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ABSTRACT 

Seed ods of the order L'mbe!liflo:ae. including thc0te froen the 
fi.mllies Umbelliferle. Garo'lleeae , A~ld.iaceae. Corn~ceae, Dividi- 
=:eae, N y ~ e ~  tad AJtn~=,-r were =,t~lyz~d for fatty ~cid 
cornpolidon by gii :iquid chroenlro.graphy (GLC) of their methyl 
esters, l 'be chlrzcief i inc fatty ~'id of I.he ord,~r, petrel, clinic leid, 
o c t - r e e d  m the UmL~dliferae in amo~nt~ up r 8.$%. In the Ar~i- 
~eae, the ct~zeflt wt,~ ~ k i ~  I i  8J% tt~d jet the C . m ' r y ~ e z e  
h;gh = 81.%. The uther major =cid~ were ps deir and ;;noleie 
�9 cids.  with ~mal: ~rno~tnt~ of hexadeceno~r ~teuic. [ino~enie. ~ d ,  
m lome caiel, C:, acids. Petrc~linic letd ~.,,,, dere~'nined by 
m~]ro~K'=.lr OitOllti])'~.il o.f the ( ; l l  moat,~'n~.e ~,zers and l~u|~r162 
GI.C of the ozon,dy~i$ pro,duct~. �9 o~eu/tcnce of high oil con~ 
tents (.up to 46%) co~.lbined wiz.h exeepr~an~l'.y high ~,~p to 8]%) 
~inl~eco:nponr liurity is nolal.~e xnd ~nph~jzt'~ the pozcZlti=l of 
the Uml~etliflome a~ a m~ .'~lZtefi~d ~o~rce for ~e  chc'micsd industry. 

I N T H O D U C T I O N  

The iatt')" acid con~positions of = nu :nbe r  of Umbell ,ferae 
seed oils ha~" been investigated (1-7)�9 In these reports, 
petrt~te]imc (cts-6-,.x:radecenoie) acid (PA) has generally 
been found ro t~ the dominan t  con~:itt, enr. The  unusual  
posi: ton of the double bond m th:s fatty acid provides an 
oppor tun i ty  for pr,xtuction, through cleavage of  thLs bond,  
o! valuable raw rnate.,'ia~s Ixt, ric and adipic acids. The U.S. 
has no  domestic source of '.aerie acid and, in 1979, i,~.- 
ported ab~lut I bil : ion Ib (8) of lauric-.+ich oiIs, about  half 
of which goes in to  sur iac :an ts  and :.he o ther  half into edible 
products. 

Al though domest icated umbellifers ~ ' u r ~ n d )  could 
produce ~arge amounts  of petrc)selinic ac:d (21.1% of celery 
seed [66% PA at 30% oil I, Apium 8nlv~'olen~. "is pe:roselinic 
acid), n',anv wild unlbeEifers such as Bi]bra radta,s can 
produce even greater amocn t s  and should he investigated 
agr,>nomically. 

A North American a!~rJb, Gar~ya, is t~f part icular  inter- 
est. A'.though rhe alkaloids of G,trr'i,a have been cxrensivelv 
characterized (93, :he iipids have not  been examined  
previously. We have found eke seeds of th2s fam~iy :o t~  
r=eh in bod~ petrose;inic ac:d and oil content .  

~A'ith tht-se considerat ions in mm,,J, the ~:trge variety ot 
l. ':ttbe3iflorae seed samples available in our collect:tin ~e.,'e 
analx'zed for the express purpose ~f :dcnt i fy ing seed species 
cont 'ainml; large am,>unts of f',etrosehnic avid. 

EXPERIMENTAL PROCEDURE~ 

Seeds were sr,)rcd at 4 C from reception to  tmlr nf anavsis 
(tl-5 years). Seed samples were / ~ p a r e d  for analys~s and 
a:ts for oil and nirrogr con~enr by standard AOCS 
n'~t'rhods (10). O1~ cotnposir:.t~na' analy~,es were t'o:ldl.]cted 
as previo,~sly described (1~). Methyl esters uf  the fatty 
:~cid'. were prepared (12.', and ,lnalvzed by g ~  :iquid .i:ld 
0:in :ayer ci~roma~ograph.v ((il .C and " I ' I . C ) ( l l . 1 3 L  The 
esters wcre separa:ed according In deg.,'ec of t:nsatura~ior~ 
un TI.C pla:es coated w'nh a l-ram thick :aver ,~f 2o% 
AgY4()3 i:~ S::ica Gel (;. Either t~'nzer, e ~,ra 511:5(I mixer, re 
of bc r~z t ' n e / ch l . r~ , s  was t:~;t~tJ as lJle developing so,vent,  

which w ~  g lowed  co move 15 cm. The monoeno id  ester 
bands were ~ r a p e d  from the place, and the esters were 
recovered froth the adsorbent  with diethv[ ether�9 The e ther  
was removed under  ni trogen on a hor water bath and the 
esters, thus isolated, were analyzed by" GLC as j'ast des- 
cribed. The  reladve abundance  of positional isomers in 
these estets was de te rmined  by ozonolysis-( ;LC procedures 
(7,14). 

RESULTS AND OISCUSSlON 

Seed and o=l analyses of Umbe[liflorae samples are given in 
Fable  1. (;1.C of  the esters from many  samples revealed the 
presence of unusual  com pounds  for which the equivalent  
chain lengths (I-TCI.) (13) did nor  correspond to any species 
of the htwnolog,>us series of  straight-chain esters usually 
obta ined from ~:ed oi3.s. These cr.,(nponents were assumed 
ro be part (or  all) o f  the e ~ e n u a l  oils p~esent m many 
u m b d l i f e r ,  us seeds t15) and carried over into the ester 
prepararJt~ns and  usua21v e'.utcd befo.m the norr:xal estem. 
Since we w e ~  unable  :o ascertain whether  the ester samples 
conta ined  representative p ropo~ ions  of the essential oils, 
the fa t ty  acid compos i t ions  given were nt,rmaltzed ~o 
exclude these unusual const i tuents .  

Petrme~inic Acid (PA) C o n t e n t  

A I-mired n u m b e r  o f  samples e=ch o f  rhe ~vss.~t-eae, Corn-  
aceae arid Davidiceae was avai!able for analysis, arid PA was 
found in only one sl~.eeies vlithin these farl'.ilies (Auct~ba 
.#.zpontc,1). l towevcr,  ,fimosr al~ species analyzed from the 
,>:2"ler familie,; (L'ntt~lliferae, Araliaceae, Gar~'acexe) 
ct~ntamed PA. The ..-ante and average of PA in rhc~c 3 
families are given in Figure 1. in which die Lmbell i ferae 
s.imp'.es .ire also prt.s~mtcd by tribes. Those rnbe's f rnm 
which we ob ta ined  a f.xirlv large number  of s~ tp l e s  appear 
to be quire sim~ar in range and average and are conslsret:t 
w!rh .'he fatndy p~ot.zed as a ,~ h,)lc, i he Dauccae and Sanic- 
u~ae robes are ix'presented pnrna.,-ily by l)a,,cu~ and Ervn- 
glum species, rcs.:3ectively. These 2 genera are relai2x;e',v 
high in PA and, therefore', ".heir tribes have" a higher average 
PA CoNten~. 

In Figul~' 2, the dis:r ibutJon of  PA in the Un]bel'.iferae 
samples is given. Disregarding th(r~c sa:nples wt-,ich con- 
ta ined no  or little PA, 2 separ.Lre maxima at 51-55's, and 
69-77% are a p p a r e n t  When those rr2bes represented by 
more than 20 S:Lnlp~es were plotted mdlviduall?.', t!lev gave 
sin~,ilar patterns,  l ' hc  Da:tceae exhibi ted a single maximum 
at the higher range, again duc to the pauci ty  t~f genera 
other  than Dau,'us rcprescnzi:tg ~his tnbe .  

As ninny of the L'nd3elliferae are alrt.adv cultivated fur 
food or lood additives, t~ht'y, as well as other  members  . f  
the {am!~v, may have porenzia~ as indastria.; crups. "l'h~s is 
t,;peci:dly true if z:'lose that have the dc~.~rab;c co, r ib!nat ion 
of high oil c ,mten"  in tilt.it seeds anti h~gh PA con ten :  in 
their oils also prove to have favorable agronomic charac- 
tctis:ics. Table [I lisrs :he species m the L'mbcJ',lfcrae with 
the hignt-~t a m o u n t  of pe:rose:inic acid found in this so,de. 
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OILS RICH IN PETROSELINIC ACID 
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TABLE 11 

Ricl~e~ Sourg-es o f  Pr162 Acid 

Species fan;i]) 

Brfora rad~na (Umhe;life:ae) 
B~/ora tcat~culata (Urn bell: ferar 
At,Ira s/n',os.~ (Ara]iaccaet 
lracb.ynrcne caertd~r (l;mbr162 
D."ndrupana.v tn1~dua ~Ar~diaceae~ 
Apium leptopbyHum (L'I: lt~ll i ferae) 
(,al~,Tw fremunrn (Garryateac'~ 
ffcdera brlLr (Araliacete) 
Aca~tbop.nax sl~nos~ (Ar,di~t.ear 
s nu,ttcaulr ( Urn t~llifr 
Cntbmurn n,~rilimum (LIml~lliferae) 
Astrancr.a rn~x~ma (Un,2~lliferae) 
F='r Ma 8~lbamflua ( Umt~l:: fcrar 
.4 ctm ole ma rryn geroides ( L'na}~'+h ferae) 

% 18 1* m '~" ()q ':, 18,1 = "r~ ts.t,'ed 

75 5eL+ 3 7 
81 42 34 
71 46 ]3 
76 ~7 29 
8J ].4 28 
87 32 28 
81 ~4 28 
79 J5 28 
70 ]7 26 
75 34 26 
67 37 25 
53 ~8 2~ 
52 47 2> 
60 40 24 
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Effects of Various Parameters on the Formation 
of Radiolysis Products in Model Systems 
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ABSTRACT 
l-ffect~ ~=1 ~ vatiuu~, patamelem tie1 IEe fiJ.rr~:lt]un t.~f mdio:i~,is p.:,J- 
u~_t~, m I r ip~mi | in ,  p]'n' l l t ;C ICi+4+i o,~e'ic ~.Cil.J. c,~prytic ,cad and. copric 
i c i d  'r Jm,e~til~ted. A greater yie!d o[ primary aad r,~'combl:tal- 
fion producr~ was ob~c~vtd in pa]mltlc acid compared Io thai o f  
~lr ac;d. In ~nt ,  ra~. higher =,"11otlrtl~. Of" Tr produtm 
Jre for:':ed m both acids when i::adlated a~ r~+m tem, pe~atuw d~an 
at -I,5 C. In ,:~t" Shnr: cEadn aci,h,, ~he ,.'~eld t+f t~'le ~+dr~.,'a:ho;: 
recor~b~rtalior~ p~'l)~a~ ~, ~'il+J, enk'anced i n the Jiqu:d '~lll~'. In cOrllr's 
the ket,,nr recombination produc', ~.a~ fo.,rncd in .~r z.moune, 
from solid r162 acid t.F.sr) frorll liqu:.d capry',ic ".=cad. In -ht- ah.,.er:ec 
of O.",t"Vb'~'E , a lirtr relationship ~.as ohla.;n~.'tJ ~,.~'lwt't'gl t11~' d ~ e  aad 
the .~e:d of radic4y,:s prC',~,ac~s in t r i ra l i= idn.  In the p r t ' ~ c e  o f  
o.xyg~.a, a considerable ii':crel>,e :n z~r fo.,tnazion of 7-paJmito- 
:actOot. n .~ arl.'J n 2 a',~g/;~ '~,L".. (~r ;=I. rr ttn'k~'~.r162 

INTRODUCTION 

I~UC~ (~f (lU~ know ledge  regard,r ig r.'=dlanor~ chemis t r y  t~f 
f~.S IS b.l.~ed t~fl nrodcI systems madc f rom k.1uu~n com- 
pt ,unds.  Such svs:ems ;'~ve inc luded  frce fa t :s  acids ~.1), 
m e t h y l  esters (2)  and tng'.vcr (J, . | ) .  " Ihe r a d l o l y t i c  

beha~:or  o f  d l ~ c  ~ 's tems arc ~imiJar and ,ncl~de ~[;ch 
mte'hani~:nS as d r 1 6 2  dehyd rogcna t :on ,  pu ly-  
mer~zanon .~d  c: ravage al al l  p~;nr~ u[  the aJkv: <'haln. 

Musr  c~t :he c.~r:v ~o.,'k or. the e t f r  ,3f radm,~1on 
l lp,d~ was dc~c m the prcscncc (:f ox . vgcn  Con.~r 
the <.'hangt'$ t-al,;Jrl.g p~;],c~' in the fat ','. c:r p a r d y  the ;csrJ:t or" 
t r rad ia r iun- i r :duced o x i d a : i . F  (SL l. i , ' t !r  d i f l r r cnce ,  boy,-  
ever, h c ' r ~ ' n  t h r  ra,.~c~vt~c compou.1ds iden t i f ied  : 'nccr  
vacuum ar:d m the prcscncc <~f oxygen  cou:d  bc detected 
if "maivs:s is c o n d u c t e d  Im : l l cd ia t c l v  :Lf~c." rad:ac:on. Never-  
theless, .~tora|:r o t  ,rrad=a:.ed )~.r in a~r has m<,d,:ced a 
v-',:ic:v t,t n.'pica: decomposer!on prod.ors (.;). 

In lhc pff'vi~u~ pub:icadon, the cffcclS of radiad,,n 
parameters  un thc .~r r162 ~,OITIr fC:3.IH.'r $tl ' :: lu 
moh-c~i lar v~c':g:'~l (,M,W) volat:~c c o m p o u n d s  !1~,~C }..R~.~|I 
repor ted  (6).  In the prcscm stud',', ::'~c t i f f 'o rs  , t  vanaus 
pararner.~-rs l .dl l~c, : r  oxyb',cr:, el 'era:ca: nat 'arr  
a: ld ph','s:r ~lJlr o.1 the h)rn~a:lor, u. ~ rl~e r'~aj,~r pr;rl~.'=n' 
and reco,~:bLnal::m radz~ivsis prc~tur in rr:paJ:r,,:dn, 
pa~rldtic ac:d, o :c ic  aCi=.Ji capr~".!t." ilJ'~d taprLc acids wcrc 
i nves t iga ted  

I JA~, v0,1, 5g, no, I (Janumry I~2} 


