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

I t  is obvious that the separation between oil and 
phosphatide components achieved by acetone extrac- 
tion followed by isopropyl alcohol or ethyl alcohol 
cannot be obtained by the use of isopropyl alcohol 
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 alcohol 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 alcohol 
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 alcohol 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 
closely upon knowledge of composition and laboratory 
separations and that further developments depend up- 
on the growth of more fundamental information. 

Summary 
Isopropyl alcohol has malay 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 alcohol per gram, 31.5%: oil, 12% lecithin, 
and 5.5% eephalin were dissolved. Practically all the 
inositol-eontaining material and about 77% of the 
sugars remained insoluble. Further extractions with 
ethyl alcohol removed the remaining lecithin together 
with additional cephalin. 

After removal of the oil from the crude phospha- 
tides with acetone, the extraction of the isopropyl 
alcohol-soluble material required twice the amount of 
isopropyl alcohol used 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, Illinois 

I 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 glyeerides (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 concentration and with temperature up 
to 200~ 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 concentration and di- 
rectly with agitator speed. 

The percentage of high-melting trans isomers formed 
during hydrogenation (6) is also a function of pres- 
sure and varies inversely with it. Yet higher melting 
products were obtained, for a given drop in refrac- 
tive index, when higher pressures were used. Ap- 
parently the amount of fully saturated glycerides 
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ra ther  than the amount of t rans acids determined the 
final consistency of these fats. 

Extent  of I-Iydrogenation 
Experiments  on the r e l a t i onsh ip  between flavor 

stability and extent of hydrogenation were done, us- 
ing a carbon-steel, gas-fired converter, of 5-1. capac- 
i ty equipped with a mechanical agitator. A 3,500-g. 
charge of refined and bleached soybean oil was hard- 
ened at 200~ and 30 psi. with 0.2% 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~ before admitt ing air. Each 
was filtered with bleaching clay and filter aid unti l  
the filtrates gave no discoloration with boiling ammo- 
nium polysulfide solution. 

The oils of each series were then deodorizeed con- 
current ly  fo r  five hours at 200~ and .1-mm. pres- 
sure in 1-1. glass laboratory deodorizers. Each was 
stabilized with 0.005% citric acid and then cooled. 
Then the freshly deodorized oils were graded by a 
flavor panel, using the scoring system developed at 
the Northern Regional Research Labora tory  (7). Sam- 
ples were aged in covered glass jars at  60~ 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 

Time 
(rain.) R ' I ' a  

0 51.1 
3 47.5 
6 43.9 
9 42".2 

24 40.2 
49 38.4 

A.O.M. 
(hours) 

25 
40 
60 

110 
375 

Over 400 

Flavor ]Panel Score 

Aged (3 days, 
Fresh 60oc.) 

9 6 
9 6 
9 7 
9 6 
9 7.5 
9 7 

Series 2 

I~'lavor Panel Score 

Time 
(rain.) 

0 
4 
7 

11 
17 
31 

R. I .a  

50.8 
47.0 
43.6 
41.1 
39.6 
37.5 

Iodine 
Value b 

132.1 
107.3 

89.7 
73.4 
63.9 
49.6 

~./vr 
Lino- 
leic 

53.4 
25.2 

9.9 
1.8 
0.26 
0.Ol 

~ e  
:Lino- 
lenic 

8.40 
2.60 
0.50 
0.03 
0.00 
0.00 

~ e  
Conj. 
Diene 

0.30 
1.24 
0.63 
0.28 
0.14 
0.12 

Aged 
Fresh (3 days, 

] 60~ 

9 i 6 
9 ! 5 

7 
7.5 

.5 7.5 
7 

Series 3 

0 51.2 132.9 48.7 I 8.12 0.31 9 6 
3 46.7 105.1 27.0 2'.70 0.81 9 5 
5 43.8 87.4 11.9 I 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 0:12 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 
3 46.5 103.9 27.6 2.6 0.75 9 
5 43.1 84.4 10.4 0.45 0.33 9 
8 41.1 73.7 2.9 0.05 0.20 9 

12 39.7 63.2 0.3 0.0 0.12 9 
24 37.5 48.0 0.0 0.0 0.10 9 
aP~efractive indices at 60~ using a Butyro refractometer. 
hlodine values using" the Wijs method. 
:PoIyunsaturates by the A.O.C.S. Tentative Method Cd. 7-48. 

7 
7.5 
7.5 
4 
6 
8 

: t  would quite natural ly  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 oit reversion is not as objection- 
able q u a l i t a t i v e l y  to panel members as that of a 
slightly hydrogenated oil. In  any case no correlation 
was found between flavor stabilities and oxidative sta- 
bilities or contents of polyunsaturates.  

Variation in Conditions of Hydrogenation 

E x p e r i m e n t s  involving changes in hydrogenation 
conditions were done, using a 2-1. electrically-heated, 
high pressure stainless steel autoclave (Table I I ) .  The 
agitator was set to rotate at 520 rpIn. so that  the sur- 
face of the charge was almost motionless. Temperature  
control at high pressures and high catalyst concen- 
t rat ion was almost impossible even at this slow rate 
of agitation, e.g. 

To a 1500-g.  s a m p l e  of  re f ined  a n d  b l e a c h e d  s o y b e a n  oil 
w a s  a d d e d  15 g.  of  n icke l  c a t a l y s t  f lakes.  T h i s  w a s  h e a t e d  
to 200~ t h e  h e a t e r s  w e r e  s h u t  off, a n d  1800 psi .  o f  hy-  
d r o g e n  w a s  a d m i t t e d .  I n  10 seconds  t h e  t e m p e r a t u r e  h a d  
r i sen  to 330~ T h e n  t h e  a g i t a t o r  was  s t o p p e d ,  a n d  the  
c o n v e r t e r  w a s  e v a c u a t e d .  T h e  p r o d u c t  h a d  the  f o l l o w i n g  
c o n s t a n t s :  R . I .  ( 6 0 ~  32 .2 ;  T i t e r ,  64 .3~  I .  va lue ,  6 .5 ;  
F A C  M.P. ,  1 5 4 ~  

The oils prepared as described in Table I I  were 
filtered from catalyst, deodorized, and stabilized with 
0.005% citric acid. Each received a flavor panel score 
of 9 or bet ter  when fresh. The values reported in Ta- 
ble I I  were obtained af ter  three days '  aging at 60~ 

Of samples 1, 2, and 3 from Table II,  sample 3 has 
a melting and softening point co n s id e r ab ly  higher 
than would be expected on the basis of its slightly 
lower R.I.  (0.8 uni t ) .  Apparent ly ,  relatively large 
quantities of h i g h - m e l t i n g  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 h a r d e n e d  at 
high pressure actually contain less of the high-melt- 
ing trans acids than those hardened at low pressure, 
tile higher melting points of the former must be due 
to increased amounts of ful ly saturated fa t ty  acid 
radicals. Note also the spread between melting and 
softening points in the case of sample 6. Evident ly  
products with long plastic ranges are formed during 
high pressure hydrogenation. 

A three-fold difference in A.O.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 prefer red  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).  
Evident ly  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 I I I  contains data on samples of soybean oil 
which were hardened in the high pressure autoclave 
with nickel catalyst flakes as described above. How- 



3 5 0  T H E  JOUR NAL  OF THE AMERICAN OIL C H E M I S T S '  SOCIETY, AUGUST,  1 9 5 2  

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 af te r  three days '  ag- 
ing at 60~ 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 oil 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 I I I  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 h y d r o g e n a t i o n .  
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~ (sample 25) considerable 
p o l y m e r i z a t i o n  takes place, which accounts for  the 

1Spectrophotometric 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 I I  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 part ia l ly  hydrogenated soybean oil and its 
oxidative stability or its content of polyunsaturated 
glycerides. Fats  having unusually high melting and 
softening points with cons ide rab le  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- 
lyst 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 v a r i e d  d i r ec t l y  with the 
amount of agitation and inversely with the catalyst 
concentration. 
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�9 Oils.and Fats 
R. A. Reiners, Abstractor 

Reagents for idometric determination of peroxides in fats. L. 
H a r t m a n  and  M a r g a r e t  D. L. W hi t e  (Dept .  Sci. Ind.  Res., Wel- 
l ington ,  N. Z.) .  Anal.  Chem. 24, 527-29(1952) .  I t  is sugges t ed  
t h a t  a 10% solut ion of ci tr ic  acid in a m i x t u r e  of  ter t .  bu ty l  
alcohol and  carbon te t rachlor ide  be used as solvent  in the  Lea  
method  for  peroxide de t e rmina t ion  in f a t s  in  order to reduce 
the  blank.  
Estimation of 2- and 3- tert-butyl-4-hydroxyanisole isomers. 
J .  H. Mahon  and  R. A. C h a p m a n  (Dept .  Na t .  Hea l th  Wel fa re ,  
O t t awa ) .  Anal .  Chem. 24, 534-536(1952) .  The me thod  is based  
on the  f ac t  t ha t  the  3-tert .  bu ty l - i somer  reacts  to f o rm  a more  
h igh ly  colored complex wi th  2,6-dichloroquinone chloroimide- 
borax  r eagen t  t h a n  the  2-tert .  bu ty l - i somer  and  t ha t  the  reverse 
is t rue  on reac t ion  wi th  fer r ic  ch lor ide- l , l -b ipyr id ine  reagent .  
The 95% confidence l imi ts  for  the  de t e rmina t ion  were ~ 3.0% 
uni ts .  
The  component fatty acids and glycerides of jute-seed oils. 
M. L. Mea ra  and  N. K .  Sen (Univ. ,  L iverpool ) .  J.  Sci. Food  
Agr .  3, 237-240(1952) .  The  componen t  acids  f rom the  seed 
f a t s  of Corchorus capsularis and  C. olitorius, two var ie t ies  of  
ju te ,  have  been shown to consis t  of  palmit ic ,  12.2, 16.9; s tear ic  
4.6, 3.7; a rachidic  2.2, .... ; behenic  ..... 1.8; l ignoceric  0.9, 1.1; 
cerotic 1.2, ....; oleic 28.7, 9.1; linoleic 41.3, 62.5; l inolenic 
4.7, 0.9; and  C~o monoe theno id  4.1, 4 .0% (wt.)  respectively.  
The componen t  glycer ides  of  the  C. olitori~s seed oil, which 
resembles  sunflower seed oil, consis t  of  11% d isa tu ra ted-mono-  
u n s a t u r a t e d  gl$eerides,  64% m o n o s a t u r a t e d - d i u n s a t u r a t e d  glyc- 

erides ma in ly  sa tura ted-d i l ino le ins ,  and  25% t r i u n s a t u r a t e d  
glycer ides  cons i s t ing  ma in ly  of oleodilinoleins and  tr i l inolein.  
Semimicromethod for the determination of plant sterols. D. 
W a g h o r n e  and  C. E. Ba l l  (Ontar io  Agr .  College, Guelph, On- 
t a r io ) .  Anal .  Chem. 24, 560-564(1952) .  The me thod  uses  di- 
ch romate  oxidat ion  of  the  digi tonides ,  fol lowed by  t i t r a t i o n  of 
tile excess d ichromate  wi th  f e r rous  solution,  and  yields resu l t s  
wi th  a precision be t te r  t h a n  -4- 3%.  Samples  con ta in ing  as lit- 
tle as 0.1 mg.  to ta l  sterol are  adequa te  for  a s ingle  de te rmina-  
tion. The  sens i t iv i ty  of  the  me thod  approaches  t h a t  of  the  
eolorimetr ic  me thods  and  is unaf fec ted  by s l igh t  changes  in  the  
s t ruc tu re  of  the  sterol  molecule. 
The constitution of some wool wax esters. J .  T ied t  and  E. V. 
T r u t e r  (Univ .  Leeds ) .  Chem. lnd .  1952, 403. By  f rac t iona l  
c rys ta l l i za t ion  f r o m  me thy l  e thyl  ketone the re  has  been isolated 
f rom wool g rease  cholesteryl  24-methylhexacosanoate ,  choles- 
teryl  26-methyloc tacosanoate ,  cholesteryl  28-methyl t r iacontano-  
a te  and  an  as ye t  unident i f ied  dies ter  of  a h y d r o x y  acid. 
Lipids of the central nervous system. G. H. S. S tan ley  (Mauds -  
ley Hosp. ,  London ) .  Biochem. J.  50, xx iv (1952) .  Tracer  ex- 
pe r imen t s  us ing  deu te r ium showed t ha t  there  is a s igni f icant ly  
rap id  tu rnover  of the  l ipids in the  cent ra l  nervous  sys tem.  
The composition of the depot fats of a p ig  fed on a diet rich 
in whale oil. G. A. Gorton, T. P.  Hi ld i t ch  and  M. L. Meara  
(Univ. ,  L iverpool ) .  Biochem. J.  50, 517-23(1952) .  The depot  
f a t s  f rom a p ig  whose diet  had  included 50% whale oil con- 
s is ted of a m ix tu r e  of  whale oil wi th  the  typica l  f a t  syn thes ized  
by the  p ig  f rom n o n - f a t t y  food. Crys ta l l iza t ion  of  the  perine-  
phr ic  f a t  f r om acetone a t  - -40  ~ gave  26% of a soluble frac-  
t ion which app rox ima ted  the  composi t ion  of whale oil an d  74% 
of  insoluble  ma te r i a l  which r resembled  n o r m a l  p ig  f a t .  


