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The presence in peanut oil of arachidie acid, which
was first reported by Goéssman (1), has resulted in
many attempts to develop a method based on the iso-
lation of this acid as a means of quantitatively iden-
tifying peanut oil in a mixture of oils. Renard (2),
in 1871, applied to the analysis of peanut oil Gus-
serow’s (3) method of separating solid fatty acids
from liguid fatty acids on the basis of the differential
solubility of the lead soaps in ethyl ether. The sep-
arated solid fatty acids were then fractionally crystal-
lized from 90 percent aleohol. By the application of
this method Renard obtained a produet which was
designated as the ‘‘arachidic acid fraction’ melting
at 70-71° C. This fraction was reported to consist of
a mixture of palmitie aeid, m. p. 64°, and arachidie
acid, m.p. 75°. Based on the observation of' the
analyses of a number of peanut oils from different
sources, that the arachidic acid econtent varied only
slightly from 5 percent, Renard suggested that the
arachidie acid content, obtained by this method, mul-
tiplied by twenty could be used as a means of quan-
titatively determining peanut oil in an admixture
with other oils. Following the application of the
method to the detection of peanut oil as an adulterant
in olive oil, Renard later (4) modified the factor to
twenty-two, }

Other methods for the detection of peanut oil have
been proposed. These include the potassium-soap
acetone method of Fachini and Dorta (5); the mag-
nesium-soap aleohol method of Kerr (6) originally
reported as a qualitative test only but later modified
somewhat by Thomas and Yu (7) and designated as
a quantitative method ; and various modifications (8)
of Renard’s original method. All of these methods
and modifications thereof consist essentially of two
steps; first, the separation of the solid fatty acids from
the unsaturated fatty acids, and second, the separa-
tion of the arachidie acid fraction from the total solid
acid fraction. The latter step is dependent upon frac-
tional erystallization of the solid acids from dilute
aleohol in which the longer chain length saturated
fatty acids (arachidie, ete.) are somewhat less soluble
than are the shorter chain length saturated aecids
(palmitie, stearie, ete.).

During the past four years the Fat Analysis Com-
mittee of the American Oil Chemists’ Society has con-
ducted cooperative work on the applicability of the
Renard test to the determination of peanut oil in ad-
mixture with other oils. This work indicated that
anomalous results were obtained with certain oil mix-
tures and that the method was not of universal appli-
cation. In connection with this eooperative work the
Southern Regional Research Laboratory investigated
the applicability of the Renard test, as modified by
the Association of Official Agricultural Chemists, to
the determination of peanut oil in admixtures with
various other oils such as cottonseed, hydrogenated
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cottonseed, soybean -and olive. The work ineluded an
investigation of the Thomas and Yu modification of
the magnesium-soap alecohol method because these
authors claimed their method gave more accurate re-
sults than did the Renard method when applied to
the determination of peanut oil in the presence of cot-
tonseed or other oils containing a high percentage of
saturated acids.
Experimental

Samples containing known amounts of peanut oil
in cottonseed, soybean, hydrogenated cottonseed, and
olive oils were prepared and analyzed for arachidie
acid content by the Renard procedure as deseribed in
the Methods of Analysis of the Association of Official
Agricultural Chemists (9).

Ten grams of the oil under examination was saponi-
fied with alcoholie potassium hydroxide, and neutral-
ized with acetic acid (1 +- 3) to phenolphthalein, after
which it was poured into a 500 ml. flask containing
100 ml. of a boiling solution of 10 percent lead acetate.
After boiling the solution for a few minutes the pre-
cipitated soaps were cooled by immersing the flask in
water. After cooling, the solution of the excess lead
acetate was decanted and the solid residue was washed
first with water and then with ecold 90 percent aleohol.
One hundred ml. of ether was added to the soaps. The
flask was then closed with a cork and allowed to stand
until the scaps disintegrated, after which it was heated
on a water bath under reflux for about 5 minutes.
The solution was then cooled to 15 to 17° C. and al-
lowed to stand overnight at this temperature. The
insoluble lead soaps were filtered and washed with
ether, and then transferred into a separatory funnel.
The lead soaps suspended in ether were then acidified
with nitriec acid (1 + 3). The ether solution of the
solid acids was washed with water until the wash
water no longer gave an acid reaction to methyl or-
ange. The ether was distilled and the solid acids dried
by adding absolute aleohol and evaporating on a steam
bath. The fatty acids were then dissolved in 50 ml.
of 90 percent aleohol (by volume) with warming, and
allowed to stand overnight at room temperature (25
to 30° C.) after which they were cooled at 20° C. in
a water bath for one to two hours. The acids were
then filtered and washed with 10 to 20 ml. of 90 per-
cent alcohol (previously cooled to 20° C.) and then
with 70 percent aleohol. The arachidic acid was then
dissolved in absolute alcohol in a weighed dish, the
aleohol evaporated and the residue dried and weighed.
To the observed weight a correction of 0.0025 grams
was added for each 10 ml. of 90 percent aleohol used
in crystallization and washing if conduected at 15°,
or if conducted at 20°, 0.0045 grams was added for
each 10 ml. The percentage of peanut oil was ealcu-
lated as twenty times the total weight of the arachidie
acid fraction.
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Analysis of the olive oil used in preparing the sam-
ples reported in Table 3 indicated that it was grossly
adulterated. The determinations were repeated using
a different sample of olive oil, apparently genuine, and
these results are recorded in Table 4. The' compara-
tive analysis of these two olive oils and the peanut oil
used in this work are recorded in Table 1. The ap-

TABLE 1
Properties of Oils

Olive oil Olive oil Peanut oil
0-44 0-112 0-50
Refractive index NED5 .................... 1.4702 1.4659 1.4673
Jodine number 122.3 87 97.7
Thiocyanogen number 79.3 78.2 69.7
Saponification number 191.9 190.4 191.2
Acid number........... 0.26 4.15 0.23
Oolor...oocoociveveenen 10Y/1.08R | 35Y/2.74R |  ......
Unsaponifiable matter,
percent.......... 1.32 0.90 0.38
Acetyl number... 3.4 4.834 2.50

parent amounts of peanut oil which were present in
known mixtures of cottonseed, hydrogenated cotton-
seed, soybean, and olive oils as found by the applica-
tion of the above described method are recorded in
Tables 2 to 5, inclusive. All recorded melting points
are uncorrected for stem emergence.

Thomas and Yu modification. of Kerr’s method:
Mixtures of peanut oil with cottonseed and soybean
oils were also prepared and analyzed by the Thomas
and Yu modification of Kerr’s method. According to
this procedure 10 grams of the oil were saponified with
aleoholic potassium hydroxide, and the soap solution
nentralized to phenolphthalein with acetic acid
(1 +3) and then just enough alecoholic alkali was
added to produce a pink color. The soaps were pre-
cipitated from the warm solution by addition of alco-
holic magnesium acetate, after which the solution was
heated to boiling and then allowed to cool. After
standing in refrigerator overnight at about 10° the
insoluble soaps were separated and washed with pre-
cooled 90 percent aleohol. The washed soaps were
acidified with dilute (1 + 3) nitrie acid (Thomas and
Yu used 5 M hydrochloric acid) and washed free of
mineral acid as indicated by the reaction of the wash
waters to methyl orange. The solid acids were dried

and weighed and then redissolved in 90 percent aleo-
hol with mild application of heat. The mixture was
allowed to stand overnight at room temperature (25°
to 30° C.) and then cooled in a water bath for one to
two hours at 20° C. The solids were filtered, washed
with a measured volume of precooled 90 percent al-
cohol and then with preecooled 70 percent aleohol. The
arachidic acid was dissolved in absolute aleohol in a
weighed dish after which it was dried and weighed.
To the observed weight there was added a solubility
correction from tables of Thomas and Yu for the
amount of 90 percent alecohol used. The total weight
multiplied by 20 is reported as the percentage of
peanut oil in the sample.

The results of the examination by this method of a
number of mixtures of peanut with other oils are re-
corded in Table 6. All melting points are uncorrected
for stem emergence.

Discussion

The results of the analyses recorded in Tables 2 to
6 indicate that neither method investigated is suf-
ficiently accurate to warrant its use for the quanti-
tative determination of peanut oil in vegetable oil
mixtures.

The results are in most cases very erratic. The great-
est disecrepancies oceur in the analyses of hydroge-
nated peanut-hydrogenated cottonseed oil mixtures
(Table 5). The best results were obtained in the
analyses of mixtures of peanut-soybean oil by the mod-
ified A. O. A. C. method where differences, from the
theoretical, of minus 3.1 to plus 6.2 percent were ob-
tained. However, the analysis of these same mixtures
by the modified Kerr method (Thomas and Yu, Table
6) gave values varying from minus 13.7 to plus 8.8
percent from theory. The discrepancies noted in the
analyses of these mixtures and with the peanut-adul-
terated olive oil mixtures may be due to the influence
of the high content of unsaturated fatty acids in these
oils on the solubility of the lead and magnesium soaps
of the saturated acids. This phenomenon has also been
observed by Lewkowitsech (11), who states that the
solubilities in ether of the lead soaps of the saturated
fatty acids are considerably greater in the presence
of appreciable quantities of the lead soaps of the un-

TABLE 2

‘Determination of Peanut Oil by A.O. A. 0. Modified Renard Method
‘Weight of
Percentage .composition Weight of arachidie acid Ti(e)rfane:gt}uIre Solubility Total Melting Peanut oil
of oil mixture * solid acid from (60 ml.) correction ** weight range found
: 909% EtOH ml.
g. c° g. g. c° Percent

Peanut-cottonseed, 0.1650 20 0.0387 0.2037 | ... 40.7
Peanut-cottonseed, ¢ 0.0689 25 0.0708 0.1397 68-72 27.9
Peanut-cottonseed, 0.1942 20 0.0390 0.2332 | ... 46.6
Peanut-cottonseed, 0.0964 25 0.0726 0.1690 73-74 33.8
Peanut-cottonseed, 0.0940 20 0.0344 0.1284 | ... 25.7
Peanut-cottonseed, ¢ "0.2284 20 0.0396 0.2680 60-62 53.6
Peanut-cottonseed, 0.4093 25 0.0918 0.5011 | ... 100.2
Peanut-cottonseed, 0.0778 20 0.0378 0.1156 68-72 231
Peanut-cottonseed, 0.4409 25 0.0986 0.5345 . | ... 106.9
Peanut-cottonseed, 0.0796 20 0.0342 0.1138 71-75 22.8
Peanut-cottonseed, 0.2130 25 0.0792 0.2922 68.5-71 58.4
Peanut-cottonseed, 0.1734 25 0.0792 0.2526 68.5-71.5 50.5
Peanut-soybean, 0.0825 25 0.0720 0.1545 66-70 30.9
Peanut-soybean, 0.0894 25 0.0720 0.1614 66-70 32.3
Peanut-soybean, 0.1048 25 0.0732 0.1780 69-70 35.6
Peanut-soybean, 0.0998 25 0.0732 0.1730 69-70 34.6
Peanut-scybean, 1.90 0.2519 25 0.6822 0.3341 69-73 66.8
Peanut-soybean, 1.85 0.2426 25 0.0816 0.3242 69-73 64.8
Peanut-soybean, 2.02* 0.2737 25 0.0822 0.3559 67-68.5 71.2
Peanut-soybean, 1.86 0.2701 25 0.0822 0.3523 67.5-69 70.4

* 10 g. samples used for each determination. ** Determined from table of Thomas and Yu.
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TABLE 3
Determination of Peanut Oil in Olive Oil by A. O. A, C. Modified Method
‘Weight of
Percentage composition Weight of arachidic acid é:%m;;‘:t?:;g Solubility Total weight Melting Peanut oil
of oil mixture* solid acid from oprtOH correction arachidic acid range found
90%EtOH
g. g. ml. c° g. g. o° Percent
Peanut-olive, 20: 1.40 0.0892 50 21 0.0225 0.1117 66-69.5 22.3
Peanut-olive, 20: 1.41 0.1058 50 21 0.0225 0.1283 67-70 25.6
Peanut-olive, 20: 1.42 0.1105 50 21 0.0225 0.1330 68-70.5 26.6
Peanut-olive, 40: 1.57 0.1620 50 21 0.0225 0.1845 68.5-70 36.9
Peanut-olive, 40:60 %**.......... 1.46 0.1396 50 21 0.0225 0.1621 68.5-7T0 324
Peanut-olive, 40:60*¥*,....... 1.51 0.1672 50 21 0.0225 0.1897 69-70.5 37.9
Peanut-olive, 60:40 **. 1.73 0.2055 60 22 0.0270 0.2325 68-70 46.5
Peanut-olive, 60: 1.77 0.2217 60 22 0.0270 0.2487 68-71 49.7
Peanut-olive, 60: 1.73 0.1917 60 22 0.0270 0.2187 68-71 43.7
*10 g. samples used for each determination, ** Olive oil No, 0-44, obviously adulterated.
TABLE 4
Determination of Peanut Oil in Olive Oil by A. 0. A. C. Modified Method
Weight of Amount of
Percentage composition Weight of arachidic acid EtOH Solubility Total Melting Peanut oil
of oil mixture* solid acid from temperature correction weight range Found
90% EtOH 20° C.
g. g. ml. g. g. c° Percent
Peanut-olive, 20: 1.21 0.0642 60 0.0270 0.0912 69-70.5 18.2
Peanut-olive, 20: 141 0.0811 60 0.0270 0.1081 69-71 21.6
Peanut-olive, 40:60**,......... 1.87 0.1500 60 0.0270 0.1770 69.5-71 35.4
Peanut-olive, 40:60** 1.40 0.1480 60 0.0270 0.1750 69.5-7T1 35.0
Peanut-olive, 60:40*%*, 1,52 0.2238 70 0.0315 0.2553 68-70 51.1
Peanut-olive, 60:40** .., 1.48 0.2235 70 0.0815 0.2550 68-70 51.0
Peanut-olive, 80:20**.. 1.83 0.3574 70 0.0315 0.3889 68-69.5 77.8
Peanut-olive, 80:20%%,, 1.89 0.3662 70 0.0315 0.8977 68-69.5 79.5
Olive oil, No. 0-112.....cccvcmmiirneeraenens 0.88 trace . — e e P
Olive o0il, No. 0-112.....cmmmmmmeimeiiieeeserinenns 0.90 trace T e | T o .
Peanut oil, No. 0-50 1.98 0.4692 70 0.0315 0.5007 68-69.5 100.1
Peanut oil, No. 0-50 2.03 0.4563 70 0.0315 0.4878 69-70.5 97.6
* 10 g. samples used for each determination. ** Olive oil No. 0-112.
TABLE 5
Determination of Peanut Oil by A, O. A, C. Modified Method
‘Weight of Amount of
Percentage composition Weight of arachidic acid EtOH Solubility Total weight Melting Peanut oil
of oil mixture* solid acid from Temperature correction | arachidic acid range found
90% EtOH 22° Q.
g. g. ml. . g, g. [0hd Perecent
Hyd. peanut-hyd. cottonseed,** 8.18 2.8373 120 0.0540 2.8913 66.5-68 578.0
Hyd. peanut-hyd. cottonseed,** 7.95 2.6836 120 0.0540 2.7376 65-68.5 547.0
Hyd. peanut-hyd. cottonseed,** 8.58 2.8577 120 0.0540 2.9117 64-67.5 582.0
Hyd. peanut-hyd. cottonseed,** 8.69 2.9654 120 0.0540 3.0194 64-66 604.0
Hyd. peanut-hyd. cottonseed,** 8.82 2.6321 120 0.0540 2.6861 64.5-67 537.0
Hyd. peanut-hyd. cottonseed,** 8.17 3.4493 120 0.0540 3.5033 64-66 701.0
Hyd. peanut-hyd. cottonseed,** 8.91 3.9278 130 0.0585 3.9963 62.5-65 799.0
Hyd. peanut-hyd. cottonseed,** 8.75 3.3817 130 0.0585 3.4402 62-65.5 688.0
Hyd. peanut-hyd. cottonseed,** 8.97 3.1696 130 0.0585 3.2281 64-66.5 645.0
* 10 g. samples used for each determination. ** Hydrogenated peanut oil, iodine value 19.4; hydrogenated cottonseed oil, iodine value 24.1.
TABLE 6
Determination of Peanut Oil by Method of Thomas and Yu
Weight of
Percentage composition Weight of arachidic acid . ‘tg:&ueg;&ﬁg Solubility Total Melting Peanut oil
of oil mixture® solid acid from of BtOH correction ** weight range found
909% EtOH
g. g. ml. o° g. 9. c° Percent
Peanut-cottonseed, 2.26 0.0712 60 20 0.0336 0.1048 68-70 21.0
Peanut-cottonseed, 2.24 0.0515 60 20 0.0324 0.0839 69-71 16.8
Peanut-cottonseed, & 2.12 0.0719 70 20 0.0390 0.1109 67.5-68 22.2
Peanut-cottonseed, 2.10 0.0734 70 20 0.0390 0.1124 67-68 22.5
Peanut-cottonseed, 2.46 0.0223 70 15 0.0175 0.0398 64-66 7.96
Peanut-cottonseed, 2.24 0.0228 70 15 0.0175 0.0403 64-66 8.06
Peanut-cottonseed, 18.5:81.5*** ... ... 0.0633 120 20 0.0648 0.1281 68-69.5 12.8
Peanut-cottonseed, 2.37 0.2140 60 20 0.0396 0.2536 68-71 50.7
Peanut-cottonseed, 2.25 0.2118 60 20 0.0396 0.2514 68-71 50.2
Peanut-cottonseed, 2.21 0.2155 70 20 0.0469 0.2624 65-66 52.5
Peanut-soybean, 1.88 0.1809 60 20 0.0384 0.2198 64-69 43.8
Peanut-soybean, 1.12 0.0781 60 20 0.0336 '0.1117 70-71.5 22.3
Peanut-soybean, 1.39 0.1145 70 20 0.0413 0.1558 70-70.5 31.2
Peanut-soybean, 1.40 0.1725 70 20 0.0434 0.2159 65-66 43.2
Peanut-soybean, 1.97 0.2529 60 20 0.0420 0.2949 66-69 59.0
Peanut-soybean, 1.90 0.2373 60 20 0.0414 0.2787 63-69 55.7
Peanut-soybean, 65: 1.59 0.1935 70 20 0.0462 0.2397 70-71 47.9

* 10 g. sample used for each determination.

** Computed from table of Thomaz and Yu.

***% 20 g. sample used for this determination.



178 OIL & SOAP, SEPTEMBER, 1943

saturated fatty acids than when the latter are present
only in relatively small amounts.

It was observed that where the mixtures contained
large amounts of saturated acids, as in the case of cot-
tonseed and hydrogenated cottonseed oils, the frac-
tional erystallization of arachidic acid from a mixture
of other solid fatty acids is affected by the amount
and type of acids present. Holde and coworkers (10)
have shown that the solid acids of peanut oil are com-
posed of palmitie, stearie, arachidie, behenie, ligno-
cerie and possibly cerotic acids and it is obvious that
a variety of solid solutions and euteecties will result
during the crystallization of such a complex and vari-
able mixture of acids. The usual difficulties of frae-
tional crystallization are certainly not lessened when
the ratio of one or more of the components is greatly
changed in either direction. In the present work it has
been' observed that where the yield of solid acids is
low, as in the cases of mixtures of peanut oil with soy-
bean oil, and of peanut oil with olive oil, the results
are closer to the theoretical than in the case where the
vield-of solid acids is high. ’

Substantially similar results’were recently reported
by Pritzker and Jungkunz (12) who critically exam-
ined the methods for the determination of peanut oil
in mixtures with other oils, fats and soaps. They con-
cluded that ‘‘. . . satisfactory results were obtained
by none of the methods.”” Pointing out the impossi-

(X3

bility of obtaining even a reasonably -pure ‘‘arachidic
acid fraction’’ by one crystallization from 90 percent
alecohol when appreciable quantities of other solid
fatty acids were present, they suggested making re-
peated crystallizations from 90 percent alcohol until
the acids obtained melted above 72°,
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Determination of Glycerol by the Pyridine-
Acetylation Method

J. C. MOORE and E. W. BLANK
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Jersey City, New Jersey

In a comparatively recent paper Shaefer has de-
seribed the determination of glycol in dilute solution
by the removal of water or other low boiling solvent
by distillation after addition of pyridine, and subse-
quent acetylation of the residue. (1) As Shaefer points
out in his paper he was interested mainly in the de-
termination of glyeol. Using glycerol two preliminary
experiments indicated that glycerol acetylated to the
extent of 97.8 and 96.6%. On the basis of 6 runs on
glycol the reaction was found to proceed to the extent
of 97.9% and use of the latter factor is recommended
in the determination of glycol.

During the past several years the present writers
have run well over one hundred glycerol determina-
tions by this method and have found it to be unusually
practical and reliable. Possibly the most important
single feature of the method and one which was per-
haps insufficiently emphasized in the original paper,
is the fact that it permits checking the dichromate
method on dilute glycerol solutions (soaps, sweet-
waters, soap lyes, etc.) by acetylation, a procedure
which was formerly practieal only on concentrated
glycerol samples.

Before accepting the method for use in this labora-
tory a number of check runs were made to determine
the accuracy of the procedure. A sample of C.P.
glycerol assaying 98.83% glycerol on the basis of spe-
cific gravity determination and 98.26% glycerol by
dichromate oxidation was determined ten times by the
pyridine-acetylation method. The average glycerol
value was 98.10 =+ 0.11%. It is apparent that the
pyridine acetylation method checks dichromate oxi-
dation very closely and the new method therefore be-
comes extremely valuable as a means of checking
oxidation values on dilute solutions of glycerol by
acetylation.

Assuming the specific gravity determination to be
the most accurate method of determining glycerol
strength the factor representing the extent to which
acetylation takes place when determining glycerol by
the pyridine-acetylation method should be 0.993 and
it is recommended that the latter value be employed
in ecalculating analytical results when wusing this
method.
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