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Abstract

During a study of the bodying of soy-
bean oil under oxidative conditions it was
observed that an increased hydroxyl num-
ber was accompanied by an increased
diene value. The presumption was made
that maleic anhydride had esterified the
hydroxyl group and that the Diels-Alder
reaction was not responsible for the in-
creased diene value. It has been estab-
lished that the hydroxyl group and oxida-
tion products such as peroxides seriously
interfere with the diene methods of Kauf-
mann and of Ellis. In the case of pure
saturated hydroxy compounds and hy-
droxylated monoethylenic compounds the
error can be avoided by acetylating: the
compound prior to carrying out the diene
determination. However, on applying
this procedure to such vegetable oils as
soybean, linseed, and perilla, the diene
walue was increased. This point is being
investigated more extensively.

—

IELS AND ALDER (1) dis-
D covered that e, B—unsaturated

carbonyl compounds enter in-
to a 1, 4-addition with conjugated
diene hydrocarbons as indicated by
the reaction between maleic anhy-
dride and 1, 3-butadiene.

CH=CH, CHCO
.. >0
CH=CH: CHCO
1, 3-Butadiene Maleic anhydride

Boeseken and Hoevers (2) ap-
plied the Diels-Alder reaction in in-
vestigating the dehydration product
of ricinoleic acid and later Morrell
and Samuels (3) studied the reac-
tion with the « and B forms of eleo-
stearic acid. During the course of
their investigation they isolated and
determined the structures of the
maleic anhydride addition products.
Morrell, Marks, and Samuels (4)
employed the diene reaction to fol-
low the changes that are produced
during heat bodying in the conju-
gated trienoic system of tung oil.

Since the usual constants, such as
iodine and thiocyanogen numbers,
supply no evidence either for or
against the presence of conjugation,
it is obvious that a method based on

1Presented before Section C, American
Association for the Advancement of Sci-
;!sr)l:?e' Indianapolis, Indiana, December 30,
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the Diels-Alder reaction would be of
value in detecting both the presence
and the extent of conjugation in fats
and oils. In 1936 two methods
based on this reaction were sug-
gested, one of them by Kaufmann
et al. (5, 6) and the other by Ellis
and Jones (7). Kaufmann and co-
workers referred to the values ob-
tained by their method as diene
numbers, while Ellis and Jones pre-
ferred the term maleic anhydride
value." These investigators reported
diene values for oils such as soy-
bean, linseed, poppyseed, castor, and
perilla, which theretofore had not
been known to contain a conjugated
diene system. Furthermore, Béhme
and Steinke (8) obtained results by
means of peracid oxidation which
they interpreted as indicating the
presence of conjugated systems in
linseed, poppyseed, and sesame oils.

Kaufmann, Baltes, and Biiter (6)

CHCH:CHCO
1l | >0
CHCH:CHCO
2-Cyclohexene D BC - 5, 6-dicarboxylic
acid anhydride

reported diene numbers of 5 to 13
for poppyseed, almond, cottonseed,
soybean, and linseed oils.

In a study of the applicability of
the two diene methods as a means of
following changes in the polyethe-
noid linkages of soybean oil under
various conditions of heat bodying,
it was observed in this laboratory
that oil heated at 100°C. in an at-
mosphere of oxygen showed an in-
crease in diene values and hydroxyl
numbers. Furthermore, the diene
values appeared to be a nearly linear
function of the hydroxyl numbers.
A control sample under an atmos-
phere of carbon dioxide showed no
such changes. It was therefore
presumed that hydroxyl groups
were combining with the maleic an-
hydride, and that 1, 4-addition was
not entirely responsible for the ob-
served increase in diene values.

While the authors (9) were en-

¥Throughout this communication the
terms ‘“‘diene number” and ‘‘maleic an-
hydride value” are used as the original
authors indicated, while “diene value” is
used without reference to the method of
determination.

gaged in determining the apparent
diene values of pure hydroxy com-
pounds which did not contain a con-
jugated system, and in redetermin-
ing the value after blocking the
hydroxyl group by acetylation, two
papers appeared which lent support
to their hypothesis. In the first
communication reported by Pelikan
and von Mikusch (10) the Ellis and
Jones method was suspected of giv-
ing abnormal values in the presence
of hydroxylated oils; however, the
Kaufmann and Baltes method was
considered wholly reliable since it
was stated, “No indications have
been observed in these experiments
as well as in other routine determi-
nations to support the statement
that the Kaufmann method is unre-
liable. . . . His ‘Diene Value’ indi-
cates exactly the quantitative evalua-
tion of conjugated double bonds.”

The second of these papers was
communicated by Bruce and Den-
ley (11) in which they confined their
remarks to the Ellis and Jones
method. These observers recorded
results on soybean oil, analogous to
those of the present authors and also
obtained appreciable maleic anhy-
dride values with castor oil, blown
oleic acid, linseed, and perilla oils,
They likewise suspected that a re-
action occurred between hydroxyl
groups and maleic anhydride, and
attempted to prove the point by
a study of one hydroxy com-
pound (dihydroxystearic acid) and
blown oils which were found to
have maleic anhydride values. The
Ellis and Jones method was modi-
fied by substituting acetic anhydride
for maleic anhydride, and as might
be expected it was found that the
acetic anhydride entered into com-
bination with the dihydroxystearic
acid. It was also observed that
acetic anhydride reacted with the
blown oils. The conclusion drawn
from these observations was that
maleic anhydride esterified hydroxyl
groups present in the oils, although
the only evidence presented was that
both of the anhydrides reacted with
the oils. These observations did net
preclude the possibility of a Diels-
Alder reaction with the maleic an-
hydride. In fact, Goswami and
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Saha (12), prior to the communica-
tion of Bruce and Denley, noted that
linseed oil blown in the presence of a
catalyst had an increased Kaufmann
. diene number. This increase they
attributed to the formation of com-
pounds containing conjugated dou-
ble bonds, and they postulated a
mechanism for inducing conjugation
through oxidation to hydroxy com-
pounds with the subsequent forma-
tion of a conjugated ethylenic bond
by elimination of water.

Simultaneously with the appear-
ance of the authors’ note to the edi-
tor (9) Sabetay and Naves (13) re-
ported the results of a study of the
effect of primary and secondary al-
cohols on the diene value of essential
oils. Phenylethyl, benzyl, and octyl
alcohols, geraniol, menthol, borneol,
cholesterol, and castor oil were
shown to give appreciable diene
values under the conditions of the
Sandermann (14) modification of
the Kaufmann method. They also
found that cyclohexanol, propylene
glycol, and ethylene glycol when
heated for two hours under reflux
with maleic anhydride in benzene
solution reacted to the extent of 56
to 78 percent, based on the forma-
tion of the half ester.

In view of the conflicting results
reported by othe: workers and the
anomalous results obtained in this
laboratory it was deemed essential
to investigate the nature and extent
of the effect of hydroxyl groups on
the course of the reaction with
maleic anhydride under the condi-
tions of the Ellis and the Kaufmann
methods. The procedure which was
followed in. this investigation in-
volved the determination of the ap-
parent diene value on pure hydroxy
compounds before and after acetyla-
tion. In all cases the apparent con-
jugation became practically zero
after acetylation, thus indicating
that maleic anhydride does react
with hydroxyl groups under the con-
ditions given for the quantitative de-
termination of conjugation, prob-
ably with the formation of the half
ester of the acid, as shown in the
following equation :

COCH
RR'’CHOH + o< |l
COCH

In extending the acetylation pro-
cecure to oils it was found that
castor, tung, and oiticica oils like-
wise exhibited a decrease in diene
value following acetylation. How-
ever, the diene values of perilla, lin-
seed, and soybean oils were found to
increase after acetylation. Acetyla-
tion oi all the oils examined result-
ed in a decrease in the iodine num-

ber and in most instances in a simul-
taneous decrease in. the refractive
index. All of the oils examined
were found to have hydroxyl num-
bers prior to acetylation and most
of them contained peroxides follow-
ing, as well as prior to, acetylation.
EXPERIMENTAL

Diene values were determined by
the Kaufmann 15-hour reflux and
20-hour sealed tube toluene methods
and by the Ellis 3-hour reflux tol-

uene method. The reagent specifi--

cations and the procedures given by
the authors were followed without
modification. The diene values are
expressed as grams of iodine equiv-
alent to maleic anhydride added by
100 grams of fat or oil. All hy-
droxyl numbers, expressed as the
number of milligrams of KOH
equivalent o the hydroxyl content
of 1 gram of oil, were determined
by the pyridine-acetic anhydride
method of West, Hoaglard, and
Curtis (15). Except where other-
wise stated, the peroxide numbers
were determined by the method of
Wheeler as modified by Lowen, An-
derson, and Harrison (16). The
values were calculated as milliliters
of 1IN Na,S,0, per 1,000 grams of
fat. The Wijs method was used
with a 30-minute reaction time in
determining the iodine numbers
while the thiocyanogen numbers
were determined according to the
directions given in the Report of the
Committee on Analysis of Com-
mercial Fats and Oils (17).

The oils and other products were
acetylated by mixing with an equal
weight of acetic anhydride, and re-
fluxing for 2 hours. After cooling,
the acetylated product was poured
into distilled water and washed sev-
eral times, first with water, then
with a 2 percent sodium bicarbonate
solution, and finally with distilled
water until the wash water became
neutral. The oils were then dried
with anhydrous magnesium sulfate.
Pouring the acetylated oil into water
and shaking out with ether, followed
by washing and drying of the ether-
eal solution and subsequent recovery

——— >RR'HCO-OCCH=CHCOOH

of the oil, led to the same final re-
sults.

With the exception of glyceryl
monoricinoleate all the products
shown in Table I were either pre-

4The authors wish to express their
thanks and appreciation to L. A. Bedford
for his assistance in preparing and puri-
fying a number of the products used in
this investigation and to P. Krauczunas
for assistance in carrying out a number
of the analytical determinations.
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pared or purified in this laboratory.*
Recognized procedures were fol-
lowed in the preparation and purifi-
cation of the various hydroxylated
compounds with the exception of
methyl-12-hydroxystearate which
was prepared as follows: .

Two hundred fifty grams of cas-
tor oil was saponified with alcoholic
potassivm nydroxide (50 g. KOH
in 500 ml.” 95 percent alcohol).
After diluting with water and acidi-
fying, the ricinoleic acid obtained
was purified by crystallization from
alcohot in the form of the barium
soap. The recovered ricinoleic acid
was then esterified with a 3 percent
solution of sulfuric acid in absolute
methanol. The methyl ricinoleate
was further purified by vacuum dis-
tillation. ~ The fraction which was
used for hydrogenation boiled at
168-170° /1 mm. and had a hydroxyl
number of 177.8, calculated 179.6.
Eighteen grams of methyl ricin-
oleate was dissolved in 120 ml. of
absolute methanol and 1 g. of Raney
nickel catalyst was added. Hydro-
gen was admitted at 44 pounds’
pressure at room temperature. Hy-
drogenation in the Parr apparatus
was complete in 1 hour. The cata-
lyst was removed by ﬁltration_, and
the solution placed in the refrigera-
tor. After an hour 110 g. of
methyl-12-hydroxystearate melting
at 57-57.5°C. was deposited. Grin
and Woldenberg (18) report a melt-
ing point of 58°, after many re-
crystallizations from ether. Evapora-
tion of the alcoholic solution to a
volume of 50 ml. and cooling in the
refrigerator yielded 5 g. of a less
pure product melting from 54.57° C.
The corresponding acetyl derivative
was prepared from the ester by
acetylation with acetic anhydride.

RESULTS AND DISCUSSION

It is evident from the data re-
corded in Table I that hydroxy com-
pounds, closely related to or identi-
cal with those associated with
vegetable oils, do react with maleic
anhydride to produce apparent
diene values. The corresponding
acetylated derivatives, however,
show only negligible diene values.
Although  the reaction with maleic
anhydride occurs irrespective of the
method employed, the highest values
are always observed by the Ellis
method while the lowest values are
obtained by the Kaufmann method.

It is interesting to note that the
hydroxyl group in the B-position of
the a. a’-distearin appears to be in-
capable of reacting with maleic
anhydride 2ven when heated in a
sealed tube of 100°C. for 20 hours.
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TABLE 1.-THE APPARENT DIENE VALUES OF ANTHRACENE AND HYDROXY
COMPOUNDS AND THEIR ACETATES

Ellis . Kaufmann Kaufmann
3 hour reflux- toluene toluene
Maleic 15 hour 20 hour
anhydride reflux- sealed tube-
Substance value Diene number Diene number
Anthracene (Calc’d D. No. 142.5)....... 140.1 130.8 139.4
140.5 131.5 141.1
Acetone-glycerol (Hydroxyl No. 421)... 18.8 8.2 8.6
19.3 8.3 8.7
Ethylene-glycol (B. P. 195-7°).......... 80.2 57.5
94.8 58.1
Glycerol ...........oiiiiiiiiiiiiiiiiae.. 77.9 40.0 51.8
80.2 48.6 55.3
Methyl ricinoleate (HMydroxyl No. 177.8). 16.5 3.4 3.1
16.7 3.5 3.2
Methyl acetylricinoleate ............... 2.7 0.1
2.9 0.3
Methyl-12-hydroxystearate (M. P. 57.5°) 24.5 3.6
26.0 4.0
Methyl-12-acetoxystearate ............. 0.4 0.0
0.9 0.0
a-Mono-palmitin (M. P. 77°)............ 19.% 6.1
21.3 6.3
Glyceryl monoricinoleate (Commercial 717.0 . 36.2
grade) ..... et e i 7.1 . 40.0
a-12-Acetylricinoleo—a, §-diacetin ....... 0.8 0.0
1.2 0.0
a, a’-Distearin (M. P. 78°) ......covvvanns (())3

In view of the demonstrated re-
activity. of maleic anhydride with
pure hydroxy compounds it might
be presumed that the diene values
observed with oils having apprecia-
‘ble hydroxyl numbers could result
from the presence of hydroxylated
compounds in these oils. Conse-
quently, the diene values of several
oils exhibiting hydroxyl numbers
were determined before and after
acetylation with the results shown
in Table II.

It is observed that castor oil
which contains about 80 percent of
the hydroxy acids, ricinoleic and
dihydroxystearic, does in fact ex-
hibit a marked reduction in diene
value after acetylation. Tung oil,
containing the conjugated triethe-
noid elaeostearic acid, also exhibits
a decrease in diene value, which is
also the case with oiticica oil con-
taining the keto-triethenoid, licanic
acid. The decrease in diene value
was accompanied by a decrease in

TABLE IL.—THE EFFECT OF ACETYLATION (2 HOURS) ON THE APPARENT
DIENE VALUES OF VEGETABLE OILS

Maleic
Iodine Peroxide Hydroxyl anhydride Diene
Substance number n®/n number nilmlger value® nun':n;bzer“

1 84.6 1.4775 10 65. . L

Castor of 166.6 10.2 3.2
Acetylated castor oil ....... 75.3 1.4684 16 2&1) gg
Oiticica oil ............ ...t 140.1 1.5190 9 38 56.0 52.9
38 56.1 55.8

Acetylated oiticica oil ...... 112.7 1.5118 29 51.5 45.9
51.1 43.9

Tung oil .........ciiiiinionn 148.9 1.5170 4 7.2 66.7 63.6
9.3 67.4 64.9

Acetylated tung oil ......... 128.8 1.5160 12 63.0 56.3
62.8 56.

Perilla oil .................. 203.8 1.4823 0 5.7 1.3 2.8
5.7 1.5 2.9

Acetylated illa oil ....... 200.4 1.4815 23 3.2 8.8
cetylated perilla > EH
Raw linseed oil A........... 177.6 1.4790 21 9.7 1.8 1.3
10.3 1.9 1.3

Acetylated linseed oil A..... 174.1 1.4790 52 e !g‘?; gg
Extracted linseed oil B...... 173.2 1.4780 15 6.1 1.0 3.3
6.5 1.8 3.8

Acetylated linseed oil B .... 165.8 1.4780 212 12.2 9.9
12.8 10.6

Extracted soybean oil A .... 132.8 1.4732 0 6.6 1.7 0.7
6.8 1.8 0.8

Acetylated soybean oil A.... 122.0 248 AN 16.1 8.2
16.5 8.3

Nonbreak soybean oil B .... 131.0 1.4731 47 4.0 1.2 1.8
4.8 1.8 2.0

Acetylated soybean oil B.... 129.9 1.4729 25 M 1157 isl
Edible soybean oil C........ 130.0 1.4730 11 4.6 0.7 1.9
6.5 0.8 2.0

Acetylated soybean oil C.... 128.8 1.4726 18 }g %g

5Ellis 3 hour reflux method.

sKaufmann toluene 20 hour sealed tube method.
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under carbon dioxide.

iodine value and refractive index
which might be expected as a result
of the enhancement of the molec-
ular weight through acetylation.
It was also noted that the viscosity
of both the tung and oiticica oils
markedly increased following acety-
lation, and rapid gelantinization en-
sued even though they were stored
It appears
from these results that the decrease
in diene value following acetylation
may result from the presence of
hydroxylated compounds in both
tung and oiticica oils, although the
possibility that polymerization may
be responsible for the observed low-
ering of the diene value is not pre-
cluded (19).

When the same procedures were
followed with perilla, linseed, and
soybean oils, surprisingly enough,
the diene values were found to in-
crease instead of decrease as a re-
sult of acetylation. This increase
(3 to 10 fold) in diene value was
especially marked in the case of ex-
tracted soybean and linseed oils.
However, the iodine numbers of
both oils were observed to decrease
after acetylation,

Since the diene value is supposed
to be a measure of the amount of
conjugation, the enhancement which
followed acetylation of perilla, lin-
seed, and soybean oils might be pre-
sumed to arise from a shift of a por-
tion of the double bonds of these
oils to a conjugated position. Also
it might be further presumed that
the magnitude of the shift had been
greater than indicated by the diene
value since, as shown above, a simul-
taneous lowering in this value
would be expected to occur as a
result of the inactivation of any
hydroxyl groups present in the
original oil. However, the demon-
strated reactivity of maleic anhy-
dride with hydroxyl groups suggest-
ed the possibility that other unsus-
pected groups might also be reacting
with the diene reagent. The possi-
bility that peroxides or other oxida-
tion products might be responsible
for the observed diene values was
investigated and this assumption
was verified.

In order to determine the possible
effect of the presence of peroxides
and other oxidation products on the
magnitude of the diene number, air
was passed through samples of re-
fined soybean oil maintained at
98°C. in a standard stability appa-
ratus (20). Duplicate samples were
removed at intervals and examined
with respect to diene, peroxide, and
other values as indicated in Table
ITII. A positive Kreis test for the
presence of aldehydes was obtained
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after three hours’ aeration, and be-
tween the fifth and sixth hours vol-
atile acids were evolved in amounts
sufficient to decolorize 0.01 N
NaOH and phenolphthalein solu-
tion placed at the outlet side of the
gas stream.

Inspection of the data in Table
IIT indicates that the diene number
increases with increased values for

with 1.3 for the untreated oil. These
values would seem to indicate that
aldehydes in amounts in excess of
those normally found in natural oils
and fats do not affect the magnitude
of the diene number.
SUMMARY

An investigation of certain fac-
tors affecting the determination of
diene values of soybean and other

TABLE IIl..—EFFECT OF ACCELERATED OXIDATION ON THE PROPERTIES OF
REFINED SOYBEAN OIL

Aeration

time Peroxide
number?
18.5 (13))8

Iodine
number
130.4 (5)
130.5 (6)
130.1 (6)
130.3 (6)
130.1 (6)
129.8 (6)
129.5 (6)
128.8 (4)
128.4 (5)
125.7 (5)

10

*See reference (21).

Diene
number

=3
=
—~
=
%
<

TAh GO b e
DB D Lo 0 e H D

Refractive
Hydroxyl Acid index
number number n*/n
3.9 (2) 0.6 (2) 1.4730 (1)
(3) 1.4730 (3)
(4) 1.4730 (3)
4) 4.1 (2) 1.1 (1) 1.4730 (3)
4) e e 1.4731 (3)
(3) 1.4732 (3)
(3) 4.2 (2) 1.2 (2) 1.4733 (3)
(2) e . 1.4734 (2)
(2) 6.1 (2) 2.2 (2) 1.4737 (3)
(2) 11.5 (1) 4.3 (1) 1.4743 (1)

$Values in parenthesis indicate the number of determinations which were made and

averaged.

peroxides and other oxidation prod-
ucts. In fact, the data given in
Table III may be related within the
limits of experimental error by the
equation: D. No. = 0.226 Hy-
droxyl No. -4~ 0.0127 Peroxide Na.

In order to determine the effect
of the presence of aldehydes on the
magnitude of the diene number
butyraldehyde, crotonaldehyde, and
octylaldehyde were added in a con-
centration of 5 percent to samples
of refined soybean oils after which
the diene numbers were determined
in the usual manner. The values
found for diene number of the three
aldehyde-treated oils were, respec-
tively, 0.8, 1.2, and 1.2, compared

vegetable oils by the Kaufmann and
Ellis methods indicates that these
methods do not necessarily measure
the true extent of conjugation in
oils of low diene value.

It has been established that the
presence in fats and oils of hydroxyl
groups, peroxides, and possibly
other oxidation products influences
the magnitude of the diene value
apparently as a result of the reac-
tivity of these substances with
maleic anhydride under the condi-
tions of the Kaufmann and Ellis
methods.

Pure hydroxylated compounds
having appreciable initial diene
values were found to have little or

no diene value after acetylation.
However, soybean, perilla, and lin-
seed oils having low initial diene
values were found to have increased
diene values following acetylation.
Further work pertaining to the ef-
fect and significance of acetylation,
as well as other chemical treatments,
on the diene value and drying prop-
erties of soybean oil will be reported
in a separate- communication.
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AN INVESTICATION OF INVISIBLE LOSSES
IN EXPELLER OPERATION

By R. H. PICKARD

THE V. D. ANDERSON CO., CLEVELAND, OHIO

Abstract

Description and results of a test run
on a single Expeller mill set up for cotton
seed crushing to determine losses. A ma-

“terial balance is included showing that
the unaccounted for loss in the process
was very small.

ECENTLY there has been
considerable discussion cen-
tering on the question of

whether or not there were so-called
invisible losses in Expeller opera-
tion in cotton seed milling, and, if
so, what has caused them and where
they have been located in the course
of operation:

In order to ascertain the facts in

this matter, a test was arranged and
run at one of the larger cotton oil
mills in the South.

In order that data obtained might
be unbiased and fair to all con-
cerned, all testing, sampling, weigh-
ing and analysis was placed in the
hands of the Barrow-Agee labora-
tories of Memphis, Tennessee, Mr.
Mays of that organization oversee-
ing all operations.

The test was run over a twenty-
four-hour period from eight o’clock
of one morning until eight o'clock
of the following morning.

Little need be said concerning the
equipment. The Expeller was of
the type known as the Anderson

Super Duo with three high temper-
ing apparatus, extra long vertical
drainage barrel and standard main
drainage barrel, powered with a
forty-horsepower motor. It was
equipped to have oil cooling over
both barrels. In other words cooled
oil was circulated over the barrels
to control their temperature to a
predetermined point. Auxiliary
equipment included a vibrating
screen through which all oil pro-
duced was strained and from which
the separated foots fed back auto-
matically into the lower trough of
the tempering apparatus, a recessed
plate filter press, and an Anderson
gravity scraper meats dryer. The
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