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Abstract 
Seed oils f rom 29 species in five genera of the 

tr ibe Calenduleae, fami ly  Compositae, have been 
examined to determine the dis tr ibut ion of di- 
morpheeolic acid (9-hydroxyl-trans-lO,trans-12- 
octadeeadienoic acid) among the close relat ives of 
Dimorphotheca. Dimorpheeolie acid occurs in all 
five of the Dimorphotheca species analyzed, in 
Castalis nudicaulis, and in five species of Osteo- 
spermum in amounts  ranging f rom 34-75% of the 
oil. In  all other species of the tr ibe analyzed to 
date, including 14 species of Osteospermum, two 
of Calendula, and two of Chrysanthemoides, the 
oil contained conjugated trienoie acids rang ing  
f rom 14-60%. 

Introduct ion 

T HE UNUSUAL combination of funct ional  groups in 
dimorphecolic acid (9-hydroxy-trans-lO,trans-12- 

oetadecadienoie acid),  first isolated and characterized 
at the No. Reg. Res. Lab. (5,15), should provide 
opportuni t ies  for  the prepara t ion  of novel chemical 
derivatives not readi ly  obtainable f rom other seed 
oils. Pa r t i cu la r ly  a t t ract ive  f rom a util ization stand- 
point is the occurrence of dimorphecolie acid in high 
concentrat ions (over 60%) in some of the oils investi- 
gated. Accordingly,  a search was begun for  the best 
p lant  source of this recently discovered acid. This re- 
port presents various chemical data  on seeds obtained 
by U S D A  botanists, mainly  f rom wild s tands in south- 
ern Africa.  Dur ing  the collection special a t tent ion was 
given to p lant  groups closely related to the genus 
Dimorphotheca in the tribe Calenduleae, fami ly  
Compositae. 

Botanical Aspects of the Tribe Calenduleae 
The tr ibe Calenduleae as in terpre ted  by Norl indh 

(13) includes nine genera, eight of which are re- 
stricted to the Old World.  There the tr ibe has two 
main centers of distr ibution: the Medi ter ranean 
region and southern Africa.  In  southern Africa,  
where the tr ibe has at ta ined its greatest  differentia- 
tion into genera and species, it is represented by 
Dimorphotheca, Castalis, Osteospermum, Chrysanthe- 
moides, Gibbaria, and Garuleum. In  the Medi ter ranean 
center, only Calendula and Dip terocome occur. The 
only representat ive of the tr ibe in the New Wor ld  is 
Eriachaenium, which occurs in southern Chile (14). 
Osteospermum is by far the largest  genus containing 
67 species as delineated by Norl indh in 1943. Calen- 
dula, containing about  15 species (16), is second. 
The remaining genera are still smaller, and Diptero- 
come and Eriachaenium contain but  a single species 
each (13). 

The members  of the tr ibe comprise a heterogeneous 
assemblage of plants  so fa r  as habit  is concerned and, 
aside f rom the s t ructures  associated with reproduc- 
tion, few generalizations can be made for  the group 
as a whole. The members  may  be diminut ive  annuals  
or arboreseent  shrubs, and near ly  every aspect be- 
tween these extremes is represented.  F r u i t  produc-  
t ivi ty  varies considerably, and the f ru i t s  themselves 
may  range f rom light, membranous-winged aehenes 
to bony-hulled, nutl ike s t ructures  to drupes.  
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The extensive na tu ra l  range occupied by  members  
of the Calenduleae in southern Afr ica  and the Medi- 
t e r ranean  region encompasses a wide divers i ty  of 
climatic and edaphic conditions, m a n y  of which can 
be closely approx imated  in different areas of the 
U.S. A number  of species in the Calenduleae have 
been cul t ivated as ornamentals  for  years,  but  the 
only species widely planted in the U.S. are Calendula 
officinalis (pot  marigold)  and Dimorphotheca sinuata 
(cape mar igold) .  

A botanical survey  of the wild populat ions in south- 
ern Afr ica  revealed a sizable group of species with 
a wide spec t rum of var ia t ion in characteristics.  No 
species is present ly  suitable for  modern  methods of 
cult ivation and harves t  and for  producing large yields 
of seed. However,  the var iabi l i ty  within this plexus 
of favorable  species suggests eventual  success for  re- 
search to develop suitable lines. 

Methods 
Sample  handl ing depended on the physical  s truc-  

ture of the seed (or f ru i t )  and on the amount  avail-  
able. I f  easily removable,  per iearp  was taken off and 
its percentage determined by weighing. Samples  
available in adequate  quanti t ies were ground th rough  
a screen with ~6- in .  round holes in a 6-in. h a m m e r  
mill, and 3-g samples were used for  oil analysis.  The 
samples were extracted for  6 hr  with pe t ro leum ether 
in a Bu t t  appara tus .  Nitrogen content was de termined 
by the Kje ldahl  procedure,  and moistures were de- 
termined by ovendry ing  at 130C. When the sample 
was too small for  such procedures,  crude prote in  de- 
terminat ion was omitted, moisture content  was as- 
sumed on the basis of related meals handled similarly,  
and selected analyses were made on the oil available.  
Some of the smallest  samples were ground in an 
intermediate  Wiley  mill. 

Hyd rogen  bromide t i t ra t ion was carr ied out as 
recommended for  the determinat ion of oxirane oxygen 
(AOCS Tentat ive  Method Cd 9-57).  Speetrophoto-  
metric measurements  in the UV were made on the 
oils dissolved in ethanol, essentially as described for  
the measurement  of p re formed conjugat ion in the 
AOCS method Cd 7-58 for  po lyunsa tura ted  acids. 
Percentage of dimorpheeolie acid was calculated f rom 
the absorpt ion at 233 mu, using a molecular  extinct ion 
coefficient �9 of 33,500 (6) .  Conjugated  tr ienes were  
calculated as ~-eleostearic acid f rom the absorpt ion 
of the peak at 270-272 mu, using � 9  (2) .  
Diene was not measured in samples rich in t r iene 
because of over lapping  absorption. 

GLC analyses were carr ied out according to the 
procedure of Miwa et al. (10). The percentage of 
conjugated trienoie methyl  esters was calculated f r o m  
the total area under  mult iple  peaks (equivalent  chain 
lengths, 19.2-19.7, Apiezon L)  a t t r ibu ted  to their 
various geometric  isomers. The figures repor ted  in- 
clude dehydra t ion  products  f rom the small amounts  
of dimorphecolie acid present  in the oils, but  do not  
include any  eieosenoie acid, as evidenced by analysis  
on a Resoflex 446 column. 

Results  
Examina t ion  of Table I reveals tha t  the seed oils 

f rom every one of the 88 samples analyzed, represent-  
ing 29 species in five genera, contained either di- 
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morphecolie acid or conjugated trienoic acid as a 
ma jo r  constituent. 

Dimorphecolie acid is the characterist ic  component  
in all repor ted  samples of Dimorphotheca (five spe- 
cies) and Castalis (one species). I t  is also the princi-  
pal acid of five species of Osteospermum: O. cau- 
lescens, O. dregei, O. ecklonis, O. fruticosum, and 0. 
jucundum. I ts  occurrence in these species is con- 
sistent with taxonomic classification based on mor- 
pllology since the five Osteospermum species men- 
t ioned constitute section Blaxium of the genus, and 
this section together with Castalis comprises the mem- 
bers of the tr ibe Calendnleae most closely related to 
Dimorphotheca. 

When large quanti t ies of dimorpheeolic acid were 
l)l'csent, agreement  was USllally good between the 
amount  determined by UV absorption and tha t  by 
hydrogen bromide t i t rat ion,  provided that  the la t ter  
dctcrndtmtiol~ was carrie<l out rapidly.  Otherwise, 
the amount  determined by t i t rat ion was low, possibly 
due at least in pa r t  to reactions noted earlier (8) 
ill which hydrogen bromide appears  to react with 
dimorpheeolic acid to give a trans diene, which then 
clinfim~tes a moleclfle ot! hydrog(q~ bromide to react  
again. We have chosen to reporl  in Table I only 
thosc values for dimorpheeolic acid content obtained 
hy UV almlysis except when the presence of major  
anlounts of tr iene obscured the dicne absorption, in 
whi('b casc hydrogen bromide t i t ra t ion data are 
pr(ividcd. 

Alnllng tile species llOt containing conjugated diene 
ill large percentage, the average amounts  of conju- 
gated triene varied front ] 6-54%. I I ighest  concentra- 
tion was in the genus Calendula, samples of which 
included different eultiwttcd varieties of C. officinalis 
and a sami)le of C. arvensis tha t  was obtained f rom 
I 'akis ian.  Tile lowest amount  of conjugated tr iene 

in this group was 14% in one sample of Osteospermum 
imbricatum. 

GLC analyses were carried out on several  samples 
of the oils containing large percentages of conjugated 
triene. The agreement  in Table I1 between GLC and 
UV analyses for  the conjugated tr ienoid acids, while 
not as close as m a y  be desired, confirms the relative 
amounts  present  in the various species. The dis- 
pa r i t y  might  be reduced by determinat ion of the 
conjugated trienoic isomer present  in each species, 
by careful  cal ibrat ion of GLC detector response to 
conjugated trienoic standards,  and by using the UV 
absorpt ion coefficient for the appropr ia t e  isomer. GLC 
analysis was not repor ted  on the oils containing large 
amounts  of dimorphecolie acid because of the sensi- 
t iv i ty  of this acid to dehydrat ion ( l )  

For  two samples of Dimorphotheca pluvialis and 
for  D. chrysanthemi]'olia it was possible to analyze 
separa te ly  seed f rom the (outer)  r ay  florcts and 
( inner)  disk florets, which differ in appearance  and 
impar t  appa ren t  heterogenei ty  to the sample. How- 
ever, the percentages of oil, pr<)tein, and periearp,  
arid the f a t t y  acid compositions did not (lifter for  
the two types of seed (tt! tim lw(/ species lested. 

D i s c u s s i o n  

Seed oils f rom many  t)lant gl'lmra show pres/]mp- 
tire, evidence of the prcsencl, of dimorphe(',olic acid 
or related compounds in small amounts (3-5) .  They 
absorb UV light in the regi(m (,xl)ecied for conjugated 
dienes and react with hydrogen bl'onlidc m,der condi- 
tions of the oxirane oxygen determination.  Thcsc 
genera inchlde about  two-fifihs of the rcpresentat ives 
of the fami ly  Compositae tested up to this time and 
smaller proport ions  f rom a number  of othcr families. 
Morris et al. (11) suggested on the basis of TLC 
that  several species of composites contain, besides 

T A B L E  I 

D a t a  on Ca l endu leae  Seed and  Oils a 

P e r i c a r p  Componen t  ana lyses  

Source  ] renmved,  

Calendula arvena.i.y L . . . . . . . .  ............................................. 7 1 %  
Calendula o~icinali.~ L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 64 ( 19 ) 
Castalis nudieaulis DC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Castalis nudicaulis var .  graminif olia ( L . )  

T.  Nor l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  
Chrysanthemoides incana ( B u r r o .  f . )  T .  Nor l  ...... 
Chrysanthemoides monillferc~ ( L . )  T.  Nor l  ........... 
Dimorphotheca chrysanthemifolia DC .. . . . . . . . . . . . . . . . .  
Dimorphotheca cuneata Less  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dimorphotheeapluvialis ( L . )  M u c h  . . . . . . . . . . . . . . . . . . . . .  
Dimorphothsca sin~tata DO ................................... 
Dimorphatheca zeyheri Sond . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Osteospermum umpleetans ( H a r e . )  T .  Nor l  ... . . . . . .  
Osteospermum asperulum ( D C . )  T.  Nor l  .............. 
Osteospermum calendulaceum L. f  . . . . . . . . . . . . . . . . . . . . . . . . .  
Osteospermum caulescens I-Iarv . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Osteospermum clandestiuum (Less.)  T.  Nor l  ....... 
Osteospermum co~Jmbosum L ............................... 

92 
9 2 ( 3 )  
80 
73 
5 5 ( 6 )  
5 8 ( 1 3 )  
8O 

84  

88(2) 
Osteospermum dregei ( D C , )  T.  Norl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Osteospermum ecklonis ( D C . )  T.  Nor l  .. . . . . . . . . . . . . . . . .  6 4 ( 2 )  
Osteospermum frutieosum ( L . )  T.  Nor l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oeteoepermum hyoseroides ( D . C . )  T.  Nor l  ... . . . . . . . .  82 
Osteospermum imbricatum L ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Osteospermum imbricatum ssp. nervatum 

( D C . )  T.  Nor l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Osteospermum ]ucundum ( E .  P .  P h i l l . )  T.  Nor l  . . . . . . . . . . . . . .  
Osteospermum ]unceum B e r g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 
Osteospermum microphyUum DC .. . . . . . . . . . . . . . . . . . . . . . . . .  90  
Osteospermum muricatum E.  Mey. ex DC . . . . . . . . . . . . . . . . . . . . . . . . .  
Osteospermum seariosum DC .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 ( 3 )  
Osteospermumsinuatum ( D C . )  T.  Nor l  ................ 8 5 ( 6 )  

Osteospermum spinescens T h u n b  . . . . . . . . . . . . . . . . . . . . . . . . . .  { ~ ' ( '~ ' ) ' "  

Osteospermum spluosum L ................................................ 

Com- 
ponen t  W t /  

ana lyzed  b 1,0OO, c 
g 

S 2.6 
S 3 . 1 ( 2 0 )  
S + P  .. . . . . . . . . . .  

S + P  ... . . . . . . . . .  
S 7.3 
S 1 0 . 8 ( 3 )  
S 2 .4  
S 4 .6  
S 2 . 0 ( 6 )  
S 1 . 1 ( 1 6 )  
S 2 .6  
S ~ - P  4 .5  
S + P  ... . . . . . . . . .  
S 1.5 
S ~ - P  15 .1  
s 1.8(2) 
S+P . . . . . . . . . . . .  
S+P 3.6  
S 7 . 7 ( 2 )  
S+P ............ 

S 3.9 
S+P . . . . . . . . . . . .  

S+P . . . . . . . . . . . .  
S+P . . . . . . . . . . . . .  
S 2 0 . 7  
S 4 .6  
Sq-P 6 . 2 ( 5 )  
S 2 . 7 ( 3 )  
S 3 . 7 ( 6 )  
S+P . . . . . . . . . . . .  
S 3 . 2 ( 3 )  
S4-P . . . . . . . . . . . .  

Oil. Pro te i ]  
d r y  (NX6.2s  

basis ,  d ry  bas % % 

41 41 
44 (2C 3 3 ( 1 9  
11 e 

8 "  
35 e 
5 0 ( 3 )  
48 ~ ...... 
32 40 
4 0 ( 6 )  3 2 ( 6 )  
3 7 ( 1 5  3 7 ( 1 2  
36 42 
17 13 
10 ~ 
52 
14 
4 2 ( 2 )  

9 e 
15 
4 9 ( 2 )  
14  e 
5O 

6 ( 2 )  

11 �9 
1 8  e 
61 
37 

9 ( 5 )  
4 1 ( 3 )  
3 9 ( 6 )  

6 ( 2 )  
4 2 ( 3 )  

7 ( 2 )  

~7(2) 
~ ...... 

~ ...... 

i ~ ' ~  
3 7 ( 2 )  
4 4 ( 6 )  

I o d i n e  
va lue ,  
W i j s  

i~i ...... 

138  
1 3 7  
1 3 6 ( 4 )  
1 3 5 ( 2 )  
1 3 0  
1 4 4  

i ~  ...... 
153 
i ~  ...... 

ii~ ...... 

i ~  ...... 

1 4 1 ( 2 )  
1 4 0 ( 4 )  

ii~ ...... 

Oil ana lyses  

A p p a r e n t  
d imorphc-  

n ~  colic 
acid,  d 

% 
. . . . . . . . . . . . . . . .  7 ( A )  

1 . 4 9 6 4  4 ( 1 9 ) ( A )  
. . . . . . . . . . . . . . . .  3 4 ( B )  

................ 48(B) 

Conj. 
t r i ene  

by UV,  % 

54 
5 1 ( 1 8 )  

4 

. . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . .  16 
1 . 4 9 0 0 ( 2 )  O ( 2 ) ( A )  
1 , 4 8 9 4  7 0 ( B )  
1 . 4 9 0 5  6 9 ( B )  
1 , 4 8 8 4 ( 4 )  6 7 ( 5 ) ( B )  
1 . 4 8 8 4 ( 2 )  5 9 ( 8 ) ( B )  
1 , 4 8 0 5  4 3 ( B )  
1 . 4 8 6 0  6 ( A )  
. . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . .  

1 . 4 8 3 2  I ( A )  
1 . 4 8 5 1  5 5 ( B )  
1 , 4 9 6 8  3 ( 2 ) ( A )  
. . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . .  

1 , 4 8 7 7  6 4 ( B )  
. . . . . . . . . . . . . . . .  6 7 ( B )  
.. . . . . . . . . . . . . . .  6 1 ( B )  

1 . 4 8 7 1  I ( A )  
. . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  7 1 ( B )  
1 .4851  O(A)  
1 . 4 7 9 5  I ( A )  
1 .4853  1 ( 5 ) ( A )  
1 . 4 8 5 7 ( 3 )  0 ( 3 ) ( A )  
1 , 4 8 3 5 ( 4 )  2 ( 6 ) ( A )  

1 . 4 8 9 1 ( 2 )  2 ( 3 ) ( A )  

38(3) 
2 
3 
3 ( 5 )  
3 ( 6 )  
2 

3O 
29 
31 

2 
4 8 ( 2 )  

41 
1 9 ( 2 )  

lg 
32 
21 
3 0 ( 5 )  
3 4 ( 3 )  
3 2 ( 6 )  
2 7 ( 2 )  
3 8 ( 3 )  
4 4 ( 2 )  

a W h e n e v e r  more  t h a n  one s amp le  of a species  was  analyzed ,  the n u m b e r  
b S, seed ; S ~ P ,  seed -}- p e r i e a r p .  
e W t  p e r  1,000 u n i t s  ana lyzed .  
a (A)  B y  h y d r o g e n  b r o m i d e  t i t r a t i o n ;  ( B )  by U V  ana lys i s .  
e M o i s t u r e  con ten t  a s sumed .  

i s  shown in  pa ren theses ,  a n d  the va lue  is the a v e r a g e  of those obta ined .  
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TABLE I I  

GLC Data on Methyl Esters from Selected Calenduleae Oils 

Species  

Calendul~ o~einal i s  (2) b ....... 
Chrysan themoides  moni l i jera  

(3) b .................................... 
Crysanthemoides  incana  ........ 
Os t eospermum amplec tans  ..... 
Os t eospermum m i c r o p h y g u m .  
Os teospermum spineseens  ...... 

Methyl ester composition, % 

GLC UV ~ 

16:0 18:0 18:1 18:2 conY... Othel 

- r - i - c -  1 I- -1 71-a7 - -  
6 I 7 116 I 37 I 33 I 2 

lO I 5 117 ] 56  I 11 I 1 
4 I 4 ] 10  I 52 I 29 I 1 
9 [ 6 24 39 20 1 
6 I 4 I 8 [ 46 I 34 I 1 

18:3 
conj. 

59 

38 
16 
3O 
21 
39 

a D e t e r m i n e d  on oil. 
b Number of samples included in the average figures shown. 

dimorphecolic acid, the isomer having the hydroxy l  
group at position 13 and the unsa tura t ion  at  posi- 
tions 8 and 10. Our  survey  analyses do not dist inguish 
between isomers of this type,  nor do they detect the 
small amounts  of epoxy compounds repor ted  by  
Morris e t a l .  (12) in Dimorphotheca. 

The conjugated trienoic acid in Calendula officinalis 
oil was shown by  MeI~ean and Clark (9) to be the 
8,10,12 isomer and by  Chisholm and Hopkins  (5) 
to have the trans,trans,cis configuration. Al though no 
definitive evidence has been obtained, it is reasonable 
again (4) to suggest that  the conjugated trienes here 
reported may  be the 8,10,12 isomer which arises in 
one way  or another  in the p lant  by  dehydra t ion  of 
dimorpheeolic acid. However,  should this be the 
mechanism, it would involve the unexpected t rans-  
format ion of the 12,13 double bond f rom trans to 

cis to make the configuration like tha t  in Calendula. 
Since Hopkins  and Chisholm (7) repor t  tha t  at least 
one genus can produce two different conjugated  tr i-  
enoic acids, the question can be resolved only by  
fu r the r  investigation.  

I n  any  case, a l though effects of soil and  climate on 
composition cannot be discounted, present  analyses 
indicate the existence of a wealth of genetic stock 
f rom which oilseeds rich in ei ther dimorphecolie acid 
or conjugated trienoic acid might  be developed. 

REFEI~ENCE S 
1. Chisholm, M. J., and C. u  Hopkins, Can. J. Chem. 38, 2500-  

2507 (1960) .  
2. Orombie, L., and A. G. Jacklin, J.  Chem. Soc. 1957,  1633. 
3. Earle, F. R., C. A. Glass, Glenda 0. Geisinger, I. A. Wolff, a n d  

Q. Jones, JAOCS 37, 440-447 (1960) .  
4. Earle, F. 1%, I.  A. Wolff, C. A. Glass, and Q. Jones, Ib id .  89,  

381-383 (1962) .  
5. Earle, F. R., I .  A. Wolff, and Q. Jones, Ib id .  37,  254-256 (1960) .  
6. Ooldblatt, L. A., private communication. 
7. Hopkins, C. Y., and M. J. Chisholm, Can. J. Chem. 40, 2078-2082 

(1962) .  
8. Lohmar,  R. L., C. R. Smith, Jr.,  and T. L. Wilson, J. Org. C~mm. 

25, 2034-2035 (1960) .  
9. McLean, J., and A. I~I. Clark, J. Chem. Sos. 1956,  777-778.  
10. Miwa, T. K., K. L. Mikola~czak, F. 1%. Earle,  and I .  A. Wolff, 

Anal .  Chem. 82, 1739-1742 (1960) .  
11. Morris, L. J., 1%. T. I~Iolman, and K. Fontell, JAOCS 87, 323-327 

(1960) .  
12. Morris, L. J., 1%. T. Holman, and K. Fontell, J.  Lipid 1%es. 2, 

67-76 (1961) .  
13. Norlindh, T., "Studies  in the Calenduleae. I.  Monograph of the 

Genera Dimorphotheca, Castalis, Osteospermum, Gibbaria, and Chrysan- 
themoides," Lund, 1943. 

14. Norlindh. T., "Studies  in the 0alenduleae. I I .  Phytogeography 
and Interre la t ion,"  Lurid, 1946. 

15. Smith, C'. 1%., Jr. ,  T. L. Wilson, E. H. IV~elvin, and L A. Wolff, 
J. Am. Chem. Soe. 82, 1417-1421 (1960) .  

16. Willis, if. C., "A Dictionary of Flowering Plants and Perns ,"  
6th ed., Universi ty Press, Cambridge, 1931. 

[ R e c e i v e d  S e p t e m b e r  10, 1 9 6 3 - - A c c e p t e d  N o v e m b e r  27, 1963]  

Autoxidation of Fatty Materials 
Affecting the Histidine-Catalyzed 

Emulsified Methyl Linoleate 1 

in Emulsion. II. Factors 
Autoxidation 

J. E. C O L E M A N ,  ]. W.  H A M P S O N ,  and D.  H.  S A U N D E R S ,  Eastern Regional  Research Laboratory, 2 
Philadelphia, Pennsylvania 

Abstract  

Several  factors  which affect autoxidat ion of 
methyl  linoleate in emulsion have been examined. 
Data  are presented which indicate:  1) In  the 
presence of histidine, the ionic (anionic) emul- 
sifiers examined promote  autoxidat ion of emul- 
sified methy l  linoleate, bu t  nonionie emulsifiers 
do not. 2) The concentrat ion of an emulsifier 
affects the ra te  of oxygen absorption.  3) In-  
organic salts (0.1 M or less) such as sodium 
chloride, sodium acetate and sodium sulfate  af- 
fect oxygen absorpt ion of emulsified methyl  lino- 
leate p repa red  with either inonie or nonionie 
emulsifiers. In  histidine-catalyzed autoxidat ion 
there is a suppress ing effect in the case of the 
ionic and a promotional  effect in the case of the 
nonionic. In  uncata lyzed autoxidation,  these salts 
have a promotional  effect in ionic emulsions and 
none in nonionic emulsions. 4) Sodium phosphate  
buffers completely suppress autoxidat ion due to 
histidine catalysis, but  do not suppress  the nor- 
real uncata lyzed autoxidat ion of emulsified 
methyl  linoleate. 5) The pro-oxidat ive effects of 

1 Presented  at the AOCS meeting in Toronto,  October, 1962. 
e E. Utiliz. Res. and Dev. Div., ARN, USDA. 

histidine and hist idine-metal  ion complexes on 
emulsified unsa tu ra ted  mater ia ls  is not l imited to 
polyolefins but  also includes mono-olefinie com- 
pounds.  

Introduct ion  

I N A PREVIOUS pape r  (7) the pro-oxidat ive effects of 
hist idine and meta l  ions on the autoxidat ion  of 

linoleate esters in emulsion were reported.  Al though 
in tha t  repor t  cognizance was given to other fac tors  
which also affect autoxidat ion in emulsion, da ta  and  
details were then incomplete. 

One such fac tor  then under  invest igat ion was 
whether  the type  and concentrat ion p layed any  role 
in the autoxidat ion process other than  aiding in emul- 
sion formation.  The question as to whether  emulsifiers 
have a promotional ,  re tarding,  or neut ra l  effect upon 
autoxidat ion processes has not  been studied in detail. 
However,  Marcuse (6) observed tha t  the Tweens and  
several re lated nonionic enlulsifiers general ly  r e ta rded  
pro-oxidat ive effects and enhanced ant ioxidat ive ones 
m propor t ion  to emulsifier eoncn. 

Another  such fac tor  then under  invest igat ion was 
the effect of inorganic salts which are of ten intro-  
duced as components  of buffer mixtures.  I t  is gen- 
eral knowledge tha t  inorganic salts are used in m a n y  


