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tane-insoluble solid was crystallized twice f rom 82%. 
of acetone. The resul t ing te t rabromostear ie  acid had 
an act ivi ty of 0.074 d.p.s, per  mg. (expressed on the 
basis of the bromine-free compound) .  Too little activ- 
i ty remained for fu r the r  purification. 

Discussion 
The fish employed in these studies were maintained 

(in Pur ina  Trout  Chow until the s tar t  of the experi- 
ment when they were fed the same diet af ter  ether 
extraction. Under  these eircunlstances lhe fish dc- 
posited fa t  which apparen t ly  contained high propor- 
tions of the typical manlmalian polyunsatura ted  acilts, 
liaoleic and arachidmHt; acids. Linolenic acid, the 
typical  nlari,( ,  ~ f a t t y  acid, is present  in very  small 
amounts.  I t  therefore al)l)ears in agreement  with ln'e- 
vious studies (7,8) that  the fish deposits, to a signifi- 
('ant extent, the f a t t y  mdlts of the diet,. In this case 
these were tile typical  animal and vegetable fa t ty  
acids flu'nished lly the 4~j of fat  in tile diet. 

The longer-chain, nlore highly unsatura ted  acids, 
for whie, h arachidonic nlay 1)e taken as an example, 
al)pear to be forme(t by (lesaturation and elongation 
processes typical  of the mammal ian  metal)olism (3).  
If this is indeed the case, s t ruclure  determinatiorl will 
probably  show them to be derived largely f rom oleic 
or linoleie acid and not fronl linoleni(' a(,id as is the 
case with fish on a natm'al  marine  diet (4,5). Thus 
the same processes of alteration of unsatura ted  f a t ty  
acids found in nlanlnlals t)rol)atlly tlohls for fish with 
the exception tha t  in the la t ter  ease the llroeess (,~(m- 
tinues to produce fa t ty  acids of sonl(,what grea ter  
( 'hain-lcngth and higher degree of unsat lmtt ion.  

The t racer  studies reveah,(l tllal n)l(h,r (.()n(litions 
of tile exilerinlent the fish synth(,sizcd large amounts  
of f a t ty  acids. In agrceln('nt with animal stu(li(,s the 
ral)idly synthesized f a t ty  a(,ids were la)'g(,ly of the 
sa tura ted  type ;  the polyunsat lml ted  acids were by far  
the least active. 

Degradat ion studies in(licaied that  tile 2()-carbon 
I)olyunsaturated acid, probably  largely arachidonic, 
was synthesized by additio)l of acetate to a relat ively 
inactive 18-carbon portion, probably  largely  derived 
f rom linoleic. The na ture  of the active IS-carbon acid 
that  contr ibuted act ivi ty to the linoleic and the ter- 
minal  18 carbons of the arachidonic acid was indicated 
by two experiments.  Degradat ion of the linoleie frac- 
tion showed it  to contain equal act ivi ty  in the earboxy 
and methyl  moieties. Tha t  the active acid in the frac-  
tion was not linoleie is revealed by the fact  tha t  the 
act ivi ty did not appea r  in the recrystall ized tetra- 

bromostearie acid derived f rom the linoleic acid. A 
suggestion as to its na ture  can be made. Since it had 
un i form act ivi ty  throughout  the molecule, it could 
have been derived f rom oleic acid (similar degrada- 
tiou of the crude oleic acid fraction f rom these fish 
revealed that, unlike mammals,  fish appear  to synthe- 
size un i fo rmly  labelled oleie acid).  Fu r the rmore  an 
octadecadienoie acid derived f rom oleic must  be postu- 
lated for  rats  which have been fed a fat-free diet 
(14). This is the 6,9-o(~tadeeadienoic acid, which is a 
probable intermediate  between oleie and 5,8,11-eico- 
satrienoic acids (14). Another  l)robability is the pos- 
tulated 8,11-oetadecadienoic acid intermediat(, betwe(m 
palmitoleic and 7,10,13-eicosatrienoi(~ acids (14). The 
existence of this a(;id in rats  has been demonstrated 
hy Fnleo and Mead (3). Ei ther  of th(,se act(Is wouhl 
have the proI)erties of the active oetade(~adienoi(~ acid 
postulated in the present  study. 

in any  event the t racer  studies lend lo (~onfil'nl the 
hyl)othesis that  polyunsatura ted  f a t ty  acid metabo- 
lisnl is not quali tat ively different in fish and mamnlals. 
AIth</ugh small quanti t ies of polyunsa tura ted  acids 
can be synthesized f rom acetate, Mles(~ are apl /arently 
n<>t the higher essential f a t ty  acids, whi<.h musl be 
formed from die tary  linoleie acid. 

Summary 
Folh)wing injection of Tilapia mossambica wiih 

a(,etatc-l-C ~4, their  f a t ty  acids wore isolaied, fra('- 
t ionatcd, and degraded. The high (~ont(,nt oF lin()hqe 
and arachidonic acids was evi(le)ltly d(,rived from ill(' 
diet. Degradat ion of these acids revealed a distri- 
llution of cart)on-14 similar to thai fonnd in similar 
Sill(ties on mamnlals. 
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Search for New Industrial Oils. IV. 
F. R. EARLE, C. A. GLASS, GLENDA C. GEISINGER, and I. A. WOLFF, Northern Regional Research 
Laboratory, ~ Peoria, Illinois; and QUENTIN JONES, Crops Research Division, 2 Beltsville, Maryland 

A RELATED in previous papers  of this series (1),  
a p rog ram is in progress to determine by chem- 
ical screening analyses what  amounts  and gen- 

eral classes of f a t t y  acids are contained in seed oils 
of a large number  and var ie ty  of present ly  unculti-  
vated species. Those with sui tably high oil content, 

1 This is a laboratory of the Northern Utilization Research aud Devel- 
opment Division, Agricultural Research Service, U. S. Department  of 
Agriculture. 

2 Agricultural Research Service, U. S. Department  of Agriculture. 

and with f a t t y  acid composition thought  to be suffi- 
ciently different f rom tha t  of present  commercial 
vegetable oils to make them of potential  pract ical  
interest,  are then scheduled for  more intensive chemi- 
cal study. 

In  this paper  we repor t  results obtained on 158 
species represent ing 52 plant  families in 23 orders. 
Of these, 138 are previously unrepor ted  ill the eonlpi- 
lations of Hildi teh (2) and Eekey (3) or in more 
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recent references that  we have encountered. Many 
plant  families and genera tha t  we listed earlier (1) 
appear  again, but  no species appears  a second t ime 
unless the oil composition differs dist inctly f rom the 
earlier sample. 

Materials and Methods 

Sample origin, sample prepara t ion,  and analyt ical  
procedures used were as previously described (1). 
In  addition, a qualitative test  for  earbonyl  (4) was 
made on the present  oils. On oils positive to this test, 
the amount  present  was estimated by a colorimetric 
procedure (5).  

H y d r o x y l  content was determined chemically (6) 
on methyl  esters f rom selected oils, including a num- 
ber indicated by inf ra red  absorption to have signifi- 
cant amounts.  Methyl  esters were p repared  by well- 
known transesterification (7) or diazomethane [for 
p repara t ion  see (8)]  procedures most appropr ia te  in 
consideration of funct ional  groups present,  sample 
quantit ies available, or the desire to exclude unsa- 
ponifiables. F o r  convenience, the hydrogen bromide 
absorption was calculated in terms of the percentage 
of oxirane oxygen as apparen t  epoxy oleie acid al- 
though the lack of specificity of the method is now 
well recognized (9, 10). Gas ehromatographi(;  analyses 
were carried out on methyl  esters from sclected oils 
on a Burrel l  K-5 Kromotog with Apiczon-L and Reso- 
flex-446 packed columns. 

When more than one sample of a given species 
was analyzed, results were averaged unless there was 
some dissimilarity.  The two Daucus carota 179, 80] a 
samples differed markedly  in H B r  absorption, infra-  
red absorption, and behavior on isomerization. The 
Helianthus annuus oils showed a range in compositioll 
similar to published results (2), and the two samples 
reported [138, 139] give the extremes in iodine value 
and linolcic acid content for  the eight samples ana- 
lyzed. Tim amount  of conjugated dienc and l i B r  
absorptioll (possibly dimorphccolic acid) ill I h(' H. an- 
nuns did ,tot wLry greatly.  

Results and Discussion 

The Sl,ceies almlyzed are listed in Table I a(~or'(ling 
to orders ill the plant  k ingdom so that  familial simi- 
larities of ctlemical characteristics are more readily 
apparent .  

Thrcc species, Zelkova serrata [12], Sassafras al- 
bidum [23], and Cuphea llavea wtr. miniala [74], 
produccd oils with such low iodilm wdues tha t  most 
of the acids present  must  be saturated.  These three 
and Cclastrus orbiculata [57] had high saponification 
values, indieat ing the prcsence of acids probably  
smaller than the usual Cls acids. Hopldns and Chis- 
holm (11) showed that  Z. scrrata oil contaills pri- 
mar i ly  cupric (73%) and capryl ie  (8%)  acids; our 
results are in excellent agreement.  Our  chromato- 
graphic analyses (Table I I )  of the esters of S. albidum 
and C. llavea show tha t  these oils are very  similar to 
that  of Z. serrata but  that  the C. llavea oil e(mtains 
even more caprie acid. Chromatography  of the esters 
f rom Celastrus orbiculata shows no significant amounts  
of short-chain acids. The high saponification value 
may  result  f rom esters of formic and acetic acids, 
such as have been repor ted in other Celastrus species 
(2), which would be lost in the routine p repara t ion  
of the methyl  esters. 

a N u m b e r s  in  b r a c k e t s  r e f e r  to pos i t ion  in  Table  I .  

TABLE II 

Gas C h r o m a t o g r a p h i c  Ana lyses  of IV[ethyl 
Sassa / ras  a lb igum,  and  Ze l kova  

E s t e r s  f rom Culohea Uavea, 
serrata  Seed Oils 

Type  of  ac id  

Saturated  

Cs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clo .............................................. 
C12 .............................................. 

C16 .............................................. 
C18 .............................................. 

~Ioneno 

D i e n e  
C18 .............................................. 

U. l lave~ 

% 

"i 
8", 

1 
1 
3 
1 

5 

6 

~ . a g b i d i u m  

% 

13 
5 

59 
17 

1 

5 

Z. serra ta  

% 

77 
3 
1 
2 

3 

4 

Sassafras albidum, a small tree in the fami ly  Lau- 
raceae, is the source of a spicy root bark  used for 
p repar ing  a medicinal  tea and a flavoring extract  for 
various uses (12). Lindera oils in this same family  
have been repor ted  to contain sa tura ted  acids 10 to 
14 carbon atoms in chain length along with the cor- 
responding monoenes (2, 11). The sassafras oil by gas 
chromatographic  evidence contains cupric, laurie, and 
caproie acids as major  components in the order of 
decreasing amount .  

Cuphea llavea, fami ly  Lythraceae,  belongs to a 
genus of about 100 species of herbs and subshrubs 
native to the subtropics and warm tempera te  areas 
of North and South America.  Several of the species 
are grown as ornamentals  in greenhouses in the North  
and ill the open in the South. The outs tanding high 
content of capri(., acid makes this oil the richest known 
na tura l  source of this acid. Cuphea, containing nu- 
merous herbaceous sl)ecics , undoubtedly  has higher 
crop potential  thai, Sa.~s~f,'as or Zelkova. 

Confirmation of gas (:hronmtographic data  on these 
oils by COllVClltioInd (:haractcrizatioll is desirable and 
COllteml)lated. As ill the case of Zelkova oil, the lower- 
molecular-weight saturated acids are not accompanie(I 
t,y their  unsa tura led  ( 'ounterparts,  a point of l)ossiblo 
sigl,ifi(;alnm in the I)i,)syllthetic I)rocess ( 11 ). 

The oils <ff high iodine value tab<lye 190) ellCOUl> 
tercd among the spccic.s studied, al though many  ave 
previously unreported,  occur htrgely in families and 
ge.nera--thc mint  and spurge g , ' o t l p s - - k D o w n  |4) V, Ol l -  

tain good dry ing- type  oils and hene.e are not UlmX- 
petted.  Five species (.ontailwd mDrc than 55% "ap -  
parent  l i l lolenie" acid; the highest, with 70%, was 
Mecurialis aw, ua [55], a spurge. From this max imum 
the contcllt Of linolenic acid ranged down to 0%. 

Onosmodium occidentale 192] in the borage family  
is systematical ly closely allied to the mints ;  the high 
io(linc value of its seed oil is therefore not surl)rising. 
O. occidcntale seed is however most unusrml in its 
exceptionally high ash oontent, 48.9% on a d ry  basis. 
I l and  separat ion of kcrnel from hull revealed that  the 
ash was largely in thc hull, which contained 5.().0% 
<if total ash (15.2% of SiO,,). The hul] as we obtained 
it comprised 83% of the seed as received ; oil and pro- 
tein analyses in Table [ refer  only to the kernel (3.6% 
ash). Onosmodium is a small gelms made up mostly 
of coarse peremlial  herbs foulnl (m dry, gravelly,  or 
calcareous soils throughout  muc~h of the eastern half  
of the United States. 

Nine species produced oils containing more than  
70% " a p p a r e n t  l inoleie" acid. Oil f rom H y p t i s  sua- 
veolcn.s' [93], a mint,  contains the highest concentra- 
tion, 77% (equivalent to 80% in the mixed acids).  I f  
the acid is found to be linoleic, H. suaveolens will be 
among the richest sources. 
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Exceptional ly low saponification values (below 165) 
were obtained on seed oils from Iris germa~dca [10], 
Ximenia americana [14], Daueus earota [80], Daucus 
pusillus [81], Penstemon albidus [105], Solidago set- 
otina [154], and Vernonia deppeana [156]. When 
refract ive index is plotted against iodine value, points 
for all these oils, except possibly the last, lie off the 
line representing oils made up only of the common 
Cis acids (Figure  1). This deviation from tile typical  

1.51~ 
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,z149~ 
~_ 

~ 1.48f 

1.47~ 

IF4 

I.V.=8555.559 _n~~ 

1.461 " ' ' - I  I I I I I I r I I _ i L _ _ A _ . _  _ L _  
70 90 110 130 150 170 190 210 

Iodine Volue 

]~'IG. 1. ]lelation between iodine value am[ refrac | ivc in(h,x 
(regression line from reference la ) .  Numbers  on points ref(q' 
1o the numbered ilcms of Tal)le I. 

behavior of tOrah,On vegctablc oils is sometimes as- 
cribable to s t ruelural  features, such as conjugated 
nnsaturation,  high car/)onyl eonlcnt, prcscncc of es- 
sential oils, presence of apparent  hydroxy  acids, or 
exeessively high content of unsal)onifiahles. ]n other 
cases it is due to uncxI)lained factors that  are revealed 
only by the presence of unidentified bands upon infra- 
red analysis or by the failure of the usual analytical 
methods to provide reasonable values (e.g., large neg- 
ative value for the percentage of saturated acids). 
For  example, seed oils of four species of the genus 
Penstemon have been found in our studies to contain 
9 to 18% unsaponitiable matter, values much in excess 
of the normal. Many of the oils with lower than nor- 
mal saponification values deservc more detailed chemi- 
cal examination. 

Conjugated tricnes were found in pomegranate [75] 
(2), in catalpa [108] (13), in one previously unre- 
ported species of Biqnoniaceac, and in three of Cueur- 
bitaceae. One of the cueurbits, Momordica balsamina 
(balsam apple) ,  not reported in this paper  because of 
similarity to a previous samI)le (1), has been given 
a prel iminary field trial, and it appears to be well 
adapted to conditions at College Station, Tex. The 
species has been grown both with and without trel- 
lises; its viny habit  with concomitant difficulties in 
mechanized harvest  somewhat limits its crop potential. 

Of a number  of species containing some conjugated 
diene, only Chilopsis linearis [109] (which also had 
conjugated tr iene) had more than 10% in its constitu- 
ent acids, according to ultraviolet  spectroscopy. In  
practical ly every instance where there is conjugated 
dienoid unsaturat ion,  there is at least an equivalent 
amount  of hydrogen bromide absorption in the Dur- 
betaki t i t rat ion (reported arbi t rar i ly  as apparent  
epoxy acid) and of hydroxyl.  In  selected instances 

lithium alumimml hydr ide  reduction (9) confirmed 
that the H B r  uptake is not due to true epoxy groups. 
This combination of conjugated diene, hydroxyl,  and 
I IBr  absorption is characteristic of dimorphecolie 
acid ( le)  and compounds with related structures. 
I t  appears probable that  dimorphecolic acid is rather  
widespread in nature  and indeed occurs in a eonsid- 
erable number  of families other than the Compositac. 

Among the oils rel)orted none was found with out- 
standingly high percentages of HBr-absorbing com- 
ponents, such as Verno~da anthelmintica (65-70%) 
(14) and Dimorphothcca aurantiaca (ca. 50%) (1el.  
IIowever a surprising number of the oils contain 
amounts f rom several tenths up lo 20% or so of 
acids reactive in this t i lration. These undoubtedly 
have a number  of chemic'ally different groupings. For  
example, Hibiscus moscheutos [67] and H. syriacus 
[168] samples give a positive Halphen test and have 
a prominent  infrar(,d band at 9.9 I*, indicating the 
probable presence of acids similar to sterculic. 

Twenty-nine oils gave I)ositive qualitative tests for 
carbonyl, but  only five contained enough to corre- 
spond to as much as 5% of a Cls keto acid. The types 
of carbonyl compounds present are unknown. In the 
two Pc~nstemon samI>h'~s [105, 106] approximately half 
the carbonyl occurs in the unsal)ouifiable fra(ttion. 
Although the carbonyl-contaiuing compounds have 
not been identified, tile analyses provide an indica- 
tion of their  occurrence and amount. 

I Iydroxyl  determinations on 48 methyl  ester sam- 
plcs, selected on the basis of analyses on the raw oils, 
verified the presence of apparent  hydroxy  acids in all 
t)ut four, in amounts ranging from 1 to 29%. Our 
qualitative inf rared examination of the raw oils does 
not permit  unequivocal detection of small amounts of 
hydroxy acids because of the presence of free acids 
and glyceryl  hydroxyls.  Fai lure  of inf rared  to dem- 
onstrate the presence of hydroxyl  groups in l'olanisia 
viscosa [30] however is surprising, and the explana- 
tion is not evident. Gas chromatography shows the 
oil to be of complex composition but  does not reveal 
known hydroxy  compounds. In other instances, hy- 
droxyl found in the esters is probably formed from 
epoxy groups during acid transesterification, but  such 
a reaction cannot occur to a significant extent with 
Polanisia oil. 

Figures given for apparent  monoene and saturated 
acids, calculated by difference as they are in s tandard 
procedures, provide reliable values when usual types 
types of Cls acids are present. I f  unusual  types of 
acids are present, such values may serve only as guides 
to oils that  deviate from the norm and require fu r ther  
study. In f r a red  analysis sometimes provides a simi- 
lar guide. 

Among the 23 oils obviously unsuited for complete 
analysis by the alkali-isomerization method, three con- 
tained conjugated triene or tetraene in sufficient quan- 
t i ty  to give erroneous results for the iodine value. 
Seven have many absorption bands in the inf rared 
not associated with the common fa t ty  acids. One, 
Xirnenia americana [14], contains an aeetylenie bond 
conjugated with an ethylenie bond (2). Two, Podo- 
carpus nagi [1] and Thalictrum revoltum [18], prob- 
ably contain a double bond too far  removed from other 
double bonds to conjugate under  the influence of 
heat and alkali. Such a s t ructure  has been proposed 
for P. nagi (15) ; gas chromatography of T. revolutum 
shows a large amount  of apparent  tr iene ra ther  than 
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the diene given by the isomerization method. One, 
Penstemon albidus [105], contains sufficient carbonyl, 
hydroxyl ,  and unsaponifiables to explain the anoma- 
lous results obtained. The remainder  present  no ob- 
vious reasons for inapplicabil i ty of the analyses. In  
fact, some oils showing f rom - 2 %  to --5% saturated 
acids may  actually be suitable for the isomerization 
procedure because such results are not necessarily out- 
side acceptable limits of precision of the method. 

Conversely, routine application of the isomerization 
method to unknown oils may give results that  are in- 
correct but  not obviously so. For  example, Picramnia 
pentandra [51] appears to have a reasonable, though 
unusual, composition. However the oil is solid well 
above room temperature,  and the major  component 
has chromatographic characteristics not of the usual 
monoencs but of stearolie acid. About 85% of the 
mixed methyl  esters is probably f rom tar ir ie  acid, 
known to occur in other Picramnia species (2),  but  it 
behaves like stearolie acid in the equipment  used. 

Summary 
Chemical screening of seed oils continues to reveal 

na ture ' s  diversity. This work provides leads to nu- 
merous species which warrant  fu r the r  research to 
investigate their  oil and meal in greater  detail, to 
appraise their  crop potential, and to assess their 
practical value for providing new oilseeds. 
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Direct Conversion of Lipid Components to Their 

Fatty Acid Methyl Esters I 
FRANCIS E. LUDDY, R. A. BARFORD, and R. W. RIEMENSCHNEIDER, 
Eastern Regional Research Laboratory, 2 Philadelphia, Pennsylvania 

T 
ItF~ APPLICATION of gas-liquid chromatography 
(GLC) for analysis of lipids has created the need 
for a convenient, quanti tat ive method for con- 

versi()ll of milligram quantit ies of lipid components 
to their f a t ty  acid methyl esters. Tile nlethyl esters 
are more amenable to G[~C analysis than the fa t ty  
acids or their  highcr-nloleclflar-wcight alkyl esters. 

Transesterification wi th  m e t h a n o l  and  ca ta ly t i c  
amounts of sodium methylate has proved to be a rapid 
and effective method for conversion of glyeerides to 
methyl esters and has been employed for  many years. 
The reaction is substantially complete when a mix- 
ture (1:2 w/v) of glycerides alld methanol (containing 
sodium methylate  in amounts equal to about 1% of 
the weight of the glyceridcs) are refluxed for 30 min. 
The same procedure however does not give complete 
methanolysis of sterol esters and phospholipids. 

Lit t le  has been published on the methanolysis of 
sterol esters and phospholipids. Rollet (6) reported 
some measure of success in the methanolysis of egg 
lecithin when using tin or zinc to prevent  resinifica- 
tion. Shinowara and Brown (7) were able to get good 

1 Presented at the 50th Meeting, Ameri('an 0i l  Chemists' Society, New 
Orleans, La., April 20-22,  1959. 
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yields of nlcthyl esters frt)ln methanolysis of phos- 
pholipids with 5-10% of d ry  hydrogen chloride as 
catalyst and reaction time of :36 hrs. Stoffel (8) re- 
cently described a micromcthod for methanolysis of 
lipid components with methanol containing 5% of 
d ry  hydrogen chloride and 2 hrs. of reaction time ; the 
methyl  esters were volatilized from the unsaponifiable 
mat ter  and collected. 

This paper  describes the results of fu r the r  investi- 
gation of the use of methoxides in transcstcrification 
of lipids, par t ieular ty  sterol esters and phospholipids. 
Quantitat ive conversion to methyl  esters was obtained 
with excess methanol, which contained many times the 
amount  of sodium or potassium methoxide normally 
used for methano]ysis of glyeerides. A simple chro- 
matographic t reatment  on a silicic acid column was 
found effective in removing free stcrols and other 
unsaponifiable mat ter  f rom the methyl ester product.  

Experimental 
Sources of Samples. The cholesteryl esters (Tables 

I and I i )  were synthesized by the reaction of lard 
fa t ty  acid chlorides with cholesterol as described (2).  
The lipid components (Tables I I I  to VI ) ,  except for  
soybean phospholipids, were obtained as fractions in 


