
534  VOL. 49 JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY 

TABLE II 
The Hydrogenation of Three Samples of Soybean Methyl Ester with Each of Two 

Single 85 mg Samples of Metal-Polymer Catalyst in Methylene Chloride at 550 psi Hydrogen a 

Per cent composition of product 

Catalyst Conjugated 
Saturate Monoene Diene diene Triene 

C48H49C10 3P2 "(PtCI2)0.505 b 
First hydrogenation run 
Second hydrogenation run 
Third hydrogenation run 

C48H49CIO3P2 ~(PdCI2)0.507 c 
First hydrogenation run 
Second hydrogenation run 
Third hydrogenation run 

14.5 37.8 28.3 20.1 --  
14.9 26.8 38.3 18.5 1.6 
13.8 26.6 39.2 18.4 2.0 

13.6 68.9 17.7 --  --  
14.6 34.0 46.7 --  4.7 
14.8 35.2 45.9 --  4.3 

alnitiai composition was 14.2% saturate, 22.3% monoene, 56.2% diene and 7.0% triene. 
bReactions at 150 C for 6 hr with 226 mg SnC12 o2H20. 
CReactions at 70 C for 3 hr. 

and  600  psi of  hyd rogen .  A f t e r  6 h r  in m e t h y l e n e  ch lor ide ,  
all of  the  t r iene  f rac t ion  was r educed  w i t h o u t  the  fo rma-  
t ion  of  sa tura te .  The i somer i za t ion  of  the  d iene  f r ac t ion  to  
fo rm c o n j u g a t e d  diene was also observed  u n d e r  these  
cond i t ions .  The  similar  pa l l ad ium- t in  sys tem d e c o m p o s e d  
be low 150 C and  was t h e n  ca ta ly t ica l ly  inact ive.  

B o t h  ca ta lys t s  may  be r ecovered  by  f i l t r a t ion  and  reused  
m a n y  t imes ,  a l t h o u g h  the  p l a t i n u m  sys tem requi res  the  
add i t i on  of  f resh  SnC12. 2 H 2 0  for  each  reac t ion .  As s h o w n  
in Table  II, a s l ight  loss o f  ca ta ly t ic  aci t iv i ty  is observed  
a f te r  the  f irst  r ecovery  o f  ca ta lys t ,  b u t  n o  f u r t h e r  losses 
occur  on  s u b s e q u e n t  reac t ions .  The ana ly t ica l  da ta  and  IR  
s p e c t r u m  of  the  pa l l ad ium c o m p l e x  are u n c h a n g e d  a f t e r  
several ca ta ly t ic  reac t ions .  The  p l a t i n u m  c o m p o u n d  is 
r ecovered  cons ide rab ly  a l tered,  b u t  the  data  are n o t  
cons i s t en t  w i th  any  s t ruc tu re  ana logous  to  k n o w n  p r o d u c t s  
of  s imilar  r eac t ions  b e t w e e n  S n C 1 2 . 2 H 2 0  and  p l a t i n u m  
hal ide  complexes .  
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Alkali Isomerization of Linoleate Isomers: Characterization 
of Products 

diene n o t  con juga t ed  was p r o b a b l y  a geomet r ica l  and 
pos i t iona l  i somer  of  the  s ta r t ing  mater ia l .  

ABSTRACT 

Geomet r i ca l  i somers  of m e t h y l  l ino lea te  were 
r eac t ed  w i t h  alakli ,  and  the  resu l t ing  con juga t ed  
i somers  were  separa ted  i n t o  trans, trans; cis, trans; and 
cis, cis f rac t ions .  The  pos i t i on  of  doub le  b o n d s  in the  
var ious  f r ac t ions  was d e t e r m i n e d  by  reduct ive  ozon-  
olysis, trans-9,trans-12-1somer of l ino lea te  f o r m e d  
trans, trans- and  cis, trans-conjugated dienes,  whereas  
cis-9,trans-12- and  trans-9,cis-12-isomers in  add i t i on  
f o r m e d  cis, cis-conjugated dienes.  The  f o r m a t i o n  of 
the  p r o d u c t s  is in  acco rdance  w i t h  t he  theore t i ca l  
p red ic t ions .  Dur ing  c o n j u g a t i o n  trans doub le  b o n d s  
sh i f t ed  to  f o r m  a trans b o n d  pre fe ren t ia l ly .  Dur ing  
con juga t ion  o f  cis-9,trans-12- and  trans-9,cis-12-1ino- 
lea te  i somers ,  the  cis doub le  b o n d  sh i f t ed  prefe ren-  
t ial ly over  the  trans doub le  b o n d .  A smal l  a m o u n t  of  

M e t h y l e n e - i n t e r r u p t e d  d o u b l e  b o n d s  in p o l y u n s a t u r a t e d  
fa t ty  acids u n d e r g o  r e a r r a n g e m e n t  to  con juga t ed  d o u b l e  
b o n d s  n o t  on ly  dur ing  h y d r o g e n a t i o n  and  a u t o x i d a t i o n ,  b u t  
also dur ing  t r e a t m e n t  w i th  alkali.  Similar  con juga ted  
p r o d u c t s  migh t  be p r o d u c e d  by  the  th ree  m e t h o d s .  Nichols  
et al. (1)  cha rac t e r i zed  p r o d u c t s  f rom alkal i - isomerized 
l inoleic  acid. On theo re t i ca l  g rounds  they  also f o r m u l a t e d  
rules t o  p red ic t  p r o d u c t s  f rom geomet r i ca l  i somers  of  
l inoleic  acid; h o w e v e r  these  p r o d u c t s  have n o t  b e e n  
t h o r o u g h l y  cha rac t e r i zed  (2)  to  t e s t  the  val id i ty  of  these  
rules.  

Methy l  trans-9,trans-12-octadecadienoate ( t , t -Lo)  was 
p r epa red  by  t he  p rocedu re  of  Haf low et  al. (3).  Final  

TABLE I 
Composition of Products from Alkali Isomerization of Linoleate Isomers 

Weight % 

Linoleate trans, trans- cis trans- cis, cis- 
isomer Unconjugated diene Conjugated diene Conjugated diene Conjugated diene 

trans-9,trans-12 5 56 39 0 
cis-9,trans-12 4 56 28 12 
trans-9,cis-12 4 55 29 12 
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purification was achieved by passage through a silver-ex- 
changed resin column (4). Methyl cis-9,trans-12-octadeca- 
dienoate (c,t-Lo) and methyl trans-9,cis-12-octadecadi- 
enoate (t,c-Lo) were obtained from the methyl esters of 
dehydrated ricinoleic and ricinelaidic acids, respectively, by 
chromatography on a Ag-exchanged resin column. By 
capillary gas liquid chromatography ( G L C ) ( 5 )  and by 
ozonolysis (6), all isomers were better than 95% pure. 

Alkali isomerization was carried out according to the 
official AOCS method (7), except the reaction time was 6 
hr for t,t-Lo and 2.5 hr for c,t-Lo and t,c-Lo. Isomerized 
acids were converted into methyl esters with BF3-MeOH 
reagent (8). The isomerized methyl esters were separated 
into trans, trans-; cis, trans-; and cis,cis- conjugated diene 
fractions by chromatography on a Ag-exchanged resin 
column. The cis, trans-conjugated diene includes all the 
isomers in which one double bond has trans configuration. 
Composition of the conjugated isomers shown in Table I 
was calculated from weight recovery and purity of the 
fractions, cis, cis-Conjugated diene fraction contained both 
unconjugated diene and cis, cis-conjugated diene. The latter 
was obtained by preparative GLC of the cis, cis-conjugated 
diene fraction. The position of double bonds in the various 
fractions as shown in Table II was determined by reductive 
ozonolysis (6). 

Based on theoretical considerations, Nichols et al. (1) 
predicted that shifting of a cis double bond forms a new 
bond predominantly with a trans configuration, whereas 
shifting of a trans double bond forms a new bond with 
either cis or trans configuration. According to these rules 
t,t-Lo should conjugate to trans, trans- and cis, trans- conju- 
gated dienes, while c,t-Lo and t,c-Lo should form all three 
isomers. The conjugated isomers formed from the three 
geometrical isomers of linoleate (Table I) are in accordance 
with these theoretical predictions. 

t,t-Lo formed more trans, trans-conjugated diene (56%) 
than cis, trans-conjugated diene (39%). c,t-Lo and t,c-Lo 
formed more cis, trans-conjugated diene than cis,cis-conju- 
gated diene. Apparently the trans double bonds shift to 
assume preferentially trans configuration. In c,t-Lo and 
t,c-Lo, if both double bonds shift at the same rate, equal 
amounts of trans, trans-conjugated diene and cis, trans-con- 
jugated diene plus cis, eis-conjugated diene would be ex- 
pected. Actually more trans, trans-conjugated diene formed 
than the other two isomers combined. Apparently cis 
double bonds move faster than trans double bonds during 
conjugation with alkali. 

Conjugation of A9 and A ~  double bonds in the 
geometrical isomers of linoleate should form Ag,~ ~ _ and 
A~ o, ~ z -conjugated diene isomers. Presumably, the As,I  0 _ 

and A~ ~ ,~ 3 -isomers in the various fractions (Table II) are 
secondary reaction products, since they occur in larger 
quantities in alkali-isomerized t,t-Lo that was heated for 6 
hr than in alkali-isomerized c,t-Lo and t,c-Lo that were 
heated for 2.5 hr. To test whether isomerization does 
indeed occur during prolonged heating, methyl esters of 
alkali-isomerized linoleate were heated at 180 C for 1 hr 
with ehtylene glycol-KOH reagent. Upon ozonolysis, meth- 
yl esters of the isolated fatty acids showed 8% of As,~0 _ 
and ~ , ~ 3  -conjugated isomers, whereas the original 
esters contained only 4%. From the ozonolysis data, it 
cannot be determined which double bond in the cis, trans- 
conjugated dienes had the trans configuration. 

GLC analysis of alkali-isomerized esters showed that ca. 
4-5% of the original diene esters did not conjugate (Table I) 
during treatment with alkali. The unconjugated dienes from 
c,t-Lo and t,c-Lo eluted with cis, cis-conjugated dienes 
during chromatography on a Ag-resin column, whereas the 
original esters eluted much later on the same column. 
Elution behavior of the unconjugated dienes was similar to 
t,t-Lo. To further characterize the nature of the unreacted 
dienes, a sample of methyl linoleate was alkali-isomerized 
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for 25 rain, and the unreacted diene was isolated by 
preparative GLC. IR analysis (9) showed 107% trans. 
Ozonolysis indicated that 44% of the first double bond 
moved equally in both directions. Aldehydes containing 5, 
6 and 7 carbon atoms were present. Apparently during 
alkali-isomerization, a small amount of diene isomerizes to 
a nonconjugatable type of diene. 

SAMBASIVARAO KORITALA 
Northern Regional Research Laboratory, 
ARS, USDA, 
Peoria, Illinois 61604 

ACKNOWLEDGMENT 

Methyl cis-9,trans-12-octadecadienoate was supplied by C.R. 
Scholfield. 

REFERENCES 

1. Nichols, P.L., Jr., S.F. Herb and R.W. Riemenschneider, J. 
Amer. Chem. Soc. 73:247 (1951). 

2. Jackson, J.E., R.F. Paschke, W. Tolberg, H.M. Boyd and D.H. 
Wheeler, JAOCS 29:229 (1952). 

3. Harlow, R.D., C. Litchfieldand R. Reiser, Ibid. 40:505 (1963). 
4. Emken, E.A., C.R. Scholfield and H.J. Dutton, Ibid. 41:388 

(1964). 
5. Scholfield, C.R., and H.J. Dutton,  Ibid. 48 :228  (1971) .  
6. Stein, R.A., and N. Nicholaides, J. Lipid Res. 3:476 (1962). 
7. "Official and Tentative Methods of the American Oil Chemists' 

Society," Vol. I, Third Edition, AOCS, Champaign, Ill., 1964, 
Method Cd-7-58. 

8. Metcalfe, L.D., and A.A. Schmitz, Anal. Chem. 33:363 (1961). 
9. Allen, R.R., JAOCS 46:552 (1969). 

[Received May 12, 1972] 

Thickening Action of Hydroxystearates in Peanut Butter 

ABSTRACT 
When 0.5-1% of 12-hydroxystearic acid or the 

corresponding triglycefide is incorporated into un- 
hardened peanut butter,  the resulting product has 
stiff creamy consistency, and no oil separation takes 
place upon standing. Sensory evaluation of this 
peanut butter  indicated that it was indistinguishable 
f r o m  typical commercial material in flavor and 
texture. 

We wish to report that when either 12-hydroxysteafic 
acid or tri-12-hydroxystearin (both derived from hydro- 
genated castor oil) is added at the level of 0.5-1.0% to 
unhardened peanut butter, the resulting product is indistin- 
gnishable from commercial, hardened peanut butter.  
Hydroxystearates increase the viscosity of hot aqueous 
starch and flour pastes (1), and it was of interest to 
examine a largely lipid-containing system for comparison. 
Thus we tested a number  of derivatives of 12-hydroxy- 
steafic acid including the tfigiyceride, monoglyceride and 
the ethylene and propylene glycol monoesters. Thickening 
activity paralleled the melting point of the additivies, and 
this factor was confirmed by the ineffectiveness of the 
closely related ricinoleic (12-hydroxyoleic) acid, its triglyc- 
eride (castor oil) and monoglyceride, the first and second of 
which are liquid at room temperature with the third being a 
low melting solid. However these ricinoleates all behave 
much like the liydroxystearates in the aqueous starch 
systems mentioned above. Also examined were mono- 
stearin, stearic acid and tripalmitin. At the levels employed 
(0.5-1%) hardening action was minimal and oil separation 
occurred upon standing,. 

The solubility characteristics of the test compounds in 
vegetable oil were examined by dissolving the substances 
(1%) in hot oil and then permitting the mixtures to stand 
overnight at room temperature. The hydroxystearates 
formed gelatinous crystalline matrixes, in contrast to the 
nonhydroxy derivatives which either formed no crystals at 
all or the crystals of which were not held in suspension. The 
behavior of 9,10-dihydroxystearic acid and of 12-keto- 
stearic acid was also examined in oil at the same concentra- 
tion. Crystals which formed from these materials did not  
produce significant thickening, but  rather settled out. 
Formation of satisfactory gels is restricted to the hydroxy- 
stearates, the most effective of which is the free acid. 

Peanut butter  samples for sensory evaluation were 
prepared from a brand of unhardened peanut butter  
containing salt only. Glucose, 1.5%, was added in finely 

powdered form to adjust the sweetness to that of the 
commercial hardened variety chosen for comparison.. The 
appropriate amount of 12-hydroxystearic acid or tri-12- 
hydroxystearin was added, and the mixture was warmed to 
ca. 90 C and blended with a household cycloidal mixer at 
ca. 50 cycles per minute for 5 rain. The samples were stored 
overnight at 5 C before being warmed to room temperature 
and submitted to the evaluation panel. Experimental 
samples were compared against the commercial peanut 
butter  as control, using the duo-trio test and a panel of 15 
untrained judges who replicated each comparison twice 
giving a total of 30 judgements per comparison. The tests 
were conducted in a room with individual booths under 
subdued lighting to eliminate possible color differences 
between samples. Each judge received ca. 15 g of each 
sample for tasting as is. The resutts are shown in Table I. 

TABLEI 

Peanut Butter Test Results 

Judgments 
Preferring 

Comparison Total Correct control 

0.5% 12-Hydroxysteari¢ acid 
vso control 30 16 12 

1.0% Tri- 12-by droxystearin 
vs, control 30 15 17 

aTwenty correct judgments needed for significance at P = 0.05. 

From this test it is clear that the judges were unable to 
discriminate between peanut butter  containing additive and 
the standard commercial control. This indicates that the 
additive did not  cause significant alterations in flavor or 
texture of the product, at the level tested. 

The hydroxystearates are nontoxic (2), as was demon- 
strated by Binder and coworkers in a series of rat-feeding 
studies. No adverse effects were noted, except for some- 
what reduced growth in rats fed 10% of hydrogenated 
castor oil. Lower digestibility of this diet rather than 
chemical growth inhibition was cited as the cause of the 
lesser growth. No laxative activity is observed with deriva- 
tives of hydroxystearic acid (3). Castor oil itself has been 
used as a frying oil in China and also in India as an 
adulterant of various edible oils (4). Foods that contain 
other hydroxy fatty acids include milk (5) as well as such 
items as apples and pears (6). These facts suggest that 
12-hydroxysteafic acid and derivatives thereof should be 


