, 100 mesh, suitable for
chromatographic analysis, activated by heating over-
night at 110C) in dry petroleum ether. The solvent
head was allowed to drop almost to the top of the
silicie acid. Then the solution of isomerized fatty acid
was added to the column, and the eluate was collected.
‘When the solvent head had once more reached the top
of the silicic acid, the eolumn was flushed with 200 ml
of petroleum ether. The solvent was then evaporated
from the eluate under reduced pressure. 327 g of
fatty acid containing 60.5% trans monocene and 349
ppm nitrogen was recovered.

The amt of elemental nitrogen added by cis-trans
isomerization and not removed by the silicic acid was
determined by comparing the nitrogen contents of iso-
merized and unisomerized oleic acids after purification
on identieal columns of silicic acid. The eluted iso-
merized fatty acid contained 349 ppm nitrogen, while

60 -y T Y T y T T T Y
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Fia. 3. Cis-trans isomerization of technical oleic acid by
HNO- in one and two phase systems.

three successive overnight erystallizations from petro-
leum ether, methanol and methanol, respectively
(Table I11).

Discussion

Nitrous acid is a useful catalyst for the cis-trans
isomerization of oleie acid. Most nitrogenous by-prod-
ucts can be easily removed by passage through a
column of silicie acid. Under optimum reaction and
purification conditions, up to 60% frans monoene can
be introduced into technical grade oleic acid with a
93.3% vield from the starting material. Elemental
nitrogen content of the fatty acid increases 162 ppm
during processing; this is equivalent to 0.22% 9,10-
dinitrostearic acid. Futher purification with silicie
acid eould probably reduce this nitrogen content even
further, but produet yield would be less. During sol-
vent recrystallization, ¢rans monoene content can be
inecreased to 97.1%, but only with a 23.8% yield from
the starting material.

The composition of the original oleic acid has a
marked influence on the amt of frans bonds introduced
and the overall yield of the process. In an ideal iso-
merization reaction with pure 9-cis-octadecenoic acid,
75-80% trans bonds could be introduced (31). Subse-
quent solvent recrystallization should yield pure ela-
idie acid in 50-656% yield. The technical oleic acid
used in these experiments contained numerous compo-
nents other than 9-cis-octadecenocic acid, and these
impurities prevented maximum production of frans
bonds. The 8.4% saturated fatty acids cannot par-
ticipate in the isomerization. The 3.0% polyunsatu-
rated fatty acids form substantially more nitrogenous
reaction by-products than do monoene fatty acids
(31,32) and increase losses. The presence of a mix-
ture of monoene fatty acids leads to high crystalliza-
tion losses. For these reasons, the most feasible way to
increase the frans content of the product above 60%
would be to raise the C-18 monoene content of the
starting material.

Several workers (12-14) have shown that a similar
55-65% trans content can be achieved by hydrogenat-
ing soybean oil to an 1.V. of 65-85 using a palladiuom
catalyst under highly selective conditions. Such a
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Fi1e. 4. Cis-trans isomerization of ecottonseed oil at 60C by
pure oxides of nitrogen.
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proeess results in lower losses and is less costly than
the procedure described here. However, a considerable
portion of the #rans bonds in such a hydrogenated fat
are contained in polyunsaturated fatty acids which
may affect the ultimate usefulness and stability of the
product. In addition, some sautrated fatty acid would
inevitably be formed during hydrogenation.

The silicic acid column chromatography conditions
used here to remove nitro-fatty acids are essentially
those of displacement analysis (36). More fatty acid
is applied to the column than the adsorption sites of
the silicie acid ean hold. Under these conditions, the
silicic acid absorbs the more polar nitrogenous by-
products in preference to the ordinary fatty acids.
The ratio of silicic acid to sample has been chosen so
that almost all the nitrogenous by-products are ad-
sorbed, and a minimum amt of non-nitrogenous fatty
acid remains on the column. Test experiments have
shown that with petroleum ether as an eluting solvent,
this loss is ea. 150-200 mg of fatty acid/gram of silicie
aeid in that portion of the column where no nitroge-
nous by-products are present.

The reactions of N2O, NO, NO, and N.O; with cot-
tonseed oil indicate that NOs is probably the active
speeies in HNO,-catalyzed cis-irans isomerization of
unsaturated fatty acids. NO, isomerization reached a
maximum frans content within 30 min while the other
nitrogen oxides tested had a much smaller effect. NoO
gave no isomerization. Very little isomerization re-
sulted with NO, and this small amt can probably be
attributed to the formation of NO, by reaction of NO
with the residual oxygen in the system. NyOj; gave
some isomerization, which is probably due to its rapid
breakdown into NO, plus NO. The drop in frans con-
tent with NO, after 30 min is undoubtedly due to a
decrease in the total unsaturation of the system by
formation of olefin addition products. These results
agree with the earlier work of Khan (30) who also
found NO, to be the active species causing cis-trans
isomerization,

Nitrogen dioxide dimerizes at low temp to form
dinitrogen tetroxide. At 30C, the dimer is ca. 25%
dissociated into NO, (41), which has an odd number
of valence electrons and thus can function as a free
radical. The ability of nitrogen dioxide free radicals
to add to olefins is well known (37-39). On the basis
of Schechter and Conrad’s work (37) and the review
of Gould (40), it appears that cis-trans isomerization
of oleic acid by HNO; plus NaNO, proceeds via the
following free radical mechanism:

2 NC]NO2 + 2 HNOS 2 HNO2 + 2 N(lNO3

HNO3
——
2 HNO2 HEO + N203

————i N + NO
N203 * 02

*NO, (N WATER PHASE) ———————— «NO, {IN FATTY ACID PHASE)

T ? 7 T { FREELY ROTATING
*NO e O € — = - C~— C=—~ CARBON - CARBON
2 ¥ i 80ND)
cis
- NO2
/ N,
H
|
NO_ 4 = € omm= C— H H H H
2 i 1 1 1 |
— Cw— Cw— OR — C — C—
" [ [
TRANS
JAia N NO, NO, NO, ONO

Nitrie aecid reacts with sodium nitrite fo produece
nitrous acid, which decomposes in the presence of the
stronger nitric acid. NpOjz (nitrous acid anhydride)
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350 G. TECHNICAL OLEIC ACID

HEAT TO 65° C

STIR VIGOROUSLY

25 ml, 2M NaNO
2 FOR 30 MINUTES

17 ml. 6M HNO

1750 ml. PET. ETHER

Hzo WASH 4 TIMES AND DRY

PASS THRU COLUMN OF
100 g. SILICIC ACID

200 ml, PET. ETHER FLUSH COLUMN

EVAPORATE SOLVENT

327 G. ISOMERIZED FATTY ACID

93.3 % YIELD
60-5 Yo TRANS MONOENE

162 PPM INCREASE IN NITROGEN CONTENT

Fi¢. 5. Flow chart for cis-frans isomerization of technical
ole;'tlc acid and removal of nitrogemous by-products with silicie
aclia.
then decomposes to give the free radical -NOs. After
passage from the aqueous phase to the fatty aeid
phase, the NOs adds to a double bond of the oleic
acid, producing a freely rotating carbon-carbon sin-
gle bond. The addition of the ‘NO; is reversible, and
gither a cis or trans double bond can be formed when
the nitrogen dioxide moiety leaves. The addition of a
second -NO; molecule produces either 9,10-dinitro-

40 T T
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20} / i

INCREASE IN % TRANS BONDS DURING FIRST
15 MINUTES OF REACTION

° i i
] t 2 3

G. HNO, PER 100 G. OLEIC ACID

Fia. 6. Dependence of cis-frans isomerization rate at 30C on
conen of HNO..
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stearic acid or the analogous nitro-nitrite compound.
Undoubtedly other side reactions take place concur-
rently with those shown above, but reversible free
radical -NO, addition to the double bond probably
produces the cis-irans isomerization observed.

The rate of isomerization at 30C is sufficiently slow
(Fig. 1, top) that a simplified kinetie analysis of the
reaction can be made. If one assumes that during the
initial stages only c¢is to trams isomerization oecurs
and the reverse reaction can be neglected, then the
effect of catalyst conen on the reaction rate can be
determined. The increase in frans content during
the first 15 min of the reaction is plotted against the
amt of catalyst used (expressed as the theoretical g
HNO3/100 g oleic acid) in Figure 6. A straight line
is obtained passing close to the origin, indicating that
reaction rate is directly proportional to catalyst conen
(first order reaction).

If the isomerization rate has a first order depend-
ence on catalyst concentration, this must mean that the
transfer of -NO, from the water phase to the fatty
phase is not the rate determining step. This agrees
with our experimental results showing the rate of
isomerization is not a function of agitation.

The use of HNO; for in situ generation of HNO,
gave faster isomerization rates than H,S0, HCI,
H;PO, or CH3;COOH. The superiority of HNO;
might possibly be due to its ability to convert the by-
product NO into additional NOz by the reaction:

2 NO+ H.0+ HNO; 2 3 HNO;

Abel et al. (43) and Klemanc and Klima (44) have
shown that this equilibrium reaction takes place at
room temp. HgPO, and CH3COOH were probably
less effective than the strong acids because of their
lower pK, values.
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Characterization and Evaluation of Some Rapcseed Oils’

S. A. TREMAZI? N. V. LOVEGREN and R. O. FEUGE, Southern Regional Research

Laboratory,® New Orleans, Louisiana

Abstract

Rapeseed oil is used mostly in edible products.
Four rapeseed oils, brown sarson and toria oils
from West Pakistan, a Swedish oil and a Cana-
dian oil, were characterized and examined relative
to their suitability as edible oils. The various ana-
Iytical data obtained are reported. The hydro-
genated oils have consistency characteristics and
plastic ranges which make them suitable for use
as plastic fats.

Introduction

MOST OF THE WORLD PRODUCTION of rapeseed oil is
consumed as an edible oil in the countries in
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2 Pregent address: Officer in Charge, Dept. of Food Technology, West
Pakistan Agricultural University, Liyallpur, West Pakistan.
2 A laboratory of the So. Utiliz. Res. & Dev, Div., ARS, USDA.

which it is produced, principally China and India.
Of the total area in West Pakistan devoted to growing
oilseeds (not including cottonseed), 80% is occupied
by the Brassica oleiferous group. Rapeseed oil is a
fairly important food oil in Europe. In the U.S. only
relatively small amt of the oil have been used, mostly
in nonedible products. However, in Canada there is
an increasing production of rape to obtain an edible
vegetable oil and a replacement crop for wheat. This
effort to establish rape in Canada is supported by an
extensive research program (2,3,5,9-16).

The objective of the present investigation was to
examine and characterize two samples of rapeseed
oil produced from the major varieties of rape grown
in West Pakistan and to obtain additional data on
these and other rapeseed oils relative to their suita-
bility as edible oils.



