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TABLE I
Gossypol Content?

E};ﬁp. Wei%ht Peak area Weight %
[ e
%o % Peak area 9%

1 10.31 13.51 1.310

2 23.97 23.80 .993

3 32.17 31.91 .992

4 36.75 38.46 1.047

5 42.85 43.86 1.024

6 60.59 60.98 1.006

7 70.52 70.09 .994

8 74.76 75.76 1.013

a Average of two replicates in each case,
wt. of gossypol
b Weight % = & r X 100
wt. of tricaprin 4+ wt. of gossypol
area of peak b of TAS-gossypol
¢ Peak Area % — EosRe X 100
area of tricaprin + area of peak b of
TMS-gossypol

_Application of GLC to the quantitative determina-
tion of gossypol requires the use of an internal stan-
dard. Among the various compounds tested for this
purpose, tricaprin was chosen sinee it is eluted quan-
titatively from the column and its retention time
under the conditions for the analysis was approxi-
mately one-half that of gossypol. Also the compound
1s available commercially in pure form (Applied
Science Laboratories). Standard mixtures with vari-
ous quantities of gossypol and tricaprin by weight
were prepared and analyzed by GLC. The results
of these analyses are shown in Table 1. The peak
areas were caleulated by triangulation; only the area
of peak b of gossypol was computed. It can be seen
that, if one considers all three peaks (a, b, and e),
then the area percentage of gossypol will be greater
than its weight percentage. This is to be expected in
view of the fact that up to eight trimethylsilyl groups
may have been added to the molecule. However the
relatively constant nature of the factor obtained by
dividing the weight percentage of gossypol by its
area percenfage indicates that this method can be
used for quantitative determinations.

As a practical application of this method to pig-
ments 1n cottonseed products, uncooked cottonseed
flakes were extracted by the official method (2) for
determining free gossypol. An aliquot of this aqueous
acetone extract was reduced to dryness on a flash
evaporator at 30C, and carbon disulfide and tihe
silylating reagent were added. It was observed that,
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Fi6. 3. GLC analysis of the aqueous acetone extract of un-
cooked, flaked cottonseed meats for gossypol as the TMS de-
rivative. Temperature 240-300C programmed at 4 C/min.
Other conditions the same as in Figure 1.

in addition to the normal gossypol peaks, several
other smaller peaks were obtained (Figure 3). The
last peak in Figure 3 was found to have the same re-
tention time as the TMS derivative of an authentic
sample of gossyverdurin. It is known that there are
other gossypol-like pigments present in cottonseed
which probably account for the other minor peaks.
Identification of these peaks and investigation of the
extension of this method to pigments in other cotton-
seed products are in progress.
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Calculation of the Linolenic Selectivity Ratios

of Hydrogenation Catalysts

HE caLcuLaTiON of the selectivity ratios or ratios
Tof the reaction rates of the various reactions that
oceur during the hydrogenation of unsaturated oils
may be made by using an analog computer (Butter-
field et al., JAOCS 41, 29, 1964) or may be estimated
graphically (Albright, JAOCS 42, 250, 1965). Since
an analog computer is not always available, the
graphical method has wider utility. However the
present graphical method does not provide for the
calculation of the linolenic selectivity ratio, which is
the ratio of the reaction rates of the hydrogenation of
linolenic to linoleic and linoleic to oleic.

Since the selective reduction of the linolenic in

sovbean oil is a desirable characteristic (Koritala and
Dutton, JAOCS 43, 536, 1966) of some catalysts, this
report deseribes a method of calculation of the
Linolenic SR so catalysts may be classified by this
criterion.

Essentially the same method of caleulation from the
equations described by Albright was used. A GE-265
Time Sharing Computer system was programmed with
the first order, nonreversible, kinetie equations of the
reaction sequence

Ko

K,
linolenic ———— linoleic ——— oleic
and the compositions were calculated over a range of
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values of K; of 0.5 to 10. A K, value of 0.5 was
arbitrarily assigned, and time values of 0.1 to 5 were
used in the equations. Thus the composition of the
produets resulting from the hydrogenation of oils
containing linolenic acid were caleulated for Linolenic

Selectivity ratios (I.n SR = %—) of 1 to 20.
2

The composition of the starting oil which was used
for the caleulations was an average composition of
soybean oil: 22% oleic, 55% linoleic, and 8% linolenie.
However the results of the calculation were graphed
(Figure 1) so that the selectivity of the hydrogenation
of oils which have fatty acid composition different
from soybean oil could be calculated from the same
graph. The ratio of the starting and ending linolenic

(%L) was plotted against the ratio of the final
n

Q

linoleic (L) and against the sum of the starting
linoleic plus 1.2 times the amount of linolenic that
had been changed to linoleic (L, + 1.2 (Ln,— Ln).
By the addition of the linolenic that had been changed
to linoleic (Ln, — Ln) in the caleculation of the ratio
of starting and endiug linoleic, the effect of a high
initial linolenic content is minimized. This is neces-
sary if the graph is to be used for other compositions
than the one used in the calculations. The error
caused by varying the initial linolenic content is also
reduced if the formed linoleic (ALn) is multiplied
by the constant 1.2. This brings the calculated Ln SR
lines of several starting compositions to coincidence
at about the point of half hydrogenation of the
linolenic. This econstant was caleulated from data
obtained by using high and low initial linolenic at
several selectivity ratios.

Table I shows the linoleic ratios of two different
compositions calculated by both methods for a
linolenic selectivity of 2. As shown, if the ratio Li/L,
had been used to prepare the graph for hydrogenation
of 8% linolenic and 55% linoleic, the Lm SR cal-
culated from data which were obtained by using 50%
linoleie, 50% linolenic would have a large error.
However, in using L/L, + 1.2ALn, the error is small
if the high linolenic data are used to calculate the
Ln SR from the graph.

The composition of soybean oil was used in the

TABLE I
L L
Ln/Lmne Lo Lo + 1.2(Lno — Ln)
1 I I 11
0.819 1.077 0.929 0.885 0.901
0.670 1116 0.862 0.799 0.815
0.549 1.125 0.796 0.730 0.739
0.449 1112 0.734 0.670 0.670
0.368 1.084 0.676 0.616 0.605
0.135 0.833 0.435 0.409 0.378

Composition of I, 50¢ linoleic, 50% linolenic; of II, 55%
linoleie, 8% linolenic.
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TABLE II
Im
T TUnhydrogenated 8.0 54.4
Hydrogenated 1.7 47.4

1.7
Ln/Lne = ——=.21

8

47.4 47.4
— = 0.76

To+12(Lno—Ln) 54.4-+12(8.0—17) 619

From graph, Ln SR = 6 compared to 6.2 as calculated by Koritala,
using an analog computer.

1 -
09
| A /7 / /
0.8 4 vy d
3 /

//g J

05
S ]

L1

L~

/// 2
gV

/

/

0.4

W77

02

_— \\\

Fig. 1. Caleulated Lm SR during hydrogenation.

calculations to prepare the graph because it is the
composition believed most likely to be used in Ln SR
tests.

Application of Graph (Figure 1)

Determine the fatty acid composition of the oil
before and after hydrogenation. Caleulate Ln/Lmn,
by division of the linolenic content of the hydro-
genated oil by the linolenie content of the original oil.

Calculate L/L, + 1.2ALn by division of the linoleic
content of the hydrogenated oil by the sum of the
starting linoleic plus 1.2 times the difference in the
starting and ending linolenic. Read the Linolenie
Selectivity (Im SR) from the graph shown in
Figure 1.

For example, data from the work of Koritala and
Dutton are shown in Table II.
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