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retieally, the unsaturated monoearbonyls resulting as 
secondary degradation products  from linoleate hy- 
droperoxides; i.e., deea-2,4-dienal and oet-2-enal, 
could upon subsequent oxidation account for  a-keto 
heptanal and ~-keto octanal. However, according to 
the l i terature the presence of the 11-hydroperoxide 
of methyl linoleate is questionable; hence, the origin 
of a-keto heptanal  and /o r  a-keto octanal f rom the 
fur ther  oxidation of oet-2-enal is doubtful. ~-Keto 
heptanal, which was one of the more abundant  di- 
carbonyls present, might also be produced by direct 
attack at the 12, 13 double bond of the linoleate 
molecule. 

At the present time none of the observed dicarbonyls 
have been directly associated with flavor defects in 
oxidizing lipid systems. I t  is evident, however, that  
these compounds could assume a significant role in 
food systems. Diearbonyls can serve as key reactants 
in the Streeker degradation of amino acids as well 
as in nonenzymatic browning reactions, both of 
which are impor tant  deterioration mechanisms in 
food materials. 
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Abstract 
A spectrophotometrie method of analysis for 

the quanti tat ive estimation of cyelopropenoid 
fa t ty  acids in cottonseed oil based upon the 
Halphen-test  reaction has been described. Various 
parameters involved in the reaction have been in- 
vestigated and two pigment fractions responsible 
for the characteristic Halphen-test  cherry-red 
color have been isolated. The method is applicable 
to relatively small amts of sample nlaterial. The 
average deviation from the actual eyelopropenoid 
acid contents as determined by the stepwise H B r  
t i trat ion method was less than ± 0.02% in both 
the refined and crude oil series. 

Introduction 

I N ]897 Halphen (1,2) found that  cottonseed oil 
contains a minor constituent which produces a 

cherry-red color when the oil is heated with a mixture  
of amyl alcohol, carbon disulfide, and sulfur. This 
color test has recently been a t t r ibuted to the presence 
of cyelopropenoid constituents, presumably malvalie 
and sterculic acid moieties (3-5).  

Previous at tempts (5-7) to develop an accurate 
quanti tat ive method based upon this eolorimetrie test 
have not been entirely successful. In general, these 
methods have the advantage of requir ing only a small 
amt of sample material. However, they tack precision 
since the color developed is a composite of several 
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colored components, the relative proportions of which 
are dependent upon a number of hard-to-control pa- 
rameters. This results in a variabili ty in color re- 
sponse from test to test on the same sample. In 
addition, no authentical ly pure  s tandard substance 
has been available which is sufficiently stable for 
calibration purposes, i.e., to establish a reliable, ac- 
curate relationship between the eyelopropenoid a d d  
concn and the color intensity. A recently developed 
method of analysis (8) based upon a stepwise H B r  
t i t rat ion now makes it  possible to determine the eyclo- 
propenoid acid content of cottonseed oils to within 
0.01%. This t i t ra t ion method affords a means of 
setting up reliable calibration standards. 

There is still a need for a method of analysis 
applicable to very  small samples. Such a method 
would be advantageous, for example, in the develop- 
ment of a procedure for the cyelopropenoid analysis 
of cottonseed meMs since very  large amts of meal 
would be necessary for the isolation of relatively 
small amts of the f a t ty  acid constituents. 

The purpose of the present investigation was to 
s tudy the various parameters  involved in the Halphen- 
test reaction in order (a) to establish a set of reaction 
conditions under  which the intensity of the color 
obtained for cottonseed oils by the Halphen reaction 
could be reproduced to within reasonable limits and 
(b) to relate the intensity of the color, a s determined 
speetrophotometrically, to the known cyelopropenoid 
a c i d  content of a series of cottonseed oils. 
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Reagents  and Apparatus 

Reagent  grade n-butyl  alcohol (freshly distilled), 
carbon disulfide, morpholine, and technical grade roll 
su l fur  were used in all analyses. The refined cotton- 
seed oils were commercial name-brand oils purchased 
on the retail  market.  The crude oils were hexane- 
extracted oils and, in order to cover a wider range 
of conchs, included six fractions extracted successively 
f rom the same batch of cottonseed meats  (9). The 
reaction flasks were specially fabr icated low-actinic 
glass flasks constructed by extending the neck of 50-ml 
Er lenmeyer  flasks with 25-ram tubing te rminat ing  
with a 24/40 s tandard- tapered joint  at  the top to 
give an overall length of approximate ly  8 in. Vented 
caps were constructed for the flasks by  sealing a 1-in. 
length of 1-mm capil lary tubing to the hollow glass 
stopper.  The ba th  used was an opaque glass j a r  con- 
ta ining 10 liters of oil mainta ined at  110--+ 0.5C 
in a fume hood. 

Experimental  Procedures 
crude Cottonseed Oils 

Ca. 0.2 g of crude cottonseed oil is introduced into 
each of six reaction flasks as a 5-ml aliquot of an 
accurately  p repared  solution (about 4%) of the oil 
in n-butyl  alcohol. Propor t ional ly  larger  samples may  
be used when the cyclopropenoid acid content of the 
oil tested is very low. The amount  of 20 ml of n-butyl  
alcohol and 5 ml of a 1% solution of sulfur  in carbon 
disulfide is p ipet ted into the first flask and then each 
of the flasks successively at  about 20-min intervals.  
The flasks are immediately capped and clamped in 
the 110C oil bath to a depth of 5 in. for 2.5 hr. The 
caps are removed for the final 30 min of heating. 
Each  flask is then cooled immediaet ly to room temp 
under  a s t ream of tap water. The colored solution is 
t rans fe r red  quant i ta t ively  to a low-actinic 50-ml 
volumetric  flask and made up to volume with n-butyl  
alcohol. I t  was found advantageous to conduct the 
entire operation in subdued light since the pigments  
were found to be light-sensitive. The absorpt ivi ty  of 
each solution is determined without delay with a Cary  
Model 14M speetrophotometer  with a 1-cm cell using 
water  as a reference. The average of the absorptivit ies 
for  the six specimens, a, read at the max immn in the 
curve at about 495 mt~, is mult ipl ied by  a factor  to 
give the percentage of cyclopropenoid f a t t y  acids 
expressed as malvalic acid. Since there was often a 
considerable var ia t ion in the individual absorpt ivi ty  
measurements  on a given oil sample, it was found 
necessary to make the determinations in sextuplicate 
to obtain average values reproducible to ± 0.01%. 

Refined Cottonseed Oils 
For  commercial salad oils the same procedure is 

followed except tha t  0.5 ml of a 4% solution of 
morpholine in n-butyl  alcohol is added to the reaction 
mixture  pr ior  to the introduction of the sulfur-carbon 
disulfide solution. 

Results 

The val idi ty  of this method of analysis was estab- 
lished and the appropr ia te  values for the factors were 
determined by  apply ing  the above procedures to a 
series of refined and crude cottonseed oils, the cyclo- 
propenoid acid contents of which were first determined 
to within 0.01% by the stepwise H B r  t i t ra t ion method. 
The absorptivities for  both the refined and crude oils 
were found to be direct ly proport ional  to the known 
cyelopropenoid acid contents. The regression lines 
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FIG. 1. Percent mMvalle acid in cottonseed oils--HBr titra- 
tion method vs. speetrophotometrie procedure, 

drawn on large scale plots are represented by the 
equation 

x = f~  [1] 

where x is the cyclopropenoid f a t t y  acid content ex- 
pressed as percent  malvalic acid and f is the pro- 
port ional i ty  factor. For  crude oils f = 5.12 and for  
refined oils f - =  3.07. I t  is possible tha t  the value of 
f will be different and would therefore have to be 
redetermined for  oils other than  cottonseed oil. Be- 
cause of the numerous parameters  involved in the 
test, the duplication of results is premised on a strict  
adherence to the prescribed experimental  conditions. 

The cyclopropenoid acid eonens calculated f rom 
equation [1] are in close agreement with those ob- 
tained by the stepwise H B r  t i tration,  as i l lustrated 
in F igure  1. The average deviation is 0.021% for  
the refined oil series and  ± 0.015% for  the crude oil 
series. 

Discussion 
The reactions involved in the Ha lphen  test  are 

appa ren t ly  very  complex. ~rhen the Halphen  reaction 
is carried out on a refined cottonseed oil in the 
absence of morpholine major  absorption bands are 
observed at  about 495 and 540 mtL and a relat ively 
weak band at  about 410 mu. The "495  m u "  peak is 
generally the most intense. The position of the maxi- 
mum generally occurs between 495 and 500 mt~. The 
540 mu absorption may  be quite intense as in Curve A, 
F igure  2, but  usual ly appears  as a shoulder. In  this 
respect there is sometimes considerable difference be- 
tween the curves for  a given oil sample. The presence 
of morpholine or phosphatides in the reaction mixture  
causes the suppression of the absorption at  540 mt~ and 
results in a more intense (10) and  more reproducible 
absorption at  ca. 500 mt~ (Curve B, Fig. 2). The use of 
morpholine with crude oils is unnecessary since these 
oils a l ready contain phosphatides. In  fact,  the pres- 
ence of morpholine in crude oils often results in the 
format ion of undesirable background absorption. Hal -  
phen reaction products  having absorption charac- 
teristics of Curves A and B in F igure  2 would appear  
cherry-red and orange, respectively. 

The intensi ty  of the 540 m~ absorption in the test  



424 T H E  J O U R N A L  OF T H E  A 3 £ E R I C A N  0 I L  C I t E M I S T S '  S O C I E T Y  

I l l l l i 1 1 1 1 ' " l l l l l l l l l  

B 

2 

< / \ ', 

f I I t l,, I t 1 { I + i t t I t I I I 

4 0 0  500  6 0 (  
WAVELENGTH, rnp, 

FIG. 2. Absorbanee cm'ves for refined cottonseed oil af ter  
t Ialphen reaction: (A)  without morpholine, 0.5 g in 50 ml, 
(B)  with morpholine, 0.2 g in 50 ml. 

solution depends to a great  extent upon reaction 
conditions such as temp, reaction time, light, solvent 
systems, and propor t ion of reagents. I t  is also affected 
by  certain amine additives such as morpholine and  
by  minor constituents present  in the oil, such as phos- 
phat ides (10). However,  no overall correlation could 
be established. Normal  laboratory  light tended to 
increase the relative intensi ty of the 540 m~ absorp- 
tion. The test  solutions when allowed to stand several 
weeks in the laboratory  became a deep cherry-red. 

Two pigment  fractions, one orange and the other 
purple,  were separated from the reaction product  
(without morpholine) of a methyl  ester m i x t u r e - -  
obtained by methanolysis of Sterculia foetida oi l - -  
containing approximate ly  50% methyl  sterculate. The 
colored solutions obtained f rom several Halphen tests 
were combined (ca. 0.2 g esters per  600 ml solution) 
and coned by repeated water  washing to remove most 
of the butyl  alcohol. I Iexane was added and water  
washing was continued to remove the rest of the 
butanol. Dur ing  the final washings the purple  pig- 
ment  was deposited on the precipi tated sulfur  and on 
the walls of the separa tory  funnel. The hexane solu- 
tion was drawn off and  the purple  p igment  was 
washed f rom the separa tory  funnel  with 95% ethanol. 
The solvents were removed f rom the combined p igment  
solutions under  reduced pressure, leaving only the 
pigments  and sulfur.  The orange pigment  was ex- 
t racted with hexane, in which the purple  p igment  was 
pract ical ly insoluble. The purple  pigment  was then 
extracted with 95% ethanol. Each solution contained 
traces of dissolved sulfur. The characteristic absorp- 
tion curves for  the two p igment  solutions are shown 
in F igure  3. The orange pigment  fract ion in petrol- 
emn ether exhibited an absorption max at  490 m~ 
and the purple  p igment  f ract ion in ethanol showed 
a max at 520 mu. 
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FIG. 3. Absorbance curves for isolate(] pigments:  (A) 

orange pigment fract ion in petroleum ether, (B) purple pig- 
ment fract ion in 95% ethanol. 

B y  applicat ion of silicic acid chromatography to 
a similar Halphen reaction product,  a pigment  frac- 
tion was separated having an absorption max at  490 
nl~ in petroleum ether solution. F r o m  this, in turn,  
three fractions were isolated, all with an absorption 
max  at  490 tn~ but  having tool ,~.s of 320, 520, and 
780 by osmometer, and constaining 7.1%, 9.2%, and 
7.4% of sulfur,  respectively. 

In  view of the complexity of the Halphen reaction 
and the mult ipl ici ty of color bodies formed, it is not 
surpr is ing that  considerable difficulty has been en- 
countered in adapt ing  this reaction as a basis for 
quant i ta t ive analyses. The effectiveness of the present  
procedure can be at t r ibuted in large measure to a 
s tandardizat ion of reaction conditions and to the use 
of an adequate reference s tandard for calibration. 

Though the method is not as convenient as the I I B r  
t i t ra t ion method it has the impor tan t  advantage of 
requir ing a very  much smaller sample. I t  will be 
par t icu lar ly  useful, therefore, when only small amts 
of sample material  are available and in those instances 
where high levels of in terfer ing substances preclude 
the use of the H B r  method. 
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