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Abstract 
The following products  are formed dur ing par- 

tial reduction of a.eleostearic acid with hydrazine:  
cis,tra~s-9,11-octadeeadienoic and trans,trans-ll, 
13-oetadecadienoie acids; c/s-9-, trans-ll- and 
trans-13-octadecenoie acids; and stearie acid. The 
double bonds are reduced individually in the con- 
jugated triene and also in the conjugated dienes 
that  are formed. However, the reduction is selec- 
tive since the tra~u~dl double bonds in the con- 
jugated triene is reduced only slightly to yield the 
isolated 9,13-diene. 

The trans double bond of the cis,trans conju- 
gated diene reduces at a faster rate than the c/s 
bond. No differences were observed in the rate of 
reduction of the cis-9 and trans-l'~ bonds in the 
triene or of the bonds in the trans,trans conju- 
gated diene. 

Introduction 
A ~TUI~I:BER OF WORKERS (2,4,12,14) have reported 

the part ial  reduction of various fa t ty  acids with 
hydrazine. They have found that  cis and trans dou- 
ble bonds usually reduce at the same rate and that  
no geometric isomerization or bond migration occurs. 
Aylward  and Rao (3) have been the only ones to 
report  a part ial  hydrazine reduction of a-eleostearic 
(cis,tra~s,trans -9,11,13 -octadecatrienoie ) acid and our 
results differ considerably from theirs. In  1963, Schil- 
ling stated the reduction rates of conjugated and 
terminal double bonds were different than those of 
isolated double bonds (13). 

The results reported here follow the formation of 
various products  throughout  the reduction period and 
also give the complete composition of the final par t ia l  
reduction mixture (15). 

Experimental Procedures and. Results 
Gas Chromatographic Analysis. In general, all sam- 

ples were analyzed on the same type  of columns and 
under  the same conditions as described earlier (9). 
All Percentages are given in area per cent. 

Preparation of a-Eleostearic Acid. a-Eleostearic acid 
was isolated from tung oil and purified essentially as 
described by Hoffman et al. (7). The melting point 
of the purified product  was 46.5-47.0C. The lit. value 
is 48C (5).  UV analysis indicated 103.6% of a-eleo- 
stearic acid [e for  ~-eleostearic acid = 47,000 ; )t max 
270.5 mtx (5) ] .  This high figure is probably due to 
the presence of a small amt of fl-eleostearic acid. 

Partial Reduction o~ ~-Eleostearic Acid. A 2.05-g 
sample of ~-eleostearie acid was dissolved in 150 ml 
of absolute ethanol. Aqueous hydrazine (2.0 ml, 64%) 
was added and the solution was heated at 52C ± 3 
for 7.5 hr. Air  was bubbled through the solution con- 
t inuously to increase the rate of reduction (2,14). At  
1.5-hr intervals, 2.0-ml aliquots were removed, acidi- 
fied with dilute HC1 and extracted with diethyI ether. 
The ether extract  was washed wel l  with water and 
the ether was removed in vacuo. The residues, assumed 
to be 0.025 g, were each dissolved in 25 ml of absolute 
ethanol to give stock solutions. UV determinations of 
a-eleostearie acid made on appropriate  dilutions of 

No. Utiliz, Res. & Dev, Div., ARS, USDA. 
43 

the stock solutions are shown in Table I. These data 
were used only as a guide to show the extent of re- 
duetion as the reaction proceeded. 

The remaining portions of tile stock solutions were 
recovered individually and esterified by refluxing with 
1% H2SO4 in methanol for 45 rain. These esters were 
analyzed by GLC to obtain the percentages of the 
different reduction products present at various time 
intervals (Table I ) .  The final reduction product  was 
recovered and esterified by the same procedure as the 
aliquots. The overall recovery of material  ( including 
atiquots) was 91%. 

Countercurrent Distribution of the Reduction Prod- 
ucts. Methyl esters of the hydrazine reduction prod- 
ucts were subjected to eountercurrent  distribution 
(CCD) between n-hexane (5 ml) and aeetonitrile (40 
ml) in an automatic 200-tube Craig-Post (15) ap- 
paratus. Collection of upper  phase was begun (3 
t ransfers / tube)  af ter  200 t ransfers  had been com- 
pleted. A total of 840 transfers  were collected. This 
procedure separated the esters according to their de- 
gree of unsaturation.  

The solvent was removed from a sufficient number of 
collection tubes to obtain a wt distribution plot and 
the contents of selected tubes were analyzed by GLC 
to determine the location of the various products  in 
the fract ion collector. 

The material from all the monoene-eontaining tubes 
was combined and the solvent was removed in vacuo. 
This fract ion (90% yield based on original GLC 
analysis) had the following composition by GLC: 
C16~o, 0.3; Cls~o, 13.5; Cls:l, 86.1; and Cls:2 (noneon- 
jugated) ,  0.2. This mixture  was shown to contain 
47.6% of isolated trans unsaturat ion by quanti tat ive 
IR analysis (1).  A corrected value (>f 55.3% was ob- 
tained by taking into account the saturated esters 
present. 

The conjugated dienes were obtained in the same 
manner  as the monoenes except that  center cut of 
the wt peak was taken for fu r the r  work. Its composi- 
tion by G L C  was as follows : Cls:e (nonconjugated) ,  
3.4; Cls:~ (conjugated cis,trans), 44.1; Cls,2 (conju- 
gated cis,cis), 1.3; Cls:2 (conjugated trans, trans) 
50.5; and an unknown, 0.7. The IlL spectrum con- 
firmed that  this fract ion was a mixture of geometric 
diene isomers and that  no isolated trans double bonds 
were present. No quanti tat ive IR analysis was done 
because it  was felt  that  the values obtained by GLC 
were sufficient and reliable (10). The presence of 
cis,cis conjugation in the mixture  is probably the re- 
suit of part ial  reduction of an unknown conjugated 
triene in tung  oil, which has this configuration. A less 
likely possibility is that  the Cis,cis conjugated diene is 
formed by  geometric isomerization dur ing analysis 
by GLC. The recovery of conjugated dienes f rom 
CCD was not determined accurately since the re- 
Covered material  contained 10-15% of short chain 
residues from evaporation of the n-hexane. In  addi- 
tion, the small amt of nneonjugated diene produced 
during the reduction was concentrated at the edge of 
the conjugated diene peak and most of this was ex- 
cluded from the cut taken. 

Separation of cis and trans Monoenes. The combined 
monoene methyl  esters were separated into a cis and a 
trans f ract ion (6) by preparat ive TLC on 10 x 40 cm 
plates spread with silver ni t ra te  impregnated silica 
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gel G (20:80). The solvent-free methyl  esters were 
spotted direct ly using 10 spots of 1 ~l each/plate.  The 
spotted plate was placed in a " s a n d w i c h "  arrange-  
ment  similar to that  described by Honegger  (8) and 
developed with benzene in a closed chromatographic  
jar .  This a r rangement  allowed the solvent f ront  to 
migra te  ca. 30 cm in two hr, whereas near ly  four  hr  
were required when the single-plate methods was 
used. 

The spots were visualized by spray ing  the plates 
with an ethanolic solution of 2,7-dichlorofluoreseein 
and viewing them under  long-wavelength UV light. 
The bands containing the trans monoenes (Rf = 0.60) 
and the cis monoenes (Rf -- 0.43) were marked on the 
plates and these bands of adsorbant  and sample were 
scraped direct ly into a flask containing benzene. The 
monoenes were then thoroughly  extracted f rom the 
silica gel-silver ni t ra te  powder with benzene. Since 
the dye is insoluble in benzene, it remains  with the 
silica gel. In  this manner  0.033 g of cis mouoenes and 
0.045 g of trans monoenes were prepared.  These amt  
represent  recoveries of ca. 85-90%. 

The cis f ract ion showed no trans absorption and the 
trans f ract ion assayed 99.7% of isolated trans double 
bonds by quant i ta t ive I R  analysis (1).  

Oxidative Cleavage of the cis and trans Monoenes. 
Both the cis and trans monoene fract ions were cleaved 
by permanganate-per iodate  oxidation according to the 
method of von Rudloff (11). The alkaline residues 
(obtained by removal of t-butanol and water)  were 
acidified with 12-15 ml of coned HC1 and the result ing 
saturated salt solutions were extracted with diethyl 
ether (10 x 20 ml) .  The extracts  were washed once 
with 10 ml of sa turated salt solution, dried over so- 
dium sulfate and filtered. The ether was distilled 
through a Vigrcux column and the final 4-5 ml were 
evaporated by a gentle strealn of nitrogen. The resi- 
dues were esterified by refluxing one hr with 1% 
H2SO4 in methanol.  Af te r  the methanolic solutions 
were diluted with water, they were extracted with 
ethyl ether. The extracts  were washed with water  and 
coned with a s t ream of ni t rogen (no heat applied) to 
a volume of ca. 0.2 Inl. 

Analysis of the esterified cleavage products  f rom the 
cis monoene by GI~C showed 49.1% methyl  nonanoate, 
50.6% methyl  nonanedioate and 0.2% of an unknown 
material .  The amt  of monobasic acids f rom cleavage of 
the trans monoenes were not obtained because of some 
loss due to ester volatility. The dibasic acid methyl  
esters were composed of 1.2% of nonanedioate, 56.5% 
of undecanedioate and 42.3% of tridecanedioate. 
Therefore, the c~h ' fract ion is entirely the ± 9-monoene 
and the trans fract ion consists almost exclusively of the 
A 11- and A 13-monoenes. 

The calculated composition of the original monoene 
f ract ion (obtained by combining analytical  results for  
the cis and trans fractions) is as follows: cis-9-octa- 
deeenoic acid, 45%;  trans-9-octadecenoic acid, 2 % ;  
trans-ll-octadecenoic acid, 30%;  and trans-13-octa- 
decenoic acid, 23%. 

Hydrazine Reduction of the Conjugated Dienes. 
The combined conjugated dieue fractions (44.1% cis, 
trans and 50.5% trans,trans) were heated with hydra-  
zinc for  16 hr, and the products  were recovered in the 
same manner  as the reduction products  f rom a-eleo- 
stearic acid. The mixture was esterified with diazo- 
methane and the esters were analyzed by GLC. The 
cis,trans conjugated diene content was 16.3% and the 
trans,trans diene content was 21.8%. These percent- 
ages represent  a lowering of the cis,trans:trans, trans 

T A B L E  I 

P a r t i a l  R~eduction P r o d a c t s  of a -Eleos tear ic  Acid (Area  % by  G L C )  

Componen t  ( a s  methyl  es te r )  
Reac t ion  t ime, h r  

1.5 3.0 4.5 6.0 7.5 

Cls:o ................................................ 1.2 2.8 6.1 9.8 14.4 
CIS:I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.4 9.0 I4 .5  17.3 20 .6  
C~s:e (nonconj . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.6 2.2 2.4 2.0 1.5 
Cls:~ (conj .  ~ i s ,  t r a n s / t r a n s , e i s )  . . . . .  12.2 15.4 15.3 15.0 13.7 
Cls: :  (con~. e i s , c i s )  . . . . . . . . . . . . . . . . . . . . . . . .  3.0 2.6 2,5 2.4 0.7 
Cls:~ (con~. t r a n s , t * ' a n s )  . . . . . . . . . . . . . . . .  11.2 15.3 16:6 16.7 15.0 
Cls:a (e teos tear ic ) ,  by  G L C  ............ 67.4 51.9 41.7 36.0 33.3 
C~s:a (e leos tear ic ) ,  by U V  a ............. 73 58 48 41 38 
U n k n o w n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.8 0.9 0.8 0.8 

e for  a-eleostear ic  'acid : -  47,000 h m a x  270.5  mt*. 

ratio f rom 0.87-0.75 dur ing the par t ia l  reduction. 
The percentages of the various geometric isomers 

of the conjugated dienes reported here and in Table I 
are reliable since Morris  et al. have shown them to be 
stable under  GLC conditions (10) and since the ab- 
sence of monoenes, other than those expected, shows 
that  no isomerization of conjugated triene or diene 
occurred. 

Discussion 

Aylward  (3) has theorized tha t  the hydrazine re- 
duction of a-eleostearic acid follows two routes:  a) 
simultaneous addit ion of two moles of hydrogen to 
give a cis monocne, which is then reduced to stearic 
acid and b) the addition of one mole of hydrogen to 
give a trans,trans conjugated diene, which is then 
converted direct ly to the sa tura ted  acid by the simul- 
taneous addition of 2 moles of hydrogen. Hence Route 
" a "  would result  eventually in cis-9-octadeeenoic and 
stearic acids, whereas Route " b "  would result  in 
trans,trans-ll,13-oetadeeadienoic and stearic acids. 
Neither route would produce t ransd l -  or trans-13- 
octadecenoic acid, but  our work shows both of these 
acids are present  in large quanti t ies ill the reduction 
mixture.  A y l w a r d ' s  theories also preclude format ion 
of cis,trans conjugated diene, which is also present  in 
quant i ty  (Table I ) .  

The most likely reduction pa thway  suggested by  our 
data  is that  the cis-9 and trans-13 double bonds are 
reduced selectively at  approx  the same rate to give 
near ly  equal amt  of cis,trans and trans,trans conju- 
gated dienes. Table I shows that  the trans-l l  double 
bond is reduced only slightly to give a 9,13-diene, 
whereas the reduction of linolenie acid by this method 
produces a large amt  of the comparable 9,15-diene 
(12,14). Therefore, it appears  that  the hydrazine re- 
duction of a conjugated triene system proceeds in a 
manner  which preserves conjugation. This influence is 
not present  in the reduction of linolenic acid and the 
three double bonds are reduced at  nearly the same 
rate  yielding all three possible dienes. 

The trans double bond of the cis,trans conjugated 
diene appears  to reduce somewhat faster  than either 
the trans bonds in the trans,trans diene or the cis bond 
ill the cis,trans diene. This observation is supported 
by the fact  that  the amt  of cis,trans isomer decreases 
more rap id ly  than  the trans,tran.s isomer when a mix- 
ture  of these two dienes is reduced with hydrazine. 
The relative amt  of cis-9- and trans-ll-monoenes 
formed in the reduction of the original triene suppor t  
this conclusion. These conclusions suppor t  Sehill ing's 
s ta tement  that  hydrazine reduction rates for conju- 
gated double bonds differ f rom those for isolated dou- 
ble bonds (13). 

A C K N O W L E D G I ~ E N T  

Gas  c h r o m a t o g r a p h i c  ana lyses  h:~ 5. W .  H a g e m a n n .  
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Abstract 
The composition and positional distribution of 

fat ty acids in phospholipids isolated from four 
locations of a hog carcass is presented. Variations 
in fa t ty  acid composition of phospholipids were 
found depending upon the location in the carcass. 
The total unsaturated fa t ty  acid content averaged 
34.3 mole % for lecithin, 52.5 mole % for phos- 
phatidylethanolamine, 40.3 mole % for phospha- 
tidylserine and 41.3 mole % in sphingomyelin. 
The cephalins had a much higher percentage of 
polyunsaturated fat ty acids than lecithin. The 
chief saturated fatty acid in lecithin and sphingo- 
myelin was palmitic and in cephalins it was 
stearie. A snake venom enzyme preparation (Cro- 
talus adamanteus) hydrolyzed primarily unsatu- 
rated fatty acids in phosphoglycerides and the 
higher the percentage of unsaturation within the 
fat ty acid the higher percentage of hydrolysis 
occurred. The unsaturated fatty acids were found 
chiefly at the the fl-position and the saturated 
fat ty acids at the a-position in the phosphoglyc- 
erides. 

Introduction 

T IlE PHOSPH0'LIPIDS Of blood and of neural and 
organ tissue of many animals have been investi- 

gated relative to kind, composition and, in some cases, 
to positional location of the fat ty acids. Relatively 
little attention has been given to the phospholipid con- 
tent of skeletal tissue and especially to their presence 
in such tissues of meat animals, although it is sus- 
pected that phospholipids ,nay be important in keep- 
ing quality and flavor. Hornstein et al. (4) deter- 
mined the phospholipids, as general classes, in pork 
and beef, and Kuchmak and Dugan (1) determined 
the specific phospholipids in four locations in a hog 
carcass. Younathan and Watts (10) showed that the 
bound lipids in pork and Zipser et al. (11) showed 
the bound lipids in mullet were implicated in oxida- 
tive deteriorations. 

1Michigan  State Agr icu l tu ra l  Exper iment  Station Publication No. 
3389.  

Suppor ted  by  the U.S. Publ ic  Heal th  Service Research G r a n t  No. 
GM 08801-03.  

3 Present address: Communicable Disease Center, Atlanta, Ga. 

This study was aimed first at elucidation of the 
fatty acid composition of the phospholipids of pork 
muscle tissue as influenced by carcass location and 
subsequently at the elucidation of the positional loca- 
tion of the fat ty acids in the phosphoglyceride moie- 
ties. 

Experimental 
Materials. Silicic acid, cp, precipitated, was ob- 

tained from Fisher Scientific Company. Silicic acid 
was washed with methanol and reactivated at 120C. 
All solvents used were freshly redistilled. 

Crotalus adamanteus venom, used as a source of 
phosphotidase A (leeithinase A), was obtained from 
the Ross Allen Reptile Institute, Silver Springs, Fla. 

Methyl esters of fat ty acids, used as reference com- 
pounds in GLC, were obtained from the California 
Corp. for Biochemical Research and from Applied 
Science Laboratories. 

Origin of Samples. Samples of muscle tissue were 
taken from the center belly section, a ham cross sec- 
tion, loin center cut and the 4-6 rib section of a hog 
of known breed and feeding history (Yorkshire- 
Hampshire castrate male, five months old, 190 lb  
standard growth feeding ration.) 

Isolation of Phos'pholipids. Lipid extraction, silieic 
acid chromatography and procedures for establish- 
ment of identity of isolated phospholipid classes have 
been reported previously (1). 

Enzymatic Hydro ly.sis of Lecithin. Enzymatic hy- 
drolysis of lecithin with snake venom in diethyl ether 
solution and separation of hydrolysis products were 
achieved by the procedure of Tattrie (2). The pre- 
cipitate which resulted after hydrolysis was removed 
by centrifuging and the ether solution was tested for 
the presence of phosphorus. If  phosphorus was pres- 
ent in the ether solution, indicating the presence of 
unreacted lecithin, the enzymatic hydrolysis was re- 
peated on another sample. When enzymatic hydroly- 
sis was complete, the ether phase contained fat ty 
acids only. Lysolecithin was recovered from the pre- 
cipitate by dissolving it in chloroform and centrifug- 
ing out the protein. Complete enzymatic hydrolysis 
was achieved only with the lecithin sample from 
belly muscles and the best results on the samples 
from the other three locations on the hog carcass 


