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phosphoinositides are quite well separated, but ceph-
alin is distributed between the two fractions. Thus
in present work when commerecial crude phosphatides
were extracted five times with a total of 6.5 ml. of
isopropyl alechol per gram, the combined extracts
contained 61% acetone-soluble material, 23.2% 1leci-
thin, and 10.6% cephalin, Practically all the inositol-
containing material and 77% of the sugar remained
in the insoluble fraction.

It is obvious that the separation between oil and
phosphatide components achieved by acetone extrac-
tion followed by isopropyl alcohol or ethyl aleohol
cannot be obtained by the use of isopropyl aleohol
alone; but the direct extraction with isopropyl alco-
hol gives a good separation of the inositol containing
fraction from the other components and, in addition,
uses a much smaller volume of solvents. If it is de-
sirable, the oil may later be removed from the soluble
portion by acetone in the usual way.

While five extractions and a total of 6.5 ml. of iso-
propyl aleohol per gram of phosphatides were used in
this work, for some purposes a less complete extrac-
tion may be satisfactory. For example, by extracting
only two times with a total of 2.5 ml. isopropyl aleohol
per gram 40.8% of the crude phosphatides would be
extracted as indicated by the data in Table I. This
extract would contain 34% acetone-insoluble material
and the remainder would be mainly oil. The fraction
remaining after the isopropyl aleohol extraction would
contain 91.8% acetone-insoluble material.

Separations of lecithin from cephalin in the soluble
portion and of the phosphoinositides of the insolu-
ble portion have been accomplished as yet only by
methods suitable for small-scale laboratory purposes.
However, current reports indicate that commercial
fractionations of soybean phosphatides are following
elosely upon knowledge of ecomposition and laboratory
separations and that further developments depend up-
on the growth of more fundamental information.

Summary

Isopropyl alecohol has many advantages as a com-
mercial solvent and gives useful separations of soy-
bean phosphatides. When commercial crude phospha-
tides were extracted five times with a total of 6.5 ml.
isopropyl aleohol per gram, 31.5% oil, 12% lecithin,
and 5.5% cephalin were dissolved. Practically all the
inositol-containing material and about 77% of the
sugars remained insoluble. Further extractions with
ethyl aleohol removed the remaining leeithin together
with additional cephalin.

After removal of the oil from the crude phospha-
tides with acetone, the extraction of the isopropyl
alecohol-soluble material required twice the amount of
isopropyl aleohol unsed for the direct extraction de-
scribed above.
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Variations in the Chemical, Physical, and Organoleptic
Properties of Soybean Oil Hydrogenated Under

Widely Varying Conditions

REX J. SIMS, Swift and Company, Chicago, lllinois

T is generally accepted that there is a relation-

ship between the flavor stability of soybean oil

‘and its oxidative stability. Consequently many
workers in the field subscribe to the assumption that
the flavor deterioration of fats is due to an auto-
oxidative process of some type involving the polyun-
saturated glycerides (1, 2).

In the work to be reported here soybean oil was
hydrogenated to various degrees of hardness under a
variety of conditions so as to produce fats of widely
varying oxidative stability. No correlation was ob-
served between flavor scores of fresh or aged prod-
ucts and their oxidative stabilities as measured by the
active oxygen method (3, 4). Furthermore the con-
tent of polyunsaturated glycerides appeared to bear
no relationship to flavor stability.

As reported by other workers (5), at moderate pres-
sure chemical selectivity was found to vary directly
with catalyst eoncentration and with temperature up
to 200°C., and inversely with hydrogen pressure and
rate of agitation. But at hydrogen pressures over 500
psi. the effect of changes in catalyst concentration and
agitator speed was reversed. That is, selectivity then
varied inversely with catalyst coneentration and di-
rectly with agitator speed.

The percentage of high-melting trans isomers formed
during hydrogenation (6) is also a funection of pres-
sure and varies inversely with it. Yet higher melting
produects were obtained, for a given drop in refrac-
tive index, when higher pressures were used. Ap-
parently the amount of fully saturated glycerides



'8%-L PO POUISIT 9ANBIUAL, '§'D°0'V Ut Aq pajrimjesuniiog,
‘poyjaur S{IA\ @y} 3UISN SIN[BA OUIPOT q
*1930W030BIFAL OoxfIng B SuUISN ‘),09 9€ SIVIPUL SANIBIIIY v

PL0 8'C L'1g IgL S¢I 8ET 9°6¥ ‘utu g 03¢ g0°0 L02-00% 0SL
9'0 3’2 0°¢T 131 83T 8T [N 4 ‘um g O¥II S0'0 S12-003 0%
LT ¥ 0 L8'ST 3J0s 00, L8 68 Sy uiw gL 03§ 10 $0¢-00% o€
¥6°0 98°0 66°LT 3308 00, 28 8 ¥y Tun L (3494 10 $0%-003 0g
§9°¢ 683 L6°L3 £90T $0g ‘uiw 8g O%IT T 00¢g 0g
06°0 44 L0'8T 80T [5A8 PeT vSy ‘ulut 99 (G498 S00°0 $0%-003 08¢
93'T 91°g 18°L3 11T £31 081 9'S¥ 098 ¢ O¥IT S0°0 0£3-003 069
38°0 $0°3 98°6% 1308 00, 3jos oo, 06 £'20T T'9% ‘urut oY OPIT I S91-06T o€
$0'T 12'T ¥9°'1% 3308 00, L8 L6 S$'00T 4 un g 0PIT I x4 0g
8%°0 69°L 6819 SIS
: 0,) D) ‘wdz (%) 0o) (1sd)
(%) (%) 2 (%) (0.) RS auy 18418 :
oual ([ Qfud[ 919] jutog 4onm OV Mﬂwwwmr w1 . oy EV_SZO duer, uoSOIRAH "o srdureg
“fuo) -outry -ourry Juusyjog | —m-—— :
uwe g SunpPr SUOIPUO) uorysusIoIpAE[
Al ATdVL
‘8%-L "PO POURK vaUMUR "S'D°0'V 9y £q pejBInjusuns[og,
*1919UI030BIFAL o1f)ng © Sulsn *DH,09 38 SIVIPUL SANNBIEY v
8'8¢ L 0¢ 16°0 86°0 92'13% 3308 007, €8 €8 g'sy ‘utw Lg 1 €00 002
8'1¢ L (14 Sg'T ¥3'1 8% 6% 3308 00, 1308 00, 3308 007, S'Sy 998 GP “ulwL L S0°0 00% 0¢
162 L ge 6L'T ¥8'2 08'65 901 8T1 €31 LSy 098 08 S0'0 S13-00% 32
€61 921 9T'¢g 18°L% IT1 €31 0¢T 9'ey 09s G S0°0 083-00% 0S¢
08T 8 Sge g8'T 6%’ 0%'8% STT 0gL ger LSy 998 ¢ S0'0 0€2-00% 00TT
8¥%°0 69°L 68°'TS g8
8 08 96°'% 96°T L6'vE 3308 00, 1308 00, 3308 00, L9y ‘Ul gg T0°0 €33 0g eI
$'L L3 63T 8S°g 9¥'63 308 00, 3308 007, 3309 00, 9'9¥ ‘ww Qf 0 $%3 0g “PL
9 03 $6°T £9'¢ 96°82 10T 611 18T 9°9% 098 Of 100 082622 0821 s
8 03 v8°0 10'¢ 19°82% L8 1308 007, 80T 9°9% rutugg fay g pappe auoN epad 0081 ST
I¢°0 Ov.b mw.ﬂm ﬁ.Hm l...-.............2..........:0 ﬂﬁcmwmho
s1M0 . : “ (%) . ('18d)
(%) 01009 ¢ £31 v 3 (%) 2(%) 2(%) %cﬁw%aw Mwwwwr MunwwowH ouILy, 3s4[u3B)) meum.vﬁ uad
sploy 10AR[L QIS auarqg otuaf o13[ Jug i L4 PHOIN -0IDAFL "oN ejdues
SUBL], WOV ‘tuo) -ouyrp -outry -ueyjog _
b jutod SulpPy | SUOINPUO) uo13vuaSoIpAry
III AT19VL
'8%-L PO POUIPI 2AN®BIULL, ‘§'0D°0'V eu3 £q pajwanjesund[og,
*19J0W0928AFAX 0zfing B JUISN *),09 1B SOOIPUI SANOBIFOY v
g'8 ] ¥E'1 1€°8% 1308 007, L8 86 8¢y 08 T g3t [e]0) 4 It
S'8 8T'T 68'T 69°8¢% 1308 00, L8 86 6°6¥ S T S02-86T (o]t} 4 0T
8 89’6 06°0 08°12% 3308 00, 4308 00, 4308 00, g% S9T ¢%°0 003 0T 6
9L IL°0 €9'g 9L'8% 1308 007, 1308 007, 18 £'9% g G000 $035-002 00§ 8
9 50 62°0 160 FIT 611 eel I'T¥ det 002 009 ety 1
0g L oL 970 ¥9°0 0€°2T 60T €31 3351 ey g c0'0 $%5-00% 00L : 9
144 8 SIT 280 ¢T'0 L8'¢ 86 $0OT 8TT 9°1v 8¢ S0°0 G03-S6T 433 g
ve €9 S13 05°0 000 85T €6 96 96 8'1¥ [t 44 T 003 o1 v
L €20 00°0 ¥0°0 OTT g1t P11 L'68 4 1 082-003 0S6 €
9 120 00°0 c0°0 T0T [41) 8 %01 S0y 0g T 003 G¢%3 (4
g ¥3°0 800°0 8T°0 00T 10T 80T S'0v oLT T 003 0T LS
90 0’8 9°6¢ eIg 1O TeuSQ
: . . ‘ay (%) . (sd)
(%) | ewag | (smow | (%) | s(%) | o(%) | oosa £02 £0) (a0 wilho $99) s
Sploy 20A8Lq A1l eusI(] orua[ ora] Sur ) LN ) BH2IN -0IPAEL ‘oN opdurey
sueLy, WOV ‘fuop -oury -oury -u8}jos
juro g SUNPW SUORIPUO)) Uor}BU3FOIpALL

II 3T1dVL



ToE JoURNAL oF THE AMERICAN OiL CHEMISTS' SocieTy, Aveust, 1952 349

rather than the amount of trans aeids determined the
final consistency of these fats.

Extent of Hydrogenation

Experiments on the relationship between flavor
stability and extent of hydrogenation were done, us-
ing a carbon-steel, gas-fired converter. of 5-1. capac-
ity equipped with a mechanical agitator. A 3,500-g.
charge of refined and bleached soybean oil was hard-
ened at 200°C. and 30 psi. with 0.29% by weight of a
commercial reduced nickel catalyst (containing about
25% Ni). At intervals, as indicated in Table I, 500-g.
samples were withdrawn into an evacuated flask and
allowed to cool to 80°C. before admitting air. Each
was filtered with bleaching clay and filter aid until
the filtrates gave no discoloration with boiling ammo-
nium polysulfide solution.

The oils of each series were then deodorizeed con-
currently for five hours at 200°C. and 1-mm. pres-
sure in 1-1. glass laboratory deodorizers. Fach was
stabilized with 0.005% ecitric acid and then cooled.
Then the freshly deodorized oils were graded by a
flavor panel, using the seoring system developed at
the Northern Regional Research Laboratory (7). Sam-
ples were aged in covered glass jars at 60°C. for three
days and then graded again. This procedure was re-
peated four times (Series 1-4 of Table I), using a dif-
ferent lot of soybean oil each time.

TABLE I
Series 1
| Flavor Panel Score
Time R.1® A OM.
(min.) (hours) Aged (3 days,
Fresh 60°C.)
0 1 9 6
3 47.5 9 6
6 43.9 9 7
9 42.2 110 9 6
24 40.2 375 9 7.5
49 | Over 400 9 7
Series 2
. o e Flavor Panel Score
) ; 7/ o 0/’ e ————
Time | g ra | Iodine | ping. | Lino- | Conj. Aged
(min.) Value leie lenic | Diene | ¥resh [ (3 days,
60°C.)
0 8 132.1 53.4 8.40 0.30 9 6
4 47.0 107.3 25.2 2.60 1.24 9 5
7 43.6 89.7 9.9 0.50 0.63 9 7
11 411 73.4 1.8 0.03 0.28 9 7.5
17 39.6 63.9 0.26 0.00 0.14 9.5 7.5
31 ! 37.5 49.6 0.01 0.00 012 9 7
Series 3
0 51.2 132.9 487 ! 812 | 031 9 6
3 46.7 105.1 27.0 2.70 0.81 9 5
5 43.8 87.4 11.9 0.65 0.37 9 5
8 41.5 76.4 2.7 0.04 0.24 9 6
13 40.2 66.5 0.2 0.03 0712 9 7
28 38.0 52.6 0.00 0.00 0.09 9 7
Series 4
0 51.2 131.7 55.6 8.0 0.44 9 7
3 46.5 103.9 27.6 2.6 0.75 9 7.5
5 43.1 84.4 10.4 0.45 0.33 9 7.5
8 41.1 73.7 2.9 0.05 0.20 9 4
12 39.7 63.2 0.3 0.0 0.12 9 6
24 37.5 48.0 0.0 0.0 0.10 9 8

aRefractive indices at 60°C. using a Butyro refractometer
b jodine values using the Wijs method.
¢ Polyunsaturates by the A.0.C.8. Tentative Method Cd. 7-48.

Zt would quite naturally be assumed that as the
refractive index and the content of polyunsaturated
glycerides decreased, the flavor stability would grad-
ually increase. Instead, in at least three cases, Series
2-4, the stability actually fell off as hydrogenation pro-
ceeded, passing through a minimum, and then rose

again. Possibly soft oil reversion is not as objection-
able qualitatively to panel members as that of a
slightly hydrogenated oil. In any ecase no correlation
was found between flavor stabilities and oxidative sta-
bilities or contents of polyunsaturates.

Variation in Conditions of Hydrogenation

Experiments involving changes in hydrogenation
conditions were done, using a 2-1. electrically-heated,
high pressure stainless steel autoclave (Table II). The
agitator was set to rotate at 520 rpm. so that the sur-
face of the charge was almost motionless. Temperature
control at high pressures and high catalyst concen-
tration was almost impossible even at this slow rate
of agitation, e.g.

To a 1500-g. sample of refined and bleached soybean oil
was added 15 g. of nickel catalyst flakes. This was heated
to 200°C., the heaters were shut off, and 1800 psi. of hy-
drogen was admitted. In 10 seconds the temperature had
risen to 330°C. Then the agitator was stopped, and the
converter was evacuated. The product had the following
constants: R.I. (60°C.), 32.2; Titer, 64.3°C.; I. value, 6.5;
FAC M.P., 154°F,

The oils prepared as deseribed in Table 11 were
filtered from catalyst, deodorized, and stabilized with
0.005% eitric acid. Each received a flavor panel score
of 9 or better when fresh. The values reported in Ta-
ble II were obtained after three days’ aging at 60°C.

Of samples 1, 2, and 3 from Table II, sample 3 has
a melting and softening point considerably higher
than would be expected on the basis of its slightly
lower R.I. (0.8 unit). Apparently, relatively large
quantities of high-melting glycerides form during
high pressure hydrogenation. Note the improved fla-
vor stability of 3 over 1.

Samples 4, 5, and 6 again emphasize the high melt-
ing and softening points of oil hardened at the higher
pressures. The percentages of trans acids in the three
samples were determined by the spectrophotometric
method of Swern (6). Since the oils hardened at
high pressure actually contain less of the high-melt-
ing trans acids than those hardened at low pressure,
the higher melting points of the former must be due
to inecreased amounts of fully saturated fatty acid
radicals. Note also the spread between melting and
softening points in the case of sample 6. Evidently
products with long plastic ranges are formed during
high pressure hydrogenation.

A three-fold difference in A.O0.M. stabilities was
found between samples 4 and 6 with almost a ten-
fold difference in content of linoleic acid. Yet the
flavor panel actually preferred sample 6.

Sample 7 was prepared without using any added
catalyst although actually traces were present in the
agitator stuffing box from previous runs. The reaction
chamber itself was washed free of oil and catalyst
between runs. An analysis of product 7, subsequent
to hydrogenation and prior to filtration, showed less
than 6 parts per million of nickel to be present (a).
Evidently very little active catalyst surface is neces-
sary for hydrogenation at high pressure.

Surprisingly, these was little difference in the se-
lectivity of hydrogenation over a wide range of tem-
perature at 400 psi. (runs 10 and 11). Also flavor
stabilities of the two oils were comparable.

Table III contains data on samples of soybean oil
which were hardened in the high pressure autoclave
with nickel catalyst flakes as described above. How-
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ever for this series the agitator speed was increased
to 1,140 rpm. This gave violent turbulence at the sur-
face of the charge.

Samples 12-15 again illustrate the lack of correla-
tion between flavor stability and oxidative stability.
As before, the oils were graded after three days’ ag-
ing at 60°C. Sample 12 was obtained by high pressure
hydrogenation at a very low catalyst level. The final
oil, before filtration, contained less than 6 parts per
million of nickel.?

Runs 16-20 demonstrate the effect of extreme changes
in pressure on the rate and selectivity of hydrogena-
tion. Sample 20 was obtained by bubbling hydrogen
through the o1l while agitating it under 20 inches of
vacuum. Note that this oil is evidently higher melt-
ing than sample 19 in spite of the fact that it was hy-
drogenated more selectively than 19. This is probably
the result of its high content of trans acids (6).

Effect of Catalyst Concentration

Samples 14 and 15 of Table III show the direct
relationship which holds between catalyst concentra-
tion and selectivity at normal pressures. That is, the
content of polyunsaturated glycerides at a given re-
fractive index or iodine value varies inversely with
the amount of catalyst used in the hydrogenation.
Samples 23 and 24 of Table IV illustrate how this
effect is reversed at high pressure.

Effect of Temperature

The change in selectivity with temperature at mod-
erate pressure is shown by comparing samples 21 and
22 of Table IV. At 300°C. (sample 25) considerable
polymerization takes place, which accounts for the

18pectrophotometric method, involving the development of a colored
complex with dimethylglyoxime.

small drop in refractive index. Selectivity is low at
this extreme temperature. Samples 10 and 11 of Ta-
ble II seem to indicate that selectivity is almost inde-
pendent of temperature at 400 psi.

Effect of Agitation

Samples 26 and 27 of Table IV illustrate the effect
of changes in agitator speed at low pressure on chemi-
cal selectivity. At high pressure, samples 28 and 29,
the effect is reversed.

Summary

No correlation was found between the flavor sta-
bility of partially hydrogenated soybean oil and its
oxidative stability or its content of polyunsaturated
glvcerides. Fats having unusually high melting and
softening points with considerable spread between
melting and softening points were obtained by high
pressure hydrogenation. At moderate pressures chem-
ical selectivity was found to vary directly with cata-
lvst concentration and inversely with agitator speed,
as reported by previous workers. However at high
pressures the effect of these variables was reversed.
That is, selectivity then varied directly with the
amount of agitation and inversely with the catalyst

concentration.
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Don Whyte, Editor

e Oils and Fats
R. A. Reiners, Abstractor

Reagents for idometric determination of peroxides in fats. L.
Hartman and Margaret D. L. White (Dept. Sei. Ind. Res., Wel-
lington, N. Z.). Anal. Chem. 24, 527-29(1952). It is suggested
that a 10% solution of citric acid in a mixture of tert. butyl
aleohol and earbon tetrachloride be used as solvent in the Lea
method for peroxide determination in fats in order to reduce
the blank.

Estimation of 2- and 3- tert-butyl-4-hydroxyanisole isomers.
J. H. Mahon and R. A. Chapman (Dept. Nat. Health Welfare,
Ottawa). Anal. Chem. 24, 534-536(1952). The method is based
on the faet that the 3-tert. butyl-isomer reacts to form a more
highly colored complex with 2,6-dichloroquinone chloroimide-
borax reagent than the 2-tert. butyl-isomer and that the reverse
is true on reaction with ferrie chloride-1,1-bipyridine reagent.
The 95% confidence limits for the determination were *+ 3.0%
units.

The component fatty acids and glycerides of jute-seed oils.
M. L. Meara and N. XK. Sen (Univ., Liverpool). J. Sci. Food
Agr. 3, 237-240(1952). The component acids from the seed
fats of Corchorus capsularis and C. olitorius, two varieties of
jute, have been shown to consist of palmitie, 12.2, 16.9; stearic
4.6, 3.7; arachidic 2.2, ....; behenice ...., 1.8; lignoeceric 0.9, 1.1;
cerotic 1.2, ....; oleic 28.7, 9.1; linoleic 41.3, 62.5; linolenic
4.7, 0.9; and C» monoethenoid 4.1, 4.0% (wt.) respectively.
The component glycerides of the C. olitorius seed oil, which
resembles sunflower seed oil, consist of 11% disaturated-mono-
unsaturated glycerides, 64% monosaturated-diunsaturated glye-

erides mainly saturated-dilinoleins, and 25% triunsaturated
glveerides consisting mainly of oleodilinoleins and trilinolein.
Semimicromethod for the determination of plant sterols. D.
Waghorne and C. E. Ball (Ontario Agr. College, Guelph, On-
tario). Anal. Chem. 24, 560-564(1952). The method uses di-
chromate oxidation of the digitonides, followed by titration of
the excess dichromate with ferrous solution, and yields results
with a precision better than = 3%. Samples containing as lit-
tle as 0.1 mg. total sterol are adequate for a single determina-
tion. The sensitivity of the method approaches that of the
colorimetric methods and is unaffected by slight changes in the
structure of the sterol molecule.

The constitution of some wool wax esters. J. Tiedt and E. V.
Truter (Univ. Leeds). Chem. Ind. 1952, 403. By fractional
crystallization from methyl ethyl ketone there has been isolated
from wool grease cholesteryl 24-methylhexacosanoate, choles-
teryl 26-methyloctacosanoate, cholesteryl 28-methyltriacontano-
ate and an as yet unidentified diester of a hydroxy aecid.
Lipids of the central nervous system. G. H. S. Stanley (Mauds-
ley Hosp., London). Biochem. J. 50, xxiv(1952). Tracer ex-
periments using deuterium showed that there is a significantly
rapid turnover of the lipids in the central nervous system.

The composition of the depot fats of a pig fed on a diet rich
in whale oil. G. A. Gorton, T. P. Hilditch and M. L. Meara
(Univ., Liverpool). Biochem. J. 50, 517-23(1952). The depot
fats from a pig whose diet had included 50% whale oil con-
sisted of a mixture of whale oil with the typical fat synthesized
by the pig from non-fatty food. Crystallization of the perine-
phrie fat from acetone at —40° gave 26% of a soluble frae-
tion which approximated the composition of whale oil and 4%
of insoluble material which closely resembled normal pig fat.



