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Abstract 
The stepwise HBr titration method for the 

cyclopropenoid analysis of cottonseed oils is sub- 
ject to serious inaccuracies when applied to sam- 
ples containing higher cyclopropenoid concen- 
trations, particularly if they contain appreciable 
amounts os alumina-adsorbable materials. A 
modification of the method is described which 
eliminates these sources of error, its validity 
has been established by the analysis of a 
wide range of synthetic compositions including 
compositions containing massive amounts of 
interfering HBr-reactive substances and other 
alumina-adsorbable materials. The method with 
further modification can be used to analyze glyc- 
erides with the same high degree of accuracy. 

Introduction 

T HE STEPWISE HBr titration method (1) for the 
determination of cyclopropenoid fat ty acids in 

cottonseed oil is based upon the following facts and 
principles: (a) Cyelopropenoids give no titration at 
3C. (b) They can be titrated quantitatively at 55C. 
(c) All oils or fa t ty  methyl esters, whether they 
contain cyclopropenoids or not, usually contain in- 
terfering substances which give a small t IBr  titra- 
tion at 3C and a further titration at 55C. (d) These 
interfering substances can be removed by selective 
adsorption on activated alumina. (e) If  a sample 
gives a HBr titration at 3C it can be assumed that 
it contains interfering substances contributing to the 
titration at 55C. 

Thus, the procedure for cottonseed oils, or the 
methyl esters of cottonseed oil fat ty acids, involves 
pretreatment with activated alumina followed by 
titration with standard t IBr  in glacial acetic acid, 
first at 3C and then at 55C. If  the 3C titration is 
negligible the titration at 55C is equivalent to the 
cyclopropenoid present. The precision of these de- 
terminations is approximately _+0.01%, i.e., one part  
in 10,000 parts of sample, when a 7-g sample is 
titrated. 

The validity of this method is based upon the 
assumption that the cyclopropenoid concentration is 
not changed appreciably by the alumina treatment. 
This assumption is valid only when the percentage 
of cyclopropenoids and of interfering substances is 
small, as in cottonseed oils. The method is subject 
to serious inaccuracy, however, when applied to sam- 
ples containing high concentrations of alumina- 
adsorbable materials. 

Interfering substances fall in two categories: (a) 
epoxides, peroxides, hydroperoxides, and a,fl-conju- 
gated dienols, all known to be HBr-reactive (2,3), 
which were found by preliminary experiments to be 
completely removed by the alumina treatment, and 
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(b) non-HBr-reaetive substances such as free fatty 
acids, oxygenated fat ty esters, monoglyeerides, and 
diglyccrides, which may be completely or only par- 
tially removed. The cyclopropenoid content of sam- 
ples containing high concentrations of such sub- 
stances will obviously be markedly increased by the 
alumina treatment. 

The present report deals with the development of 
a modification of the HBr titration procedure which 
can be used for the accurate determination of the 
cyclopropenoid content of virtually any methyl ester 
mixture regardless of the percentage of cyclopro- 
penoid or alumina-adsorbable components. It  involves 
the stepwise titration of the methyl ester sample at 
3C and 55C after it has been diluted with a known 
amount of methyl oleate and subjected to the alumina 
pretreatment. The method can be used to analyze 
glycerides with the same accuracy but they must 
first be converted to methyl esters. 

Experimental 
Materials 

Sterculia foetida oil was the chief source of cy- 
elopropenoid component used in nlaking up synthetic 
mixtures of known concentrations. It was prepared 
as previously described (4) by the hexane extrac- 
tion of the fresh meats of S. foetida seeds. Hibiscus 
syriacus, Lavatera trimestris and Dimorphotheca 
sinuata seed oils were prepared similarly by extrac- 
tion of the whole seed. The oils were converted to 
methyl esters by methanolysis. One part  by weight 
of oil is added to 3 parts of absolute methanol in 
which 0.003 parts of metallic sodium in excess of 
the free fat ty acid equivalent of the glyceride has 
been dissolved and the mixture is refluxed for 30 
rain beyond the attainment of homogeneity or at 
most a total of 45 rain. The cooled mixture is 
stirred into a slight excess of aqueous acetic acid 
and the esters are taken up in petroleum ether, water- 
washed, dried over anhydrous sodium sulfate and 
filtered, and stripped free of solvent on a rotary 
evaporator below 60C under reduced pressure with 
a small nitrogen sweep. The epoxy ester used was 
a methyl ester prepared by the methanolysis of a 
commercial epoxidized linseed oil. 

Two grades of methyl oleate were employed as 
diluent. One was a highly pure sample prepared 
from the methyl esters of olive oil fat ty acids by 
fractional distillation through a Podbielniak column. 
It  was subjected to alumina treatment immediately 
before use. The other was prepared from a com- 
mercial oleic acid, Emersol 233LL, purchased from 
Emery Industries. One part by weight of the acid 
was refluxed for 6 hr with one part  of absolute 
methanol and 0.075 parts of 95% sulfuric acid. The 
product was washed free of mineral acid, taken up 
in petroleum ether, dried, and freed from alumina- 
adsorbable components by percolation through a col- 
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umn of activated alumina. Ei ther  butyla ted hydrox- 
yanisole ( B H A )  or hydroquinone, 0.005 to 0.01% 
based on the esters, was added to the percolate be- 
fore str ipping.  The stabilized produc t  gave no ap- 
preciable hydrogen bromide t i t ra t ion at  3C or 55C 
and required no fu r the r  a lumina p re t rea tment  even 
af ter  s tanding for  two nmnths at  room temperature .  

Alorco 80-200 mesh, F-20 grade activated alumina 
f rom Aluminum Ore Company of America was used 
as received. The s tandard  0.1N H B r  solution, Dur-  
betaki reagent (2), was p repared  f rom the HBr-  
acetic acid concentrate, obtainable f rom Distillation 
Products  Corporation, by dilut ing with glacial ace- 
tic acid. I t  was standardized daily against  s tandard  
anhydrous  sodium carbonate. All t i t rat ions were per- 
formed in a closed system as in the Durbetaki  oxirane 
t i t ra t ion using a 10-ml automatic  reservoir semimicro 
buret te  graduated to 0.05 ml. 

P r o c e d u r e s  

Alumina Treatment. For  a 25-g sample, 100 g of 
the act ivated alumina are slowly poured into a chro- 
matograph  tube (22 mm inside diameter,  500-600 
mm length) containing a plug of absorbent cotton 
and a sufficient volume of petroleum ether (bp 30-60C) 
to completely cover the entire charge of alumina. The 
packing density is that  obtained by gravi ta t ional  
settling without t amping  or tapping.  I f  a p lug  forms 
at the top of the solvent, this can be broken by the 
use of a thin glass rod without  dis turbing the lower 
pa r t  of the column. The 25-g sample dissolved in 
an equal volume of petroleum ether is poured onto 
the column when the solvent has dra ined to within 
about 0.5 cm of the top of the packing. I t  is allowed 
to percolate by gravi ty  and eluted by controlled ad- 
dition of 250 ml os solvent f rom an automatic si- 
phoning separa tory  funnel. Although recovery is not 
complete, more exhaustive elution is unnecessary. 
The combined percolate is filtered and the solvent 
removed on a ro ta ry  evaporator  under  reduced pres- 
sure at a tempera ture  below 60C. The s t r ipping  flask 
is then cooled and the vacuum broken with nitrogen. 
Fu r the r  precaution can be taken against  autoxida- 
tion by addition of 0.005 to 0.01% of ant ioxidant  
to the percolate before removal of the solvent. Pro- 
port ional ly  smaller amounts of a lumina and solvent 
are used for  smaller samples, mainta in ing about the 
same rat io of packing height to column diameter.  In  
general 4 g of alumina are used per  g ram of sample. 

Titration Procedure. Duplicate  0.25 to 7.0 g spec- 
imens of the a lumina-t reated sample, the weight de- 
pending upon the cyclopropenoid concentration, are 
accurate ly  weighed into 50-ml Er lenmeyer  flasks and 
immediately  dissolved in 5 ml of benzene and 15 ml 
of glacial acetic acid. I f  a series of samples is 
weighed, addition of the acetic acid is delayed and 
the flask is stoppered unt i l  ready  for  t i tration. Af te r  
adding 4 to 5 drops of the crystal  violet indicator 
(0.1% in glacial acetic acid) and a s t i r r ing bar  the 
flask is at tached to the t i t rat ion burette,  the mag- 
netic s t i r rer  started, and the solution cooled to 3C 
by a surrounding ice-water bath. I t  is then t i t ra ted 
with s tandard  H B r  reagent  to a blue-green end point 
of at least 30 seconds' duration. Duplicabi l i ty  of 
the end point is improved by use of a fluorescent 
t i t ra t ion illuminator. The ice bath  is then replaced 
with a water  bath mainta ined at 55C by  a thermo- 
statically controlled hot-plate equipped for  magnetic 
s t i r r ing and the solution is t i t ra ted again to the same 
blue-green end point. 

I f  the t i t ra t ion value at  3C, corrected for  the 3C 
solvent blank, is negligible (one drop or less) the 
t i t ra t ion value at 55C, corrected for the 55C solvent 
blank, is equivalent to the eyelopropenoid moiety. 
I f  not, the sample should be reanalyzed using a 
larger  port ion of a lumina per  gram of sample in 
the a lumina pret reatment .  

General Dilution-HBr-Tilration Procedure. Appro-  
pr ia te  amounts of the methyl  ester sample to be 
analyzed and methyl  oleate, depending upon the de- 
gree of dilution required, are accurately weighed 
into a small Er lenmeycr  flask. The mix ture  as a 
whole, p re fe rab ly  about 25 g, containing a maximum 
of 4% of cyclopropenoids calculated as sterculic acid, 
is subjected to the alumina t reatment .  Af te r  removal 
of the solvent accurately weighed 6-7 g specimens 
are t i t ra ted  in duplicate at  3C and 55C. The ob- 
served cyclopropenoid concentration is then multi- 
plied by the appropr ia te  dilution fac tor  to deternfine 
the cyclopropenoid content of the original sample. 
For  higher cyclopropenoid concentrations propor-  
t ionately smaller samples are required for  alumina 
t rea tment  and ti tration. 

Theory of the Dilution Method 
Consider a sample of methyl  esters for  which 

x = per  cent of cyclopropenoids 
y = per  cent of alumina-adsorbable 

components. 

Af te r  dilution to D times its weight with methyl  ole- 
ate the mixture  will have the following composition: 

x/D = per  cent of cyclopropenoids 
y/D = per  cent of alumina-adsorbable 

components. 

The percentage of cyclopropenoids, (x/D)obs, deter- 
mined with a precision of 0.01% by H B r  t i t rat ion 
af ter  a lumina t rea tment  (based on the t i t rat ion of 
a 7-g sample)  will be ( x .  ) 

(x/D)ob.~ = 100 100 -- y / D  • 0.01 

( 1 0 0 ) + 0 . 0 1  
---- x 100D -- y - -  

Mult ip lying by the dilution factor, D, to adjust  for  
the dilution : 

( 1 0 0 0 )  
Xobs = x 1 0 ~ ' ~ y  ~ 0.01D [1] 

and the deviation, A, f rom the true value, x, will be 

X o b ~ - - x = x  1 0 0 D _ y  -4-0.01D 

Thus the inherent  error in the percentage of cy- 
clopropenoids as determined by the di lut ion-HBr- 
t i t ra t ion technique can be represented by the gen- 
eral relat ionship : 

• 0.01D [2] • =- x 100D - y 

The error,  i.e., the increase in cyclopropenoid con- 
centrat ion result ing f rom the alumina pret reatment ,  

( Y ) .  I t s m a g -  is represented by the term x 1 0 0 D - - y  

ni tude depends upon both x and y and is de- 
creased marked ly  by increasing D since the function 

Y decreases very  sharply  as D is increased 
100/) - y 
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(see Fig. 1). For  example, if y = 20% this func- 
tion decreases from 0.25, when D = 1 (i.e., no dilu- 
t ion),  to 0.07, 0.04, 0.02, and 0.01 as D is increased 
to 3, 5, 10, and 20, respectively. The precision 
error, on the other hand, represented by the term 
• shows a very  slow linear increase with an 
increase in D and is relatively insignificant except 
at high dilutions or when x is very small. 

O p t i m u m  D e g r e e  o f  D i l u t i o n  

The first term on the r ight  hand side of Equation 
[2] will always be positive. The second term may 
be positive or negative. The optimum dilution factor, 
Dopt, to insure the maximum reliability of the re- 
suits will be the value of D when dA/dD----0; i.e., 
when 

d ( xy +O.OID)  = 0 
dD 100D --- y 

That is, Dopt= VX-Y-{- Y [3] 
100 

! 
r 
O 
o 

S e l e c t i o n  o f  S u i t a b l e  D e g r e e  o f  D i l u t i o n  

Actual ly only the order of magnitude of Dopt, 
and consequently only rough estimated values of x 
and y, need be known to select a suitable degree of 
dilution for a given sample. For  example, if x = 
20% and y = 20%, the values of Xobs when D = 10. 
20, and 30 calculated from Equat ion [1] would be 
20.4 • 0.10, 20.2 • 0.20, and 20.12 • 0.30%, respec- 
tively. All these values are comparable to that  ob- 
tained when Dopt, i.e., 20.2 ,is used. Proport ional ly  
less leeway is permissible for  samples having lower 
Do,t values, especially when x is less than about 2%. 

In the absence of any information as to the val- 
ues of x and y, a reasonably good estimate of the 
cyelopropenoid content may be obtained, with an 
(absolute) precision of •  by using a dilu- 
tion factor of 15. I t  is apparent  f rom Figure  and 
Equat ion [2], for example, that  at this degree of 
dilution the first term of Equat ion [2] will vary  
from zero to 0.014x as y varies f rom zero to 20%. 
Thus, using a dilution factor of 15, if x = 1% and 
y = l % ,  Xobs would be 1.00___0.15; if x = 1 %  and 
y = 2 0 % ,  Xo~s would be 1 . 0 1 •  if x = 3 0 %  
and y---= 1%, xobs would be 30.01 • 0.15%; and if 
x = 30% and y = 20%, Xob~ would be 30.42 • 0.15%. 
More accurate and precise analyses can usually be 
obtained from data at  two different degrees of di- 
lution, as will be described later. 

Results  and Discuss ion  
S t a b i l i t y  o f  S.  f o e t i d a  0 i l  a n d  M e t h y l  E s t e r s  

Before undertaking any investigation on diluted or 
deliberately adulterated test compositions of the cy- 
clopropenoid standards, it was impor tant  to~ know 

I 5 5 7 9 II 
D 

F r o .  1. R e l a t i o n s h i p  b e t w e e n  t h e  v a l u e s  o f  y / ( lOOD-y )  a n d  
D f o r  v a r i o u s  v a l u e s  o f  y .  

that  no change in cyclopropenoid concentration would 
occur dur ing the period of investigation as a result  
of instabili ty of the s tandard itself. Data were there- 
fore obtained by direct H B r  ti tration, without methyl  
oleate dilution, on the following samples stored in 
cork-stoppered vials for  various periods at about 4C: 
S. fuetida oil without alumina treatment,  and the 
corresponding methyl esters (a) without alumina 
treatment,  (b) af ter  alumina treatment,  and (c) 
af ter  alumina t reatment  and addition of antioxidant,  
0.01% BHA. The results, see Table I, show that  S. 
foetida oil, the methyl  esters without alumina treat- 
ment, and the BHA-stabilized alumina-treated methyl 
esters are sufficiently stable for  use in the preparat ion 
of s tandard mixtures of known cyclopropenoid con- 
centration. I t  was also found that  the oil shows no 
decrease in cyclopropenoid content during storage 
for 30 days at room tempera ture  and can therefore 
be used as an inter laboratory standard. 

Addit ional  conclusions can be derived from these 
data:  (1) I t  is apparent  that  the oil can be con- 
verted to methyl esters with no change in cyclopro- 
penoid content. (2) Alumina t reatment  of the methyl 

T A B L E  1 

Stabi l i ty  D a t a  for  R e f r i g e r a t e d  Samples  of Sterculia foetida Oil a n d  Methyl  E s t e r s  

S. foetida 
oil 

n ~ y s  no AhOa no AI20~ s to red  
3Ca 55Cb 3C a 5 5 0 b  

Methyl  es ter  

A12Oa AleOa ~- B H A  

3Ca  550  b 3C a 55C b 

0 0.00 53.03 0.00 53.21 
1 . . . . . . . . . . . . . .  0 .00 53.26 
2 . . . . . . . . . . . . . .  0 . 0 0  5 3 . 2 0  
6 . . . . . . . . . . . . . .  0 .00 53.24 

15 0.00 53,39 
52 0.00 52.79 0.00 53.46 

240 0.00 52.87 
350 0.00 53.03 

0.00 54.16 O.00 54.16 
0.00 53.77 0.00 54.11 
0.00 53.38 0 .00 54.13 
0.00 53.14 0.00 54.13 
0.15 50.86 0.00 54.18 
1.68 26.21 0,00 54.16 

a Noncyc lop ropena id - t tBr - t i t r a t ab l e  component  expressed  as methyl  s tercula te .  
b Cycloprapenoid  conten t  expressed  as methyl  s te rcnla te .  
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esters reduces the stability, probably because of re- 
moval of natural antioxidants. 

Choice of Diluent 

Since the theory of the method is premised upon 
the use of an ideal, noninterfering, inert and non- 
volatile diluent its implementation depended upon 
finding such a diluent. The principal requirement 
is that the eyclopropenoid content of mixtures formed 
by diluting methyl ester samples containing no 
alumina-adsorbable components must be the same 
after the alumina treatment as before. Since the 
recovery from the alumina column is never complete, 
this means that there must be no selective adsorp- 
tion of the diluent or the cyclopropenoid ester with 
respect to each other. A series of methyl esters of 
fat ty acids ranging from capric to linoleic, as well 
as a few mixtures and a diester, were examined from 
this point of view. 

Quantitative dilutions o~ an alumina-treated cy- 
clopropenoid methyl ester standard with each diluent 
were analyzed by duplicate HBr  titrations after re- 
treatment with alumina and removal of solvent, and 
the analyses were compared with the known cyclo- 
propenoid compositions. The values x and x/D, Col- 
umns 1 and 2 of Table II, are known cyclopropenoid 
concentrations of the original and the diluted sam- 
ples, respectively. The concentrations obtained by 
stepwise HBr  titration of the diluted samples after 
alumina treatment, (x/D)obs, are shown in Column 
3. These were multiplied by the appropriate dilu- 
tion factor, D, to give the observed concentration, 
Xobs, for the original sample as determined with 
each specific diluent (Colunln 4). Every diluent 
evaluated with the exception of methyl oleate and 
myristate exerted in some degree either an enhanc- 
ing or a reductive effect upon the cyclopropenoid 
analysis. When methyl oleate, either pure or pre- 
pared from commercial oleic acid (Emersol 233LL), 
was used as the diluent there was good agreement 
between the known composition and that ascertained 
by dilution analysis. 

Two aditional analyses were made based upon 
alumina-treated methyl esters of Hibiscus syriacus 
and Lavatera trimestris acids, in which the predom- 
inent cyc]opropenoid is methyl malvalate instead of 
methyl sterculate. The results prove that methyl ole- 

T A B L E  I I  

Effect of D i luen t  on ]~ethyl Sterculate  A n a l y s i s  

% Cyclopropenoid as methyl  s terculate  

Methyl ester K n o w n  Observed Devia t ion  
d i luen t  A 

Orig ina l  Di lu ted  Di lu ted  Or ig ina l  Xobs--z 
x, ( x / D )  ( x / D ) o b s  Xobs 

Capr ic  53.35 0.699 0.73 55.7 -[-2.4 
Myr is t ie  53.35 0.512 0.51 53.1 --0.3 
Pa lmi t i c  53.35 0.592 0.54 48.7 --4.6 
l~almitic_stearic a 26.16 b 0.688 0.62 23.6 --2.5 
Pu re  olele 26,68 b 0.523 0.52 26.5 --0.2 
Commercial  oleic 26,14 b 0.895 0.89 26.0 --0.1 
Commercial  oleic 54,19 0.764 0.76 53.9 --0.3 
Commercial  oleic 54.19 0.764 0.77 54.6 4 0 . 4  
Commercial  eleic 21.90 c 0.580 0.58 21.9 O.0 
Commercial  oleic 6,78 a 0.435 0.43 6.7 --0.1 
Linole ie  54,19 1,026 1.32 69.7 -~-15.5 
P e a n u t  oil acids 26,63 b 0.550 0.58 28.2 ~-1.6 
Di-2-ethylhexyl 

adipate  53,35 1.872 2.27 64.7 -[-11.4 

a Eutec t ic  acid mixture .  
b Epoxidized l inseed oil methyl  ester-fi, foetida m e t h y l  ester  mixture .  
e Alumina- t rea ted  methyl  ester mix tu re  prepared  f rom Hibiscus 

syriacus seed oil. 
a Alumina- t rea ted  methyl  ester  m i x t u r e  prepared  from Lavatera  

trimestris seed oil. 

TABLE III 

Reproduc ib i l i ty  of A n a l y s e s  of fiterculia ]oetida Methyl Esters  by 
D i l u t i o n  Method at  Two Levels  of D i lu t ion  

Mix ture  I (D ~ 97.582)  Mix ture  I I  (D ~ 25 .239)  

Di lu t ed  sample Or ig ina l  sample Di lu ted  sample Or ig ina l  sample 

(0 .546)  b (53.28)  b (2 .111)  b (53.28)  b 
0.55 53.7 2.12 53.5 
0.55 53.7 2.12 53.5 
0.54 52.7 2.12 53.5 
0.54 52.7 2.13 53.8 
0.54 52.7 2.12 53.5 
0.53 51.7 2.12 53.5 

M e a n  (52 .87)  (53 .55)  
Stand.  dee. 0.75 0.12 

a Calculated as methyl  stereulate.  
b K n o w n  value based upon  direct  t i t r a t i on  of cyclopropenoid ester  

s t a n d a r d  0 . 0 0 %  at 3C and  53 .28% at 55C. 

ate is an equally satisfactory diluent for either of 
these cyclopropenoids. 

Reproducibility of Analyses 

Table I I I  shows the reproducibility of analyses 
obtained for a sample of methyl esters of S. foetida 
acids by the dilution technique using two levels of 
dilution. The diluted mixtures, prepared by mixing 
accurately weighed amounts of the sample and methyl 
oleate, had known cyclopropenoid concentrations of 
0.546% and 2.111%, respectively, calculated as methyl 
sterculate. The corresponding dilution factors were 
97.582 and 25.239, respectively. Sextuplicate speci- 
mens of each of the mixtures were subjected to the 
alumina treatment and titrated. The standard devi- 
ation of the analyses, 0.75 for Mixture I and 0.12 
for Mixture II, and the corresponding deviations of 
the mean from the true values, 0.41 and 0.27%, re- 
spectively, are in agreement with the expected pre- 
cision and accuracy of the method and demonstrate 
the disadvantage of using too high a dilution. 

Analysis  of Methyl  Ester Samples Containing 
Alumina-Adsorbable Constituents 

The dilution technique was applied to a number 
of synthetic methyl ester mixtures containing known 
percentages of cyclopropenoid and HBr-titratable 
alumina-adsorbable esters (see Table IV). The per- 
centage of methyl stereulate in the S. foetida sam- 
ple (Sample A), which gave no 3C titration, was 
increased from 53.4 to 54.2% by the alumina treat- 
ment. This increase was confirmed by results obtained 
by the dilution method on the original and the 
alumina-treated sample, 53.5 and 54.0%, respectively. 
Substitution of these values in Equation [1] indi- 
cates that the original methyl esters contained 
about 1% of non-HBr-titratable alumina-adsorbable 
materials. 

The sample of epoxidized linseed oil methyl esters 
(Sample B) gave an HBr titration at 3C equivalent 
to about 30.4% of epoxyoleie acid and contained 
no constituents titratable at 55C. The original oil 
gave a 3C titration corresponding to 34.0% and a 
zero titration at 55C, showing that methanolysis 
caused a slight loss of oxirane oxygen. 

Sample C was a mixture of equal parts by weight 
of Samples A and B and therefore was known to 
contain 26.68% of cyclopropenoid ester. When this 
sample, without dilution with methyl oleate, was 
subjected to the alumina column treatment the per- 
colate still contained a small amount of the epoxy 
ester, as shown by the 3C titration, and had a cy- 
clopropenoid content, Xobs, of 31.6%. This is in good 
agreement with the value predicted by substitution 
for x and y in Equation [1], i.e., 31.4%. The cy- 
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T A B L E  I V  

Analys is  of Cyclepropenoid Methyl Esters  Con ta in ing  Alumina-Adsorbable  Components  

Sample 
Methyl ester 

mix tu re  

Composi t ion (exp.) a 
Known  

composit ion ~ Di lu t ion  Di lu ted  sample 
factor after AI2Os 

D 3C 55C 
yb xb 

y~ ( x / D ) o b s  

Orig ina l  
sample 

Dev ia t ion  
A 

Xobs--X 

A 

A1 
]~ 
C 

D 
E 

S. foetida ester 

~, Joetida ester (a f te r  A1203) 
Epox. l inseed ester 
A-~-B ( 1 : 1 )  

A - [ - B  (ca, 1 :  1) 
D. slnuata ester 4- A (ca. 1 : 1) 

0 53.35 1 c 0.00 54,2 54.2 4-0.8 
0 53.35 25.239 d 0.00 2.12 53.5 + 0 . 2  
0 54.19 71.001 d 0.00 0.76 54.0 --0.2 

30.39 0 1 c 
15.19 e 26.68 e 1 c 0.25 f 31,6 31.6 + 4 . 9  
15.19 e 26.68 e 16.855 g 0.00 1.60 27,0 -]-0.3 
15.19 e 26.68 ~ 51.125 g 0.00 0.52 26.6 ~-0.1 
15.57 e 26.14 e 29.214 d 0.00 0.89 26.0 --0.5 

h 26.95 l 23.978 d 0.O0 1.12 26.8 --0.2 

a All composit ions expressed as % methyl  sterculate.  
by : % t tB r - t i t r a t ab l e  noncyclopropenoid components  based on 3C t i t r a t i o n ;  

~c : True  % cyclopropenoid ester (55C t i t r a t i o n ) .  
c U n d i l u t e d  sample. 
a Diluent--- -methyl  oleate f rom commercial  acid. 
e Calculated from A and  B. 

All epoxy not  removed by 4 g AlsOs per  g sample. 
D i luen t  : pure  methyl  oleate. 

h Ca. 30% methyl  dimorphecolate.  
i Calculated f rom % of A. 

clopropenoid analysis of Sample C obtained by the 
dilution technique using pure methyl oleate and di- 
lution factors of 16.855 and 51.125 showed devia- 
tions of only 0.3% and 0.1% from the true value, 
respectively. Analysis of a similar mixture, Sample 
D, using the crude methyl oleate prepared from 
commercial oleic acid showed equally good agreement. 

Sample E was a mixture of S. foetida methyl 
esters and the methyl esters of Dimorphotheca sin~ata 
oil fat ty acids. The latter contained about 60% of 
methyl dimorpheeolate. The dimorphecolic acid moi- 
ety consumes HBr at 3C but cannot be titrated ac- 
curately because of side reactions (3). I t  differs 
from epoxy acid moieties in that its presence pre- 
vents the accurate subsequent titration of cyclopro- 
penoids at 55C. The cyelopropenoid content of Sam- 
pie E determined by the dilution technique was 
26.8% compared to the true value, 26.9%. 

Analysis of Glycerides 

Since the dilution technique is applicable only to 
methyl esters it cannot be used directly for the cy- 
elopropenoid analysis of g]ycerides. Glycerides must 
first be converted to methyl esters. This can be 
accomplished without loss of cyclopropenoids by the 
methanolysis procedure used in the preparation of 
methyl esters from S. foetida oil. The methyl esters 
are then analyzed by the dilution method. The anal- 
yses obtained by this procedure for a number of oils 
or oii mixtures containing considerable amounts of 
interfering HBr-titratable constituents are shown in 
Table V. 

Samples 1 and 2 were mixtures of about equal 
parts of S. foetida oil with epoxidized linseed oil and 

TABLE V 

Analys is  of Glycerides and Giyceride Mixtures  
Con ta in ing  Alumina-Adsorbable  Components 

(v ia  Methyl  Es ters)  

Sample Oil or oil mix tu re  Di lu t ion  % Cycl~176176 
NO. factor K n o w n  F o u n d  Devia t ion  

1 S.  ]oetida + epox. l inseed b 20.137 27.1 27.5 + 0 . 4  
2 S.  foetida --~ D. s inuata  c 35.653 28.5 a 29.1 + 0 . 6  
3 Hibiscus  syriacus 20.091 19.5 e 

20.091 19.2 e 
4 Lo~vatera tr imestris  9.973 5.8 e 

9.973 5.9 e 

a Calculated as methyl  steveulate.  
b~C!ixture contains  15 .7% epoxy moiety calculated as methyl  epoxy- 

oleate. 
e M i x t u r e  contains  about  30% dimorphecotie moiety eaIculated as 

methyl  ester. 
d Assuming  D. s inuata  oil contains  no cyclopropenoids.  
e Calculated as methyl  malvala te .  

Dimorphotheca sinuata seed oil, respectively. The S. 
foetida oil was a standard sample which had been 
given an alumina treatment. The epoxidized linseed 
oil contained about 34% of epoxy acid moiety cal- 
culated as epoxyoleic acid and contained no 55C- 
titratable constituents. The Dimorphotheea sinuata 
oil contained about 60% of dimorphecolie acid moi- 
ety. The analysis of Sample 1 showed excellent 
agreement with the known cyclopropenoid value. 
Samples 3 and 4 were Hibiscus sy~acus and Lavatera 
trimestris seed oil, respectively, both of which are 
known to contain epoxy moieties (5). Their eyclo- 
propenoid contents, calculated as methyl malvalate, 
were found to be 19.5 and 5.8% as compared to 
the literature values, 19.3 and 8.3%, respectively, 
obtained by hydrogenation followed by gas-liquid 
chromatographic analysis (5). 

A d v a n t a g e  of  U s i n g  T w o  D e g r e e s  of D i l u t i o n  

By making determinations of the eyclopropenoid 
concentration at two dilutions, D~ and D2, one of 
which may be unity, the systematic (positive) error 

( Y ) in Equa- represented by the term x 1 0 0 D - - y  

tion [2] can be eliminated. This procedure is par- 
ticularly useful when y is large. 

From Equation [1], neglecting the precision term 

100D1 ) 
(Xobs)l = X 10oD~l=y 

( ) (Xobs)e= X l O - ~ e - - y  

Eliminating y and solving for x, 

( X o b s ) l  ( X o b s ) 2  (De--D1) 
x = [ 4 ]  

D2(Xobs) 1 -- Dl(Xobs)2 
Substitution of the experimental values for D1, D2 
(Xobs)l and (Xobs)e in Equation [4] gives the cor- 
rect value for x, regardless of the values of y or D, 
the precision being dependent upon the dilution fac- 
tors used. 

The values of x calculated by Equation [4] from 
the data for Sample C in Table I are in good agree- 
ment with the known value. Thus, for the combina- 
tion D1 = 1 and D2 = 16.855, the calculated value of 
x is 26.75% and for the combination D I =  1 and 
D2 = 51.125 it is 26.52%, as compared to the known 
value, 26.68%. 
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This procedure is par t icular ly  useful for  the de- 
termination of low concentrations of cyelopropenoids 
in the presence of high concentrations of alumina- 
adsorbable materials. Fo r  example, consider a sam- 
ple of methyl esters for  which x = 1.00.% and y = 
30%. I t  is apparent  f rom Equation [1] that  the 
value of xob~ by the dilution method at the optimum 
dilution, Dopt = 5.8, would be 1.05 ___ 0.06%. A more 
accurate and precise analysis would he obtained from 
the values of Xob~ at D = I  and D = 2 ,  which by 
Equation [1] would be 1.43 • 0.01 and 1.18 • 0.02%, 

respectively. By substitution of these values in Equa- 
tion [4], the calculated value of x is 1.00 and the 
precision is approximately ___0.02%. 
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