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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 

SHERMAN S. LIN 2, YUKINOBU MURASE 3, DAVID B.S. MIN 4, OLIVER A.L. HSIEH 
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, 
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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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ether Hntil no more substance v,~L~ eluted. "the crh~r cluatc 
(ME) w ~  scp.*,r~tcd irltu actd (MEA). :~nd non~cidic (rac- 
t iuns ( M E N )  hv t ' ~ r a c t i n g  its ethy l  e ther  s,)lt, r,on w i th  an 
aq,~e<ms I@% s~,d:,~:l: carbnn3rc solution. The minor  con- 
Stlluenls re ta ined ~n the column 3f't~r ~he e~hcr cl~t ion 
wcre L~Ltrt~'lcr ~]'Jlr:d ~~rll ,in ex lcnx ive an lour l t  o f  r11~'th.~11~l 
un:il nothing wrs e;u:cd with methanol, and r.hr m~thanul 
el:,~te ( M M )  w~.s ,dsu seP.~r~tcd in to  acid ic  (.M, M A )  and non- 
~cld~r (MMN) f:actiuns. The 4 .rr~ctions. MEA, MF.~. M.MA. 
,~nd M,MN of Figure 1 thus obt:~lned, were r t ractionated 
tr~to ~u~rnerous s'dl)frac':ior~s '.'.'id$ stcPw:sc ~radicn.: l i qu id  
ch:or ]~alogrJPhy hv lhc " o l i o w m ~  so!w'r~l svsr.cn;. Fract ion 
MEA ~<dvcnt sy~ter,: 5'?.. ether (f-) + 9.5% hcxanc OIL 10% 
E + q 0 %  tJ, ~0~:, I-. - 8 ( ~  l r ,  4~vx. [._" + 60% tt,60%+ I-~ + 4 . (~  
I I .  80% E + 2(r'~ t(, l(Nr~, t'., J~d jO'% mcth:~r~ol t.M) + 70% 
|':: ~rat'tk+n M E N  solvent s)+stc:11 �9 5% E + 95% I | ,  20% I'~ + 
80% It. +0% I.." -, (,0.~ li, ~0% F. + ?0% l]. Jnd l()[w+ .M. 
( racr ion M, MA  Svstert:: 8 ~ q  F- + 2,)% It, lO0'o E. 5% M - 
95% E, and I~ '~ M, �9 90% I-. fractl+)n M,MN ~0% E - 2 ( ~  
}i, lOtr~, I..', 5% M * 95% L, a n d  I (~o .M + 9(r:;, E. 

Effects of Fractions of Minor Constituents 
the Color Stability of POA 

rhr ' u c thod  described prcv:ou~l) (?) was u~,f .  

Analytical I ~ thod  s 

h~dir:c value and ~cict va;uc ,.~,,.':e dt ' : cn : t ined  j , :c , , rd in~ tn  
A(')(:S Of f i c ld j  321cth,:d~. (4).  S:~.p,mi.~:ca:i~,n v'due and hv 
dn~xv] vJ.lur were dolor :P ined m'ucsrd=n~ to Mcl ' lcnbachcr' .~ 
Pn~ccclurr (5). Carb~,nvl vah:c ~:+s ~nalvzcd !)v :he methods 
of BhJ]era~, el a~. (6)..Molcc,, l~c ~sr v.~s dc:crmir:ed 
v..i:h ~ .Mcchro;~l, vapor prcssurc osm,>rt~cter. ,'O.~del JOIA 
{tJewh_'tt Packard, Avondah' ,  PA), u~:ng methan ld  as rh~" sol 
~,r | " ;emcnla:  .in,d,,'sr162 s~crc carried out by ;hc Scl '~artz- 

srudi~s "+vt.-re :l:J.d.c ~ir! ' l  ~ Bt 'ckl- lan IR-B SP~.ct+ol+h++t,+:l~ 
c:cr. C<,'.o: s:abi i i tv mea~u:r162 v,.~.~ dclcrPl~incd 3co+rd;:l';. 
:<, the .k(.K:S ()tt icLfl ,MetP+<,,i. l"d )a 64 ':4.L .sing -~ Beck 
man L)G B sper 

Hydrogenation and Reduction of Minor Constituents 

t() dr,~i~c,~,~tJ(,n x~.Js don..: at't'~,l-dl,l~ t('~ lt'ir : l :Cthud o f  Alex + 
a n d e r  a n d  ( : , , pc  (7), usm~ Pd-C .~s the cat:+lv,~t l~,cciuc:=on 
with NaF, Lt4 was (i<mc" aco , rd ing  to the methud  ,~f Cna;kcn 
and rtr,>~n (~,) Kcd'.ctiun ~:rh I.~A~E(., was  .=.cc~,mp'.~sncd 
a#r  tn  t h e  rrwl}',od ,~" [:rarlkcl  ct  ;11. (9) .  

RESULTS AND DISCUSSION 

Material Used 

'~'~- !~opcd' tkat  reprc.~cnta:Lvr s:m'plcs o f  c<+rl:n~<:rciZ, olc~c 
dlcld Pr('.!,JL'cd b',,," d i ( l 'c rcn|  'l'anuf':,.c:.urers c<,uld I~." ,Ised. 

The Hcscarch Comn;ittuc of t.hc [:stir ..'sc!d Prod~cc.,'s' 
Coun~'il pr,p~d :he t,,,e ,~'. ~ blend of eq~s.,i amotjrts nf 
r a] ~ (tic ,|el d p r~+dt: ecd !)v I () [11ajnr n: an ~s fact ~, rcr+. 
~.<l l t ~ 3 ,  ~ [1'1C minor C(',,'ISI:[liCI'~.S ',~!t"~*P,: in d ] f t r  COi~,1:l~.Cr 

~'=al ~dc'..c "~r could hc cnvercd. 

Isolation and Fractionation of Minor Componentj 

A~:vatcd si;ic~," 3cid cttccti~c'.v re,l,<wt.d ~hc minnr c<,npo 
rlC:ll~ It[or1 , r!Ic ,~.I(~OA ~nd r t-I:,a:c f rn,n rhc r ~.~.~.s 
~rTl,'~;, r "lhc r'~li ' loi" r 3 . d s f ; T ' . * ~ d  by the 
~ilicic ac:d ."ormcd ~ band~: a dar~ ~reer, l~:tl, b~,+v.'n-n'd <~r~ 
the t,~.i~, 3nd a vci i<,~i~h rcd ,'~nu" bcne:~.th i l .  "tl~r t,)r~i rTlirl,..~f 
~.'r t~rlt*, w r r c  1 . ]~% r)t ~ i : i d "  1.12"': ~,JS e 'h t . r  ciuak" 
:|nd L~.06'% ss.~s ,Tl~':hJn[~.1 ~']I.J3~C. 
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E f f e c t  o f  F r a c t i o n s  o f  M i n o r  C o n s t i t u e n t ,  
o n  C o l o r  Stabi l i ty  

All tl~e subf rac t i ,ms  uf minor  c o n s t i t u e n t s  in Figure 1 f rom 
the MCOA were rested :o ~rutlv the effeetivt 'ncs, ,  in causirtg 
the  darkening  of purif ied o]eic acid during hca; :ng under  
air. The inerea.~s in color ,  as measured  by the P h o t o m e t r i c  
Index at 550 me' af ter  d i f fe ren t  fract i tms )d mimer con- 
st i t tJ tnt~ were added  in various a m o u n t s  to POA and then 
hea ted  ar 200 C unde r  a~r for one hour.  arc shown in 
Fig-ares 2 and J. 

The degree of  darken ing  o f  t)lelc acid during heat ing was 
p rupor t iona l  to the amt ,unr  of  minor c o n s t i t u e n t s  a d d e d  
The  m e r h a n t ) l e l u t e d  minor  cons t i tuen t s .  MMN and MMA. 
were more  de t r imenta l  to the ( ' o lo r  s tabdi tv  o f  ,~lezc acid 
than  the e rher -c lu ted  minor  cons t i t uen t s .  MEN anti MICA. 
The  ,MI-N and MEA are ie~s polar  than  the MMN and MMA 
(FI~. 2). Ant)rag the sub t r ac t ions  o f  MMA, the most  polar 
sub t r ac t )on  (M.'dA-4) gave the mosr  severe adverse effect  
on tile color  srabdJtv of  ,)',e~c acid d 'armg hea t ing  {[:tg. 3). 
"l'he,,e results were "he same as "hose repi~rted by Mm e ta l .  
{2) ,a the e f fec ts  ot  mi,~,r  r  f rom ra;I ,,il fa t ty  
acids ( I ' O F A )  on "d~e color  stabili ty {,f pur i f ied  "fOFA 
dtzrmg heat ing  Ir appears  )ha,  the more  polar  tile t rac t :on 
o f  the' lnmor  cons t i tuen t s ,  the s t ronger  is its ef fect  in caus 
mg the darkening  o f  ole,c acid during heat ing.  

Ch~acter iza t ion  of ChromatograPhic Fractiona 
of the M i n o r  C o m t i t u e m ~  

,'~.[~hu0g.~l t~t" | r ae t l t lns  ti~ nlln(.tr con~rltur 1:10~t';t: acid 
v, cre ~,btall:ed by repeated c h r o m a r o g r a p k y ,  :t is evxlcnt  
that they ,;till are no~ horT:<+gt'not+~, p',lp: c(+nt'~+(ittr, d$. ["~,e 
c tmtpos l t i ,m of the min<tr c(in~tituent~ i~ s t l  C O I l l ~ ' J l t * ~  t h a t  

ubta~nln.t; ]lure c o m p o , , n d ~  i,~ extremel ' r  d:rl leult .  In addl. 
tmn,  even if a few pure c,)lnp<,unds art" =~bzai:wd. they may 
not repr~-serlt the genera) che:nxal  n a m ~  o f  the cuntplex 
mlxturc.  Therefure .  selected [ r a t : i ons  t)f the  minor  cod  
Siltlionel; vat-re ar, al.vted f,w their  general cht-mical tutlc- 
titmal propr :nt lcdlrlg rnt,lecttlar we:yht ,  iltO'.eculat 
fl ,rnu, la, and the n c m ~ r s  of  c a r b o x y l ,  t-,aer, h y d r ( , x v l  
and ~arb,m,,l graup~, and d tmlde  I ,md ' ,  ( ' lahJe Ij. l h e  
tl~iV.)r cot:stltucntS iq,t.d ,q](.a.ct, lar Wel/~.h:s ran.~mg from 308 
t,, 830 ~h lch  o>rrespond to t?lc a p p r o x i m a t e  m(,:eo~'..lr 
welg)~ :S <q , ~ )  genaet 'd :'l:t~nomer~ .]gd t r:lltcr~ ,at alc:c ,tch]. 
"l'he,,e m:n, , r  ,.',,:l~.:tuenl's ~ c r e  qu~lr p , : a r  4rd r:ch m 
~Ixy~,ei't at)el )tad h) drt)x}'l, c.irl l,.m%j .w,d c~:er ~r, ,d i l5 J h e ;  
alu, t (,nr.t!ned vari, ,u~ th'jdrtr Of un~,.1 :tJr,tt:on. Ih t -  el)at'tiber 

30- 

k 20' 

.~  10- r 

. MMN .MMA 

03 & O',a 04 
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FIG. 2, Effect of minor constituents from MCOA on color stability 
of  oleic acid. MEA = ether-eluted acidic constituents; MEN = ether- 
eluted nonacidic constituents; MMA = methanol-eluted acidle eon- 
stitue.ts~ MMN = methamol-eluted nonacldic constituents. 
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TABLE ! 

Characterization of M~aor Constituents of Mixed Commercial Oleic Acid 

Molecular Molecular -~OOH -COOR -Oit 
Fraction formula weight Mol. Mol. Mol. 

Number of 
oxygen atoms 

---~,=0 < ~ = C -  unaccounted 
Mol. Mot. for 

MEA-5-3 -- 370 1.46 0.43 0.6t 
MEA-5-4 -- 570 1~82 0,94 1.17 
MEA-6-3 - 402 1 ,]0 0.61 1.10 
MEA-6-4 -- 574 1.71 1.10 2.09 
MEA-6-5 C46HT~O,a �9 830 2,49 1.56 2.49 
MEA-7 - 540 1.60 0.76 2.62 
MEA-8 -- 516 1.45 0.66 1.45 
MEN-3 C~,lI44OaNo.av 384 0.00 0.62 0,62 
MEN-5 -- - 346 0.00 0.39 1.10 
MMA-1 -- 348 1,27 0.15 0,68 
MMA-2 C~aH4107 4 3 4  1.10 O.68 1.21 
MMA-3 - �9 516 1.32 0.61 1.95 
MM A-4 -- 546 1.32 (I .64 2 ,O 3 
MMN-1 - 31g 0,69 1,02 0,27 
MMN-2 Cl~IIa~O~N0. ? 308 0.08 0,17 0,74 

0.34 0,77 
0.29 1.13 
0.31 0 .99  
0 .39  2.36 -- 
1.83 1.77 0.58 
0.75 t.29 
0.51 1.35 
0.25 O.79 
O.O4 0.79 
0.28 1.12 
0,49 1.06 1.74 
0.38 1.31 
0.43 1.41 o., 
0.0o 1.04 
0.oo 0.73 

44 / JAdeS, vol. b9. no. 1 (January 1982) 



MINOR CONSI"ITU EN'IS OF COMMERCIAL OLF'IC ACID 

of  oxygen  a toms  in the molecule .  ,~s de te rmined  by ele- 
mcnta /  analysis, could not  be ent i rely accoun ted  for hv the 
sum:nat ion  ~)f the funct ional  g roups  anah 'zed .  This m~gh: 
indicate that st~m~: oxygen  ate,ms are p r e ~ n r  in ]raking the 
rnonomer ic  t, nits or  :n sume , ,nanalyzed fanctmnal  groups.  
Gencra0y  speaking, as dtc  polari ty of :he soh 'cnt  t,s~'d to 
e lu te  the f r acuon  from the si!ic:e acid was increased, the 
h v d r o x v l  groups .Cs~ Jncrea~.'d. For  example ,  MEA-5-3 
has O61 hydroxyl  g roup / too ;  and MEA-5~t has 1.17 hv-  
dro~.vl group/r:aol ( l a N e  I). This is conf i rmed  by the 
infrared (LP,) spectra of  the fract ions that  the abs<>rptiorl 
=,f hvdrc+xvl gm, ,p  at 2.9 /.s wgS nncreased when .;t+lvrnts 
~ : h  increasing pMar;ty were ,,sed fur el,,|:.on. "I'husr 
fmd:ng'; ~ ' r e  also uhser'vcd in the sr,,dv ~>f re:nor  compo-  
nenrs in TOVA as repnr ted  hy M i n e t  al. (2). 

Minor  components  were h~ghly viscous l iHuids wi th 
colors  ranging from sl~ghr y e l l , w  :o dark reddish brown 
or  grccn,sh brown. T'hc color  and d'c vtscostrv ot the 
fractions :ncre,+~d as the po;ar i ty  ot the sulvc:1't U+,r 
f,1'r their  eluu<_,n v,.~.,+ mcrea.~d.  "/'hi +, was .ds++ true in lht" 
pre',;oti.; ~.tud'r o[" T()F:A (2). 

()n~ interest ing o bse~ ' au tm  ~s that the ~dvt.rsc cffcc:  
,4 the t ract ions  <,f the mm,l r  eonst i tucr l :s  on the darken- 
~ng o: purified o;e~c ~ i d  d, ,r ing hc;ttmg can he correla ted 
v.'i:h thcir  p,~l:1'r:ty and was genera;!}" pr t ,porrhmal  ro ~he 
am,1'unt +~f hvdruxv',  groups m d 'c : r  nto:r l 'hiS IS 
true ft,r both the ,+t'~d~c and m)nacidic fract iuns (T'al+le I. 
Figs. 2 and 3). 'l he IR s:aecrr: <,f an ae~d:c and a no,.tcadJe 
minor  c ,m , t i t uen t  are s h o w r  in Fgg:,rr~ 4 Jnd 5. The IR 
spectra ,~f the nonacldic  minr,r const t :ucn:  :nd:catcd that 
it might  b~ are amtde. }l~wever, the N 11 and O-I1 s t retching 
could  be over l~ppeJ  around 2.8 to 3 . 0 / 4 , a n d  C O s t :e rca-  
ing abs, ,rptions fr,~rn ,~mk~+c. a ldehyde,  ester  and orher  
c,~rbunvl g:nui~s c,+uld r ,+nt" am~ther m :hi" regi,,1't 
fro:~ 5.7 to 6.4 /2. I towr'vcr,  r lemcnt . i l  .tna',vsis d : t  d1'<)w 
that :+~1'nacidit' ~'raetlOnS cnnt.t:n r:Etr+~4cr'~ ftc+nt 12% l'~,r 
.MEN-3 to ~ 5'~,. f,+r M.MN 2. 

Nt+:taka (1()) repr t!1'.~t oxLdatton of  fish r cau.-,cd 
I"1+') (I:sc~.;+,[Ir:];.:(+~, !)1'1", ~vht'n ,..'el'fair1 vulatlk.- basic N ~'.',)1'T1- 
pound,, were r<+',;ctu'd +,v~th uil. thc oil "~:c:tn:c dark rt'd. 
N,Jndku (11) also obsc~'cd :hat :".sh oil was disc,tic+red when 
it w,~s in l'~,r~td,:t v,':th C:H11t;Ir L'LlXr b L l  F1'O~. '~.'llh 
purc 'kd  casein. The +,,'.+lr ,l:" fish ud m ~unt . , ' t  v,~th c,,m 
mcrci:tl c:ts,.'i:+ ;Ji+parer1't~.} ' w:.s r b'r f:cl+ N i l }  I~F~:r.~ted 
['~V the CJCCO~'l~}:',1'~i~il~'Ti c'f "trllrF;(in11'Jr1'~." ~.:lItS. ~'~L3,,'laKa (13) 
fu r ther  rc:',,~rtcd Iha: '~,:~r:~e aqtin<= Acids and .lmrn~'<. c<~::id 
(.'LLL;',~" l ) l e  s a l ' : l e  ~ . l S C O ! , ' H a t l o n  0'~ .":.,ill oi l .  

T'hr" r.1'r .'or ar~ aPllid,L' tu:+ctionin.C a,~ a ca:.dv*~: 
5+r darken::tg of  ++leic ~cid ~.<luld "x: man: f rs :cd m 2 way*,. 
a pnn: : , i )  arnide could .+'~ dcco:l:po'~:'d It) furm .11';1711or':13 
~ i  d a st'++'<,ndar'.' as":1 idc t'ou Id f+~rm ar: aI'1111'i~'. [~ U[ !1 .1,1'I"it~.I( ~' 
. i a  aqd a F ; l l n e s  ~1,'1.%.c C 3 U s ( ' d  d l s c o ! o r a t i o r ,  t+t h t -a '~+ 'd  ['l~,h o i~  

(1 l , l  2). 

Reduc t ion  S t u d J ~  of  a Fract ion of  the  Minor Comti tumats  

In ,,rdcr t+~ elucidate  the cnemic.zl narurc 1'ffthe cft'r 'ct:ve 
f~ncmmal  g:ou;~s t~t" the min,~r cum, zituents in cau~:ng the 
(t:trknegs ,~t p'Jrif~ed r~lcic acid during: hearing, a ,~uhfl a~ t :on.  
,MF.A-7. w,t~ reduced by the f,,Ij<,w:ng methods (a) c,u,~- 
Iv : . "  h.vdr~gcn,ttiort wt:'h Pd-C arid t ] : .  (i>) whh ,%aP, I]a fi~r 
24 hr, (c) wi :h t.i..\;ll.~ t % r r  wi th I. iAIIl,~ For Jh hr. 
The effect ,.,f t)lC i't'd;Jt'ed sar]tp~cs <m the coh,r  s: , tN;ttv of  
purifir'd ,,'.eic .reid :s sh~,xvn ir" I.'~g'arc 6. The  rcst, l~, indi 
cared .-nat rr 'ductilm ,ff MF:A-7 ~ p h  Pd-C :rod [[: or  N.:BII_. 
did n,)t :~t.+et't thr  ~t'tivitv oF.MF.\  7 sign,fie,Lnt:v, ald'<,Jgh 
there w,L~ .~ qlight L~Pr jn +cLi+.it+. ;:1 t:'ic sect+rid ,,,;a;11p',t'. 

Fi,,~r :.he tre.ttn:ee, t a i d ;  I.iAttt.; {++r 36 hr ct,ns:dc+ab!v 
dt~creased the .letix':~" ,~t .',;EA 7. 

. \  ~,1'mparis~m ,1'i" d',c Ill. sp~.c:rum of ,MF.A 7 and its 
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FIG. 4. Infrared spccu'um of an acidic fraction of minor consdtu* 
ents isoI~.ted from comm,~cial oleic acid. 
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FIG. 5. Infrared spectrum of a nonacidie fraction of minor constlm- 
ents isolated from commercial oleic acid. 
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C o n c e n t r a t i o n  (c,"/c.) o f  M i n o r  Cons t i t uen ts  
A d d e d  i n to  O le i c  Ac id  

FIG. 6. Effect of MEA-7 and its reduced ptoduc'L'L on the color le~.- 
biJitv of pu~  o.k:ic mr[d. 

reduced forms indt,:.zrt.d that cata ly t ic  ~ydrog tn . l thm ,,,,~:h 
Pd-C and rcdu<t:on ~t th N;tBFt+ increased the hvd ruxv l  
~r~:Jui~ c(mtcnt o f  the ~am:)le (J.':g 7). "/'his was conf t rmcd 
by an :ncrr in mtensit 'v +~t th~ ()Ft ~;rretcking v ibra t ion 
band at 2.9/2 .m,t also I,v ~he :tppca::tnc~_. ,1't an addit ion.I t  
OFt N'ndin:4 vibr.~uon -',: 9.? ,u f,~r :he tarter. The incrc.~se 
if: !t~,',.Jrt>x,,I gr+~up duc :~ the reduct ion ,~t :he unk ' lown 
t 'unct ior ls gr,,~pt:.) ~.' c~t~er Pd C .* Ft,. ur N~BII.I did not 
,~i~,.a~tieanrlv ~h',.:reasc the a~.'t~vltv :1'; M.EA 7. whi,:h su-e./ees:s 
:h:;I die .nknu~.,,n .g,nctit,mtl group(,0 ~hlch W:L"; reduced 
bv c~:her Pd( :  �9 t t :  t~: ~.'.tSEI4 ~s prt~bably ot , ,J~rcar  ira- 
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I'II(.~. 7. The J.rlfIlwt'd I~cz 'n .  of a ~ae-lriOn of  Ihe mblor r 
hr fo r r  and as v & ~ u s  tneghods  o f  reducdo . .  

~,~org.~:icc Io  till." 3CllVlrV O, ~" [hIt ;l:IliOT o ' , ns t i [ ucn : s  ,, i t  ~'i:(" 
colur srahLlit,," (~f olc~c ar 

The  L.~AIII.~ : rea t : r te t t t  f ~ :  ,I h r  ~-or .p ;ete l )  , reduc~'d chc 
~_ari~,nvi, c,zr;.~c~xv', ~nd ester  gTOJ;'~S ,L)I" .~,[[-.A-7 t.'llr'~ .h~ 
d r o x v l  grou;r  as was c v : d c n c r d  It,, the  rn.'al rh' ,al~pe::ranct.  
o t  C - ( )  s t r e t c h i n g  v,L)rati~tn a~ 5 8 p and  the  g rea t  inc rease  
m ()11 ahs~,z3~fion at 2.9 /s r)t I r  s;~cr ( | : lgs.  4 ant.; 7 )  
Since: :h~ I.~AIII.~ tr*,_'aUl"ren! to:" -| hi d:d n~}: ~igt ' :f! , . 'andv 
drt'rea,,g, th,.." activity of  . \ l t . :A 7 ,~n :he c(,I,~r s, 'ab::it}, th'c" 
C - O  gro~,ps were  ;~robably n , , t  re~,p~m,cil,:~, t,~r the.. a,'t~v:t~ 
e l f  '~h( . "  I l l l h O C  r  , ; : 1  tl, e c~,l(,r s t ab : l i l y  ,,1" r'dcir 
acid d~,Mng hea:~ng a'~ ~'c'n in t'i.gur,..' h. T't:,..." , .<,: t :parls,:n 
I=er~s.ecn tit(" IK  sp,.'~.tra ,:,f M [ : . \  7 rcd:~r ss.~[lt [ . i A : l l  4 

: rc 'at tztent  fo r  4 and 36 I:r m Figure  7 ittdica:~'d tha t  :}'c 
in ,cr is i s ; '  of  O11 ,t!~s<,q~:],.,: at  2. o ~ o f  d ;c  36-i ' r  s.m:ls 
was I'qUch g:catc-." than  tha t  ,~f the  4 hr  saml,lC. Sm,:c ~he 
C () g r o u p s  ,.,t ,*,IF.x-7 v,'c:'c r I t 'd , Iced i n t o  Ot t  
grou]: a f te r  I . i A I I l a  t rc 'a tn : r  fo r  ,_rely -; !tr (F:g.  7). :he 
add id t , n . f l  ~ncrc.a.r" it: (')11 .=.bs,>rl;l:,..m in:.cnSl[; '  in t!'l~. JO hr 
~ r n , l e  c,~rnparo. i  ro :h, t :  t:ff the  4 hr s.~'t 'plc is r ' l , ,s l  I:~r 
disc" h) the. rcd 'dqt i t ,n  ,~t" d'~c L:i lkn,)~'r:  f~.+rlr..'~.;o~'l,~.', gr<,~:[>(s) 
, , t he r  :han C - O  groups by l.iAllI~. Sint'r the 3~-nr sample 

lunr grouit(.~) wlttr can I~" rcd.t'~.d by I.u.~.~II~ .ire 
I:ighlv :r~p~,ns~I)le Ig,r "he d-~r~r ,,!" ~,Ir-~r ac:d durln~. 
bee.ling. "t'he,;e facl~, w.crr also ~bsc.~'~'d :n m'.no." r 
ncms in TOFA as rep~trted I,v Mm c[ al. (2). 

It has ber-n r i~cforr m th'.s paprr tka: ".here is 
a p,~si~ive t',J'T.vei, Ll'L;(~tt ! :~.* l~'et ' r t  t he  r  o t  hvdr,,, , .; .I 
grt~ups in the re :no r  clqgs:iTl.l('rl~.s arid the adver t '  c, fft.r:.~ 
or'. the o , l u r  s t a b : l i t ;  c+[ ++'1 du r i ng  h e a t i n g  (TaL,h" I. t:i+,,. 2 
and 3). }h )w t . ve : .  a s igr t i f :car t t  ine:u.asc in h,r  g;,~:,ps 
bv r e d t ' r t l o n  ',~.'lt!i I+:Altt.~ o r  NaBI (4  resu l ted  i;: .i :us,, o f  
tire cffc t '~ivc: tcss  Irt ca 'Js tng d is~ 'o l ,~ :J tkm,  :h~,~, it a ? p c a r s  
~ha: no~. all !~','dr~,,~','l g r o u p s  arc :cs;~unsnblc fo r  the  ,.]arkcrt- 
,ng e f f e c t  tt) pu., 'fficd ~,Jc,c .zc,d. M:n e~ a! (2)  have d c r m , n -  
s : r a t c d  t]~at, m sit'~tdar cage',, < ~ f T O F A ,  on!v  the  hvdr~,.xsl 
g r o u p  i oca : ed  in t he  o po:,:t~on t~) t he  do , Jb le  h,:r:d :n tt 'c 
m,~.lr162162 cuu ld  ca:JS~" d a r k e n i n g  o f  :h~: P'I'(.)A dur ing  hea l  
', ? 1 ~ .  
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