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tics of certain port ions of the molecules. The P~ space 
s t ruc ture  of these crystals and the orthorhombic sub- 
s t ructure  of the B'  configuration as well as the trielinic 
snbst rueture  of the A'  configuration were confirmed. 
Some strong in f ra red  bands of the highly i r regular  
triclinic A '  s t ruc ture  did not seem to be apprec iably  
polarized. The data on group-f requency bands which 
did show dear -cu t  polarization were in agreement  with 
prediction. The spectra of form A', B', and C' crystals  
did not coincide with data obtained on K B r  pellets. I t  
is eoncluded tha t  in these pellets f a t t y  acids exist in 
a form which is not easy to duplicate under  more con- 
ventional conditions. 
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Hydrogenation of Methyl Oleate in Solvents' 
E. R. COUSINS and R. O. FEUGE, Southern Regional Research Laboratory, 2 New Orleans, Louisiana 

The h y d r o g e n a t i o n  of the oleic acid group  was i n v e s t i g a t e d  
wi th  the objec t ive  of de t e rm in ing  the effect of solvents  on the 
reac t ion  ra te  and  the fo rma t ion  of I ios i t ional  and  geomet r i ca l  
isonlcrs. Me thy l  oleate,  e i ther  alone or dissolved in one of 
soverM solveuts,  hexane,  efhanol,  n-buty l  eiher ,  or acet ic  acid,  
was h y d r o g e n a t e d  to an iodine value of about  50 under  ntmos- 
pltcrie pressure  and  a t  30~ with pa l ln i l ium-on-earbon and  the 
W-5 fi)rln of Raney  nickel  as ca ta lys t s .  

l ty ih 'ogcnat ion with  lml ladiuni <,atalyM, with or wi thout  sol- 
vents, produced 76.6 to 79.1(/e t#'<tll.u honils, l):ised Oll tile to ta l  
doidde bonds. This  is s ign i f icant ly  grlqlilq' than  the. 67cJ~ oil- 
tabled ltr(wious]y. {-Iydrogi,nafii in i)i'()dll('ls obtli in(ql wit i i  ] ianey 
nick(!l and  solvents  eontflill(!d Its l i t t le  /is 20.7% [ran.s' ])onils 
a t  lilt iodine value of  about 50. In  fw(i e;lSOS the l l ' ( l l t ,q  l)(in(is 
were eilUal 1o Ill)out, o]to-tl i iyd the i)()S'li]OllN} ]SOl/lel'S. 

Posit ional i somers  fo rmed  extensively when the Rane.y nick(q 
was used i l l  the abselicO of solvents llil(I when ti le pali i l(]]uli i  
(qil:niysf was used. When (tie ]~iln(!y niekcl :in(]. solvents were 
ilxed Ilirge i i roport iol is of douhh, Imli(ls wt, r(' foand il l ill(, 
or ig inal  9-posit ion.  

N 
qrMI,:ROUS investigators have ('onchlded that the 

lit t uid-phase hydrogenat ion of unsa tura ted  f a t ty  
a(.ids and their  esters in the presence of hetero- 

geneous catalysts is great ly  influen('(,(1 by the solvent 
which is employed. Use of a solvent conceivably pre- 
duces one or more of several effects. Ainong these arc: 
a) a change in the viscosity of the liquid phase, which 
wonht affect mass t ransfer  resistance, h) a change in 
the sohlt)ility of hydrogen in the liquid phase, c) a 
change in the adsorption eharaeterisi ics of rea( ' tants 
on the catalyst  surface, and d) dilution of the prod- 
uct to be hydrogenated.  

Fokin (11), who apparen t ly  was aniong the first to 
present  experimental  data in tliis area, stated tiiat the 
best solvents for  the hydrogenat ion (if oh;it and other 
unsa tura ted  aeids in the presence of p la t inum hlack 
were water-soluble acids, alcohols, ether, and related 
conlpounds. Pe t ro lemn distillates, aron/atie hydro-  
carbons, and higher alcohols were elainied to be less 
suitable. The use of solvents in the hydrogenat ion of 
oils has been claimed by Sanders (1.6) to result  in 
increased selectivity without a concxmfitant increase 
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in the format ion  of iso-oleic acid groups. According 
to him, the prefer red  solvents ill order of preference 
were ethanol, methanol,  isopropyl alcohol, cych)hcx- 
auol, acetone, aud ethyl ether, l,hlpurified colnmercial 
hexane, pet roleum ether and dioxanc were deemed 
undesirable because they sh)wed the reacti(m rate. 
Vandenheuvel  (1.9) f(mnd that  the order of reaction 
dur ing tile hydrogenat ion of metilyl oleate was influ- 
enced tly the tYl)e of catalyst  and tile na ture  of the 
solv(mt elnph)yed. Sokol'skii c t a l .  (1.7) invest igated 
tim inthn,  lce of tile natllre (if the sCvellt  on the kinet- 
ics of the ]lydrogcnalion of (,ottonseed oil and eon- 
(.1 u(h,d I hat t he iItlysi(;ochemi~ml propert ies  of a solvent 
( le lcrndne the l ( , i i l | l e r a t l u ' e  at whie i i  the, max imum rat(, 
o f  h y ( I r o g e n a l i o n  o('( ' l l rS. ] ( a l l f l l l a l l l l  ( ] ; I )  f O l l i l d  t h a t  
l h e  ] l y d r o g e i i a t i o l l  ( i f  a l l  o i l  i l l  h e x a l l e  a t  ;15~ p r o -  
d l l eed  v e r y  sn ia l l  ~tli lOUlltS ( i f  iso-oleic,  a( , id  g r o u p s .  

>~ontc o f  ttl(~ COliCIllSiOtlS cited above a r e  nDt general 
f a c t s  a l l d  i t re  v a l i d  o l l l y  l l i l d o r  l;hc e x p e r l m ( q l t a ]  con-  
( l i l ions whi(,h were tmlphlyed. Therefore data also 
have, beeli oblained wi i ieh oil f i rst  exan l ina t iou  appear 
(toutra(lictory. For  e x a l l l l ) l e ,  in an investigatioil of tile 
hydrogcnath)n of nlethyl linolcate (7),  the end-prod- 
ucts obtaiue(I with Imlladimn at "~O~ were found to 
be nnaffectexl hy the presence or absence of ethanol;  
tile percentages of the residual double bonds in the 
various liositions and the proport ions of trans isomers 
were l iraelieally identi('al. Albr ight  (2) found, on 
hydrogenat ing  cottonseed oil alone and when dissolved 
iu hexane, isopropyl  alcohol, and isopropyl other, tha t  
tim rates of hydrogcnat ion iu solvent were less than 
the l'ates for  the oil alone. Selectivity and the pro- 
portions of trans isonlers produced were essentially 
unchanged by the presence of solvent. A lb r igh t ' s  
hydrogenat ions were carried nut with a commercially- 
used nickel catalyst,  at  a t empera tu re  above 100~ 
aim at constant par t ia l  pressures of hydrogen.  Thus 
nnlch remains to be learned about  hydrogenat ions  in 
solvents. 

The objective of the current  investigation was to 
develop data  on the format ion of positional and geo- 
metrical  isomers dur ing  the hydrogenat ion of methyl  
oleate in various solvents. Appa ren t l y  no such in- 
vestigation concerning the oleie acid group has here- 
tofore been made. 
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Exper imenta l  

Materials. The prepara t ion  of the methyl  oleate 
used was described in detail in an earlier publication 
(8). To summarize the process briefly, methyl  eaters 
were p repared  f rom a commercial  pecan oil by meth- 
anolysis and the methyl  oleate was separated f rom the 
mixed esters by a pre l iminary  distillation, followed 
by crystallization f rom acetone and by a second distil- 
lation. The final product  had an iodine value of 83.0 
(theoretical,  85.6), a linch,ate content of ().13~4., and a 
trans isomer content of 0.0%. Propyl  gallate (().()1',7,,) 
was added as an antioxidant.  

The nickel catalyst  was of the Raney tyl)e l)rel)ared 
essentially according to the method of Adldns and 
Billiea (1).  This melhod of preparat ion yiehls lh(, 
so-called W-5 catalyst,  whi(.h possesses a very high 
a('.tivily. Ju s t  prior 1o carrying out hydrogenat ions  
in solvents other than ethanol or in the absene, e of a 
solvent, the etham)l under  which the catalyst  was 
stored was remove(l by filiralion alnl the approlu'iai( '  
solvent or methyl oh,ate was substituted. 

The 1)alladimn (,alalysl, ol)taine(l f rom l /aker  mid 
Co. Inc., was of lhe earbon-sUl)l)orte(l type and con- 
tained 10% by weight of the metal. 

The solvents, all commercial products, were distilled 
in the presence of a sizable amount  of a ifickel eahdyst 
to remove traces of any catalyst  poisons whieh might 
have been present.  In addition, the '~M)utyl ether was 
passed through a eohlmn of a lmninmn oxide to rein<lye 
any  peroxides. 

Hydroge'rlatio,, Apparatu,  s and l)rocr The 
equipment  and l)rocedure were similar to those de- 
scribed previously (8) exeel)t for two modifications: 
the reaction vessel was immersed in a eolmtant-tem- 
I)erature water  bath, and a (,ondenser was I)laeed in 
the hydrogen (mtlet line to t rap  val)orized solvent and 
re turn it to the rea(,tion vessel. 

In  the hydrogenat ions  the eharge was either 12.5 
g. of methyl  oleate dissolved in an equal weight of 
the selected solvent or 25.0 g. of methyl oleate ah)ne. 
The reactions were carried out at 30~ (~+1~ at- 
mospheric pressure,  and a hydrogen flow rate  of ap- 
proximate ly  425 ml. /min.  Hydrogen  was dispersed 
throughout  the charge with the aid of a small, fiat, 
f r i t ted-glass disk. In some instances the rate  of dis- 
persion was so great  tha t  foaming resulted, and the 
flow of hydrogen had to be in te r rup ted  briefly to 
avoid loss of sample. All of the reactions were stopped 
at an iodine value of about 50. 

When  the proper  amount  of hydrogen had been 
consumed, the sample was taken f rom the system and 
the catalyst  was removed by filtration. Then the 
sample was freed of solvent and stored under  hydro-  
gen in a re f r ige ra to r  unti l  analyzed. 

Methods of Analysis. The techniques employed to 
determine the positions of the double bonds were 
essentially those described previously (5).  They can 
be summarized as follows: Two grams of each sample 
were saponified with alcoholic potassium hydroxide,  
the alcohol was evaporated,  the soaps were acidulated, 
and the resul t ing f a t t y  acids were extracted.  A l-g. 
port ion of the f a t t y  acids was o zonized in ethyl ace- 
tate solution at - 5 ~  then t reated with hydrogen 
peroxide. Af te r  removing the solvent and any  short- 
chain monobasic acids, the residual mono- and dibasic 
acids were analyzed on two types of chromatographic  
columns. One column consisted of silicie acid coated 

with a citrate buffer (12), and the other of silicic acid 
coated with a glycine buffer (6). 

Trans isomers were determined by a modification 
(9) of the in f ra red  spectrophotometric  method of 
Swern et al. (18). 

Results and Discussion 

Reaction Rates. The reaction order of each of the 
hydrogenat ions represented :ill Table I was apparen t ly  
zero. The decrease in iodine value was direct ly pro- 
port ional  to the reaction time. The ra te-determining 
step responsible for the zero order undoubtedly was 
not the same in all of the reaelions though in most il 
probably  was the rate of sohdion of hydrogen in the 
liquid phase. 

The relative act ivi ty of the two types of catalysis 
cannot, of course, be compared direct ly on the basis of 
the data in Table I. Raney nickel is a nonsupportetl 
catalyst,  and some of the nickel nmst  function as a 
support ,  which means that  the surface area per  unit  
of weight is not exceptionally high. I 'a l ladium-on- 
carbon ,wonld be exp(~eted to possess nloFe surfaee area 
per unit  of weight of metal, l ' a l ladium is generally 
regarded as being the most active of hydrogenat ion 
catalysts. Recent ly Zajcew (20) presented data  show- 
ing that  decreasing the pereenhtge of palladium from 
0.02% h) (I.0005% merely d(mhled the time required 
to hydrogenate  cottonseed oil at 185~ atmospheri,.  
i)ressure, and a fixed rate of hydrogen dispersion. ]n 
Runs 8-1.0 (Table I)  the pereen|age of pal ladium 
l)robably couht have been halve(t wilhont affeeting 
1he hydrogenat ion rate. 

The Raney  nickel which was emlihiyed was much 
more aetive than  are the nM;el catalysts used in the 
commercial hydrogenat ion of oils. The la t ter  cata- 
lysts do not appear  to hydrogenate  methyl oleate 
at room tempera tu re  and atmospherie pressure even 
when used in very  high eoneelltrations. The activi ty 
of Ran ey nickel of the W-5 modification decreases 
rapidly  dur ing  storage. This may  be one of the rea- 
sons that  the Raney  nickel used in Run 7 was not as 
active as tha t  used in Run 2. Raney  nickel did no| 
hydrogenate  methyl  oleate in acetic acid solution, 
possibly because the acetic acid reacted with a port ion 
of the catalyst.  

In  the hydrogenations,  use of a solvent great ly  
increased the reaction rate. Increases ranged from 
approximate ly  three- to eighteen-fold. Others also 
have found tha t  the use of these and similar solvents 
increased the hydrogenat ion rate  of f a t t y  acid esters 
at low temperatures .  The rate differences found 
among the solvents are not readi ly  explained though 
some of the factors  influencing the differences can 
be mentioned. 

Because all hydrogenat ions  were carr ied out at 
atmospheric pressure and 30~ the par t ia l  pressure 
of hydrogen in the gas dispersed in the react ing sys- 
tems did not remain  constant. At  30~ the vapor  
pressures of the pure  solvents, measured in milli- 
meters  of mercury ,  are hexane, 188.6; ethanol, 78.8; 
n-butyl  ether, approx imate ly  9; and acetic acid, 20.6. 
The solubility of hydrogen in the solvent methyl  ole- 
ate solutions and the viscosity of the solutions are 
other propert ies  which could not be kept  constant. 
However  the most impor tan t  var ia t ion probably  was 
the manner  in which the different solvents influenced 
adsorption of the reactants  on the catalyst  surfaces. 

Geometrical Isomers. Hydrogena t ion  of the oleic 
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t~un 
:No. 

1 
2 
3 b 
4 b 
5 
6 e 
7 e 
8 
9 

10 

O p e r a t i o n a l  and  A n a l y t i c a l  D a t a  

H y d r o g e n a t i o n  Condi t ions  

Ca ta lys t  

Solvent  

None 
E t h a n o l  
t l e x a n e  
~ -Bu ty l  e ther  
t I e x a n e  a 
E t h a n o l  
I~;thanol 
None 
E t h a n o l  
Acet ic  acid  

Cone., % Type  

3.4 Ni 
3 . r  Ni  
3 .4  Ni  
3 .4  Ni 
3.4 Ni c 
3 .4  Ni f 
3 .4  Ni f 
0.2 P d  
0.2 P d  
0.2 P d  

t I y d r o g .  
t ime,  
min .  

2O0 
34 
33 
11 
37 
65 
45 
83 
15 
31 

Iod ine  
v a l n e  

47 ,5  
49 .2  
50 .9  
51.0  
49 ,4  
32 .7  
52.1 
50 .7  
48 .7  
54 .0  

83 .0  

T A B L E  I 

on the H y d r o  ena t ion  of Methy l  Oleate  in Solvents  a t  30~ 

T r a n s  
isomers,  

wt .  % 

4 2 . 5  16 .7  24 .1  17 .0  
20 .1  9.1 16 .1  45 .3  
12 .3  16 .0  14 ,6  4 4 . 7  
17 .6  9.2 16 .0  54 .5  
13 .1  16 .7  13 .5  29 .5  
13.3  16 .6  16.1  54 .4  
13 .9  10 .7  17.3  62.8  
46 .4  15 .1  14.9  12.3  
45 .0  19 .6  19.3  15 .2  
4 9 . 4  14 .1  15 .4  15.1  

0 . 0  

~rans 
)rids, a 

% 

C, 

76 .6  4 .6  
35.0  5.7 
20 .7  11 .6  
29 .5  2.8 
22 .7  14.9  
34 .8  0.0 
22 .8  0.0 
78.3  13 .7  
79.1  11 .7  
78.3  8.4 

Dica rboxy l i c  acids  ob ta ined  on oxidat ion,  mol. % 

C7 Cs Co Clo Cn C~2 C~a C~ 

12 .6  7.4 7.4 5.6 4 .6  
7.9 6,3 4 .1  2.8 2 .7  
7.8 1.9 0 .0  1.5 1.9 
9.2 4.7 1.7 0 .9  1.1 
6.4 1.8 1.1 6,0 10 .0  
9 .6  3.8 0.0 0.0 0.0 
9.3 . . . . . . . . . . . . . . . . . . . . . . . .  

15 .1  9.9 4.9 4.5 9.7 
12 .7  8.9 4.1 5 .4  3.2 
14 .7  11 .7  8.7 6.7 5.2 

O r i g i n a l  methy l  oleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .0  0.0 1 .7  7.8 90 .6  0.0 . . . . . . . . . . . . . . . . . . . . . . . .  

a B a s e d  on to ta l  n u m b e r  of c@ a n d  trans bonds.  F low of hyd rogen  i n t e r r u p t e d  severa l  t imes  to p e r m i t  foam to b r eak .  R e a c t i o n  t ime  does not  
i nc l ade  i n t e r r u p t i o n s ,  c New p r e p a r a t i o n  of ca t a lys t  used.  a Ci t r ic  ac id  in  the amoun t  of 0 . 1 %  suspended  in hexane ,  e D a t a  ob ta ined  in an  e a r l i e r  
i nves t i ga t i on  ( 8 ) .  f Ca ta lys t  not  of same p r e p a r a t i o n s  used  in  R u n s  1 - 5 .  

acid group at 150 ~ to 200~ in the presence of nickel 
and pal ladium catalysts quickly isomerizes the resid- 
ual double bonds to a cis-trans ratio of 1:2 (3,8,10). 
This rat io is theoretically at tainable at  equilibrium 
if the probabili t ies of all transit ions are equal (4). 
To a t ta in  this equil ibrium the cis and trans double 
bonds at similar positions along the carbon chain must  
be adsorbed on the catalyst  with equal ease and must  
be hydrogenated  with equal case. 

Among the hydrogenat ions  represented il, Table I, 
lhose (:arried out with the pa l lad ium catalyst  (Runs 
8-10) and that  carried out with Raney  nickel in the 
absence of a solvent (Run 1) did not at tain this equi- 
l ibrium, which correspolulS lo 67% tra~ts. Ins tead the 
percentages of trans bonds range(t f rom 76.6 to 79.1. 
They (lifter f rom 67% by amounts greater  than can 
be a t t r ibuted to experimental  err()r. 

Two possible explanations can be advanced for the 
observed deviations, either the t.raJls bonds arc formed 
prefert 'nl ial ly under  thc experinlental COll(titions em- 
ployed, or the cis bonds are hydrogelmted (destroyed) 
prefer(mtially. Suppor t  exists for the latter possibil- 
ity. l)airikeev et al. (14) found ttlat, on hydrogenat-  
ing over Raney nickel a solution of nlalei(~ and fumarie  
acids in 96% ethanol, the nlalei(~ m'id (cis bonds) 
hy(lrogenated at a more rapid rate. While this ex- 
planati(m might serve to exl)lain the high percentages 
of tra~Ts found in Runs 1 and 8 through 10, it would 
fail to exl)lain the proport ions found ill the other 
runs. I Ienee no conclusion call be drawl~ at this time. 

Ill Runs 2 through 5 the percentages of trans isomers 
are fa r  below 67%. A partial  explanation might  be 
that  in each ease a large proportion of the double 
bonds did not isomerize and instead renlailn'd at the 
9-positilm in their  original cis eOllfiguration. How- 
ever this does not explain the fact that  in Runs 3 and 
5 the amounts  of tra ns bonds were eqlml to only 37 
and 32%, respectively, of the double, ll(mds which 
migrated.  Here tofore  it  had been (',oncluded on the 
basis of exper imental  evidence tha t  whenever new 
positional isomers were formed, the cis-trans ratio of 
the double bonds in the new positions was 1:2 (3,10). 
Present  evidence indicates that  under  certain condi- 
tions of hydrogenat ion the ratio of cis to trans bonds 
in new positional isomers is greater  than 1:2. Under  
these conditions either the trans bonds are hydro- 
genated preferent ia l ly  or the ci., bl)nds are formed 
preferent ial ly .  

In Run 5 citric acid was added to deternline whether 
or not an acidic substance can change the course of 
hydrogenation.  The citric acid did not dissolve eom- 

pletely, and its presence appa ren t ly  had litt le if  any  
effect. The differences observed on compar ing Runs 3 
and 5 might  easily be a t t r ibuted to differences in the 
two batches of catalyst.  

On compar ing Rims 2, 3, and 4 some evidence is 
found that  the percentage of trans isomers increases 
as the polar i ty  of the solvent increases. On compar ing 
Runs 2 and 7, an indication is found that  as the activ- 
i ty of the Raney  nickel increases, the tendency to 
form trans bonds increases. 

Positional Isomers. I f  the hydrogenat ion temper-  
ature is lowered while the other operat ing variables 
are kept constallt, the proportion of positional isomers 
I)rodu(~ed general ly (let;teases (7,8). In an earlier in- 
vestigaiion (8) the hydrogenation of methyl  nh,ate 
was carried nul under  t 'onditions like those rl,pre- 
Sellted in llun l except that  a nickel ( 'atalyst pre- 
pared by eh'etl'lflyti( ' precipitation and d ry  reduc- 
tion was nsed a,ld the reaetiol/ was carried out at: 
about 9(1 ~ (L, the lowest tenlperature  at which this 
catalyst  hydrl)gellated at an aeeephdfle rate. l h lde r  
these ~ollditimls 74.5% of the residual double bonds 
were found to be in the 9-position. These facts  might  
inlply that  a nlore aetiw, nickel catalyst  used at 
a still lower l empera ture  would produce even fewer 
positional isomers. I lowew,r  the data for  Run  I in 
Table I do lint bear this out. Apparent ly ,  increasing 
the act ivi ty of the nickel also increased its abil i ty to 
l)ro(luee p<>sitional isonlers; ill fact the W-5 form of 
l{a~ley niek(q used at  30~ was about equivalent  to 
tile eh,etrolytie nM(el used at 200~ 

Wh('ll the \V-5 form of Raney  nickel was used in 
the presenet~ of solvents (Runs 2 through 5), the pro- 
1)ortion of residual double bonds in the 9-position 
increased nlarkedly. The reaction rate also increased. 
Addition of a solvent appa ren t ly  produced the same 
effect as increasing the pressure in hydrogenaiiolls  
conducted ill the absence of solvents. 

The less active Raney nickel (Run 7) yielded a 
product  having a higher percentage of double bonds 
in the 9-position than did the more-active Raney 
nickel (Run 2). 

The pal ladimn catalyst  produced extensive migra-  
tions of the double bonds, and tile presence or absence 
of solvent had no significant effect. A p p a r e n t l y  the 
eom, entratioll  of this highly reactive catalyst  was such 
as to produce highly selective conditions, which are 
conducive to increasing the extent of migra t ion of 
double bonds. 

Concerning the direction of migrat ion of the double 
bonds, some hydrogenated products  (Runs 3, 5, 6, and 
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9) were found to have more double bonds below than 
above the 9-position. This does not necessarily mean 
tha t  the predominant  direction of migra t ion was to- 
ward  the ester linkage. As the distance of a double 
bond f rom the ester l inkage increases, its rate  of hydro- 
genation increases (15). Hence a sizable proport ion 
of double bonds whieh migra ted  to the outer positions 
may  have been preferent ia l ly  hydrogenated  and (lid 
not appea r  in the end product.  
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Biogenesis of Polyunsaturated Acid in Fish 1 

JAMES F. MEAD, 2 MITSU KAYAMA, a and RAYMOND REISER, 4 Laboratory of Nuclear Medicine and 
Radiation Biology, Department of Biophysics and Nuclear Medicine, and Department of Physiological Chemistry, 
School of Medicine, University of California, Los Angeles 

I 
T H A S  I~EFN K N O \ u  f o r  many  years  tha t  the f a t t y  
acids of fish are  nlore highly unsatura ted  and have 
greater  averag(~ (,llai2>h,ngths than  tllosc of most 

mamnlals.  Tha t  the (liff(,r(,nees nlay be ev(m more 
basic beeame al)l)al'(,2tt as the s t r lmtures  of the f a t ty  
aei(Is were de(erlnined. Despite tlleir high unsatu-  
ra t ion fish oils, i)t general, did not serve as a sonree 
of essential f a t t y  acids ( l ) .  This would indicate that  
they do not belong to the ]inoleic fanli ly 

[CHa(CII2)  4 - CII  -- terminat ion]  
(2,3) as do most of the mammal ian  polyunsa tura ted  
acids. S t ruc ture  determinat ions of individual  f a t ty  
acids have confirmed these ideas. For  example, Klenk 
and his coworkers (4,5) have shown tha t  most of 
the po lyunsa tura ted  f a t t y  acids of herr ing  oil belong 
to the linolenic family  (CHa - CH2 -- CH = termina- 
tion) (2,3), a finding which appears  to agree with 
those of Stoffel, Insull, and Ahrens (6) for  menhaden 
oil. 

I f  the f a t t y  acids of fish are so different f rom those 
of mammals ,  the question of their  der ivat ion and trans- 
format ions  is of interest. I t  has been shown in these 
laboratories (3) that  the synthesis of po lyunsa tura ted  
f a t t y  acids in the ra t  (and presumably  other mam- 
mals) is accomplished by  the addit ion of double bonds 
in the divinyl  methane relationship to unsa tura ted  
f a t t y  aeids derived f rom the diet or synthesized in the 
animal  body. In  mammals  the paren t  acid is usual ly 
linoleic f rom the diet, thus leading to the family  of 
essential f a t t y  acids including y-linolenie, 8,11,14-eico- 
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periment Station,  College Station,  Tex. 

satrielmi(', and araehi(hlniC acids. In t he  absmlee of 
linoh,ie aeid, d ie tary  linolenic and biosynthetic oMe 
and pahnitoleic a(.ids (.an also be couwwted to higher 
polyunsat l l ra ted art(Is. The problems to he emlsid- 
ered in this eonnection are whether the polyllnsatu- 
rated acids of the fish are p redominant ly  of the lino- 
lenie family  because the fsh,  mllike tile manlmal, can 
synthesize thoir precursor or whether they are forlned 
by the famil iar  process from dietary  f a t ty  acids largely 
of the linolenic tylle. The possibility that  fish possess, 
to a greater  degree than mammals,  the abil i ty to ex- 
tend oleic acid must  also be considered. 

Klenk (personal  conlmunication) found that,  fol- 
lowing the injections of acetie-l.-C u acid into fish, 
ozonolytic degradat ion of their  po lyunsa tura ted  acids 
acids revealed some activi ty in the malonie acid frac- 
tion. This could only have arisen by a synthetic proc- 
ess, but  the na ture  of the f a t t y  acids degraded was 
uncertain.  Reiser and his coworkers (7,8) found tha t  
the nature  of the fish f a t t y  acids is marked ly  influ- 
enced by diet and came to the conclusion that  al though 
the differences between the f a t t y  acid compositions 
of marine-  and fresh-water  fish are due to differences 
in their  diets, they also have a marked  abili ty to 
synthesize polyunsa tura ted  but  not necessarily essen- 
tial f a t t y  acids. When  these authors placed fish on a 
fat-free diet, their  po lyunsa tura ted  f a t t y  acids were 
reduced but  they did not appea r  to develop any  deft- 
ciency symptoms.  This would be expected f rom the 
results of similar, t rea tment  of adul t  rats. 

In  the present  experiment  an a t tempt  was made to 
ascertain which, if any, polyunsa tura ted  acids might  
be synthesized by fish and to s tudy  fu r the r  the effect 
of d ie ta ry  fa t  on their  deposited f a t t y  acids. 

Experimental 
Treatment of Animals. Three mature  female Tilap4a 

mossambica which had been raised in salt water  and 


