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to measuring the relative thermooxidative stability of
oils is by no means new, but still unique in using
extremely small samples, in being fast and in
providing good reproducibility of results. Such an
analytical method, which is capable of measuring the
relative thermooxidative stability, is potentially
useful not only in the oil and food industry, but also
in cosmetics production, the plastics and petrochemi-
cal industries and many others.
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ABSTRACT

Soybean oil was partially hydrogenated in a continuous system with
copper and nickel catalysts. The hydrogenated products were
evaluated for flavor and oxidative stability. Processing conditions
were varied to produce oils of linolenate contents between 0.4 and
2.7%, as follows: oil flow, 0.6-2.2 liters/hr; reaction temperature,
180-220 C; hydrogen pressure, 100-525 psig, and catalyst concentra-
tion, 0.5-1% copper catalyst or 0.1% nickel catalyst. Trans unsatura-
tion varied from 8 to 20% with copper catalyst and from 15.0 to 27%
with nickel catalyst. Linolenate selectivity was 9 with copper catalyst
and 2 with nickel catalyst. Flavor evaluation of finished oils contain-
ing 0.01% citric acid (CA), appraised initially and after accelerated
storage at 60 C, showed no significant difference between hydro-
genated oils and nonhydrogenated oil. However, peroxide values and
oxidative stability showed that hydrogenated oils were more stable
than the unhydrogenated oil. CA+TBHQ (tertiary butylhydro-
quinone) significantly improved the oxidative stability of test oils
over oils with CA only, but flavor scores showed no improvement. Di-
methylpolysiloxane (MS) had no effect on either flavor or oxidative
stability of the oils.

INTRODUCTION.

Currently most of the acceptable soybean salad oils and short-
ening-base stocks having good shelf-life are produced by
batch hydrogenation processes. Partial hydrogenations in
batch convertors with nickel or copper catlyst are reported to
improve flavor and oxidative stability of oils for cooking, fry-
ing and baking (1-4). The potential of effective continuous
slurry hydrogenation with nickel or copper catalyst has been
reported by several authors (5-8); however, the oils produced
by these processes were not evaluated for flavor and oxida-
tive stability.

*To whom correspondence should be addressed.
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This study extends our previous work (8) and considers the
relationship of flavor scores and oxidative stability of test oils
to the operating conditions for continuous production of par-
tially hydrogenated oils.

EXPERIMENTAL
Materials

Commercial alkali refined and bleached soybean oil (SBO)
from Central Soya Inc., Ft. Wayne, Indiana, was used as base
and control oil. Commercially hydrogenated and processed ol
(Ni-4.6) was included for comparison purposes in the sensory
testing program. Analyses of SBO and commercial oils are
shown in Table L.

Hydrogenation catalysts, Cull06P (39% CuO, 43.5%
Cr,0,, 10% Ba0), Nysel (25% nickel in tristearin) and Super-
filtrol bleaching earth were obtained from Harshaw/Filtro]
Partnership, Cleveland, Ohio.

Additives in deodorized test oils, added during the cooling
stage, included: citric acid (CA) (J.T. Baker Chemical Co.,
Phillipsburg, New Jersey) dissolved in distilled water; ter-
tiary butylhydroquinone (TBHQ) (Eastman Chemical Pro-
ducts, Inc., Kingsport, Tennessee) dissolved in ethyl alcohol,
and dimethylpolysiloxane (MS) (Dow Corning Corp., Midland,
Michigan).

Analytical Methods

Methyl esters of fatty acids were prepared by transesterifica-
tion of the sample oil with sodium methoxide in methanol (9).
Fatty acid compositions were determined by gas liquid chro-
matography (GLC) of methyl esters on a column packed with
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EGSS-X. Iodine values (IV) were calculated from the GLC
analyses. Percent trans-isomers were determined by infrared
adsorption of the methyl esters at 966 cm-— with methyl
elaidate standard. Linolenate selectivities (K1 ,/Kj,o) were
determined according to AOCS method Tz 1b-79 (10). Specific
trans isomerization for an oil was calculated by dividing trans
value by the decrease in IV (trans/AlV). Peroxide value was
determined by AOCS method Cd 8-563 (10}. Induction period
of oils was determined by a modified weight method of Olcott
et al. (11) with 10 g oil (in 100 ml uncovered beaker) aged at
60 C in a forced-draft oven. The induction period is defined as
the day the test oil shows a rapid change in slope in the time-
weight gain plot. Induction period is the time an oil resists
formation of oxidation products.

TABLE 1
Fatty Acid Composition of Test Qils

Fatty acid composition, % Cale  trans

Test oil® Stk M D T Ive %
SBO 43 227 542 87 136 -
Ni-4.6 (w)d 35 378 429 46 119 17
Ni-2.7 71 493 807 27 103 15
Cu-2.4 42 304 527 24 124 8
Cu-0.5 (w) 40 419 440 05 114 19
Cu-0.4 44 422 424 04 111 20
Ni-0.4 164 628 102 04 73 27

3SBO, Soybean oil; Ni, nickel catalyst; Cu, copper catalyst; w,
winterized oil; numerical values indicate linolenate content in the
hydrogenated oil, i.e., Ni-4.6 (w) = soybean oil hydrogenated with
nickel catalyst to linolenate content of 4.6% and winterized.

bSt, stearate; M, monoene; D, diene; T, triene.

“Calculated from GLC data.

dCommercially hydrogenated and winterized (w).

Hydrogenation

The continuous hydrogenation system for this study, shown
in Figure 1, was similar to a previously reported system (7)
with the receiving section modified to discharge the product
continuously without upsetting the system equilibrium. The
apparatus consisted of an oil/catalyst charge reservoir, recip-
rocating pump, preheater, heated tube reactor and a degassing
receiver. Qil/catalyst slurry of desired catalyst concentration
was pumped at a predetermined rate (0.5 to 2.2 liters/hr)
through the preheater to the reactor. The slurry, heated to
180-200 C in the reactor, was contacted with hydrogen (1
liter/min) near the entrance of the reactor. After the oil was
hydrogenated, the oil/catalyst/hydrogen continued to the
receiver where the oil/catalyst slurry was separated from the
excess hydrogen and discharged continuously under a liquid
oil seal. By use of external valves, connected to each port, the
desired discharge point in the reactor could be chosen to obtain
a pre-determined residence (reaction) time of the oil/catalyst/
hydrogen mixture. The reaction temperature was measured
by thermocouples at each port. A back-pressure regulator in
the vent line controlled the system pressure (100-525 psig)
within present limits. Hydrogenation conditions were adjusted
to produce oils with varied compositions for taste panel evalu-
ation (Table I).

An earlier publication (2) reported that small amounts of
nickel catalyst tend to remain in a converter and lower the
selectivity when copper is the catalyst in the next hydrogena-
tion in the converter. We observed the same effect for con-
tinuous slurry reactions in a tube reactor. It was necessary to
wash the reactor with acid, followed by several water rinses
and complete drying, to remove the last traces of nickel
catalyst from the system prior to hydrogenating with a copper
catalyst. Ideally, one reactor should be dedicated for copper
and another for nickel hydrogenation.

Post-refining processing treatments given each tested oil
included hydrogenation, bleaching, winterization (when re-
quired) and deodorization. Selected partially hydrogenated
and post-bleached oils were winterized in 1-gal wide-mouth
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FIG. 1. Continuous slurry hydrogenation system.
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jars at 4 C for 40 hr, then vacuum filtered through filter disks
faced with gauze. Commercially hydrogenated/winterized oil
and test oils were deodorized in the laboratory with an all-
glass 4-flask apparatus (12) for 3 hr at 220 C, at less than 1
mm (Hg) with 5% steam. Citric acid (0.01%), TBHQ (0.02%)
and MS (8 ppm) were added to the deodorized oils on the cool-
ing cycle. Deodorized and stabilized oils were blanketed with
nitrogen and stored at 0-5 C until testing.

Sensory Evaluation

A 15-member taste panel, trained to discriminate and identify
oil flavors, evaluated oils using a flavor intensity scale ranging
from 0 (strong) to 10 (bland) (13,14). Deodorized oils were
evaluated initially (0-time) and after accelerated storage (8 days
at 60 C). Significance of flavor scores was statistically com-
puted by analysis of variances.

RESULTS AND DISCUSSION

Preliminary hydrogenation runs were conducted to select the
proper temperature, pressure and slurry flow rate necessary
to produce partially hydrogenated oils of desired fatty acid
composition for salad or cooking uses. Because the slurry
pump had a minimum practical rate of 0.5 liter/hr and the
length of the reactor was fixed, it was necessary when using
the less active ‘copper catalyst to make multiple consecutive
passes through the reactor to produce an oil low in linolenate.
For example, to produce Cu-0.4 (soybean oil, hydrogenated
with copper catalyst to 0.4% linolenate) it was necessary first
to hydrogenate with 1% Cu catalyst at 200 C, 525 psig and oil
flow-rate of 0.5 liter/hr and then hydrogenate again, without
adding fresh catalyst, at the same temperature and pressure,
but at an oil flow-rate of 1.5 liter/hr. With the more active
nickel catalyst, only one pass was necessary at 181 C, 110
psig and an oil flow-rate of 0.6 liter/hr to reduce linolenate to
0.4% (Ni-0.4). At the other extreme, to produce hydrogenated
oils with 2.4-2.7% linolenate (Cu-2.4 and Ni-2.7), an oil flow-
rate of 2.2 liter/hr was found to be sufficient. For this study
all oils traveled the entire length of the reactor and were
discharged from port 9. Characteristics of the test oils are
summarized in Table II. After winterization (w) the oil yield
was 84% for Cu-0.5 (w). Both oils had cold tests exceeding 20
hr. Winterization was not necessary for SBO and Cu-2.4
because the cold test of these oils exceeded 36 hr.

A muitifactorial statistical design was developed for sen-

TABLE 11

sory evaluation, to test the effect of hydrogenation with
nickel and copper catalysts, each at three levels of linolenate
and with two types of additives. The hydrogenated oils and
control (SBO) were found to have good initial quality with
flavor scores ranging from 7.3 to 8.5 (Table 1il) and PV (0).
The effect of hydrogenation on flavor stability can be evaluat-
ed by comparing oils with CA only. After storage at 60 C,
N;-2.7 was rated significantly lower than Cu-2.4 or Ni-0.4.
Ni-2.7 was deseribed as rancid and “hydrogenated” (tallowy),
whereas the other oils were judged predominantly buttery.
The aged SBO was the least oxidatively stable with the
highest PV (8.7) and shortest induction period (6 days). In
contrast, Ni-0.4 was the most oxidatively stable, with the
lowest PV (0.6) and longest induction period (25 days).

Evaluation of oils containing CA +MS showed a similar
pattern except that the score for Ni-2.7 was slightly higher in
the CA +MS series than in the CA series. In the presence of
CA +MS, no significant differences were noted between the
SBO and hydrogenated oiis. Previous work (15) also showed
little change in flavor stability and volatile headspace indue-
tion period for SBO containing CA+MS compared to
SBO+CA only.

In the presence of CA + TBHQ, Ni-0.4 and Cu-2.4 aged oils
had the highest flavor scores and were described by the panel
as buttery, with a few “off flavor” deseriptions. The effect of
hydrogenation on peroxide value was obscured by the addi-
tion of TBHQ, but Ni-0.4 still had the lowest and SBO control
the highest PV. The induction periods followed the same pat-
tern as the corresponding PV, but with a much wider range of
values. Addition of TBHQ to the oils did not improve the
flavor stability of hydrogenated or nonhydrogenated oils
when compared to the same oil treated with CA only. These
results agree with previous work (4) showing that flavor sta-
bility of hydrogenated and nonhydrogenated oils was not
significantly enhanced by addition of TBHQ. However, oxida-
tive stability was significantly improved with TBHQ. With
test oils containing CA + TBHQ+MS, some effects of hydro-
genation were noted. Flavor stability of aged Ni-4.6 (w) and
Cu-2.4 was greater than either the SBO or Ni-0.4. The lower
score for the aged Ni-0.4 is unusual and could not be explained.
Oxidative stability of oils containing CA + TBHQ+MS was
not significantly different from ofls with CA+TBHQ.

Results of this work agree with previous research (4) in
showing little agreement between flavor scores and chemical
measurements of oxidative stability. Factors that promote

Characteristics of Continuous Hydrogenated Test Oils

Hydrogenation conditions

Temp. Press, Oil rate, Cale trans SR, Cold test,  Winterization
0il C psig liter/hr v % Ln hr yield, %

SBO 136 0 - 36 100
Ni-4.6 (w) Commercial — 119 17 - 14 -
Cu-2.42 200 520 2.2 124 8 9 36 100
Ni-2.7b 180 100 2.2 103 15 2

200 525 0.8
Cu-0.5 (w)2 200 525 1.5 114 19 9 24 84

200 525 0.8
Cu-0.42 200 525 1.5 111 20 9
Ni-0.4° 181 110 0.6 73 27 2

31% Copper chromite catalyst.
50.1% Nickel catalyst (25% Ni in tristearin).
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TABLE III

Flavor and Oxidative Stability of Test Oils

Flavor scores?

Oxidative stability

Oil type/additive Initial 8 Days @ 60 C PV,> meq/kg IP,¢ days
CA
SBO 8.0 6.6 8.7 6
Ni-4.6 (w) 8.0 6.4 2.5 8
Ni-2.7 7.7 5.9 24 8
Cu-24 4 6.8 4.0 9
Cu-0.5 (w) 8.3 6.3 3.3 17
Cu-0.4 8.5 6.4 2.1 11
Ni-0.4 8.0 6.8 0.6 25
CA + MS
SBO 8.3 6.3 6.4 5
Ni-4.6 (w) 77 6.8 15 8
Ni-2.7 7.7 6.3 2.2 8
Cu-2.4 7.9 6.6 2.9 9
Cu-0.5 (w)
Cu-0.4 8.3 6.7 2.1 9
Ni-0.4 8.2 6.8 0.3 25
CA + TBHQ
SBO 8.5 6.2 1.5 47
Ni-4.6 (w) 8.0 6.0 0.9 68
Ni-2.7 7.7 6.6 0.4 81
Cu-2.4 8.2 6.9 0.4 67
Cu-0.5 (w) 8.0 6.1 1.0 >61
Cu-0.4 7.5 6.2 0.5 8
Ni-0.4 79 7.0 0.3 121
CA + TBHQ + MS
SBO 7.6 6.0 1.5 45
Ni-4.6 (w) 8.2 7.6 0.7 68
Ni-2.7 7.3 6.6 0.4 79
Cu-2.4 7.8 7.2 0.6 73
Cu-0.5 (w)
Cu-0.4 7.7 6.6 0.5 78
Ni-0.4 79 6.1 0.3 113
3LSD = 08.

PPV = Peroxide Value of aged oils (8 days @ 60 C) at time of tasting.

¢IP = Induction Period.

decomposition of peroxides in the oils have been discussed by
Mounts (4} and Frankel (16). Other factors may account for
this discrepancy, including higher sensitivity of human testers
and their ability to integrate all quality aspects of an oil into a
rating rather than just one parameter such as peroxide level.
Flavors not related to oxidation, such as “hydrogenated,” also
affect flavor scores and are not detected by tests such as
peroxide analyses.

This work showed that good quality hydrogenated oil can
be made continuously in a slurry tube reactor. The flavor
stability of continuously hydrogenated soybean oil in this
study was not significantly better than the control oil;
however, a similar observation was reported previously (4)
for batch hydrogenated oil and control.
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