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METHOD FOR THE DETERMINATION OF VITAMIN K 
IN FRUITS AND VEGETABLES 

INTRODUCTION OF THE PROBLEM 

In recent years there has been an increasing awareness of the 

chemical components added to our food by various food processors in 

Order to preserve it and make it more attractive to the consumer. 

This increasing use of chemicals in foods has become a matter of con- 

cern to governmental control agencies who feel that there may be 

some danger to humans in the use of unnecessary or potentially harm- 

ful chemicals.    Therefore,   studies have been undertaken to find 

naturally-occurring materials which would act as food preservatives. 

It is hoped that among these preservatives will be found chemicals 

that are safe for ingestion by humans and which would show none of 

the toxic effects exhibited by many of the synthetic preservatives when 

they are used in too high a concentration.    One of the chemicals being 

investigated in this respect is vitamin K   which has been shown to 

have good mycostatic and bacteriostatic properties at relatively low 

levels. 

It was noted that vitamin K preparations added to various foods 

prolonged the keeping time and retarded the growth of many micro- 

organisms.    This aroused the interest of workers searching for safer 



food preservatives.    It was found that the vitamin in various forms was 
^ H     2 7     "ZA. 

effective against several groups of bacteria and many molds.     '      '     ' 

35  37 
More recent work has shown that in the case of some groups of 

bacteria a small amount of vitamin K   was synthesized and was nee- 
b 

essary for the growth of the organism.    However, when the vitamin in 

larger amounts was added to the substrate on which they were grown, 

it was lethal to the microorganisms. 

As this vitamin is investigated and used as a food preservative 

there is a growing necessity for a fast,  accurate means of determin- 

ing its concentration in a food product.    In order to establish effective 

levels for use as a food preservative it will be necessary to follow the 

level as a food goes through processing to determine its fate after 

exposure to heat and the other processing treatments to which foods 

are subjected. 

The early methods of vitamin K assay generally used either the 

preventive or curative method of biological assay.    This method of 

assay is based on the hemorrhagic syndrome that develops in the 

chicken when there is a deficiency of the vitamin.    Such a method of 

assay is,  in general, highly unsatisfactory for the rapid type of 

analysis necessary in the work on the vitamin as a chemical preserva- 

tive.   A chemical method is usually rapid by comparison and it can 



often be adapted to the use of electronic measuring instruments which 

can make it extremely accurate. 

A biological test also fails to distinguish between the various 

chemical forms which show vitamin K activity.    The current litera* 

ture lists at least six related chemicals which have sufficient activity 

to be regarded as vitamin forms*   A chemical test can be designed to 

be specific for a particular vitamin form by using a reagent that will 

react with a specific functional group on the molecule* 

A colorimetric method is very easily applied to the pure form 

of the vitamuij  and once the particular color has developedj  it can be 

read with great accuracy with a spectrophotometer*    The accuracy of 

this type of test lends itself very well to the use of a standard curve 

once the degree of coloration for a particular concentration has been 

determined* 

in using a colorimetric method,  as mentioned^  it can be 

applied best to the relatively pure form of the vitamin*    This necessi- 

tates the use of some type of purification or extraction procedure • 

prior to the use of the colorimetric test.    In determining an extraction 

method the solubility of the vitamin in various solvents is important; 

and more important are any harmful effects,   such as degradation,  that 

any phase of the procedure might have which would cause loss of the 

group which is functional in the development of the colored complex. 
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In the case of vitamin K   a loss of the amino group would mean that 

the colored complex would not be formed since the complex is the 

result of an interaction between the amino group of the vitamin and 

the sodium pentacyanoamineferroate. 



REVIEW OF LITERATURE 

In 1935 it was recognized by experimental workers in animal 

nutrition that there was an unidentified factor in the diet of chickens 

which,  if absent, would lead to hemorrhaging.    This unknown factor 

was called vitamin K from the German word for coagulation.    The 

early investigations used both the curative and the preventive methods 

of determination by adding various substances to the diet being fed to 

the vitamin K deficient animals.    In the curative method the animal 

is allowed to develop the hemorrhagic disease,  and then the substance 

in question is fed to see whether it will relieve the symptoms.    In the 

preventive method substances which will prevent the appearance of the 

syndrome are noted and studied further. 

Early Work in Identification of the Vitamin 

From the early experiments it was found that the addition of 

alfalfa or cabbage to an ether-extracted diet would prevent or cure 

6   17 the hemorrhagic syndrome.   '        Further testing indicated that the 

component present in the alfalfa was not identical with either vitamin 

A or vitamin D,   since the hemorrhaging tendency was not improved 

by adding these to the diet in large quantities.    The factor was found 

to occur primarily in the green portions of the plant but was not re- 

15 lated to the chlorophyll component except by location. 



Much of the early work was done by two groups of research 

workers,  headed respectively by Almquist in this country and Dam in 

Europe.    In his early work Almquist found cabbage,  alfalfa,  and hog 

liver to be good sources of the vitamin.    It was found to occur in the 
I 

fat-soluble, unsaponifiable non-sterol fraction.    Further work   indi- 

cated that it was heat stable,  but extremely labile to alkali.   Saponi- 

fication destroyed the vitamin activity,  and for a time this factor 

stood in the way of the isolation and purification of the vitamin.   An 

extract from alfalfa obtained by extracting with acetone was adsorbed 

on a calcium carbonate column to aid in purifying it; this concentrate 

had an activity of 600, 000 to 1, 000, 000 units per gram.    The "unit" 

was defined in this instance as the amount of material per gram of 

animal necessary to render the clotting time normal when adminis- 

tered on three successive days. 

In the early work each investigator used the unit of strength 

best suited to his own needs and findings.    This leads to confusion 

if the units are not checked to determine who is reporting the results. 

By comparing the various reports it has been determined that I 

Almquist unit equals 300 Dam units,  while 1 Thayer unit equals 30 

Dam units; and,  therefore,   1 Thayer unit also equals 10 Almquist 

units. 

The chemical nature of the active agent was further defined by 

experiments that showed it to be affected by strong acids,   oxidizing 



agents,  aluminum chloride,  and reagents that could add across a 

26 double bond.        The purity with which it could be isolated limited the 

early knowledge of the compound to the fact that it was a complex hy- 

drocarbon,  unsaturated,  with a high molecular weight. 

At the same time as Almquist was doing his work in this 

country.   Dam and Ms coworkers were following much the same line of 

investigation.    Their work in many cases overlapped that of Almquist 

and his group,  and it would be difficult to say who actually did the work 

first.    Dam found many of the same sources of the vitamin,  as well as 

10 several not mentioned by Almquist.        Dam seems to have carried the 

physiological investigations on chickens further. He found that the 

hemorrhagic syndrome affects most of the organs, including the giz- 

zard which had been thought to be free of the symptoms. 

The diet used to study the effects of vitamin deficiency con- 

tained ether •extracted hog liver,  dried yeast,   sucrose,  and salts. 

As sources of the vitamin Dam used pork liver, cabbage,  alfalfa, 

spinach,  and tomatoes.    Various other agents such as cod-liver oil, 

carotene,  and yeast were found to be ineffective in relieving the 

symptom s. 

17 Dam and coworkers      also determined the relative amounts of 

the vitamin in various green plant tissues,  using the curative method. 

These findings were also similar to those of Almquist.    The richest 



sources were chestnut leaves,   spinach,  cabbage,  and alfalfa.    In 

experiments with germinating peas they also found that those grown in 

the light contained far more of the active substance than those grown 

in the absence of light. 

Almquist applied the technique of molecular distillation to his 

alfalfa concentrate and by this means was able to obtain a highly puri-*- 

2  3 
fied form which was a viscous oil.   '      It contained no phosphorus or 

sulfur and was highly soluble in hydrocarbon solvents.    A crystalline 

compound was finally obtained which gave a strong test for the benzene 

4 
nucleus and was free from nitrogen,  indole,  and sterols. 

Dam used both molecular distillation and chromatographic 

separation to obtain a pure form of the vitamin with a characteristic 

absorption spectrum which had a physiological activity of 20 million 

units per gram.     '        Thayer et al      also reported the isolation of 

an oil with vitamin K properties from alfalfa meal.    By fractionation 

of a petroleum ether extract they obtained a crystalline compound with 

a melting point of 69° which they recrystallized from various solvents 

without losing its activity. 

Other workers found some interesting properties of the vitamin 

in addition to its role in curing the hemorrhagic syndrome. 

18 Dufrenoy      in his investigation of chemicals with growth controlling 

properties found that in compounds with a phenyl ring the properties 



were largely dependent on the substitution of chlorine in the 2- and 4- 

positions.    He found that vitamin K    administered in equal doses with 

a 2, 4-dichloro derivative would cancel the action of the derivative. 

However,   if the vitamin were present in higher concentration it would 

cause a phytotoxicity from doses of the dichloro derivative which 

would otherwise have been too small to be toxic alone. 

Early Assay Methods 

The earliest methods of assay for the vitamin were by the cura- 

32 
tive chick method.        In this method the clotting time of the blood of 

the chicken is greatly prolonged by feeding the animal a diet devoid of 

vitamin K.    The various diets used by different investigators were 

generally composed of ether-extracted fish meal*  ether-extracted 

brewer's yeast,  polished rice*   salts,  and vitamin supplements.    The 

other necessary vitamins were added to insure that the effects ob*- 

served were due to the deficiency of vitamin K only*    The compound 

being tested was then added to the diet in carefully measured amounts 

to determine its effectiveness in curing the hemorrhagic syndrome. 

The early chemical tests were not specific for any particular 

form of the K vitamin since the different forms were not identified at 

first.    These tests depended on various chemical and physical prop- 

erties of the different forms of the K vitamin.    In some cases the 

polarographic behavior was studied    '       and the resulting curves 
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used to measure the amount of the compound present in the solution 

being tested.   However,  in this method various other substances 

present in the solutions tended to affect the results and make them 

23 
useful only in limited application. 

Another early method depended on the change in oxidation- 

reduction potential when the vitamin was changed from the quinone to 

the hydroquinone form.     '        This method is non-specific for a par- 

ticular form but rather is a test for various related quinones.    In 

some cases the substitution on the nucleus affects the reaction enough 

to be used as a measure of a particular compound.    However,  this 

method must be very carefully controlled and must be run under 

anaerobic conditions,   so that atmospheric oxygen does not interfere 

with the determination.    Generally a dye that changes color in the 

range that the compound being tested changes from the reduced to 

the oxidized form is used as an indicator. 

There have also been a few potentiometric methods used in 

27, 30 
some work, but these axe hard to apply to an impure reaction 

mixture and this limits their usefulness. 

Later a number of tests specific for vitamin K   were developed 

when it was shown that it had vitamin activity equal to that of the form 

known as vitamin K  .    These tests employed color reactions,   '   ' 
1 

9 41 
chromatography,     and oxidation-reduction.        However,  these 
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methods could not be used in determinations for vitamin K_ alone, 5 

since most of them depended to some extent on the identification of 

the naphthoquinone nucleus, in many cases they could also be used 

for the identification of other subptituted naphthoquinones. 

Colorimetric Tests 

Some early work was done on color reactions when it was noted 

that in certain experiments the addition of a particular reagent would 

cause a color to appear or the reagent to change color.    However, 

many of the early tests apparently showed a color due to some impu- 

rity present in the preparations,   since the fraction that showed the 

most intense color reaction did not necessarily show the highest vita- 

19 min activity.        Also many of the early color reactions tested only 

for the quinone or naphthoquinone nucleus,  making them non-specific 

for the particular form of the vitamin that was present. 

In some of his early experiments with vitamin K   Almquist 

and coworkers found that in the inactivation of vitamin K   by bases 

5 
an ethanol- soluble pigment developed.      They felt that this pigment 

could be the basis for a quantitative test for the vitamin,   since the 

quantity formed seemed to be related to the antihemorrhagic activ- 

ity of the preparation. 

28 Menotti      developed a color reaction specific for the form 

known as vitamin K_ which could be used to assay the amount of 
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vitamin present in drug preparations.    This method was colorimetric, 

and,  since the absorption of the color developed obeyed Beer's Law, 

it could be used with a standard curve.    The original method depended 

on a comparison of the unknown with a standard solution which had 

been adjusted to approximately the concentration of the unknown.    How- 

ever, this test can be more easily carried out using a standard curve, 

since this is easier to apply than the matching in a colorimeter. 
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EXPERIMENTAL PROCEDURE 

The experimental method used in determining the amount of 

vitamin K   in a solution makes use of a color reaction developed by 

28 Menotti      for determining the amount of vitamin K   in pharmaceuti- 
5 

cals;    The procedure for color development as adapted from Menotti'-s 

procedure is as follows.    The solution in which the concentration of 

vitamin K   is being determined is placed in a flask and the sodium 

pentacyanoamineferroate reagent is added.    The solution is stirred 

and then allowed to stand for fifteen minutes to allow maximum color 

development.    When the blue color has developed,  the absorption of 

the solution is measured by means of a spectrophotometer at 650 mji. 

In cases where the vitamin is not present in the pure form,  this is 

preceded by an extraction from the solution or substance being tested 

for vitamin activity. 

This colorimetric test is highly specific for vitamin K  .    The 

reagent involved was chosen especially because it would not develop a 

colored complex with the closely related chemical form known as 

vitamin K   which is an oxidation product of vitamin K .    Also there 

are few other compounds which will react to form the colored complex, 

and this greatly reduces any possibility of interference. 
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Extraction from Liquid Foods 

Reagents 

Standard vitamin Kc solution.    The standard vitamin K_ solu- 5 5 

tion was prepared by dissolving 5 milligrams of crystalline vitamin 

K   in water and diluting to 100 milliliters.    This solution is stable for 
5 

4 to 6 hours and has a concentration of 50 ppm. 

Sodium pentacyanoamineferroate reagent.    The reagent solution 

was prepared by dissolving 250 milligrams of sodium pentacyanoamine- 

ferroate crystals and 500 milligrams of anhydrous sodium carbonate 

in water and diluting to 25 milliliters.    This solution is stable for 

about 1 week. 

Determination of the standard curve 

In making the standard curve for use in determining the amount 

of vitamin K   present in an unknown solution,  a series of solutions was 

prepared having various vitamin K    concentrations.    In some cases the 

vitamin was weighed on an analytical balance,  but for the lower con- 

centrations it was found to be easier to dilute portions of a concentrat- 

ed solution to the strength desired.    The concentrations used ranged 

from 10 micrograms per 100 milliliters to 5 milligrams per 100 

milliliters.    The sodiuna pentacyanoamineferroate reagent was added 

and the solution allowed to stand 15 minutes for maximum color devel- 

opment.    The absorption of the solution was read on a Beckman DU 
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spectrophotometer at 650 m\i,  against a distilled water blank. 

The values for the optical density were plotted against the con* 

centration of the solution to give the standard curve.    In the case of 

the more concentrated solutions it was necessary to take the readings 

on a 1:10 dilution of the original solution,   since the absorption could 

not be read on such a highly colored solution. 

Choice of solvents 

The work reported in the literature indicated that the vitamin 

was highly soluble in both the common organic solvents and in water. 

Since the separation of the extracting medium from the liquid being 

extracted is necessary,  the common organic solvents were tested to 

see which would give maximum extraction.    In deterniining the solvent 

to be used for the extraction a representative from each of the common 

classes of organic solvents was tested to see how efficiently it would 

remove the vitamin from a solution.    The solvents tested were ben- 

zene,  an aromatic compound; hexane,  a straight-chain hydrocarbon; 

and chlorform,  a chlorinated hydrocarbon. 

A standard solution of vitamin K   containing 50 milligrams per 

100 milliliters was made up and portions of this used in the extraction. 

This concentration was used since it would give a strong blue color 

when the sodium pentacyanoamineferroate reagent was added,  and a 

less intense color or no color could then be interpreted as due to 
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some problem in the extraction procedure which caused loss of the 

vitamin.    One hundred milliliters of the standard solution were 

placed in a separatory funnel and extracted with four 50 milliliter 

portions of the solvent being tested.   After extraction the solvent 

was evaporated with an air stream over a steam bath.    The evapora- 

tion could also be carried out by warming the flask in a water bath 

and drawing the solvent off under vacuum with shaking.    However, 

this latter method seemed to result in. the formation of a less soluble 

residue. 

When the volume of solvent was reduced to approximately 25 

milliliters,  a small amount of water,  about 20 milliliters,  was added 

to dissolve the vitamin K_ as the last traces of solvent were removed. 5 

Overdrying of the residue resulted in poorer redissolving,  and,   since 

it then was not available to react with the sodium pentacyanoamine- 

ferroate reagent,  the readings indicated a lower concentration than 

was actually present in the original solution. 

After the solvent had entirely evaporated,  the solution of vita- 

min K   in water was diluted with distilled water to give 100 milliliters 

and the sodium pentacyanoamineferroate reagent added.    It was 

allowed to stand 15 minutes for the color to reach its maximum,  and 

the color was then compared with the naked eye to a standard solution 

of the same concentration.    The spectrophotometer was then used to 
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obtain readings from which to determine the exact amount of vitamin 

K   that had been extracted with the readings made against a distilled 

water blank.    As is shown in Table 2,  benzene was found to extract 

most efficiently.    It was also found that the use of a 1:4 isopropyl 

alcohol-benzene solution markedly reduced the tendency toward 

emulsion formation without reducing the efficiency of the extraction. 

A determination of the solubility of vitamin K   in the various 

solvents being tested confirmed the results of the extraction,   since 

benzene was found to dissolve the greatest amount of the crystalline 

form of the vitamin. 

Application to model juice systems 

in order to test the efficiency of the extraction procedure 

under conditions more closely approaching those under which it would 

be applied,  model juice systems were set up,  the vitamin added in a 

known concentration,  and the solution extracted with a 1:4 mixture of 

isopropyl alcohol and benzene.    The systems used were apple juice, 

lemon juice,  and grape juice.    The composition of these systems with 

regard to sugar,  acid,  and pectin content was derived from Winton 

39 
and Winton,  The Structure and Composition of Foods,       and is indi- 

cated in Table 1. 

Sugar,  acid,  and pectin were the only components used in mak- 

ing up the model systems.    It was considered that the fat content of the 



Table 1       Composition of Model Juice Systems 

juice water pectin sugar a9^ 

apple 87.2 0.2 12.0 0.6 

grape 80.2 0.4 18.0 0.8 

lemon 86.6 0.4 4.0 9.0 

fruits involved was sufficiently small that it could be neglected without 

introducing any error into the findings.    In the juices on which the data 

for the model systems was based the fat content ranged from 0. 0% in 

apple juice to 0. 2% in lemon juice. 

In order to determine the effects of the separate components in 

the model systems,   separate experinnents were carried out with each 

component alone and in varying concentration.    This was designed to 

point out some possible sources of interference that might be en- 

countered when the extraction procedure was applied to natural 

systems. 

The acid used was the acid characteristic of the particular 

juice, i.e., malic acid in the apple juice model system.    However, 

these systems extracted poorly.    Therefore,  all acid systems were 

neutralized prior to the extraction.   Saturated sodiuna carbonate solu- 

tion was used to neutralize them to pH 8.    However,  care must be 

taken not to neutralize too strongly since the vitamin is extremely 

alkali-labile. 
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Application to natural systems 

After most of the variables in the model systems had been ex- 

plored and their effects determined,  the procedure was applied to 

natural systems to make certain that the extraction method would be 

useful for these as well as the water solutions previously used.    The 

extraction procedure as outlined earlier was used on natural juice 

systems to which vitamin K   had been added in known concentrations, o 

since few of the products from which juices are made are known to 

contain vitamin K  .    Commercially canned juices were used.    The 

tomato juice introduced the problem of pigments,   since the red-orange 

pigment,  probably lycopene,  was extracted by the benzene and inter- 

fered with visual comparison of the color.    The pigments were re- 

moved from the extract by passing the solution through an adsorption 

column as described below. 

After removal of the pigments,  the solvent was removed by 

heating on the steam bath.    Distilled water was added to the flask when 

most of the solvent had been removed to prevent overdrying.    If over- 

drying occurred,  the residue was difficult to redissolve,  and the 

resulting solution was too cloudy for the optical density to be read on 

the spectrophotometer.    The volume was brought up to 100 milliliters 

with distilled water,  and the sodium pentacyanoamineferroate reagent 

was added.   After the color had developed,  the optical density of the 

solution was read on the spectrophotometer at 650 mjA. 
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The pigments were removed from the solution which had been 

used to extract the vitamin K   by first evaporating the isopropyl 

alcohol-benzene mixture and then taking up the extract in hexane.    The 

solution of pigments and vitamin K   in hexane was put through a 

column composed of a 1:1 mixture of Celite and Sea Sorb 43 packed as 

a slurry in hexane with the aid of slight air pressure.    After adsorption 

of the pigments of the column it was washed with 500 milliliters of 

hexane.    The majority of the vitamin K   passed through the column 

without being adsorbed,  and any which was adsorbed was removed 

from the column by the washing.    The washing did not remove the pig- 

ments from the column although some pigments did migrate slightly. 

The hexane was then evaporated and the procedure completed as out- 

lined earlier.    The solution could not be applied to the column with 

benzene as the solvent since,  in this case,  the pigments also passed 

through the column without being adsorbed. 

Extraction from Solid Foods 

Extraction of vitamin K   from fresh fruits and vegetables 

The fresh foods which were tested for vitamin K   activity were 

first reduced to a slurry in a Waring Blendor with a minimum amount 

of water and then freeze-dried to remove the moisture.    In freeze- 

drying the slurry was first frozen for 8 hours at -180F.    This frozen 

slurry was then placed in a precooled freeze drier and the chamber 
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evacuated to 5 mm of mercury.   After about 5 minutes the plate was 

warmed to 1009F with circulating water.    The low vacuum caused the 

moisture to sublime without thawing the slurry.    The material was 

left in the drier 15 to 18 hours depending on the thickness of the layer. 

The best drying was obtained with a layer 1/2 inch thick. 

The dried material was powdered to increase the surface avail- 

able for interaction with the extracting solvent.    The powder was ex- 

tracted with a 25% aqueous solution of propylene glycol to which 0. 15% 

sodium metabisulfite was added as a preservative. 

Continuous extraction in a Soxhlet apparatus for 3 to 4 hours 

was sufficient to extract the vitamin K   present in the plant material. 

The sodium pentacyanoamineferroate reagent was added to the aqueous 

propylene glycol solution and the color allowed to develop.    The 

amount of vitamin K   present was then determined by taking an optical 

density reading on the spectrophotometer and finding this value on the 

standard curve. 

The solution was cooled prior to the addition of the sodium 

pentacyanoamineferroate reagent since the color complex formed is 

unstable to heat,   and the color fades rapidly.    This was determined 

by heating a solution in which the color had already developed.    After 

5 minutes heating,  the color began to fade,  and the color was entirely 

gone in 15 minutes leaving a pale orange solution. 
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In the case where pigments might increase the reading on the 

spectrophotometer due to their absorbing at the same wavelength,   1 

milliliter of the aqueous propylene glycol solution was removed prior 

to the addition of the sodium pentacyanoamineferroate reagent.    This 

portion was also read at 650 mp. and its reading,  if any,   subtracted 

from that of the sample to which the sodium pentacyanoamineferroate 

reagent had been added.    Chlorophyll is the pigment most likely to 

cause trouble since it absorbs in the same region as the color com- 

plex.    In some cases the solution which had been used to extract the 

vitamin K   was too highly colored after the reagent had been added 

to give a reading,   so it was diluted 1:10 and the optical density read- 

ing adjusted accordingly.    The adjusted optical density readings found 

in the table represent the readings that would be obtained on a 100 

milliliter sample which was read with no dilution.    The adjustment 

was necessary so that the values could be compared to those on the 

standard curve,  and these latter optical density readings were ob- 

tained from 100 milliliter solutions read without dilution. 

Extraction from frozen foods 

The frozen foods that were analyzed for recovery of vitamin K 

were held at *180F for 1 week.    For this experiment some of the foods 

tested contained vitamin K,. and others,  as determined previously,  did 

not.    The vitamin K   was added as an aqueous solution containing 3 
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milligrams.    After storage in plastic freezer bags for one week,  the 

foods were removed from the freezer and analyzed in the same znanner 

as the fresh foods. 
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RESULTS AND DISCUSSION 

The data reported in the tables represents an average of 4 to 

6 replications for each product tested.    Ranges were not reported 

since the range for any given series was very small,  the largest 

range being 0. 8% difference between the largest and the smallest 

value.    Since the method used was the same in all cases for a particu- 

lar type of extraction,  i.e.,  for liquids,  the different sets of data 

were considered as replications also,  and the lack of a wide range 

was the reason that a larger number of replicates were not run. 

Table 2      Determination for Standard Curve 

adjusted 
mgK5 color opti cal density optical density 

0.00 yellow 0.000 0.000 

0.01 yellow 0.010 0.010 

0.05 yellow green 0.034 0.034 

0. 10 lime green 0. 120 0. 120 

0.50 blue green 0.355 0.355 

1.00 turquoise 0. 133 1.330 

2.00 dk turquoise 0. 186 1.860 

3.00 blue 0.238 2.380 

4.00 med blue 0.290 2.900 

5.00 dk blue 0.343 3.430 

The standard curve which was used to determine the amount 

of vitamin K    recovered in the various extractions is a departure 
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from the method for pharmaceuticals as set forth by Menotti.    The 

use of the curve eliminates the need for making up a range of stand- 

ards each time a determination is made.    To give the greatest 

accuracy the standard and the unknown which are matched should not 

differ by more than 10% according to his method.    With the curve the 

optical density readings are compared with those on the curve to de- 

termine the concentration of the vitamin in the unknown solution. 

In the series of experiments in which the most effective extrac- 

tion solvent was determined,  as indicated by the amount of vitamin K 

the solvent would remove from an aqueous solution containing 50 

milligrams,  there was a significant difference between the amount of 

the vitamin removed by the various solvents,  as indicated in Table 3. 

Table 3      Extraction of Vitamin Kg from Aqueous Solution by Trial 
Organic Solvents 

adjusted pe rcent 
solvent color optical den si Lty ext iracted 

benzene blue 3.210 93.5 

hexane dk turquoise 1.970 57.5 

chloroform turquoise 1.720 50.3 

benzene + blue 3.150 91.8 
i-propyl alcohol 

In all cases a large amount of the vitamin was removed since 

it is highly soluble in organic solvents.    However,  the benzene and 
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isopropyl alcohol-benzene mixture removed the vitamin from the 

solution to such a degree that the original solution from which the 

vitamin had been extracted gave no blue color when the reagent was 

added.    In the case of hexane and chloroform there was sufficient 

vitamin left in the original solution to produce a'turquoise color 

when the reagent was added.   Approximately half of the vitamin 

remained in the original solution in the case of the latter two solvents. 

Since the vitamin is known to remain in the original solution, 

the extraction method is not responsible for the destruction of the 

vitamin.    If the vitamin had been altered by the extraction to a form 

which would not interact with sodium pentacyanoamineferroate,  it 

would not form the colored complex and would not be detected in the 

final solution to which the reagent was added. 

The isopropyl alcohol used in conjunction with the benzene 

aided in suppressing the formation of emulsions which are generally 

a problem when benzene and water are used together,    in many cases 

there was still some emulsion formation.    However,  this could be 

easily handled by removing the emulsion with the rest of the solvent 

and then shaking the separated solvent vigorously.    This was generally 

sufficient to break the emulsion,  and the solvent could then be 

separated from the water layer*    Formation of an emulsion is not a 

problem in the extraction of solid foods,   since the food was dried and 
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an aqueous medium was used as the extracting medium. 

The model systems were used to make certain that the com- 

ponents would not interact with the vitamin K   in any way that would 

prevent it from being extracted or prevent it from being detected 

after extraction.    Sugar did not have any adverse effect,  as is shown 

in Table 4. 

Table 4      Extraction of Vitamin Kg from Sugar Solution by Iso-propyl 
Alcohol-Benzene 

percent adjusted percent 
sugar color optical density extracted 

0 blue 3.140 91.6 

5 blue 3.130 91.3 

10 blue 3.140 91.6 

15 blue 3. 150 91.8 

20 blue 3.140 91.6 

The acids used in the model systems all tended to interfere 

with the extraction,   so that large amounts of the vitamin remained 

in the original solution after it had been extracted.    The particular 

acid involved did not seem to be as important as the concentration 

of acid in the solution.    As the percent of acid in the solution in- 

creased the amount of vitamin K    extracted dropped greatly,  as is 

indicated in Table 5.    This was overcome by neutralizing the solution 

to just alkaline. 
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Table 5      Extraction of Vitamin Kg from Acidic Solution by iso- 
propyl Alcohol-Benzene 

percent adjusted percent 
acid color optical dens ity extracted 

0 blue 3. 140 91.6 

1 blue 2.950 86. 1 

3 It blue 2.340 68.2 

5 turquoise 1.380 40.6 

7 green 0.260 7.7 

9 yellow 0.027 0.8 

It was very important that the neutralization be carried out 

carefully,  preferably with a pH meter,   since the vitamin is extremely 

1 
alkali labile.    The property was reported in the early literature,    and 

was confirmed in our own tests. The neutralization was carried out 

by adding a saturated sodium carbonate solution dropwise to the acidic 

solution with constant stirring until the pH was between 7. 5 and 8. 0. 

It was found that the addition of pectin to an aqueous solution 

of vitamin K had no observable effect except to enhance the forma- 

tion of inseparable emulsions when the solution was extracted with 

the iso-propyl alcohol-benzene mixture. These emulsions could not 

be broken by vigorous shaking as had the emulsions formed when an 

aqueous solution of vitamin K    alone was extracted.    Table 6 shows 

the extraction of vitamin K   from an aqueous solution containing 

pectin. 
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Table 6      Extraction of Vitamin Kc from a Pectic Solution by Iso- 
propyl Alcohol-Benzene 

percent adjusted percent 
pectin color             optical density extracted 

0.00 blue                         3. 140 91.6 

0.01 blue                         3.130 91.4 

o.os blue                         3. 130 91.4 

0. 03 

0.04 no results due to emulsion formation 

0.05 

After the effects of the various components of the model 

systems had been determined and compensated for,  the entire model 

system was made up and extracted with the results shown in Table 7. 

Table 7      Extraction of Vitamin Kg from Model Systems by lso- 
propyl Alcohol-Benzene 

adjusted percent 
juice color optical density extracted 

apple blue 3.190 93.1 

grape blue 3.160 92.2 

lemon blue 3.180 92.8 

All of the model systems extracted equally well,  with no inter- 

ference once the acid had been neutralized.    The juices used for the 

model systems represented a range, with the grape juice having a high 
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sugar content and the lemon juice having a high acid content.    The 

apple juice was similar to the grape juice in both sugar and acid 

content. 

The natural systems also extracted well after they had been 

neutralized,  although in the case of the tomato it was necessary to 

remove the pigments.    This did not reduce appreciably the amount 

of vitamin K- extracted,  as can be seen in Table 8. 
5 

Table 8      Extraction of Vitamin K,- from Natural Juices by Iso- 
propyl Alcohol-Benzene 

adjusted percent 
juice color optical density extracted 

apple blue 3. 143 91.7 

grape blue 3.156 91.8 

tomato blue 3.140 91.4 

The solid foods that showed the presence of vitamin K_ tended 
5 

to confirm the work of earlier researchers as shown in Table 9. 

The leafy portions of the plants contained the vitamin,  while 

the roots did not.    This was especially well illustrated by beets.    The 

vitamin was found in the beet tops but not in the root portions.    The 

only non-leafy vegetable in which it was found was tomatoes,  which 

are also exposed to sunlight.    The fruits which were tested did not 

show the presence of any vitamin K ,  which may be due to their acid 

pH since the vitamin is known to be sensitive to acid.    However,  there 
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Table 9      Vitamin K.,- Content per 100 g.  Dried Material 

food color optical density 

apple yellow 0.000 

beet leaves red-brown 0. 560 

beet root red 0.000 

cabbage yellow green 0.480 

carrot yellow 0. 000 

celery yellow green 0.200 

orange yellow 0.000 

peach yellow 0.000 

potato* - *> 

spinach green 0.510 

tomato yellow 0. 370 

vitamin content 
mg. 

0. 00 

0.31 

0. 00 

0.27 

0.00 

0. 15 

0. 00 

0. 00 

0.28 

0.22 

* extracted poorly due to starch gelatinization 

may be some other substance related to vitamin K ' present which 
b 

would not be revealed by this method of testing since it is specific 

for the vitamin K   form. 

As shown in Table 10 below the foods which were stored for 

one week showed that when the vitamin is added as a preservative it 

is fairly stable to limited storage under freezing conditions.    The 

majority of that which was added to the plant material was recovered 

after one week.    However,  longer storage might result in a greater 

loss of the vitamin,   since it is not stable for one week in an aqueous 
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Table 10      Recovery of Vitamin K   from Frozen Foods after 
One Week 

adjusted percent 
food color optical density extracted 

apple dk turquoise 2.080 86.6 

beets blue 2. 180 90.9 

carrots blue 2. 140 89.3 

spinach dkblue 2.310 96.3 

solution at room tesmiperature.    Generally an aqueous solution is 

stable for only 4 to 6 hours before the vitamin begins to decompose 

as indicated by discoloration of the solution. 
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SUMMARY AND CONCLUSION 

The test procedure developed through the experiments allows 

for the determination of vitamin K   in both solid and liquid foods.    It 

is most easily applied to liquid systems since they can be extracted 

directly without the necessity of drying the food first.    However, 

after proper preparation and extraction the amount of vitamin K    in 

solid foods is also easily determined* 

Vitamin K   was found to be extracted from a liquid system 

most efficiently by a 1:4 mixture of iso-propyl alcohol and benzene. 

This mixture also caused less emulsion formation than occurred with 

benzene alone.    The various components of the natural systems,  with 

the exception of acids,  did not decrease the efficiency of the extrac- 

tion*    Less vitamin K   was extracted from the acidic solutions as the 

quantity of acid increased.    However,  when the acid was neutralized 

with sodium carbonate prior to the extraction,  the vitamin was easily 

extracted*    Both the model juice systems and the natural juice sys* 

terns had to be neutralized prior to extraction. 

Solid foods were extracted by a different method which de- 

pended on a freeze-drying pretreatment.    This pretreatment served 

to concentrate the plant material before the extraction.    Concentration 

allowed a greater amount of plant tissue to be used for each extraction. 
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Soxhlet extraction using a 25% aqueous propylene glycol solution re- 

moved the vitamin from the tissues,  after which the sodium penta- 

cyanoamineferroate reagent was added to produce the colored com- 

plex.    The intensity of the color was determined by taking optical 

density readings on a spectrophotometer,  and the readings were used 

as a measure of the concentration of vitamin K_ in the solution. 5 

These methods are quickly and easily applied with a minimum 

of special chemicals and equipment.    The reagents are quite readily 

available and inexpensive.    In the application of the procedure to 

solid foods it should be remembered that even foods that are con- 

sidered a good source of the vitamin do not contain very large amounts 

and a large quantity of the material must be extracted to find detect- 

ible amounts. 

The widest use of the procedure is expected to be in the field 

where the vitamin has been added to a food as a preservative and it 

is desired to determine the amount present after various processing 

steps or after prolonged storage under various conditions.    Since 

the early discovery of the vitamin,  little attempt has been made to 

determine the vitamin content of a large number of common foods. 

Due to bacterial action in the intestine the human diet seems gen- 

erally to be sufficiently high in the vitamin so that no deficiency de- 

velops.    This may account for there being little work in this area. 
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In the work on preservation with vitamin K    it is necessary to 

be able to determine very accurately the level at which the vitamin is 

fully effective in order that larger amounts not be used with the accom- 

panying cost to the consumer.   As with any other compound that is 

used commercially,  economics is one of the deciding factors in its 

use. 

The development of the extraction procedure allows the vitamin 

to be isolated from the plant materials with which it is associated, 

either naturally or when added as a preservative.    This extraction is 

necessary since the color test developed by Menotti can be applied 

only in an aqueous solution of the relatively pure vitamin. 
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