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Abstract A simple detection test for phytonadione (vitamin K1) in 
vegetable oil is presented. A saturated sodium ethoxide solution was used 
to saponify vegetable oil and react with the freed phytonadione to form 
a blue compound. The specificity and mechanism of the colored com- 
pound formation is discussed. 
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Although many methods are available in the literature 
for the determination of phytonadione in standard solu- 
tions, pharmaceuticals, and infant formulas, no simple 
detection procedure for phytonadione determination in 
oil has been reported. Detection of phytonadione in oil is 
of use since vegetable oil solutions of phytonadione are 
used in the manufacture of multivitamin preparations and 
elemental diets (1, 2). The present report discusses the 
chemical (noninstrumental) detection of phytonadione in 
vegetable oil and aspects of the specificity and mechanism 
of the reaction. 

Reviews for the determination of phytonadione by gas 
chromatography (3), fluorometric analysis (4), and thin- 
layer and paper chromatography (5) are available. Circular 
TLC (6), thin layer silica gel impregnated with silver ni- 
trate or paraffin (7), and more recently UV derivatization 
(8) and electrochemical detection (9) have been employed 
for phytonadione analyses. Any of the described phyto- 
nadione determinations can be used if the phytonadione 
is contained in hexane, petroleum ether, acetone, or eth- 
anol standard or sample solutions. Few determinations of 
phytonadione in vegetable oil samples have, however, been 
reported. 

Phytonadione in vegetable oil presents complex sam- 
ple-handling problems. The lipophilic nature of phyto- 
nadione prevents easy extraction and its alkaline sensi- 
tivity prohibits saponification of the vegetable oil without 
destroying the vitamin (10, 11). Phytonadione is photo- 
sensitive (12). Determination of phytonadione in vegetable 
oil has only been accomplished after time-consuming and 
complex sample preparation such as reduction by Raney’s 
nickel catalyst (13) or enzymatic hydrolysis (ll), condi- 
tions not desirable for a simple detection procedure. 

Quality control laboratories, and others with similar 
time and financial limitations, may not find the time- 
consuming and complex methods presented thus far sat- 

isfactory for the detection (presence or absence) of phy- 
tonadione. In nonlipid media, some simple chemical de- 
tection tests have been reported. Phytonadione may be 
detected visually in ethanolic solution by reaction with 
sodium diethyldithiocarbamate (15), or 2,4-dinitro- 
phenylhydrazine (16). No color tests have been reported 
for phytonadione in vegetable oil solutions. 

A procedure has been developed in which detection of 
phytonadione in vegetable oil is based on the blue complex 
formed by sodium ethoxide. The procedure differs from 
that described previously (14) insofar as a saturated (3.4 
N )  sodium ethoxide solution saponifies the lipid medium. 
The sensitivity of the test is increased by the white back- 
ground provided by saponification of the vegetable oil. The 
saponification results in the extraction of some solvent- 
dissociated phytonadione, which then reacts with sodium 
ethoxide. 

EXPERIMENTAL 

Reagents-All chemicals were analytical reagent grade and were used 
without further purification. 

Procedure-One milliliter of a safflower oil solution of phytonadione 
was added to 1 ml of a saturated (3.4 N) solution of sodium hydroxide 
in ethanol. After the saponification process, a solid blue mass remained. 
Standards (in ethanol) and samples ranged in concentration from 50-5000 
pg phytonadione/ml. In samples containing 2500 pg/ml, an intensely 
blue-colored solution was formed almost immediately. The color then 
faded to gray or brown over a 10-min period. A blank of safflower oil 
treated with the alkaline alcoholic solution yielded a white soap. Cotton 
and peanut oil samples yielded identical results. Ascorbyl palmitate and 
polysorbate 80 did not interfere. The procedure was then applied to 
1,4-naphthoquinone, menadione, and the bromination product of phy- 
tonadione. 

The standards and samples were then tested with sodium diethyldi- 
thiocarbamate and 2,4-dinitrophenylhydrazine reagents using the re- 
ported procedures (15, 16). 

RESULTS AND DISCUSSION 

The standard solutions reacted with sodium ethoxide, sodium 
diethyldithiocarbamate, and 2.4-dinitrophenylhydrazine to form the 
colors reported in the literature. The sensitivity was found to be satis- 
factory to repetitively detect (6 trials) 50-pg/ml phytonadiondml stan- 
dard with sodium ethoxide and IO-pg/ml standard with sodium 
diethyldithiocarbamate. The 2,4-dinitrophenylhydrazine was formed 
an average of 50% of the trials at the IOO-pg/ml level. No further inves- 
tigation of this procedure was attempted. Neither the sodium ethoxide 
nor diethyldithiocarbamate procedure detected phytonadione in sam- 
ples. 

Detection of phytonadione in vegetable oil then was attempted by 
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saponification of the oil with sodium hydroxide. Potassium hydroxide 
did not consistently saponify the vegetable oil a t  room temperature. In 
the absence of degradation or dissolution in the saponified matrix or 
remaining lipid material, reaction with sodium ethoxide or sodium 
diethyldithiocarbamate should be possible. The sodium diethyldithio- 
carbamate color test was negative on all sample solutions. The limit of 
detectability was found to  be 50 ppm for the sodium ethoxide color re- 
action. Of the reactions mentioned, only the sodium ethoxide reaction 
gave a positive test in vegetable oil, and then, only when the vegetable 
oil was saponified. 

The specificity of the reaction of phytonadione with sodium ethoxide 
has not been reported. Some confusion concerning even the family of 
compounds that react to form a blue complex in dilute sodium ethoxide 
appears in the literature. I t  was noted (17), in part, that phytonadione 
dissolved in petroleum ether yielded a positive (blue) test with dilute 
sodium ethoxide, whereas the vitamin dissolved in oil gave a negative test. 
It was speculated that phytonadione was less stable in petroleum ether 
than in oil and that a reaction with an unspecified degradation product 
of phytonadione was actualIy responsible for the blue color. The selec- 
tivity of the reaction towards phytonadione analogs, therefore, has not 
been specified. I t  also is not clear whether the reaction occurs with a 
parent species or a degraded species. 

In an attempt to examine the selectivity of the ethoxide reaction, 
1,4-naphthoquinone (I) was subjected to the detection test. The absence 
of blue color indicated the 1,4-naphthoquinone nucleus was not sufficient 
for reaction. Menadione (vitamin KB, 11) did not give a positive test. Since 
phytonadione (111) differs only from menadione by a phytyl group, the 
phytyl group was found essential for the blue complex formation. Bro- 
mination of the double bond originating on the 0-carbon of the phytyl 
group of phytonadione yielded a product that did not form a blue com- 

plex. The blue complex formed in the reaction with phytonadione was 
soluble in water, and i t  eluted before phytonadione on a reversed-phase 
LC column. The polar species farmed was consistent with the structure 
of IV. The structure predicts that vitamin Kz (which contains a 
polyprenyl group in place of the phytyl group) would form the same ex- 
tended conjugation system. The vitamin KZ family of compounds yield 
blue colors with ethoxide (16,17). The shift from yellow (in phytonadione) 
to blue (IV) is consistent with increasing the conjugation of 1,4-na- 
phthoquinone to the phytyl side chain to form an extended A or quasi-* 
system (18). 

A previous report (17) has been cited (15,161 as evidence that the re- 
action between phytonadione and ethoxide ion may actually be a reaction 
with a degradation product of phytonadione. It now appears that the 
reason ethoxide reacted with petroleum ether samples, but not with 
vegetable oil samples, may have been due to the lipophilic nature of 
phytonadione and solution conditions conducive to the formation of IV 
rather than with the selectivity of the reaction. 

A simple detection method for phytonadione in vegetable oil has been 
developed in which an alkaline ethanolic solution simultaneously 
transforms the vitamin into a blue compound (consistent with IV) which 
can be easily visualized on a background of white, saponified vegetable 
oil. The reaction in standard ethanol solutions and vegetable oil samples 
is sensitive to phytonadione and vitamin Kz. The test is postulated to be 
specific to  1,4-naphthoquinones containing alkyl side chains with 
@-carbon double bonds which may form extended conjugation systems. 
The selectivity was found to be identical in ethanol standards and veg- 
etable oil samples. 
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