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The_Use of Thiobarbituric Acid as a Measure of

Fat Oxidation™

Food

BIECTIVE tests for food produet deferioration
are highly desirable to facilitate research in-
vestigations on stability and to aid in specifying

product quality. Recently 9.thiobarbiturie acid has
heen proposed as a reagent with potentialities of par-
tially fulfilling these requirements (4, §, 13). During
oxidation of fats, compounds are formed which ean
be reacted with 2-thiobarbituric acid (TBA) to give
red-colored products. Patton and Kurtz (13) investi-
gated the reaction of TBA with milk fat, and Dunkley
and Jennings (6) published a procedure for oxidized
fluid milk. Biggs and Bryant (4) modified the method
for milk and extended its application to milk powder,
cheese, and butter. Inasmuch as these investigators
confined the use of TBA to milk fat, it was thought
that its application to other fats would be of inferest
and value. Modifications of the TBA tests were devel-
oped to meet the objectives of this investigation.

Pats stored at —20, 0, 72, and 100°F.(—29, —18,
92, and 38°C.) and fats oxidized by the active oxygen
method (A.Q.M.) (14) or by ultraviolet irradiation
were examined. Higher TBA values were obtained
for soybean oil than for cottonseed oil at eomparable
peroxide values. This is of interest because of the
greater tendency of soybean oil to develop oxidized
flavors. The volatile products of oxidation of lard,
ecottonseed, and soybean oil were examined also, and
at comparable peroxide values soybean oil volatiles
developed the greatest intensity of coler.

Experimental

When oxidized fat samples weie dissolved in an
organic solvent such as carbon tetrachloride, chloro-
form, or benzene, reactive material conld be extiracted
with an acid solution of TBA. An advantage of this
procedure is that since the fat is not heated, it is pre-
fumably left in its original state of oxidation. Fub-
lished procedures require heating the reagent in the
presence of the fat. Two moedifications of the exirae-
tion procedure were developed. The first effected
nearly complete extraction of the reactive material
by successive extractions with an hydrochloric acid
solution of TBA and subsequent conceniration of the
developed color with isoamyl alcohol; the second con-
sisted of a single extraction of the fat selution with
an acetie acid sohution of TBA.

The details of the single extraction procedure with
acetic acid are given since it proved to be the more
satisfactory of the two modifications.

Reagents
a) Glacial acetic acid, C.P.
b} 2-thighbarbituric aeid {TBA), reagent grade. Material
sheuld be a white powder.
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¢) Benzene, thicphene-free, or carbon tetrachloride, C.P.

d) TBA solution. Dissolve 0.67 g. of thiobarbiturie aecid in
distilled water with the aid of heat from a steam bath.
Transfer solution to a 100-mi. volumetrie fiask, eool, and
mzke to volume.

e) TBA repgent. Mix an equal volume of the TBA solution
with an egual volume of glacial acetic acid.

Apparatis »*

a) Maigel-Gerson tubes or equivalent.

b) Buitable rack for holding Maisel-Gerson tubes.

¢) Variable speed shaking maechine, reciprocating type, ap-
proximately 124 -in. oscillation stroke.

d) Spectrophotometer, Coleman Universal Model 14%, or equiv-
alent.

¢) Boiling water bath.

Method

Pipette or weigh a 3.00-g. sample of the melted fat into a
glass-stoppered Maisel-Gerson tube and dissolve the sample in
10 ml of bengene or earbon tetrachloride. Pipette 10 mi, of
the TBA reagent into the Maisel-Gerson tube and shake the
tube in a horizontal positien for a period of 4 minutes at ap-
proximately 125 oscillations per minute. Transfer the contents
to a separatery funmel and withdraw the aqueous layer into
a 25- x £200-mm. test tube. Immerse the tube in a boiling
water bath for 30 minutes, cool and iransfer a portien of the
contents to a cuvette. Read the abserbaney at 53¢ mp against
distilled water.

Standardization of Procedure. All TBA procedures
{4, 6, 13) are empirieal. The procedure, developed as
deseribed above, was adopted because it gave con-
sistent and reproducible resuits as well as clear tesi
solutions with the fats under study. No organic sol-
vents such as petroleum ether (13} or isoamyl aleohol-
pyridine solution (4, 6) were necessary to obtain tur-

_bid-free test solutions. ‘

A gradual increase in TBA values of an oxidized
soybean oil sample (A.O.M.) was obtained for extrac-
tion periods of 214, 5, and 10 min.; and the oxidized
material was not completely removed from fats by
extraction for time intervals up to ome hour. The
extraction time of 4 min, was selecied because it gave
consistent and reproducible results.

Figure 1 shows the rate at which the eolor devel-
oped when an extract from oxidized soybean oil was
heated with the TBA reagent in a boiling water bath.
This behavior was nearly analogous to that shown for
butterfat by Biggs and Bryant (4). Two investiga-
tors (6, 13) indieated a continuous increase in density
values with increase in heating time. Satisfactory re-
sults were obtained with a 30-min. heating period,
and this was adopted.

An absorption maximum was obtained at 530 mp
when either the acetie or hydrochloric acid extraction
was used. The position of this maximum agrees closely
with wave lengths of 532 mp {13) and 535 mp (6),
reported previously.

Examination of Oxidized Fats

The TBA, peroxide (14), and total carbonyl values
(8% for lard, sovbean, and cottonseed oils oxidized in
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Frg. 1. Rate of color development at 100°C. of the TBA ex-
traet from oxidized soybean oil.

the A.Q.M. apparatus are shown in Figure 2. The
total earbonyl values were all determined by measure-
ment at 440 mp and so do not differentiate between the
saturated and unsaturated compounds. Similar iodo-
metric peroxide value eurves for this range of perox-
ide values of cottonseed oil were also shown by Moore
and Bickford {11) and by King, Roschen, and Irwin
(9). The peroxide values for cottonsed oil did not
reflect the superior resistance toward oxidation that
this oil usuvally has when compared to soybean oil. The
flavor changes which develop during the A.0.M. oxi-
dation of these two oils are quite different despite
the similarity of their peroxide curves. Soybean oil
has been reported to develop unacceptable flavors at a
peroxide value of 2.5 whereas cottonseed oil, an oil

.not subject to flavor reversion (7), does not usually

beecome rancid until a peroxide value approximately
50 times that value is reached (2). The TBA test
differentiated these two oils on the basis of stability
more effectively than did either the peroxide or car-
bonyl tests. For instance, at peroxide values of 80
and 84 m.e./kg. for cottonseed and soybean oil and
with total carbenyl values at this point of 34 and 41
micromoles per gram, the corresponding TBA values
were 0.19 and 0.95 absorbancy units, respectively. At
peroxide values of 60 and 66 and with carbonyl values
of 23 and 33, the TBA wvalues of these two oils were
0.14 and 0.78, respectively.

The behavior of the TBA 1fest appeared to be asso-
ciated with the linclenic acid content of the fat. The
lnolenic acid contents of lard, cottonseed oil, and soy-
bean oil have been reported as 0.8, 0.0, and 8.0% (3}
respectively. Figure 2 shows that the fats of low lino-
lenic aeid content had induction periods when the
course of oxidation was followed with the TBA test.

Eramination of Volatile Products from Oxidizing
Fats. Prelintinary investigation disclosed that a large
fraction of the TBA reactive material formed during
fat oxidation was volatile. The oxidized products in
the efffluent air from a 20-g. sample in the A.Q.1L
apparatus were collected in 10 ml. of carbonyl-free
toluene, and subsequently the TBA extraction proce-
dure was applied to this solvent as deseribed in de-
tail in a previous section of this paper. The toluene
was purified as deseribed by Lappin and Clark (10)

except that trichlorvacetic acid was used in place of
hydrochlorie acid. The test tubes containing the tol-
uene were immersed in a Dewar flask containing a
mixture of dry ice and ethanel. The air used for
oxidation was pre-dried by passing it threngh a liguid
air trap in a dry ice ethanol bath, Within the periods
of oxidation used a single receiving tube was sufficient
te collect ail of the volatile produets evelved from
each sample. At predetermiined periods of oxidation
the collecting tubes were removed and the contents
transferred to 25-ml volumetrie flasks, After warm-
ing fo room temperature, the contents were diluted to
the mark with thiophene-free benzene. The TBA-acetic
acid procedure was applied to aliquots of this solution.

The aliquods were so chosen that the range of ab-
sorbancy values was from approximately 0.1 to 1.0 for
each series. TDA values equivalent to 3 g. of fat were
caleulated.

The extraction of TBA reactive material from the
fat-free toluene-benzene solution was nearly quanti-
tative. The incomplete recovery in the extraction pro-
cedure deseribed previously for the examination of
oxidized fats is probably not due to physical inter-
ference by the fat. The addition of non-oxidized but-
ter oil to a toluene-benzene solution of the volatiles
from oxidized butter oil did not interfere with the
efficiency of the extraction.

Data obtained from the A.O.M. oxidation of lard,
soyhean, and cottonseed oil are shown in Figure 3.
Again the differences in TBA values of cottonseed oil
and soybean oil were greater than the differences in
peroxide values. Soybean oil always produoced the
highest concentration of TBA volatile material. The
TBA curves for the volatile oxidation produects (Fig-
ure 3) have the same characteristies as those for the
fats (Figure 2). Figure 3 represents a different series
of samples from those used in Figure 2,

Butler oil exhibited sueh a different behavior from
other fats that peroxide and total carbonyl values for
the fat and TBA and total carbonyl values for the
volatile products were plotted in a separdte figure
{Figure 4). The slopes of all of the eurves are not
as great as those of the other fats and oils. The TBA
values of the wvolatiles increased progressively with
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F16. 3. Peroxide values of the fat, and TBA and total car-
Lonyl values of the volatile products during A.O.M. oxidation
of lard, soybean oil, and cottonseed oil.

time of oxidation whereas the eorresponding earbonyl
values reached a constant level early in the oxidation
period, possibly suggesting that TBA reacts with both
carbonyi and non-carbonyl compounds. The peroxide
values also showed a continuous increase with time of
oxidation, but were quite low. No TBA values for the
fat were shown sinee only the 2314-hr. sample gave
a red color.

Butterfat Oxidized by Prolonged Storage

The TBA acetic aeid procedure was applied to a
series of butterfat samples, which had been stored
approximately 2 years at —20, 0, 72, and 100°F.

4a-

-=-C---0--~ THA VOLATILE —— 00— PERDMIBE VALLES
(A = 00) FAT, tmnrvg {610
- =A-~----TOlaL CARBOMYL o deemn TOTAL CARBOHTY e
ok VOLATILE AT, (mscromain g} -
I micromates pls 160 P
—
« -
2 o

29

L " YOOI T T
o H a 3 8 G 2 " (3 3 25 i za

TIME (hours)

Fia. 4. Peroxide and total carbenyl values of the fat, and
TBA and total carbonyl values of the volatile produets during
A.0.M, oxidation of butter oil.

(—29, —18, 22, and 38°C.). A modifieation of the
procedure was necessary for butterfat. In order to
obtain a red color it was necessary to heat the samples
before applying the TBA extraction procedure. The
results shown in Table I were obtained from samples
preheated in a boiling water bath for 60 minutes.
The 530 mp absorbancy value of the 100°F.(38°C.)
sample increased 560% after such treatment whereas
the corresponding earbonyl value increased 11%. The
high free fatty aeid content of this sample is appar-
ently not responsible for its high TBA value since
tests on a sample of butyric acid (Technical) were

negative. Iodometric peroxide and free fatty aeid de-
terminations (1) were also made on these samples.
It may be seen that the TBA values were more
directly related to storage temperatures than peroxide
values. Sensory evaluations made by an expert panel
of laboratory personnel showed a direet relationship
between TBA values and off-tastes and odors.

TABLE I

TBA Values, Peroxide Values, and Free Fatty Acid Values of Butterfat,
Storved Approximately 2 Years at —20, 0, 72, nnd 100°F.
(—29, —15, 22, and 38°C.)

: Freo fatty
Storage temperature of sample TBA TPeroxide H
(°F.) valuega values M:i :{‘J;;ES
# m.e /Ry, h

0.29 2.00 G6.67

0.30 1.33 0.60

0.51 4.32 0.69

0.87 3.33 1.42

»Samples were preheated in a boiling water bath for 60 min, beforo
applring the TBA test

Butterfat Oxidized by Ultraviolet Irradiation

Butterfat was irradiated by exposure to the ultra-
violet rays of a Mineralight lamp. In contrast to the
stored butterfat samples no preheating of the fat was
necessary to obtain a red color upon subsequent ap-
plication of the TBA extraction procedures. Althongh
the test solutions were turhid, they were easily elari-
fied by centrifugation. Values thus obtained were
dirvectly related to ilodometric peroxide values.

When the butyric acid sample, which had given a
negative TBA test, was exposed to ultra-violet irrad-
iation for a 19-hr. period, it also reacted positively
to TBA. The absorption speetrum was similar to
that obtained from oxidized fat samples. The oxida-
tion of butyrie acid by photochemical means has been
reported (5, 12).

Summary

An evaluation of thiobarbitiric acid (TBA) as an
agent for the measurement of fat oxidation was made
by the application of several empirical procedures to
animal and vegetable fats. An extraction proeedure
was used for removing the products of oxidation. The
reaction with TBA was conducted in a beiling water
bath to produce a red color, which was then esti-
mated spectrophotometrically.

Fats stored at —20, 0, 72, and 100°F.(—28, —18,
22, and 38°C.) and fats oxidized by the active oxygen
method (A.0.M.) and by ultraviolet irradiation were
examined. Tt was found that the TBA test might be
of value in following the course of oxidation of cot-
tonseed oil and soybean oil in the A.Q.D. apparatus.
Higher TBA values were obtained for soybean oil
than cottonseed oil at comparable peroxide wvalues.
This is of interest because of the greater tendency of
soybean oil to develop oxidized flavors. The volatile
reaction produets of oxidation were eollected in tolu-
ene, and a ecompavison of the TBA values at compar-
able peroxide values of lard, cottonseed and soybean
oils showed that the soybean oil volatiles developed
the greatest intensity of color.
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