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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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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} 



PARAMETER S'I'1.'DIE$ LN MODEL SYSTEMS 

EXPERIMENTAL PROCEDURES 

"I'ribdycerJdes and acids were pu:chased from I(:N Phar- 
maceuticals Inc., P',ainview, NY, and Applied Science Labs. 
Inc., S:ate Col:ege, PA. Purits' was established by gas 
chromatography/mass spectruntetry ((.;(;/MS). "lhe td- 
palmitin was found to contain some c!pal.,nhin and pa]miric 
acid as intpuriries. These impurities were measured with the 
aid of  irtten]ai standards 4[ld appropriate corrections were 
applied. 

Irradiation treatment was done (Co6~ :~ 10 4 rods/ 
rlin)" at temperar~res controlled by admitting d'r ap- 
propriate amount  of liquid nitrogen gas through ,he v.~" 
of a thennocouple s,enstm Samples under vacuum and air 
~cre prepared at 5 # and a:n~ospheric pressure, respec- 
rke!y. 

F a t w  Acids 

Exp,'nmcnt /. tMtZvsis o f  la r ry  acids was done or. 1 g ctf 
the irradiated sa,nples Palmitic an t  oaeic acids were i r radi-  
ated w.:th a do~e of 25 Mra~  at (-45 (', VAC), (25 C, VAC) 
anti t25 C, AIR). 

fi'xpcrimcnt If. Cap~'lic and coptic acids analyses were done 
on 1-g samples subjected to 25 Meads under vacuum a~" 25 C 
and 10 C, respectively. The samples were Jntrtaluced to the 
K()ll/sJlicic acid co lumn  chron:atograph ~7) .and the c o w l  
ether eluate containing rhe .,adit)l.vsis products was evapo 
rated for (;C/MS analysis. 

Tri#yceride 

Exprnmcnt IlL Ana'.ysis of radJolvsis products fainted in 
tnp',dmhin wax clone on I g of  r~.:nple. Four samples were 
irradiated under  vacvurn and 25 C a: do~'s ,)f 5, 15.25 anti 
30 .Mrads. 

Expcm,n'n; IV. Or:e-g samples af tnp,-dmirin were suhjec:ed 
to 25 ,'d, rads a t (-4S C anti VAC), (25 C and V,\C) and 
(25 C a n d  AJR). 

A Waters Assoctates Inc. I~quJd c'.'wornarograph ,Model 
201 e q u i p ~ d  with 2-ml. injection loop and refractive index 
detector was used for separarkm of the major contpvnent 
classes bv rl~eans Of sredc exclus.)n chrtm~atography {8). 
Appropriate feat:inns werc collected and evaporated t o t  
GC/MS analysis. Gag chror:tatographle anti :II:LSS spectro:r. 
el.tic data wets: ,~btamed t)tl a 3% i)exil 4-00 coluntn (5' 
1/8") attd a system composed of a PE Model 3920 eas 
chromzros cot,pied to a I)upont M, ode'. 21-4-91 double 
focusing mass spectrometer. Ma%s spectral data were ac- 
quired anti arla'yzcd using a data system ernp:oy!ng tip 
.Mode] 2116 and I)["C PI)P 15/76 computel.X. 

RESULTS AND DISCUSSION 

Effect of Temperature and Oxygen 
on the Radiolysis of Fat ty  Acids 

This study was desLgned to determine the cft'ects of rein 
pcrarure and oxYb, en (,n the formation of major primary 
radiolvr,c compo,,nds and the recombinatiots produces 
of relatively high MW. As fomtarion t)f long<hain "xlkanes 
and keton*-~s is considerably gloater for acids than trig:y- 
cen,it~, paimitic and oielc acids were ch(,sen for this 
study (experimer': I). 

The eft'eel ofremperatt ,  re over a wide range i38 C and 
-196 C) on file radJolysis of aliphatic catboxylic acids has 
shown Olaf thc solid pha~ radiolysJs of thc~c acids is 
te:nperaturc-dependent r A greater y ldd of (X)2 in 
samples irradiated at t8 C compared to those at -196 C 
may suggest vari,tdons in the type and extent of hand 
hc~ol.vsis (R( :C~) [ I ) in  dlese samples, respectJve:y. Due 
to the higher yie2d of(X)x (R" & CO0) in samples irradi- 
ated a: higher ten'peraturc, one would expect to obscn'e 
a greater Vieki of R2 recornbina:itm product. As s.cen in 
Table I, a greater increase in tire yield of :riacontane (R:) 
was obse~'ed for the s,mtp~e irratiia:ed at 25 C ((.;-0.05) 
ctm~parcd :o rFat irra&ared at -45 (" (G ,O.t)2). With respect 
to the ke:one reconthinathm produce (I~,C()R), howeve:, 
remperatute dui not p~ay a significant ro:e. The hlgt~cr 
vtGd t)f 1641entdacor~.tanonr (dit'x'r)tadccyl ket~)ne) than 
that of triacontanc, from pahnitic acid w,~ observed :'or 
both rentperaturcs..";lmdar t~r't,.JLng~, were repo~ed in d 'e  
sr.,dy of nongaseous pr,~ducts from the radioly~i~, of stearir 
acid (1()}, as a grezte: v:eld of 18-pcntatriacontag,26- 
dienone (tJJheptadcceny'. "ketone) was oh%erveti cnmpared 
to that ,)f tire h;'drocarbtm rrcornbtnation pr,~duct :.ctra- 
triacontanr 1"no atirhurs suggested that the ctmsiderable 
disparity betwcer the 2 recombtnar.;tm products prcsum. 
ahlv reflects :tot SO ntuch the relative lK.~elihood of COO }l 
and COOII  html.qvsis as die char'cos of both radicals 
sun, Mng to cc)mhine instead of abstracting hy,trogen 
horn ncigd)bonng center hy:enr groups. 

Althtmgh similar behavior was t)bscn'cd for o:r acid 
(Table [), :he cn.nsiderabae increase in the yield ~,f recom- 
bination products such as :etratnaconrad~enc ~.ntl dihepta- 
deccny: ketone ma;" :tt)t be solc!y attribated it) the effect 
of temperature, o!wi,Jus]y, the physical sta'c uf the pr,~dt, cr 
(solid/liquid) plays an ;w.portant ft.,it it: view of  d'te dcpen- 
dence of free radical mobi:ity t,n the physical state of the 
prod:,cc Sintilar behavior w,~s ,~bscr','cd in the r/dialysis of 
cr)'stailinc oleic acid (11) ~ a.n increase i:t the yield (~t" 
hydrocarbons b~eater th.,r~ he0tadr was obser,'cd in the 

TABI.F I 

Radiolysis Products from Fatty Acids (average of 2 trials) 

25 Meads 25 Mrads 25 Mrads 
(45 C + VAC) (25 C + VAC) (25 C + AIR) 

Compound (rag/g) (G) (rag/g) (G) (rag/g) (G) 

Pentadecane 19,2 • 0.85 
Tr~acontane 0,28 -+ 0,01 
Pentadeey] ketone I,O5 • O,05 

Heptadecane 4,8 • 0,1 
Tetratdacontadicne 0,13 • 0.01 
Ileptader ketone 0.34 • 0,0t 

3,6 
0,02 
0.09 

0.8 
0,01 
0.03 

p~Imidc acid 
20.4 +0.5' 3.8 21.4 a~ 1.5 4,0 

0.57 • 0.O4 0.05 0.58 -* 0.03 0.05 
1.22 -+ 0.02 0.1 1.04 + 0.05 0.09 

Oleic acid 

5.0 • 0.25 0.84 4.9 • 0.2 0.8 
0.28 • O,Ol .0.02 0.3 -+ 0.1 0.02 
0,74 • 0.02 0,06 0.72 • 0.01 " 0.06 
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l iquid samples (35 C) compared to those of  the so;id 
samples irradiated at  -78 C. 

In contrast  to the yield of recombination products,  the 
yield of  the primary products  in both acids (pentadeeane 
and heptadecene) was no= dependent  on the temperature 
or  physical state of the product.  Although Jones (9) has 
reported a temperature dependency for COz yield over a 
wide range of  temperature (38 C and -196 C), one would 
expect  to observe less dependence for the yield between 
samples irradiated at a narrow temperature range. As shown 
in our study, we did not  observe a significant difference in 
the yield of primary hydrocarbons for the temperature 
range of  25 C and -45 C. Similar findings were observed in 
the study of  oleic acid (1 I )  as a slight change in the yield of 
heptadecene was observed between the sample irradiated at 
temperatures of  -78 C and 35 C. It appears that  vibrational 
energy of  the carboxyl moiety and ul t imately decarboxyla- 
t ion is affected by the temperature of irradiation to the 
extent  that, at very low temperatures,  vibrational activity 
is reduced eonsiderzbly but increases significandy with the 
rise in temperature.  

In general, a greater yield of  primary and recombination 
products was observed in palmitie acid compared to that  of 
oleic acid (Table I). These results may be rationalized on 
the basis of the different localization of the electron loss 
upon irradiation (12). 

No significant change was observed in the yield of 
tadiolysis products between samples irradiated under 
vacuum and air (Table I). 

Effect of Solid vs Liquid 

In order to eliminate the temperature effect and chemical 
differences (saturation and unsamradon)  between the 2 
acids, caprylic and capric acids were chosen to determine 
the effect of physical state on the formation of  recombina- 
tion products (experiment  ti). Because the chemical nature 
(carbon no.) of  these acids is similar, any differences ob- 
served in the yield of the recombination products can be 

�9 at t r ibuted mainly to the behavior of  solid and liquid states. 
As showa in TaMe It 2 major recombination products of 
interest  (alkanes and ketones) were identified and exam- 
ined. The yield for tetradecane was enhanced considerably 
in the liquid state compared to octadecane in the solid 
state. In contrast,  the ketone was formed in a greater yield 
in the solid sample nonadecanone (dinonyl ketone from 
capric acid) than in the liquid sample pentadecanone 
(dihcptyl  ketone f rom caprylic acid), Furthermore,  for 
capric acid. nonyl ketone was formed in a greater quanti ty 
(G--0. I9) than octadccanc (G=0.09), Different behavior 
appears for the liquid caprylic acid as a slightly higher 
yield of tetradecane (G=t) 23) was observed compared to 
that  of the ketone (G--0.17), 

In general, it is understood that Ioca/ization of  the 
excess energy in the carboxy or hydrocarbon moiety of the 
acid determines the fate of decarboxylat ion of  a fatty acid 
molecule, tloznolysis of  the covalent bonds involving 

RCO-OH and RCOO-H has been indicated during r~tdiation 
o f  carboxylic acids (1 3). As a resul L the observed products 
such as Rz and RCOR appear to be rationalized in terms 
of homolysis yielding radicals capable of reacting with 
entities in their  immediate vicinity. 

It has been suggested (10) that the formation of Rl  
from radiolysis of  fatty acid probably arises from decar- 
boxylat lon of an t l -bonded pair of fatty acid molecules 
through a single exci tad0n event,. 

- -  , . . ,  H %  

~,1 g c / ~  o f C - - R - ~ v ~ - ~ t ~ ' + 2 c o , + u =  * R q ~ - ~ R - R  
\OH .... 

Such a sequence might be triggered by COO-H homolysis, 
followed by the abstraction of hydrogen from the other 
earboxy group by the resulting high energy hydrogen atom. 
Likewise, formation of ketones (RCOR) may involve 
essentially simultaneous creation of 2 juxtapared radicals 
with high probabil i ty  of  combining within the intact 
crystal matrix: 

~O . . . .  H O  

[Bl r ~ c  ~" \~;--r--~Am~q.- IRCO+CO, +H.O* R.]I.~RCOR 
\OH .... o d" 

This complex transformation may well be precipitated by 
C0-OH homolysis and high energy tlO" radical which could 
effectively abstract hydrogen from the neighboring carboxy 
group (10). It should be realized that,  although in the 
radiolysis of fat ty acids both reaction mechanisms (A&B) 
are in operation, their reactivitles are temperature- and 
phase-dependent. 

On the basis of  previous data and our findings, the 
following observations on the relative yields of  radiolysis 
products as a function of  physical state (solid vs liquid) 
are summarized here for  the saturated acids: 

Sol id  L i q u i d  

R > R 
R 2 < R= 
A V 

] R C O R  R C ( J R  

Furthermore,  in view of the data collected, a general 
scheme has been drawn to explain the effects of  phase 
variations: 

p i t . w a y  I ,Ib-RCOr ~ R .  § C O  a 

"% 7 ~ 
p i t ' w a y  I I ' ID'RCO * . , l l l ~ - I ~ . =  + GO 

In view of these relative yields for the radiolysis com- 
pounds and the higher y idd  of  CO2 from solid phase 
radioiysis of h t t y  acids (10) compared to the liquid phase, 
it may be justified to associate the relative likelihood of 
pathways t and H with the solid and liquid samples, respec- 

"FABLE lI 

Recombination Products from Fatty Acids (average of 3 trials) 

Capric acid Caprylie add 
25 Mrads 25 Mrads 

(10 C + VAC) (25 C + VAC) 
Compound Img/g) (G) Compound (mg/g) (G) 

Octadecane 0.59 -+ 0.07 0.09 Tctradccane 1.12 ~ 0,1 0.23 
Nonyl ketone 1.34 �9 0.14 0.19 Heptyl ketone 0.98 x 0.08 0.17 
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tively, C o n s e q u e n d y ,  in the solid state radiolysis of satu- 
rated far D" acids, in v i e .  of the  higher yield of  R" radical 
and lack of mobi l i ty ,  one woult i  expect  to observe a greater 
yield of R attd thus a lower quan t i t y  of R2 hydrocarbon ,  
l 'he  higher yield of RCOR m s d i d  samples may be ex- 
plained in rerrns of the higher stabil i ty of RCO" radtcal 
,n "..he condensed  phase having no a l ter .dr ive  than to 
combine ,  

In the Jiqu,d state, however,  in view o f  the grea~er tree 
radtcal mtx%lity, one would expecr  an opposi te  behavior  
leading to lower  quant i t ies  of R" and a higher yield of  R :  
h y d r o c a r b o n  The lower yield of RCOR compared to R.. 
could be due ro the free mobi l i ty  of  RCO" radical ul t imate-  
h" dissoci2ting (R" * (:O) to con t r ibu te  to a higher yield of  
Rz as lnd=caced Jn "T'able II. 

I~ general, on t he  basis Of o u r  f ] n t t l l ' l ~  gild re$'d]ts 
obta ined from previous studies, ,t appears that differences 
,n yield of  radiolvsis products  can be arrr ibured ro the 
contb ined  effects of h o m u l y S c  behavior  with charge 
l oca I i n r i on  and the nar,,re of the free radical surviving it~ 
envLronment under  the inf luence  of temperature  anti 
pt-ase var:arlons ro either abstract hydrogen or cc,mb,ne 
witi~ o ther  radicals to form the cor responding  recumbina-  
zion p roducu .  

Effect o f  Dose on the R a d i d y a i a  of  T r i p d m i t i n  

In this s tudy,  the amoun t s  of  8 radhtlysis products  were 
de teml ined  cor responding  to irradiat ion ,loses r a t~ r .g  
from 5 to 30 M u c h  (expr r imen t  I l l )  [:]gu:r 1 presents the 
yield of radiolvt~c comp o u n d s  as a func t ion  of the corres- 
ponchng doses. As shown, tnc &rsetv/e:d relationsl-ip 
folimvs a l inear parrern up to 30 .',~rads. 

Effect of T e m ~ r a t u r t  and Oxygen 

An a t tempt  wa~ n:ade to establish the effect (,f t en 'pera tur r  
arzd c~x)'gen on  the format ion  of rad,t,h'sis products  in 
tripal:ni~:n nrradiated at 25 Meads (exper iment  tV). Table  
I11 presents the yield of 10 r.tdioh'sis pnothnets t, rldt'r 
var:ous condi t ions:  A greart 'r yneld fur he~:adceana] was 
,sbservcd at :,~w tempera ture  and absence t>f uxygen.  
.\cc<)rdin~ to a p,evit>us ~tttd.v ( l ( I ) ,  e]ectr,m capture  by 
the carbox.v gr,>ap in a fatty acid ,no;ecule ~s probab:y  a 
r .a~lr  a~echan,~m for the a :dehvde fov .na tbn .  As a result. 
the a:fion radicai ( I~ .CO: t t ' - )  '.'urn~ed d u n n g  radiat ion Is 
stable a: h ,~  rcmpcrautres  and,  t, po.'~ ~, 'anning, is replaced 
by the acyl r.,d~cal le ; , l ing to the fonz.~at;un of aldehyde.  
At: aJtem:tr2.'e radona]izatiur~ ft)r the grea:c~" vlelt] of 
:lldehvde is the bui ld-up of  an :n :e rmedia te  ( R C ( ) : + t ] . ) a t  
I,~w temper,in,  re and t.apnJrt, uf  a thermal  elec:r,)n t,v this 
ion :o yield a radical type R(~:(OII) a believed t~) be a 
major aldeh~ de p."ecur~or ( l i t ) .  Perhaps a similar m e c h  

anism is also func t ion ing  in the case of  rrigiycerides. Fur-  
thermore ,  .it is likely that ,  as the persistence of  carbonyt  
radical (RCO) is enh, tnced at l(m" temperature ,  its mobi l i ty  
is reduced,  thus c o m b i n i n g  wtth the su r round ing  hydrogen  
to form a grea~er yield of  a ldehyde  at low temperatures .  
The presence of oxygen,  on the o ther  hand, could lead to 
the format ion o f c a r b o n y l  ox ida t ion  products  or fat ty acids 
which euu:d u l t imate ly  lead ro the loss of  aldehyde.  

As shown in Table  1[I. the effect of  oxygen on the yield 
is considerable  for the major  alkanes and 7 pahnir t , lacrone.  
Tr idecane  (n-3) and te t radecane (n-2J were increased 
whereas the major  hydroca rbon  (pen tadecane) was reduced. 
This may be expla ined  on the basts of fret" radical Iocaliza- 
rion along the fat ty acid molecule.  In addi t :on ro the rad- 
ical fi~.,rnation at rhe c a d ~ x y  group, free radic:ds can be 
also formed at the a-posit icm and zo a lesser degree along 
the chain at the ;3- or ?-posi t ions .  Ct ,nsequendy .  in the 
presence of  ate, oxy free rad ices  produced at rhese ~osl- 
rions would  lead tu the greater format ion  of n-2 anti n-3 
alkanes. 

In a previous repor t  (14),  we suggest a frec radical 

.6~" O :  H/rXAOECANAL 
~ .51- O METHYLF~LMITAT[ 

A I" A "  PAkMITOL&CTONs .-- . -  ...,. 

" " ' I"  �9 ~ . , A ~ - - - - - - ~ " ~ _ . . , , - . - , - ~ "  - -  

T ~'- Ill = PENTADECANE 
_ l  " -  ETHYLPALMITATE 

l ,~.- �9 PALMITIC ACID (XIO") 

, r F r �9 I, v ~EXAot~Nm. PROPANEDIOU mPALM~TAtE 
E S F  ~ ' 1 , 3 -  " �9 " 

_ 
5 15 25 30 

DOSK, Mrodm 

F I G .  1. The y i e l d  o f  radiolysis products from trtpalmir~ u a 
h n c d o n  of do~.  

TABL.E I l l  

Radiolysis Products from Tripalmitin (average of 4 trials) 

25 Meads 25 Meads 25 Mrads 
(VAC/-q-5 C) (VAC/25 C) (AIR/25 C) 

Compound (rag/g) ((;) (rag/g) (G) (rag/g) (C) 

Tridecane 0 0 
Te~radecane 0.09 • O.01 0.02 
Penzzdecane 2.00 + 0.] 0.37 
ltexadecualal 0.55 • 0.06 0.09 
Medlyl palmitate 0.14 + O.01 0.02 
Ethyl pa]mitate 0.26 -+ 0,02 0.03 
Palmitie acid 5.60 :~ 1.1 0.80 
7-palmitoiactone 025 • 0.06 0.05 
1,2"Propanediol dlpdmil:ate 3.10 • 0.1 0.25 
1,3-Propanediol dipalmicate 1.40 • 0.1 0.11 

0 0 0.26 • 0.07 0.05 
0.09 • 0.01 O.02 0.81 ~ 0.1 O.16 

�9 3.10 -+ 0.1 0.58 2.20 -+ 0.2 0.4 
0.28 • 0.02 0.04 0.16 • 0.03 0.03 
0.21 -* 0.04 0.03 0.45 • 0.09 0.06 
1.10 • 0.1 O.15 1.20 • 0.1 0.16 

10.40 + 1,2 1,60 13.40 • 1.7 2.0 
0.26 • 0.02 0.04 1.50 • O.1 023 
3.40 • 0.01 0.24 320 • 0.07 0.23 
1.80 + 0.01 o.12 1.5o • o,I 0ol 
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m e c h a n i s m  fo r  the  fon 'na t i on  o f  l ac tones  in samples  i rradi-  
a t ed  u n d e r  v a c u u m ,  l lowevcr ,  in samples,  i r r ad ia t ed  in air, 
f o r m a t i o n  of  "y-palmitolac~one was cons ide rab ly  e n h a n c e d  
(Tab le  III) ,  T h e  e f fec t  o f  oxygen  on  the  increased  yield 
o f  "y p a l m i t o l a e t o n e  cou ld  be  a t t r i b u t e d  to  the  fo r rna t ion  
o f  oxy  free  radicals  l ead ing  to  the  f o r m a t i o n  o f  the  s t ab le  
5 - m e m b e r  r ing  lac tone .  
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Characterization of Minor.Constituents 

in Commercial Oleic Acid1 
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and STEPHEN S. CHANG, Department of Food Science, Cook CoLlege, Rutgers, 
The State University of New Jersey, New Brunswick, NJ 08903 

ABSTRACT 

Minor constituents were isolated from a mixture of commercial 
oleic acid manufactured front beef tallow by 10 different companies, 
Silieie acid was used as an adsorbent to isolate the minor constitu- 
ents. They were first separated into acidic and nonacidic fractions. 
Each fraction was then separated into numerous subtractions by 
stepwise gradient elution liquid chromatography, using silicic acid 
as the adsorbent. The subfractions which had an adverse effect on 
the color stability of oleic acid during heating were characterized 
with functional group analysis, elemental analysis and IR spectro- 
photometry. The minor constituent's amounted to ca. 1.18% of the 
commercial oleic acid. They were complex mixtures with multiple 
functional groups. Some of the subfractions coatained 2-3 times as 
much oxygen in the molecule as oleic acid. They had molecular 
welght~ ranging from 308 to 830 which are from monomers to 
trainers of oxidized oleic acid. These minor components contained 
carbonyl, ester and hydroxyl groups and double bonds. Some of the 
nonacidie minor constituents may contain amide groups, Most of 
the acidic subfractions were dark red, viscous liquids and the non- 
acidic suhfraetions were dark green or greenlsh-brown, semisolid 
substances, A relationship was established that  the greater the polar- 
ity of the minor constituents, the greater is its adverse effect on the 
color ~ahility of oleic acid during heating. 

INTRODUCTION 

C o m m e r c i a l  otcic acid has  a t e n d e n c y  to develop a dark  
co lor  dur ing  heat ing.  Lin ct  al. (1) r e p o r t e d  t h a t  this  dis- 

1Paper of the Journal Series, New Jersey Agricultural Experi- 
ment Station, Cook College, Rutgers, The State University of New 
Jersey, New Brunswick, NJ 08903, 

a Present addre~: Anderson Clayton Foods, PO Box 63, Richard- 
sonk TX 75080. 

Present address: Asahi Denka Kogyo Co., Ltd., 7-1, Iligashioku, 
Arakawa-ku, Tokyo, Japan. 

4Present address: Department of Food Science and Nutrition, 
Ohio State University, Columbus, OH 4-3210. 

co ln ra t ion  is par t ia l ly  due  to o x i d a t i o n  and part ial ly due  to 
the  presence of  m i n o r  cons t i t uen t s .  The  effects  of  the 2 
factors  are synergis t ic  and thus  accen tua te  the  da rken ing  
of  the c o m m e r c i a l  oleic acid when it  is h e a t e d  u n d e r  air. 
Removal  of  the  m i n o r  c o n s t i t u e n t s  f rom commerc ia l  oleic 
acid by silicic acid t r e a t m e n t  drast ical ly improved its color  
stabil i ty.  The  presen t  paper  is an a t t e m p t  to charac ter ize  
the chemical  n a t u r e  of  the  m i n o r  cons t i t uen t s .  

EXPERIMENTAL PROCEDURES 

Material Used 

The  mixed commerc ia l  olcic acid (MCOA)  used for  this 
invest igat ion was a c o m p o s i t e  sample  of  commerc i a l  oleic 
acid m a n u f a c t u r e d  f rom beef  ta l low by 10 companies ,  Each 
c o m p a n y  s u b m i t t e d  an olcic acid sample  which was a com- 
posi te  of  d i f f e ren t  grades of  oleic acid p roduced  by  t ha t  
c o m p a n y .  

Isolation and Fractionation of Minor Constituents 
from MCOA 

The  procedure  for  the  isola t ion and  f r a c t i o n a t i o n  o f  m i n o r  
c o n s t i t u e n t s  f rom MCOA is s h o w n  in Figure 1, and is essen- 
t ial ly the  same as t ha t  prev:ous ly  repor ted  (2). The sample  
(29  kg) v-as passed t h rough  10 parallel  c h r o m a t o g r a p h i c  
co lumns  (4.4 x 55 cm),  each packed  with 300 g of  silicic 
acid (100  mesh,  Ma l t i nck rod t  2847) .  The  silicic acid was 
pur i f ied  and  ac t iva ted  acco rd ing  to the  m e t h o d  nf  Sahasra-  
b u d h c  and  C h a p n t a n  (3).  The  oleic acid t ha t  passed t h rough  
the  co lumns  was pract ical ly  color less  and was cons ide red  
pur i f ied  oleic acid (POA). The  co lored  subs tance  original ly 
p re sen t  i n ' M C O A  was adso rbed  on  the  silicic acid co lumn.  
The siIicic acid c o l u m n s  which re t a ined  the m i n o r  cons t i t u -  
en t s  of MCOA were  f i rs t  e lu ted  wi th  h e x a n e  to rcmo:ve all 
the  residual free f a t ty  acids. It was t hen  c lu ted  with e thy l  
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