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Determination of Tocopherol in Oxidized Fats’

E. N. FRANKEL, C. D. EVANS, and J. C. COWAN, Northern Utilization Research and Development
Division, Agricultural Research Service, U. S. Department of Agriculture, Peoria, lllinois

EVERAL MODIFICATIONS of the Emmerie-Engel
method (2) for the determination of tocopherol
in fats have been developed to remove substances

which interfere with the ferrous-bipyridine color
reaction (1, 2, 7, 8). Fats were reported to inter-
fere with this color reaction (4, 6). Kaunitz and
Beaver (6) introduced a proportionality factor to
correct for the color-depressing effect observed in
the presence of increasing concentrations of fat.
However Gupta and Basu (3) found that this cor-
rection factor did not apply to oxidized groundnut
oil. They showed that this oil when free of peroxides
did not inhibit the eolor development in the Emmerie-
Engel procedure. Therefore this interference of fats
with the color reaction may be caused by peroxides
in the fats. Lips (7) used the sulfuric-acid treatment
of Parker and McFarlane (9) and saponification at
room temperature to remove interfering substances
in autoxidized methyl esters of fatty acids.

This paper describes a simple method for tocoph-
erol determination in oxidized fats where peroxides
are removed by thermal destruction since the presence
of peroxides gives erroneously low values. The method
is currently being used in a study of the fate of to-
copherols in oxidizing fats.

Experimental

The method of Stern and Baxter (11) was used
for tocopherol, except 10 min. were allowed for color
development instead of 2.5 min. Preliminary obser-

1 Presented at annual meeting of American Oil Chemists’ Society, New
Orleans, La., April 28—-May 1, 1957.

vations showed that soybean oil immediately after
deodorization at 210°C. did not interfere with the
Emmerie-Engel color reaction for tocophercl. When
a series of determinations was carried out with dif-
ferent concentrations of freshly deodorized oil (20
to 140 mg. per 10-ml. solution), the color developed
was proportional to the sample weight. However,
when allowed to oxidize, the oils interfered with the
determination of tocopherol (Figure 1). These re-
sults are in agreement wih those of Gupta and Basu
(3) in showing the interference of fat peroxides with
the Emmerie-Engel color reaction for tocopherol.

A study was made of the effect of deodorization on
the tocopherol and peroxide contents of soybean oil
and lard. The fats were heated at 210°C. under re-
duced pressure (less than 1 mm. Hg.) in 50-ml.,
round-bottom flasks immersed in a thermostatically
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Fia. 1. Effect of peroxides in soybean oil on the ferrous-
bipyridine color reaction for tocopherol.
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Fia. 2. Effect of heating at 210°C. in vacuo on the tocopherol
content of fresh fats (initial toeopherol concentration: 1,500
microgram per gram) and the peroxide value of oxidized fats
(initial peroxide value: 22).

controlled oil-bath ; agitation was provided by a fine
stream of nitrogen. After heating, the oils were
immediately cooled to room temperature, and the
vacuum was broken with nitrogen. The results rep-
resented in Figure 2 show that heating soybean oil
and lard at 210°C. for 10 and 15 min., respectively,
is sufficient to remove all peroxides from the oxidized
fats. This heat treatment caused a loss of 1-29% of the
tocopherol in fresh fats. It is interesting to note
that the loss of both tocopherol and peroxides by
heat is more rapid in soybean oil than in lard. The
more rapid destruction of peroxides in oxidized soy-
bean oil would be in agreement with the finding of
Privett and Quackenbush (10) that tocopherol caused
an increase in the rate of thermal destruction of
fat-peroxides.

To determine the recovery of tocopherol in oxi-
dized fats, fresh lard containing a known concentra-
tion of added a-tocopherol was mixed in different
proportions with oxidized lard (peroxide value, 23.8)
containing no added tocopherol. The tocopherol was
determined in these mixtures after heating at 210°C.
for 10 min. in vacuo. The linear relation obtained
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F1a. 3. Tocopherol content of mixtures of fresh lard 4+ 1,500
mierogram per gram a-tocopherol with oxidized lard (peroxide
value, 23.8) after heating at 210°C. for 10 min. in vacuo.
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between tocopherol and the extent of dilution (Fig-
ure 3) demonstrates that the heat treatment does not
affect the tocopherol content in oxidized fat.

In another experiment the heat treatment (210°C.
for 10 min.) was applied to a series of soybean oil
samples containing different concentrations of d-a-
tocopherol. These samples were prepared by first
removing the natural tocopherols from the oil by
shaking with carbon black in pentane and then add-
ment with carbon black was carried out as follows. A
solution of 500 g. of oil in 1 liter of redistilled pen-
ing different amounts of d-a-tocopherol. The treat-
tane was shaken mechanically with 100 g. each of
carbon black (Darco G-60?) and 100 g. of Celite in a
3-1. bottle for 30 min. The oil suspension was filtered
through a thin layer of Celite, and the adsorbent was
washed thoroughly with pentane. The volume of the
oil solution was reduced to 1.5 liters with a rotating
evaporator. This treatment with carbon black-Celite
was repeated three or four times to remove the to-
copherols completely from the oil. The results (Ta-
ble I) show that no loss of tocopherol resulted from
this heat treatment.

The heat-treatment procedure was compared with
other methods used to remove interfering peroxides
(and/or substances) prior to the determination of
tocopherol in oxidized fats. These methods include
treatment with 809% sulfuric acid and a hot and a
cold saponification. The sulfuric acid treatment and
the cold saponification were earried out by the method
of Tips (7). The hot saponification was carried out
as follows. Ten grams of oil were saponified with 20
ml. of 3.5 N alcoholic KOH in the presence of 5 ml. of
5% alcoholic pyrogallol by refluxing for 10 min. After
saponification 40 ml. of distilled water were added
to the saponification mixture, and the solution was
immediately cooled to room temperature. The un-
saponifiable matter was extracted in the dark with
peroxide-free ethyl ether according to the procedure
described by Zscheile et al. (13). The results given
in Table IT show that a greater recovery of tocopherol
is obtained in the fats with the heat treatment than
with the acid or saponification treatments. The cold
saponification resulted in considerable loss of to-
copherol in soybean oil while the hot saponification
method yielded a recovery equivalent to that ob-
tained with the sulfuric-acid treatment. The inter-
ference of peroxides with the Emmerie-Engel color
reaction is evident from the low values obtained with
the control oxidized-fats.

The possibility that tocopherol may be regenerated
in the oxidized oils by the heat treatment at 210°C.
in vacuo was investigated. Two lots of fresh soybean
oil were oxidized at 60°C. with a stream of oxygen
for four days to a peroxide value of 60 and 72, re-

2 Since the Department of Agriculture does not recommend the prod-
ucts of one company over those of another, these names are furnigshed
for information only. .

TABLE T
Effect of Heat Treatment on Tocopherol Contents of Soybean Oil
Tocopherol
Oil samples®

Before heat After heat
treatment treatment

ug./9. ny./g.

662 661

1,052 1,050

1,220 1,250

1,330 1,310

1,770 1,710

& Treated with carbon black + various concentrations of d-a-tocopherol.
b 210°C., in vacuo, 10 min,
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TABLE II

Effect of Different Peroxide-Removal Treatments on Tocopherol
Contents of Fats

Tocopherol
Fats Control, Heat Sulfurie Saponification
not treat- acid P ——
treated menta Cold Hot
ng./9. »g./9. rg./g. ng./g. wg./g.
Fresh soybean
oi 1,530 1,460 1,260 841 1,264
414 1,210 1,140 633 1,115
1,615 1,592 1,352 719 1,875
887 1,294 1,164 —_ —
d-a-tocopherol......... 500 483 442 — —_
Fresh lard plus
d-a-tocopherol......... 1,540 1,513 1,497 1,302 1,324
Oxidized lard plus
d-a-tocopherol......... 308 | 379 373 — —

2 210°C., in vacuo, 10-15 min.

spectively. The tocopherol content of the fresh oil
was compared with that of the oxidized oils before
and after heating at 210°C. for 10 min. under
vacuum. Tocopherol was determined in the oils di-
rectly and in their unsaponifiable matter, which was
obtained by the hot saponification method. The data
(Table III) show that tocopherol is not regenerated
in the oxidized oils by the heat treatment since this
treatment had essentially no effect on the tocopherol
concentration in their unsaponifiable matter. It is
interesting to note the relatively small loss of to-
copherol incurred in the oxidized oils which have
been taken far beyond the induction period. The
loss of tocopherol observed in different oxidized soy-
bean oils at the end of the induction period was less
than 10%.

Peroxides were also effectively removed from oxi-
dized oils by adsorption chromatography on silicie
acid. The procedure used was to pass 100 ml. of a
10% solution of soybean oil in benzene through a
column of silicie acid (1.9 x 10 em., 100 mesh) under
nitrogen pressure to obtain a rate of approximately
3 ml. per minute. The column was then washed with
100 ml. of benzene. This procedure did not affect
the tocopherol content of fresh soybean oil, and the
tocopherol values in oxidized oils corresponded to
those obtained with the heat treatment. In a repre-
sentative experiment the concentration of tocopherol
of an oxidized soybean oil sample (peroxide value —
22.1) was 1,412 mierograms per gram after passage
through a silicic-acid column and 1,426 micrograms
per gram after heating 4n vacuo at 210°C. for 10
min. The agreement between the two methods is addi-
tional evidence that tocopherol is not regenerated in
oxidized oils by the heat treatment.

TABLE III

Effect of Heat Treatment on Tocopherol Contents of Fresh and Oxidized
Soybean Oil and Their Unsaponifiable Matter

Tocopherol in the

Oil samples

. Unsaponifi-

0il able matter
ng./g ng./g
Fresh oil A, heated2........c.ccoervunnenee 1,530 1,264
Oxidized oil A, heated 2 1,320 1,043
Oxidized oil A, not hea 314 1,115
Fresh oil B, heated®... 1,583 1,375
Oxidized oil B,® heate 1,495 1,239
Oxidized oil B,¢ not hea 465 1,273

2 210°0C., in vacuo, 10 min.
b Peroxide value = 60,
¢ Feroxide value = 72.
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Ultraviolet spectrophotometric measurements were
made on soybean oil and its unsaponifiable matter in
petroleum ether and ethyl ether solutions, respee-
tively. With the unsaponifiable matter prepared by
the hot saponification method, the absorption at 298
mu gave values for tocopherol concentration of the
same order of magnitude as the values obtained by
the colorimetric method. With the oils, other sub-
stances interfered with the absorption of tocopherols.
The unsaponifiable matter prepared by the cold sa-
ponification method of Lips (7) showed absorption
at 258 mp but not at 298 mp. Since the absorption
at 258 mu would be due to tocopheryl-p-quinone (5),
it would appear that the cold saponification method of
Lips causes oxidation of toecopherol in soybean oil,
thus explaining the low tocopherol values obtained
by this method. The unsaponifiable matter obtained
by hot saponification from oxidized soybean oil (per-
oxide value of 72) showed mno absorption at 258 mp
before or after the heat treatment (210°C., in vacuo,
10 min.). Therefore tocopheryl-p-quinone does not
appear to form in soybean oil at this level of oxida-
tion. This observation is consistent with the relatively
small decrease in tocopherol observed in the oxidized
soybean oils.

Absorption measurements in the wvisible range
showed an increase in general absorption between
400 and 500 mp in oxidized soybean oil (peroxide
value of 72), which may be attributed to browning.
No absorption maximum was evident at 470 my which
is characteristic of the red chroman-5,6-quinone.
Therefore, unlike cottonseed oil, chroman-5,6-quinone
does not appear to form in autoxidized soybean oil
(12).

Summary

Heating oxidized fats to 210°C. under reduced
pressure for 10 to 15 min. removed peroxides without
affecting the tocopherol content. This simple heating
method yielded a higher recovery of tocopherol in
oxidized fats than other modifications of the Emmerie-
Engel method used to remove interfering substances.
The data indicate that tocopherol is not regenerated
in the oxidized oils by the heat treatment. The loss
of tocopherol in soybean oil which had been oxidized
beyond the induction period was relatively small.
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