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TABLE III
Percentage of Gossypol and Oil (on Dry Delinted Basls) of Cotton Seeds Collected Dur.
ing Three Years from Early and Late Developing Bolls and from Bolis of
Poorly Developed Plants.

First Year Second Year Third Year
Source of Seeds Gossypol i Gossypol 0Oil Gossypol 0il
Early developed bolls ........ 0.632 24.30 0.518 23.86 0.443 23.89
Late developed bolls ......... 0.542 23.69 0.508 23.88 0.498 22.69
Bolls of poorly developed
plants ... 0.535 24,27 0.458 23.60 0.407 23.12

LITERATURE CITED

(1) Barrow and Agee, Cotton Oil
Press, 2, 44 (1918).

(2) Caskey and Gallup, J. Agr. Re-
search, 42, 671 (1931).

(3) Gal]up, W. D., Ind. Eng. Chem.,

19, 726 (1927).

(4) Garner, Allard and Foubert, J.
Agr Research, 3, 227 (1914).

(5) Royce and Lindsay, Ind. Emng.
Chem., 25, 1047 (1933).

(6) Schwartze anad Alsberg, J. Agr.
Research, 25, 285 (1923).

FOOTNOTES

1Published with the permission of the
Director of the Oklahoma Agricultural
Experiment Station, Stillwater.

*The age of the seeds was_calculated
from the date of flowering. Usually less
than 50 per cent of the cotton bolls Were
open 40 days after flowering and less than
1 per cent at 34 days,

3The seeds obtained the third year, al-
though produced in the same general vi-
cinity as those of previous years, were
from different experimental plots and for
that reason their analysis should be con-
sidered apart from the others.

TEA SEFED Ol =
A TEST FOR ITS DETECTION IN OLIVE OI1L

By WM. SIEBENBERG and W. S. HUBBARD
Of Schwarz Laboratories, Inc., New York, N. Y.

HE close similarity between

tea seed oil and olive oil in

both physical and chemical
constants (1, 2, 3, 4), makes it im-
possible to distinguish readily be-
tween the two oils. TFor sixteen
years it has been known that tea
seed oil i1s used as an adulterant of
olive oil. In 1920 Ernest Millian
(5) noted: “Adulteration of olive
oil is practiced on a large scale in
England.” Since both oils have
practically the same physical and
chemical constants some additional
test is necessary to detect the pres-
ence of tea seed oil.

Furthermore, as this adulterant
has become more highly refined,
none of the tests previously pro-
posed for its detection remains suf-
ficient. Cofman-Nicoresti suggest-
ed a color test (6) which H. A,
Caulkin (7) showed was of no
value with highly refined tea seed
oil.

Another color test was proposed
by several investigators, Biebers
Test (3), H. Blins’ Test (8), Dy-
bowsky & Millia (4), the only ap-
parent difference between them be-
ing the volume of reagents used.
This color test, quoted irom Allen’s
Organic Analysis, Vol. II (4), is
“4 cc. of oil are shaken with a
mixture of 5 cc. H,SO,, 3 cc.
HNO, and 3 cc. water for 30 sec-
onds: immerse the whole mixture
at 5°C for 5 minutes and note
color after 15 minutes. The test
as applied should result in a deep
black and turbid layer for pure tea
seed oil and light straw and clear
for olive oil.” The authors of this
article have applied this test to a
sample of pure tea seed oil an
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substantiated the conclusion of E.
Richard Bolton (3), and Allen (4),
that “the test is of little value in
detecting tea seed oil in olive oil.”

The above two color tests are not
the only methods which have been
published and subsequently proven
practically useless in view of the
present degree of refinement of tea
seed oil. Other methods have been
proposed since.

One of these, the Bolton and
Williams (9) method of grouping
fatty oils with reference to the de-
termination of the iodine number
of the Unsaponifiable Matter, di-
vides the oils into four groups. The
fact that olive oil is the only oil in
one of these groups is supposed to
distinguish it from all other oils. A
report of the Olive Oil Committee
of the American Oil Chemists So-
ciety (9), however, finds the meth-
od to be inaccurate.

Both E. Richard Bolton (3) and
George S. Jamieson (2) state that
25% or more of tea seed oil would
reduce notably the Titer below that
given by olive oil alone. Olive oil,
quoting Jamieson, has a Titer range
of 18°C-25°C, tea seed oil has a
range of 13°C-15°C. The authors
have found 17.0°C to be the Titer
on the tea seed oil they used. The
U. S. P. XI gives the following
Titer range for olive oil, “Not less
than 17°C nor more than 26° C.”
With this wide range for olive oil
and its slight variation from tea
seed oil, it does not seem probable
that even 50% tea seed oil in olive
oil could be detected by the Titer
test.

Constants of the samples of oils

used in the experiments reported

herewith were as follows:
Tea Seed Oil—
Todine Value ........ e
Saponification Value ..
Acid Value ................
Titer Test ........co0ceunns

This sample of refined tea seed
oil conforms to the requirements
of the U. S. P. XI FOR A PURE
OLIVE OIL.

Italian Olive Oll—
Jodine Value ..............
Saponification Value
Acid Value ................
Titer Test .......... e

Spanish Olive Oil—
Iodine Value ..........
Saponification Value ..
Acid Value ...........

French Olive Oil—
Iodine Value
Saronification Value
Acid Value ..........

Tit,

California Olive Oil—
Iodine Value ..............
Saponification Value ..
Acid Value .........
Titer Test

Examination of the foregoing
figures shows that from the con-
stants alone it is practically impos-
sible for any chemist to prove that
a sample of oil, which is a blend
of 75% tea seed and 25% of pure
olive oil, is adulterated. The acid
value of olive oil varies, the U. S.
P. XI permits a maximum acid
value of 3.0 and oils are known
which have an acid value as low
as 0.4.

The authors have developed a
test which they believe is positive
for as little as 5% of tea seed oil
in the presence of 95% olive oil.
Results below this value depend
upon the olive oil used. While the
test will recognize the presence of
tea seed oil in pure olive oil, it is
not claimed that it will be specific
for tea seed oil—as is shown later
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in this paper. If an oil has all the
constants of a normal olive oil and
gives a negative reaction for other
adulterants such as cottonseed,
sesame and peanut oils, then the
following test will detect the pres-
ence of as little as 5% of tea seed
oil.

Preliminary Investigation

S. Fachini (12), using equal vol-
umes of oil and acetic anhydride,
heating, and adding a drop of sul-
phuric acid, produced a red colora-
tion on extracted oil. The authors
based their investigation on this
test. The addition of conc. H,SO,
drop by drop to an unheated mix-
ture of equal volumes of tea seed
oil and acetic anhydride showed in
the first five seconds of addition, a
fine red color which soon changed
to dark blue green. This red was
more persistent in tea seed oil than
in case of an Italian olive oil, while
all other olive oils did not yield the
red color. This initial red color
was the basis of the test. Failure
of the color to persist for more
than a few seconds did not warrant
calling this a final test.

Attempts to prolong the duration
of this color were made either by
adding less sulphuric acid or dilut-
ing the oil and acetic anhydride
with some inactive solvent. Re-
ducing the proportion of acid did
not help. Diluting the oil and acetic
anhydride with a solvent, however,
proved more promising. Experi-
menting with chloroform, carbon
tetrochloride, ether and petroleum
benzene, the authors found that
chloroform was most suitable. This
was substantiated by later tests.
The authors then proceeded to try
different concentrations of acid
with chloroform as a fixed diluent.
Too little acid produced only the
momentary change, too much acid
produced deep permanent red in
both oils—due possibly to the sul-
phonation at the high temperature
produced on addition of the acid.

When acid was added to the mix-
tures both gave an initial fading
red color which in the case of tea
seed oil subsequently changed to
dark green, while the olive oil be-
came light green. When these were
allowed to stand at room tempera-
ture the color of the tea seed turned
deep red and the olive oil turned a
darker green.

Here was the initial difference
between the two oils. Tea seed oil
under controlled conditions pro-
duced the red; olive oil under the
same controlled condition was com-

paratively inert with regard to
color. The “controlled” conditions
of the “sulphonation,” in the case
of the tea seed oil yielded a red
colored end-product, whereas olive
oil produced a light yellow green
(when diluted with alcohol). Both
oils apparently reacted, since a uni-
form solution without separation of
chloroform layer resulted when al-
cohol or water was used as a fur-
ther diluent.

At this time chloroform showed
its superiority over carbon tetra-
chloride and other solvents, by not
separating out in the test. The
change from straight concentrated
sulphuric to glycerol-sulphuric acid
mixture was the result of an at-
tempt to counteract somewhat the
effect of the Italian oil.

The question of time was studied
by a long series of experiments.
Too short a time caused incomplete
reaction as shown by the separa-
tion of a chloroform layer. Too
long a period produced a light red
brown in case of olive oil, which
was somewhat similar to a slight
adulteration with tea seed oil.

B. W. Van Eldick Thieme (11),
working with 100% fatty acids, re-
ports that “Glycerol sulphuric acid
reacted with fatty acids to form
mono-di or tri-glycerides at tem-
perature of 70°C for 3 hours.” In
view of the influence of rancid olive
oil on the reaction, and since the
Ttalian oil had an acid value slightly
higher than either the Spanish oil
or French oil used, it was believed
that the addition of glycerol-sul-
phuric acid would improve the test.
It was found, however, that the
higher fatty acids apparently were
not responsible for the reaction, for
the California olive oil with an even
highet acid value, did not give the
test.

Procedure of the Test

The test developed by the authors
for the detection of tea seed oil in
unheated, non-rancid olive oil, not
otherwise adulterated, is as fol-
lows: 3 cc. of oil in a test tube
(1 x 6) are mixed with 3 cc. chlo-
roform C.P., and 3 cc. acetic an-
hydride C.P. The mixture is im-
mersed in an ice-bath for 5 min-
utes. Then drop by drop slowly
add, with constant shaking and im-
mersing in the ice water bath, 0.8
cc. of glycerol-sulphuric acid mix-
ture (i.e., 100 cc. of conc. H,SO+
10 cc. of glycerol C.P. allowed to
cool. This mixture of glycerine and
sulphuric acid must be made fresh).
Remove the test tube from the ice
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bath and let stand exactly 1 hour
at room temperature, shaking every
five minutes until nothing appears
to separate out—usually within %4
hour. During this time the mixture
will change from a deep blue green
to deep red for tea seed and will
remain dark green for olive oil
Various mixtures of tea seed oil in
olive oil will cause intermediate col-
ors to appear. At the end of one
hour again immerse the test tube in
an ice bath for 5 minutes. Very
slowly and with constant shaking
and immersion in ice bath—(the re-
action mixture tends to get very
hot)—add 3 cc. H,O and let stand
at room temperature 5-10 minutes
until maximum color develops.
Note appearance of mixture.

The resulting mixture may not be
clear and care must be exercised in
reading a test when the percentage
of tea seed oil is as low as 5%.
Nevertheless this is the best stage
at which to judge the test. The ad-
dition of alcohol clears the solution
and yields the red-brown-to-red
color in contrast to the light yellow-
brown of pure olive oil. The test
fades too rapidly for establishing
the admixture of less than 5% tea
seed oil with olive oil. Pure olive
oil will show a color varying from
a dark dirty green to a very light
green, but distinctly no red or
brown coloration. As little as 5%
tea seed will show a distinct red-
brown color easily distinguished
from a control test of pure olive oil.
The red color will increase and the
dirty-green color correspondingly
decrease in proportion to the per-
centage of the tea seed present in
the olive oil.

Results of the Test

The test was tried out by pre-
paring various mixtures of olive
and tea seed oil. The olive oils
used were of different origins and,
according to physical and chemical
tests, were pure olive oil. The
Spanish and California oils were
obtained direct from the producers;
the French and Italian oils were
purchased on the open market. The
tea seed oils used were obtained
from reliable sources, and were
further checked as to their physical
and chemical constants. All were
subjected to the test herein pro-
posed. Unknowns were prepared
by one of the authors and checked
by the other to determine whether
the test was positive or negative.
The tests were repeated several
times in order to be sure that the

195



oil &« soap

results were consistent. (Table I.)

of chloroform equal to the volume

) TABLE I
Per cent Per cent

Brand of Olive Oil Tea Seed Oil Olive Oil Reaction
Spanish Carmen A*........... 100 1] Heavy red

¢ “ B* .......... 75 Distinct red

“ “ [0 N 100 Somewhat dark,

: Dirty green

“ “ D* ... 50 Red

< “ * .. 25 Somewhat heavy red
Spanish Carbonell . 100 Negative

“ ¢ . 7% Positive

“ “ . 50 Positive
Spanigh Sole Vita.. 100 Negative

s “ 75 Positive

‘ “ 50 Positive
French .............. 100 Negative

R 75 Positive

P 50 Positive
Jtallan ... ............ . oL 100 Negative**

s 75 Positive

‘ e 50 Positive
California 100 Negative

i 75 Positive

0

*Tests wit!

Positive

.. 5 50
these samples were repeated the next day with similar results.

**The Italian brand showed a darker green than other oils with just a suggestion of a

positive reaction.

In a subsequent experiment the faint red color proved to be de-

cidedly less intense than for the 5% sensitivity, claimed for the test.

The test was repeated with a
smaller percentage of adulteration
in order to determine how little tea
seed oil could be detected. It was
desired also to compare results with
the Italian olive oil with tests in
which 5% tea seed oil was added
to other olive oils. (Table IL.)

of the sample and the chloroform
solution was water washed.

The test for tea seed oil then was
applied to the clear solution with-
out any further addition of chloro-
form. The results showed that the
interfering action of sesame oil was
reduced considerably.

TABLE II

Per c
Tea See(t)i 0Oil

Brand of Olive Oil
Calift‘)‘rnia ....................

Fre‘r‘lch

Interfering Substances
To determine the value of the
method in the presence of other
oils the following oils were tested
and the reactions observed:
Reaction

Cottonseed ..... 100% Very deep red

Peanut ........ 100% Very light green

Sesame ........ 100% Very dark green,

s v R ia almost black
trongly Ranc

Olive Oil ...... } Deep red

From these results it is apparent
that cottonseed oil and rancid olive
oil both yield a positive test. Pea-
nut oil presents no interference.
Sesame oil under careful observa-
tion does not give a positive reac-
tion, as the color produced is very
dark there may be some interfer-
ence depending on the percentage
of sesame oil present.

The test then was modified slight-
ly so as to observe the reaction of
sesame oil more clearly. The pure
sesame oil first was shaken out with
two portions of conc. HCI, letting
each shaking stand 10 minutes be-
fore withdrawing the acid layer. The
oil then was shaken with an amount
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Per cent
OliIre 0Oil

Reaction Trials
t 2nd 3

T2

@
w2 2R 2T 2
2 22U 2

TYTZ ZZZRZd

The above modification also was
tried on the following oils, which
gave the various reactions listed:

Reaction
Sesame Oil ..................... Negative
Cottonseed Oil ................... Positive
Tea Seed Oil .............ovvnnn., Positive
Olive CAl .........ccviiiiiin.. Negative
Peanut Oil ...................... Negative

A final series of tests were made
with oils that had been maintained
at a high temperature for 15 min-
utes and then cooled. Set A was
heated to 150-160°C, Set B to 195°
C-205°C and set C to 240°C-250°C
(Table IIT). Upon the addition of
acid to the oil-chloroform-acetic-
anhydride mixture, an initial deep
red coloration was produced, but all
samples changed rapidly to their
respective greens. Heating of Set
C caused a separation of a chloro-
form insoluble material; only the
portion soluble in chloroform was
used for the test.
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In Set A, the olive oils gave a
positive reaction with the color not
as intense as in tea seed. Accord-
ing to this result it would be diffi-
cult to establish adulteration with
tea seed oil in a sample of olive oil,
which had been heated. The
results obtained with Sets B and C
showed that the positive teaction
became more intense as the tem-
perature was increased. This ap-
plied to the pure tea seed as well
as the olive oil. All tests produced
a clearer solution than with the un-
heated oils. The test on the heated
oils tends to produce a red colora-
tion somewhat similar to one pro-
duced by a mixture of tea seed oil
and olive oil. The clarity of the
solution, however, indicates that the
oils may have heen heated.

Jaques Sonol (10) states “the
objection that most of these tests
are negative in superheated seed
oils is immaterial, since the latter
are never used as adulterants, on
account of their dark color and un-
pleasant odor and taste.”

DISCUSSION

The constants of cottonseed, ses-
ame, rancid olive and heated oils
are sufficient for the detection of
any amount used for adulterating a
pure olive oil. The flavor of ran-
cid olive and heated oils is such
that there is little likelihood of these
oils being used for adulteration.
The Halphen test for cottonseed oil
and the Modified Villiveechia test
for sesame oil definitely will iden-
tify any admixture of these oils
with olive oil. The specific tests
for the cottonseed or sesame oils,
when these oils are combined with
tea seed oil to adulterate olive oil,
are sufficient to establish the adul-
teration of the olive oil. The great
demand for tea seed oil as a substi-
tute for olive oil has been due to
the fact that until now, means of
differentiating between these two
oils were not available.

CONCLUSIONS

I. The test presented permits de-
tection of as little as 5% of tea
seed oil in 95% olive oil.

II. Cottonseed oil or sesame oil
interfere with the test. The in-
terference of sesame oil can be
overcome to a great extent through
the modification recommended.

III. Rancid olive oil interferes

TABLE
. SET A
Sesame OQil ..vuviniiinnn, Negative
Peanut Oil .............0el, Negative
Italian Olive Oil............... Positive
Spanish Olive Oil............. Sli. Positive
Tea Seed Oil ................ Very Str. P.

111
Reaction
SET B SET C
Negative Negative
Sli, Positive Sli. Positive
Positive Positive
Positive Positive
Very Str.. P. Very Sfr. P.
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with the test. Heated oils may in-
terfere. However, such oils are
not likely to be present in olive oil
sold for food purposes.

Note:

Since this paper was written there has
been reported in the July issue of Food
Industries,'® a method used by the Fed-
eral Food and Drug Administration for
the last few months.

This method has been tried by the au-
thors who find that the color resulting
does not last long enough to permit of
easy comparison with standards, and
second that some olive oils give a pink
color reaction which can be mistaken as
ir_lldicating the addition of some tea seed
oil.

REFERENCES

1. The Seed Oil: A Heiduschka and
Chen $Shu Sheng (1931). ° Through
Chemical Abstracts, Vol..26: 326.

Vegetable Fats and Oils: George S.
Jamieson, 1932: 145.
Oils, Fats, and Fatty Foods: E.
Richard Bolton, 1928: 145,
Allens’ Commercial Organic_ Analy-
sis: Fifth Edition, Vol. 11: 159-60,
Detection of Tea Seed Oil in Olive
Oil: Ernest Millian, Comp. Rend.
Agric. France 6: 578-81. Through
Chemical Abstracts, Vol. 14: 2724,
6. Adulteration of Olive Oil with Tea
Seed Oil: J. Cofman-Nicoresti. Pharm.
J. 104: 138-40.
Abstracts, Vol. 14: 2099.
7. Tea Seed Oil and Its Uses as an
Adulterant of Olive Oil: H. A. Caul-
kin, Pharm. J. 118: 769-70-794; Chem-

oo w o

Through Chemical

ist and Druggist 107: 39-40. J. Cof-
man-Nicoresti, Pharm., J. 119, 58,

8. Investigations of Tea Seed Oil in
Olive Oil: H. Blin. Mat Grasses 13,
5993-4. Through Chemical Abstracts
Vol. 16: 1019.

9. Report of Olive Oil Committee: M. F.
Lauro, Oil and Soap 10, 36 (1933).

10. The Value of Color Reactions in_the
Analysis of Oils: Jaques Sonol, Rev,
facultad ciene. quin 2, 7-50 (1924).
;Iz)lérough Chemical Abstracts, Vol." 19:

11. Chemical Technology and Analysis of
Oils, Fats and Waxes: J. Lewko-
witsch, Vol. 1: 12,

12. Detection of Olive Oil Obtained hy
Extraction with Solvents: 8. Fachini,
British Chemical Abstracts B, 1926,

92.
13. Food Industries, July 1936. Page 359,

PDHOTOCHEMICAL STUDIES OF RANCIDITY:

INDUCTION

NON=DPROTECTED O©OILS*

By MAYNE R. COE

PDERIOD OF DPROTECTED AND

Food Research Division, Bureau of Chemistry and Soils,

HE induction period of oils
or fats and its significance in
determining  their  keeping
guality have long been active sub-
jects for investigation. Usually in
the process of refining and in han-
dling for the market, oils are more
or less exposed to deleterious
agents, especially finely divided
metals, as well as unfavorable tem-
perature and light conditions, all of
which play an important part in
altering the induction period.
Under normal conditions, an oil
of good keeping quality is charac-
terized by a long induction period
and a low peroxide value. Under
such conditions, when the oil is not
in contact with metals, the peroxide
value will increase to about 30 or
60 before the oil becomes rancid.
This usually takes from one week
to one month. If an oil is exposed
to light of more than ordinary in-
tensity, under certain conditions the
induction period may be shortened
to a few days only. In general, as
rancidity develops the peroxide
value increases. Consequently,
many investigators have undertaken
to correlate rancidity and the in-
duction period with the peroxide
value. Numerous observations have
shown, however, that oils or fats
protected from light, for example,
by means of a green wrapper or
container, may have a peroxide
value equal to or even greater than
an unprotected oil or fat that has

*Food Research Contribution No. 299.

U. S. Department of Agriculture

become rancid and still be organo-
leptically free from rancidity.

Preliminary Experiment

Corn oil through which moisture-
laden air® had been bubbled for six
months, during which time it had
been protected from light with
opaque black paper, was trans-
ferred to two tubes, one of which
was wrapped with protective green
(delimited by 4,900 to 5,800 Ang-
strOm units) paper while the other
was unprotected. The tubes were
then exposed to the light in an east
window. After such exposure for
about seven weeks, it was found
that, although the peroxide valu= of
the two samples was about the
same, the unprotected sample was
rancid while the oil protected by
green paper was still free from ran-
cidity. This preliminary experi-
ment indicated that the reaction
which gives rise to the rancid taste
or odor may have no connection
with the formation of peroxides.
That the development of rancidity
in these experiments is a photo-
chemical change is also indicated by
the fact that when oils are protected
from harmful light the original mo-
bility and color of the oil, as well
as the taste and odor, are to a large
extent preserved.

11934. Coe, Mayne R., and J. A. Le-
Clerc. Photochemical Studies of Ran-
cidity: Peroxide Values of Oils as Af-

fected by Selective Light. Ind. Eng.

Chem., Vol. 26, Page 245.

1A very adverse treatment.

The results noted above have
raised the questions: (1) “What
influence does protection from
harmful light have on the induc-
tion period of a fresh oil?” (2)
“Does ‘protective green,” as defined
above, extend the keeping quality
or induction period of an oil?” (3)
“Does the process concerned with
the development of rancidity begin
when the oil is first exposed to
light, ie., does this mark the be-
ginning of the induction period?”
(4) “Does the peroxide value of a
protected oil modify the induction
period of that oil when the oil is
exposed to light?” It may be pos-
sible to answer some, if not all, of
these questions.

Experimental

An experiment was made to de-
termine whether rancidity develops
at about the same time in a fresh
oil as in an oil which, for a time,
had been exposed to light but had
been protected by this special green
wrapping. Cottonseed and corn
oils were used. The initial perox-
ide value of the former was 1.0;
that of the latter was 1.5.

Two eight-ounce bottles of clear
glass containing cottonseed oil and
two containing corn oil were each
provided with a two-hole cork stop-
per. One bottle of each set was
wrapped with protective green pa-
per; the remaining bottle of each
set was not wrapped. Through one
hole of the stopper was inserted a
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