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VITANIN K5 AS A FOOD PRESERVATIVE

INTRODUCT ION

"No generation has been fed so well as the people of

today," wrote Olsen (29, p. 127) fifty years ago in his book

Pure Foods. There is far more truth to this statement today

than there was during his time. To a large extent, this has

been made possible by the advancement in the technology of food

preservation. The perfection of the arts of canning, drying,

freezing, and freeze-drying may be cited among the brilliant

achievements in the field of food preservation. Yet, however

perfect these methods may be, they still leave their stamp on

the products in terms of alterations in flavor, appearance,

and texture (1+3, p. 2). Thus, for the last fifty years a great

amount of research has been conducted in this field to fulfill

the continual dream of man to preserve foods in their natural

conditions.

Another method of preservation which does not involve heat

is the use of chemical preservatives. The purpose of using a

food preservative is to inhibit the growth of microorganisms

which is the principal cause of food spoilage in addition to

those due to enzymatic action and physical deterioration.

Chemical preservatives have the advantage of continuing to

exert their preserving effect even though the food is exposed

to air at ordinary temperature, and that the treatment of food

in this way may be more economical than the application of heat
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and cold (28, p. 5).

The number of chemical preservatives have increased over

the years, but their uses are being restricted by the Food and

Drug Administration which classifies preservatives under a

general group referred to as food additives (27, p. 357).

Thus, an ideal preservative is constantly being sought and

Frazier (11, p. 132) rightly outlines its properties as

follows: "one that would be harmless to the consumer and

efficient in its preservative action, and would not cover up

inferiority of the food or add undesirable color, odor or

taste."

Vitamin K5 has been suggested as a food preservative be-

cause of its high antimicrobial activity towards a number of

organisms (31, p. 862). It is stable when protected from sun-

light (37, p. 377). As a potential preservative, it has the

advantage of being nutritionally important and having a low

order of toxicity (32, P. 13k).

It was therefore the purpose of this study to explore

further the possibility of using vitamin K5 as a food preserva-

tive. The work was divided into two parts. The first part was

designed to investigate the inhibitory activity of vitamin K5

towards microorganisms obtained from foods. This is a necessary

step to demonstrate its ability to preserve foods. The second

part was the incorporation of vitamin K5 into foods in order to

determine its effectiveness in prolonging their shelf-life or
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in reducing their microbial load. For this part of the work,

studies on fruit juices, frozen strawberries, and fresh produce

were included.

Fruit juices were chosen as the first food group for study

because of their homogeneity and the ease with which vitamin K5

may be incorporated into them. The preserving property of

vitamin K5 was compared with that of commercial preservatives

now legally used in fruit juices.

Since frozen fruits are not sterile, the microbial popula-

tion present in fruits during the time of packing may result in

some problems. For this reason, the effectiveness of vitamin

K5 in reducing the microbial load of frozen strawberries was

studied.

The real test of any preservative is its ability to prolong

the shelf-life of fresh commodities: to prevent, for example, a

fall-off in flavor as meat or fish stands in the butcher's cold

counter and to prevent the high loss of fresh fruits and

vegetables between field and kitchen (27, p. 351). It was

therefore attempted in this study to determine the ability of

vitamin K5 to prolong the keeping quality of fresh meat, fish,

fruits and vegetables.

In all cases, the effect of vitamin K5 on the color and

flavor of foods under study was determined whenever necessary.
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LITERATURE REVIEW

The use of chemical preservatives has had an ancient be-

ginning. Salting, for instance, was said to have been prac-

ticed in Rome even before the time of Nero (43, p. 10). The

Chinese were reported to have preserved eggs by dipping in

water glass (15, p. 1937). In those days, however, there was

little understanding of the principles involved in such methods

of preservation.

The function of food preservatives is to inhibit the growth

of microorganisms which is the principal cause of food spoil-

age besides those due to enzymatic actions, chemical reactions,

and physical deterioration (15, p. 1936). Preservatives may

inhibit microorganisms by interfering with their cell membranes,

their enzyme activity, or their genetic mechanism (ii, p. 132).

Jacobs (15, p. 1940) explains that chemical preservatives pro-

long the lag phase of bacterial growth. Frobisher (12, p. 549)

states that they act mainly to prevent growth and do not neces-

sarily sterilize the foods.

In 1911, Barnard (43, p. 5) set the following criteria,

which are still entirely applicable, for an adequate chemical

preservative:

1. It must not, under any reasonable conditions, injure
the health of the consumer.

2. It must not make possible the employment of careless
and imperfect methods of manufacture.



5

3. It must not allow the use of unfit raw material.

1+. It must be non-irritant.

5. It must not retard action of digestive enzymes.

6. It must be efficient in its preservative action.

7. It must have no tendency to decompose in the body
into poisonous substance, the dose of which is
smaller than its own.

8. It must be easily detected for control work.

Until about 1946 sodium benzoate and sulfur dioxide were

the only legally permitted preservatives for commercial use

other than those recognized as safe by the Food and Drug

Administration (42, p. 4). The Food Additives Amendment to the

Federal Food, Drug, and Cosmetic Act which sets up requirements

for the demonstration. of safety of a substance before it can be

used in foods went into effect on March 5, 1960. The following

is the latest partial list of permitted food preservatives

issued as a result of their investigations (27, p. 132):

Specific uses or
Chemical preservative Tolerance restrictions

Benzoic acid

Butylated hydroxyanisole

Butylated hydroxytoluene

Caprylic acid

Dilauryl thiodipropionate

0.1 percent

see footnote1

same as above

see footnote1

In cheese wraps



Specific uses or
Chemical preservative Tolerance restrictions

Gum guaiac 0.1 percent In edible fats
(equivalent or oils
antioxidant
activity 0.01
percent)

Nordihydroquaiaretic acid see footnote1

Potassium bisulfite Not in meats or
in foods recog-
nizable as a
source of vitamin
B1

Potassium metabjeulfite Same as above

Propyl gallate see footnote1

Sodium benzoate 0.1 percent

Sodium bisulfite Not in meats or
in foods recog-
riizable as a
source of vitamin
B1

Sodium metabisulfjte Same as above

Sodium sulfite Same as above

Sulfur dioxide Same as above

Thiodipropionio acid see footnote1

1Total content of antioxidants not over 0.02 percent of
fat or oil content, including essential (volatile) oil
content, of the food.

The antibiotics ohiortetracycline and oxytetracycline have

recently been permitted by the Food and Drug Administration as

dips for poultry at a tolerance of 7 ppm. It has also been
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permitted in or on marine products which would not be eaten raw

at a tolerance of 5 ppm (ii, p. 137).

The use of natural food constituents, such as vitamins, in

the preservation of foods is of current interest since they are

compounds that occur in normal human metabolism. One such

chemical compound presently being investigated is vitamin K5

(2-methyl-k-amino-1-naphthol.Hcl) which has the following

structural formula (52, p. 501):

CR3

Vitamin K5 is an analog of vitamin K which belongs to the

group of nutritional factors closely related to enzymes in-

volved in blood coagulation (8, p. 286). The existence of

vitamin K was recognized by Dam (7, p. 653) in 1929 when he

noted a bleeding tendency in chicks raised on a low sterol and

lipoid diet. It was not until 1939, however, when he defi-

nitely claimed the existence of this fat-soluble antihemor-

rhagic factor that specifically decreased blood clotting time.

He named vitamin K after the German expression "Koagulations-

Vitamin."

MacCorquodale et a].. (20, p. k82) and I4cKee al. (26,

p. 1295) reported the isolation of two distinct types of



vitamin K which they differentiated as vitamin K1, that iso-

lated from alfalfa, and vitamin K2, that isolated from putre-

fied fish meal. The same group of workers contributed to the

illucidation of the quinoid structures of the two types of

vitamin K and in the identification of vitamin K1 as 2-methyl-

3-phytyl-1,k-naphthoquinone and vitamin, K2 as 2-methyl-3-

farnesyl-1, k-naphthoquinone.

The finding that vitamin K is of the quinoid group led

several workers (21, p. 1928-1929), (1, p. 1610) and (2, p.

203) to test various existing quinones and compounds easily

oxidizable to quinones for vitamin K activity. It is now

recognized that any compound which contain or may yield upon

oxidation 2-methyl-1,k-naphthoquine has vitamin K activity.

Armstrong et al. (3, p. 230-23+) were among the first

workers to report the antibacterial activity of vitamin K5.

They explained its activity by its ready oxidation to the

corresponding 1,k-naphthoquinone, the antibacterial property

of the latter having been recognized as early as 1911 (6,

p. 592). Shwartzman (37, p. 376-378) gave a more detailed

explanation of the antibacterial activity of vitamin K5.

From the results of his experiments, he concluded that the

activity of vitamin K5 is due to an intermediate state of

oxidation by air which possibly takes place immediately upon

dissolving the substance. He also suggested that the presence

of an amino group and a hydroxyl group are prerequisite for



its antibacterial property. Kimler (16, p. 1+68-1+70) in his

study of the tuberculostatic activity of vitamin K5 and other

analogs of vitamin K also believed that the activity of the

former was due to the presence of an amino group in the four-

position. He also theorized that the analogs of vitamin K

used in his experiment were functioning as inhibitory competi-

tive analogs of the metabolite, phthiocol, produced by M.

tuberculosis var hominis.

The already established fact that vitamin K5 is an effec-

tive antibacterial agent led several workers to investigate

the antibacterial spectrum of the vitamin with respect to

bacteria, yeasts and molds.

Shwartzman (37, p. 378) found vitamin K5 to be effective

against gram-positive and gram-negative organisms. Vitamin K5

was also reported

Escherichia coli,

at concentrations

p. 1+35-1+38), (36,

Dufrenoy, Pr

to exhibit an inhibitory effect against

Bacillus subtilis, and Staphylococcus aureus

ranging from 20 ppm to 500 ppm (17), (30,

p. 78-85) and (1+8).

tt and Sah (9) found 100 ppm vitamin K5 to

prevent aerobic development of Penicillium notatum at the sur-

face of nutrient solutions. A similar effect on Aspergillus

niger and Penicillium notatum was reported by Masuo and

Okabayashi (22).

On the effect of vitamin K5 on yeast, Dufrenoy1 Pratt and

Sah (9) reported that a concentration of 100 ppm of the vitamin
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was sufficient to prevent anaerobic formation of carbon dioxide

from ten percent glucose solutions seeded with Zaccharomyces

cerevisiao. Respiration of S. cerevisiae in the presence of

glucose is inhibited by concentrations of 200 to 500 i/cc (1k).

A similar study on yeast was reported independently by Verona

(k7) and Masuo and Okabayashi (23).

The effect of vitamin K3 on spores of molds and bacteria

was also studied. Fifty parts per million vitamin K5 caused

a statistically significant reduction of the lethal temperature

and time required to kill the spores of Bacillus subtilis (k9).

Trivellato (11.6) found that 100 i/cc of vitamin K5 inhibited the

germination of spores of Aspergillus niger on surface culture

and 50 r/cc in submerged culture. He believed that vitamin K5

had a direct action on the metabolic processes of spore germina-

tion.

Vitamin K5 was found to have a low order of toxicity. The

acute LD50 for rats and mice is more than 600 mg/Kg when ad-

ministered orally and more than 750 mg/Kg when administered

intraperitoneally; after receiving daily oral dosage in excess

of 350 mg/Kg for several weeks, young rats exhibited no symptoms

of toxicity (32, p. 127).

Pratt, Dufrenoy, and Pickering (31, p. 862) were among the

earliest workers to study the use of vitamin K5 as a preserva-

tive for foods. They suggested applying the vitamin in solu-

tion as "dip" or as dusting powder, either alone or dispersed
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in a dry inert carrier.

The putrefaction of sake due to the growth of Bacillus

saprogenes was prevented by 0.0007 percent vitamin K5 (ki).

The same concentration delayed the putrefaction of fish-meat

paste at 30°C for one day (ko). It was also reported that 20

ppm vitamin K5 effectively delayed the spoilage of soy sauce

caused by the organisms Zygosaccharornyces salsus and Z.

japonicus (k2).

Ribereau-Gayon and Peynand (3k) found that 5-300 rng/l

vitamin K5 added to grape must delays onset of fermentation at

25°C for one to 28 days. Five milligram per liter of the vita-

mm suppressed acetification of sweet alcoholic meads, and 10

mg/i prevented undesirable secondary fermentation. The report

of Laufarcade (18) that 5-7 mg/i vitamin K5 stopped fermenta-

tion of grape musts confirmed the former report0 In a similar

study on the secondary fermentation of Tokay grape wine,

Athanassiadis, Caspar and Yang (k, p. II) found 10 ppm of the

vitamin to be more effective than 100 ppm sulfur dioxide in

controlling the development of volatile acids.

Some of the latest reports on the study of vitamin K5 as

a food preservative were those of Yang et al0 (52, p. 501-50k

and 53, p. 109-111) and Smith and Bowen (39, P. 93-95). They

found vitamin K5 to be effective in prolonging the storage life

of a variety of food products and inhibiting gas production in

fruit juices. It was found to be effective in inhibiting
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growth of organisms obtained from moldy cheddar cheese in an

agar medium in concentration of ko ppm. For organisms from

frankfurters, 60 ppm of the vitamin was required.

Several problems were encountered in the use of vitamin K5

as a food preservative. Faggioli (10) and Matsumoto and

Komatsu (2k) mentioned the darkening effect of vitamin K5 as a

serious disadvantage in its application as a preservative.

Yang et al. (52, p. 50k) likewise found a serious discoloration

in crab meat. Tengerdy and Francia (44) found vitamin K5 to be

unsatisfactory as a beer preservative because of its poor sta-

bility. The use of proper solvents (32, p. 134) and the de-

velopment of a derivative of the vitamin (52, p. 50k) were

suggested as a means of circumventing these problems.

In spite of the disadvantages mentioned, many workers still

believe vitamin K5 to be a potential preservative because of its

wide antimicrobial spectrum, high antimicrobial activity at

very low concentrations, water-solubility, nutritional impor-

tance, and low order of toxicity.

L
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MATERIALS AND NETEDDS

The experimental work was divided into two parts. The

first part was designed to investigate the inhibitory activity

of vitamin K5 towards microorganisms obtained from foods. The

second part was devoted for the study of the effectiveness of

vitamin K5 in prolonging the shelf-life of foods and the reduc-

tion of their microbial population.

Vitamin K5 used in this study was obtained from the

Nutritional Biochemical Company without any specifications. It

is a light pink, water-soluble powder. The aqueous solution of

vitamin K5 is clear and colorless, but turns pinkish to violet

in color upon standing, It was found best to use the solution

within 25 minutes after preparation. Consequently, fresh solu-

tions of vitamin K5 were prepared immediately prior to use.

PART I

Effect of Vitamin K5 on Microorganisms Obtained from Foods

Raw Materials

Microorganisms were obtained from the following types of

foods:

1. Meats: pork chop, lamb chop, and beef steak

2. Seafoods: salmon, red snapper, and shrimp

3. Vegetables: carrots, celery, and spinach

k. Fruits: apples and grapes
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The samples were procured from a local supermarket. Sea-

foods were obtained frozen because of the failure to procure

them fresh when needed. The frozen items were allowed to thaw

aseptically at room temperature to obtain Lair representative

types of microorganisms other than the psychrophiles. Care

was taken to include portions of the drip and meat in the

representative sample. The other types of foods were obtained

fresh the same day they were to be used.

The agar and broth media were prepared from Bacto-

dehydrated materials obtained from the Difco Laboratories.

Microbiological Methods

An il-gm representative sample of meats or seafoods was

aseptically weighed using sterilized equipment. The sample was

shaken for three minutes with 99 ml of sterilized distilled

water. Higher dilutions were prepared and plated in duplicate

on nutrient agar to determine the initial microbial count of

the food samples. The average initial plate counts of meats

and seafoods used in the experiments are tabulated in Table 1.

One milliliter of the suspension of 1:10 dilution was

inoculated into bottles containing 100 ml of nutrient broth.

Then 10 ml of freshly prepared stock solutions of vitamin K5

were transferred to duplicate bottles of the inoculated broth

to obtain the desired concentrations of the vitamin. To the

control bottles, 10 ml of sterilized water was added in place
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Table 1

Average Initial Microbial Counts on
Nutrient Agar of Meats and Seafoods

Typo of food Microorganisms per gram

Pork chop 9,650

Lamb chop 8,100

Beef steak k,85o

Salmon 199,000

Red snapper 6,600

Shrimp k8o,000

of vitamin K5 solution. The microorganisms were allowed to grow

at 30°C for 2k hours. At the end of the incubation period the

samples were taken out from the incubator and prepared for plat-

ing. The lowest dilution used was 1:1 where zero count was

suspected. Higher dilutions were prepared from broth samples

which were noted to be turbid or had heavy growth. All plates

were poured in duplicate using approximately 15 ml of agar per

plate. The inverted plates were incubated at 300 0. The

colonies were counted after approximately k8 hours with the aid

of a Quebec colony counter.

In case of fruits and vegetables, a 50-gm representative

sample was aseptically weighed, using sterile equipment, into

a sterile Waring blendor and blended for two minutes with
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k50 ml sterilized distilled water. Higher dilutions were pre-

pared and plated in duplicate on dextrose agar to determine the

initial microbial count of the food samples. The average

initial counts of fruits and vegetables used in this study are

given in Table 2. One milliliter of the slurry was inoculated

into bottles containing 100 ml of dextrose broth. The procedure

described above for meats and seafoods was followed in testing

the inhibitory activity of vitamin
5. Dextrose agar was used

for this purpose.

Table 2

Average Initial Microbial Counts on
Dextrose Agar of Fruits and Vegetables

Type of food Microorganisms per gram

Apples 110

Grapes 610

Carrots 9,000,CO0

Celery 13,000,000

Spinach 10,300,000

Cultures on slant agars were prepared whenever needed from

the control inoculated broth and the inoculated broth treated

with vitamin K5 which showed growth after 2k hours of incuba-

tion period. Gram-stain preparations were prepared and ex-

amined under the microscope for a general classification of
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the types of microorganisms found in the broth and the types

of organisms which were inhibited by the vitamin.

To study the influence of initial microbial count on the

inhibitory activity of vitamin K5, microorganisms obtained from

carrots were used as a representative sample. Dilutions of

l:l0,l:l000 and 1:10,000 were prepared from carrots and one

ml of each dilution was inoculated into duplicate bottles con-

taining 100 ml of dextrose broth. The different number of

microorganisms introduced into each of the broth samples is

given in Table 3. The activity of vitamin K5 was then tested

following the procedure described on page 14.

Table 3

Average Number of Microorganisms from Carrots
Introduced in ill ml Dextrose Broth

Sample number Nicoranisms in
111 ml of broth

Ci) A 269,000

(2) B 2,690

(3) C 269

For the determination of the influence of storage time on

the inhibitory activity of vitamin K5, microorganisms obtained

from pork chop were used. The average initial count of the

pork chop sample used in this experiment was 10,100



microorganisms per gram. Duplicate samples of nutrient broth

containing microorganisms from pork chop and treated with 20,

50, and 100 ppm vitamin K5 were incubated for 3 days. Samples

were plated after 2k, 30, k8 and 72 hours of incubation. The

samples found to have zero count after 3-day incubation were

stored for one month and plated out daily.

Food microorganisms in broth treated with vitamin K5

which were completely inhibited after 2k hours in the previous

experiments were likewise incubated for one month and. plated

out daily.

The Use of Vitamin K5 in Foods

Fruit Juices

Preparation of Samples. Apple, grape, and loganberry

juices were chosen as representative samples in this study

since they cover a wide range of acidity and contain different

types of fruit acids. The unfiltered fresh apple juice was ob-

tained already prepared by the members of Food Technology

Seniors Cider Project of this department. Grape and loganberry

juices were prepared in the laboratory as follows: The fruits

were sorted to remove spoiled pieces and then washed with water.

The juice was then expressed from the fruits through several

layers of cheese cloth. The expressed juices were finally



passed through four layers of cheese cloth to remove most of

the pulp. No previous chemical or heat treatment was given the

juices. Table k shows the total soluble solids, pH, and total

acidity of the fruit juices determined in this laboratory.

Table k

Analysis of Apple, Grape, and Loganberry Juices

Juice Brix pH
Total acidity

mis

Apple 12.2 3.50 0.k72
(Malic acid)

Grape 12.0 3.10 1.367
(Tartaric acid)

Loganberry 9.5 3.00 1.990
(Citric acid)

Methods of Determining the

Preservative Effect of Vitamin K5, The production of gas

in the juice was used as a criterion for juice spoilage since

the first change to be observed in fresh juice at room tempera-

ture is an alcoholic fermentation by yeast with a concomitant

production of carbon dioxide gas. The other advantages of

using the fermentation tube method in determining the spoilage

of the juice are as follows: (1) It is a sensitive test and

gives a continuous indication of spoilage, (2) no nutrients

which may support the growth of the organisms are added, the

growth depending solely on the nutrients already present in the
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juice and the added preservative under investigation, (3) the

culture medium is the juice itself which is not used up during

the experiment, and (k) it gives rapid results.

Known amounts of vitamin K5 were added to fresh juices to

obtain final concentrations of the vitamin ranging from 1 ppm

to 20 ppm. No appreciable deviation in the pH values of the

juice was noticed after addition of the vitamin. Aliquots of

the vitamin K5-treated juices were transferred to duplicate

sterilized, 5-rn]. graduated fermentation tubes. Fruit juices

which had not been treated with vitamin K5 were likewise trans-

ferred to sterilized fermentation tubes to serve as controls.

The tubes were plugged with sterile cotton and stored at room

temperature (68°-72°P). The volumes of the gas produced were

recorded at different time intervals and other changes in the

samples were observed daily.

To study the combined effect of vitamin K5 and pasteuriza-

tion, apple juice was used as a representative sample. Apple

juice was pasteurized using the method suggested by Yang and

Wiegand (5k, p. 16). Sterile quart bottles were filled with

apple juice at room temperature, leaving enough space for ex-

pansion during heating. The caps were loosely screwed on. The

bottles were immersed in a water bath until the water line was

just above the juice line. The water was then slowly heated

and occasionally stirred. The temperature of the juice was

regularly observed by inserting a clean thermometer into a
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non-experimental bottle containing fruit juice. The bottles

were removed from the water when the temperature of the juice

reached 1700 to 175°F. The caps were tightly screwed down and

the bottles placed on their sides until the juice cooled down

to room temperature. The pasteurized juice was then prepared

for observation as outlined on page 20 for fresh juices.

In order to compare the effectiveness of vitamin K5 as a

preservative for apple juice with that of sodium benzoate and

potassium sorbate, various amounts of the preservatives were

added to apple juice to give final concentrations ranging from

10 ppm to 50 ppm of vitamin K5 and 100 ppm to 1000 ppm of

sorbate and benzoate. The samples were prepared for ob-

servations as outlined on page 20 for fresh juices.

Method of Determining the Effect

of Vitamin K on the Color of Fruit Juices. The dark color

of grape and loganberry juices was not visually affected by the

level of vitamin K5 used in this study. Consequently, only

apple juice was presented to the Hunter Color and Color-

Difference Meter. The procedure given in the manual accompany-

ing the instrument was followed (13, p. 1-10). The instrument

was standardized against a National Bureau of Standards Ivory

Panel #3 which has the following "L" color scales: L = 75.1,

a = -1.3, and b = 23.1. Five milligrams of vitamin K5 were

dissolved in 100 ml of apple juice to obtain 50 ppm vitamin K5.
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Apple juice without vitamin K5 served as the control. The "L"

color values of the samples were read immediately after dis-

solving the vitamin. The samples were then stored at 38°F and

the color determined after 8 days.

Method of Determining the Effect

of Vitamin K5 on the Flavor of Fruit Juices. Apple, grape,

and ]oganberry juices treated with 50 ppm vitamin K5 were sub-

mittd to a panel of 15 experienced tasters for testing. The

s were seated in separate booths illuminated with arti-

ficil red light to avoid any color differences. The method

used was the Triangular Difference Test in which one different

and two similar samples were served in coded cups on metal

trays. Two sets of trays were presented the panel: one set

consisted of one cup of control juice and two cups of vitamin

K5-treated juices; the other set consisted of two cups of con-

trol juices and one cup of vitamin 5-treated juice. The

samples were served cold. The judges were then asked to mdi-

cate the different sample on a ballot provided them for this

purpose.

Frozen Strawberries

Preparation of Samples. The fresh strawberries were of

Northwest variety obtained from the Corvallis Frozen Foods.

Upon receipt, the strawberries were sorted to remove the
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spoiled and moldy fruits, capped, and washed using a McLauchlan

berry washer. The clean strawberries were weighed in three

lots and separately passed through a McLauchlan berry slicer.

A representative sample was taken from the sliced berries for

the initial microbial count. A portion of the juice from each

lot was taken and used to dissolve the vitamin K5 to be added.

A known weight of sugar (sucrose) was added to each of the lots

to obtain a k plus 1 fruit:sugar ratio. Vitamin K5 solutions

were intimately mixed with each of the prepared lots of straw-

berries to obtain final concentrations of 0 ppm, 50 ppm and

100 ppm of the vitamin. The resulting mixture was filled into

paraffin-lined one-pound cartons and mechanically sealed using

a semi-automatic AMS model 3k4.

Storage Procedure. One set of cartons of strawberries was

quick-frozen at -18°F for 2k hours in a blast freezer and then

stored at 0° F. Duplicate samples were taken out after 1, 3,

10, 15, 30, and 90 days for microbial examination to be

described in the next section. A second set was kept in storage

at 3k° F and samples were likewise taken out for plating after

1, 3, 5, and 15 days.

Microbiological Methods. The samples stored at 0°F were

allowed to thaw for one and one-half to two hours while those

stored at 3k°Y were removed from storage immediately before

plating. The cartons were sterilized with alcohol and
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aseptically opened with a sterile knife. The contents were ob-

served for any macroscopic growth or color differences. They

were intimately mixed using sterilized spoons and a 50-gm

representative sample was weighed into a sterile Waring blendor.

These were blended with k50 ml sterilized distilled water. The

resulting mixture gave 1:10 dilution. Higher dilutions were

prepared from this mixture when necessary. The samples were

plated out on duplicate plates of tryptone-glucose-yeast ex-

tract agar for bacterial counts and on potato-dextrose agar for

yeast and mold counts. The inverted plates containing tryptone-

glucose-yeast extract agar were incubated at 37GC and those con-

taining potato-dextrose agar were incubated at 30°C. The plates

were counted after three days with the aid of a quebec colony

counter.

Method of Determining the Effect

of Vitamin K5 on the Color of Frozen Strawberries. The

procedure followed was similar to that described on page 21 for

apple juice. The instrument was standardized against a National

Bureau of Standards Red Panel #70 which has the following "L

color scales: L = 27.0, a = 1+8.8 and b = 16.1+. Samples of

frozen strawberries treated with vitamin K5 were presented to

the Hunter Color and Color-Difference Meter for color deter-

mination. Samples containing 100 ppm were not presented to

the Hunter Meter because of obvious discoloration.
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Fresh Meats1 Fish, Fruits, and Vegetables

Samples of pork chop, beef steak, salmon, rod snapper,

carrots, spinach, tomatoes, grapes, oranges, ad apples were

procured at random from a local supermarket. Vitamin K5

solutions with concentrations ranging from 100 ppm to 1000 ppm

were prepared. The samples were prepared in lots of approxi-

mately equal weights and dipped in vitamin K5 solutions for one

minute. The samples were removed from the solution and drained.

Samples were likewise dipped in distilled water for comparison.

They were then packaged in polyethylene bags provided with

holes. The bags were tied with rubber bands and the fruits and

vegetables were stored at room temperature (68°-72°F). Ob-

servations for macroscopic growth were made daily. The samples

of pork chop, beef steak, salmon and red snapper were stored in

a refrigerator and taken out after three and five days for

microbial examination.
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RESULTS AND DISCUSSION

Effect of Vitamin K5 on Microorganisms Obtained from Foods

The results on the determination of the effect of vitamin

K5 on microorganisms obtained from foods are presented in

Tables 5 to 8. The percent inhibition was computed using the

following formula:

a-b
xlOO

a

where "I" is the inhibition of microbial growth, "a" is the

microbial count per ml of the control samples, and "b" is the

microbial count per ml of the samples treated with vitamin K5.

The effect of vitamin K5 on microorganisms obtained from

meats is shown in Table 5. It can be seen from the table that

10 ppm vitamin K5 caused a considerable inhibition in the number

of microorganisms obtained from meats. At this concentration,

the growth of microorganisms from pork chop was inhibited by

92.9 percent, that of lamb chop by 99.7 percent, and that of

beef steak by 8k.5 percent. Complete inhibition of microorgan-

isms from lamb chop was attained at the 50 ppm level of the

vitamin. At this level the growth of pork chop microorganisms

were insignificant while that of beef steak microorganisms was

delayed by 99.5 percent. Seventy parts per million and 100

ppm of the vitamin were required for complete inhibition of the



Table 5

Average of Duplicate Microbial Counts on Nutrient Agar Showing the Effect of Vitamin K
on Microorganisms Obtained from Pork Chop, Lamb Chop, and Beef Steak in Nutrient Broth5

Incubated at 30°C for 2k Hours

Vitamin K5 Pork chop Lamb chop Beef Steak
ppm Cells/mi % I Cells/mi % I Cells/mi % I

0 31,100,000 0 25,500,000 0 i80,000,000 0

10 2kk,000 92.9 65,300 99.7 27,900,000 8k.5

20 1,080 99.9 29k 99.9 1,800,000 99.0

50 10 99.9 0 100.0 k25,000 99.7

70 0 100.0 0 100.0 44o 99.9

100 0 100.0 0 100.0 0 100.0

N



microorganisms from pork chop and beef steak, respectively.

The microorganisms in meats were found to be mostly Gram-

positive cocci occurring singly or in short chains and some

Gram-negative rods occurring singly or in pairs. Both types

of microorganisms were observed in the broth treated with

vitamin K5 in the same ratio as that in the untreated sample;

numerically, however, the latter contained more microorganisms

than the former.

The data of Table 6 show the effect of vitamin K5 on micro-

organisms obtained from seafoods. The results reveal that the

range of concentrations of vitamin K5 required to inhibit micro-

organisms from seafoods is almost the same as that required for

meats. Thus, 50 ppm to 100 ppm of vitamin K5 delayed the

microbial growth in seafoods by 99.9 to 100 percent. The data

also show that although red snapper contained more microorgan-

isms that favorably grew in nutrient broth as compared to those

of salmon and shrimp, the former required lower concentration of

vitamin K5 for complete inhibition than the microorganisms from

the other two types of seafoods. Thus, only 70 ppm vitamin K5

completely inhibited the growth of microorganisms obtained from

red snapper while 100 ppm was required to give the same result

for microorganisms obtained from salmon and shrimp. However,

at 70 ppm vitamin K5 the growth of microorganisms from salmon

and shrimp was insignificant. The microorganisms found in

seafoods were mostly Gram-negative short rods occurring singly



Table 6

Average of Duplicate Microbial Counts on Nutrient Agar Showing the Effect of
Vitamin 5 on Microorganisms Obtained from Salmon, Red Snapper, and Shrimp

in Nutrient Broth Incubated at 30°C for 2k Hours

Vitamin rc5 Salmon Shrimp Red snapper
ppm Cells/mi % I Cells/mi % I Cells/mi % I

0 52,100,000 0 21,300,000 0 126,000,000 0

20 lk2,000 99.7 6,300,000 70.5 30,600,000 76.2

50 13 99.9 3kk 99.9 108 99.9

70 10 99,9 100 99.9 0 100.0

100 0 100.0 0 100.0 0 100.0

200 0 100.0 0 100.0 0 100.0
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or in short chains and some Gram-positive cocci in pairs or

chains.

Table 7 gives the effect of vitamin K5 on microorganisms

obtained from carrots, spinach, and celery. The data show that

concentrations of vitamin K5 higher than those for microorgan-

isms from meat and seafoods were required to inhibit vegetable

microorganisms. The higher concentrations of vitamin K5 re-

quired may be due to the fact that microorganisms found in

vegetables are soil microorganisms and are usually present in

large numbers as is evident from Table 2. Gram-negative rods

occurring singly or in pairs were observed to be the predomi-

nant types present. Although it appears that 100 ppm vitamin

K5 inhibited the microorganisms from vegetables by 92.0 to 99.0

percent, it can be seen that the counts wore still high at this

concentration. Only at concentrations of 500 ppm to 1000 ppm

of the vitamin was the microbial growth considerably delayed.

Thus, 500 ppm vitamin K5 completely inhibited microorganisms

from celery. The number of carrot microorganisms at this same

concentration was only 827 cells/mi as compared to 150x106 in

the control while that of spinach was only 139 cells/mi as com-

pared to 167x106 cells/mi in the control. Vitamin K5 required

for complete inhibition of microorganisms from spinach was

700 ppm while that for microorganisms from carrots was 1000 ppm.

It can be observed from Table 8 that very low concentra-

tions of vitamin K, were required for the inhibition of



Table 7

Average of Duplicate Microbial Counts on Dextrose Agar Showing the effect of
Vitamin K5 on Microorganisms Obtained from Carrots, Celery and Spinach

in Dextrose Broth Incubated at 30°F for 2k Hours

Vitamin K5 Carrots Spinach Celery

Cells/mi % I Cells/mi % I Cells/mi % I

0 150,000,000 0 167,000,000 0 169,000,000 0

100 11,900,000 92.7 k,990,000 97.5 2,260,000 98.7

200 3,kOO,000 97.7 328,000 99.7 790,000 99.5

500 827 99.9 139 99.9 0 100.0

700 695 99.9 0 100.0 0 100.0

1000 0 100,0 0 100.0 0 100.0

I-I



Table 8

Average of Duplicate Microbial Counts on Dextrose Agar Showing the Effect
of Vitamin K on Microorganisms Obtained from Apples and Grapes in

Detrose Broth Incubated at 30°F for 2k Hours

Vitamin K5 Apples Grapes
PP Cells/mi % I Cells/al % I

o 6,koo 0 1,770,000 0

10 0 100 0 100

20 0 100 0 100

50 0 100 0 100

100 0 100 0 100

N



33

microorganisms from apples and grapes. Thus, it can be seen

that only 10 ppm vitamin K5 was required for complete inhibi-

tion of microorganisms obtained from the fruits. This may be

due to their low initial count as shown in Table 2. The

microorganisms were found to be mostly yeasts and molds,

although a few Gram-negative rods similar to those found in

vegetables were also observed.

A comparison of the effectiveness of vitamin K5 in

inhibiting microorganisms from various types of foods used in

this study is grapbically represented in Fig. 1. It can be

seen from this figure that vitamin K5 is most effective for

fruit microorganisms and least effective for microorganisms

obtained from vegetables. Thus, 10 ppm of the vitamin com-

pletely inhibited the former while 500 ppm to 1000 ppm was re-

quired to inhibit effectively the latter. The microorganisms

from meat and seafoods were sufficiently inhibited by about

50 ppm to 100 ppm of the vitamin.

Influence of Initial Count on the Inhibitory Activity of

Vitamin K5

It was seen in the previous section that if the counts

greatly differ as in the case of vegetables and fruits, there

was apparently a correlation between the initial microbial

count of the foods and the concentration of vitamin K5 re-

quired for microbial inhibition. This section will discuss
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whether such correlation actually holds for microorganisms ob-

tained from a particular type of food. The different number

of microorganisms from carrots introduced into each of the

broth samples as given in Table 3 were used for this purpose.

The influence of initial count on the inhibitory activity of

vitamin K5 is shown in Table 9.

It can be observed from Table 9 that at the 70 ppm level

of vitamin K5, microorganisms in samples (B) and (C) with an

initial count of 2,690 cells and 269 cells, respectively, were

inhibited by 99.9 percent. At the same concentration, that in

sample (A) with an initial count of 269,000 cells was delayed

by only 6k.8 percent. Only 80 ppm vitamin K5 was required

for complete inhibition of microorganisms in samples (B) and

(C) while 1000 ppm was required for sample (A). It may be

recalled that in the previous discussion it was pointed out

that 1000 ppm vitamin K5 was also found to inhibit completely

the microorganisms of carrots which had an inital count of

9,000,000 per gram or 900,000 microorganisms in ill ml of

broth. This appears to indicate that the inhibitory activity

of vitamin K5 against microorganisms is determined by the

initial microbial count in the foods. Obviously, if the

initial microbial counts differ greatly, lower microbial load

will require lower concentration of vitamin K3 for complete

inhibition, and vice versa.



Table 9

Average of Duplicate Microbial Counts on Dextrose Agar Showing the
Influence of Initial Counts of Carrots on the Inhibitory Activity of Vitamin 5

Sample number*

Vitamin 5 (A) (B) (C)

Cells/mi % I Cells/mi % I Cells/mi % I

0 179,000,000 0 165,000,000 0 730,000 0

50 163,000,000 9.5 172,000 99.5 k,OkO 99.6

70 73,000,000 6k.8 8,090 99.9 3,890 99.9

80 2,650,000 98.5 0 100.0 0 100.0

100 8,700 99.8 0 100.0 0 100.0

500 lk6 99.9 0 100.0 0 100.0

1000 0 0 0 100.0 0 100.0

*Refer to Table 3, page 17 for number of microorganisms inoculated
in the broth.

0'
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Influence of Storage Time on the Inhibitory Activity

of Vitamin K5

The influence of storage time on the inhibitory activity

of vitamin K5 was studied using microorganisms obtained from

pork chop as a representative sample. The average initial

microbial count of pork chop used for this experiment was

10,100 microorganisms per gram. It can be seen from Table 10

that after 2k hours, only 23 microorganisms per ml were pre-

sent in the broth treated with 50 ppm vitamin K5. After 30

hours, the count in the broth containing 50 ppm vitamin K5

had increased to 1,5k0 microorganisms per ml and after k8

hours the count had risen to 103x106 microorganisms per ml.

A greater increase in the count of the control sample was ob-

served. On the other hand, the broth containing the same

initial count and treated with 100 ppm vitamin K5 had zero

count for a period of one month. The data seem to indicate

that 50 ppm vitamin K5 did not completely inhibit the micro-

organisms and those that were not inhibited increased in

number with storage time. One hundred parts per million of

vitamin K5, however, sufficiently inhibited the microorganisms.

It is also highly probable that killing of microorganisms may

have taken place.

All the other food microorganisms in the broth treated

with vitamin K5 that showed zero count and incubated for one



Table 10

Average of Duplicate Microbial Counts on Nutrient Agar
of Microorganisms Obtained from Pork Showing the Influence
of Storage Time on the Inhibitory Activity of Vitamin K5

Concentration of vitamin K5, ppm

Microorganisms per rnl
Time, hours

0 20 50 l0O**

2k 110,000,000 1,600,000 23 0

30 136,000,000 7k,000,000 i,5ko 0

k8 5,760,000,000 k86,000,000 103,000,000 0

72 * * *

* Discarded after k8 hours.
** Stored for one month.



month were found to be completely inhibited for this storage

period.

Effect of Vitamin K5 on the Rate of Gas Production

in Fruit Juices

The effect of vitamin K5 on fresh apple, grape, and logan-

berry juices is reported in Tables 11, 12 and 13, respectively.

The results indicate that only very low concentration of the

vitamin is needed to inhibit the fermentation of fresh juices.

The data of Table 1]. show that while the control juice started

fermenting after 20 hours, the fresh apple juice containing 10

ppm vitamin K5 did not start fermenting until after about +O

hours. The lag period for the start of fermentation was

lengthened and the rate of gas production was decreased as the

concentration of vitamin K5 was increased. Fifty parts per

million of vitamin 5 completely inhibited the fermentation of

fresh apple juice over the 15-day observation period as shown

in Table 15. In the case of the grape and lcganberry juices,

3 ppm vitamin 5 was effective in retarding fermentation,

possibly because of the high acidity of these juices as seen

from Table k. A comparison of the effect of vitamin K5 at

10-ppm level on the rate of gas production in fresh apple,

grape, and loganberry juices is graphically represented in

Fig. 2. It is clear that vitamin K5 is more effective in

loganberry juice than in either grape or apple juice.



Table 11

Average Gas Production in Fresh Apple Juice Treated with Vitamin K5
Stored at Room Temperature (68°-72°F)

Gas produced ml

Vitamin K5 Storage time, hours
Ppm 21 22 23 24 25 27 28 45 '+6 48 '+9 54 70 93

0 O.k 1.0 2.1 2.8 4.5 5.0

1 0.7 1.9 2.9 3.7 5.0

3 0.5 1.6 2.3 3.0 5.0

5 0.1 0.1 0.3 0.65 1.8 k.i. .0

10 0 0 0 0 0 0 0 2.3 2.7 3.55 4.0 5.0

15 0 0 0 0 0 0 0 0.1 0.1 0.2 0.3 0.5 1.5 5.0

20 0 0 0 0 0 0 0 0.1 0.1 0.1 0.2 0.2 0.3 5.0



Table

Average Gas Production in Fresh Grape Juice Treated with Vitamin K
Stored at Room Temperature (68°-72°F)

Gas produced ml

Vitamin
K5 Storage time, hours

ppm 46 48 5]. 53 54 55 73 74 93 95 99 120 144 240

0 0.1 0.6 i.4 1,9 3.5 5.0

1 0,05 0.05 0.1 0.5 1.7 2.5 5.0

3 0.05 0.05 0.05 0.1 0.8 1.0 1.6 4.0 5.0

5 0.05 0.05 0.05 0.05 0.3 0.3 0.3 1.0 1.3 2.7 3.2 5.0

10 0.05 0.05 0.05 0.05 0.1 0.2 0.3 0.4 0.4 1.2 3.0 3.5 5.0 5,0

15 0 0 0 0 0 0 0 0 0 0 0 0.050.75,0

20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Table 13

Average Gas Production in Fresh Loganberry Juice Treated with Vitamin K5
Stored at Room Temperature (68°-72°F)

____________________________Gas produced ml
Vitamin K Storage time, hours

ppm 70 71 72 73 7k 76 78 96 97 102 105 120 168 170 172 17k 2k0

0 1.0 2.5 3.0 k.5 5.0

1 0.6 1.8 2.5 3.5 k.o 5.0

3 0.5 0.8 1,0 1.5 1.5 1.8 2.1 2.8 5.0

5 0 0 0 0 0 0 0 0 1.82.12.85.0

10 0 0 0 0 0 0 0 0 0 0 0 0 1.53.2 k.15,0

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

r')
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Loganberry juice has a lower pH than any of the other two

juices. The grape juice with 20 ppm and the loganberry juice

with 15 ppm vitamin K5 did not ferment during the 10-day

period of observation, as is evident from Tables 12 and 13,

respectively. No undesirable odor was noted in the unfermented

juices.

The concentration of vitamin K5 which effectively retarded

fermentation in pasteurized juices was even lower. The data of

Table 14 represented in Fig. 3 show that unpasteurized apple

juice containing 5 ppm vitamin K5 started fermenting after only

20 hourswhile the pasteurized juice with the same concentration

of the vitamin did not start fermenting until after 59 hours.

Ten parts per million of vitamin K5 in pasteurized apple juice

had the same effect as 50 p:

ized juice; both juices did

period. A slight sour odor

treated with 10 ppm vitamin

with 15 and 20 ppm.

Sodium benzoate is the

oni of the vitamin in the unpasteur-

not ferment over the 10-day storage

was noted in the pasteurized juice

K5, but not in the juice treated

commercially accepted preservative

used in the apple juice industry (45, p. 194). It is added to

the juice at a concentration of 0.05 percent (500 ppm) to 0.10

percent (1000 ppm). This preservative has the disadvantage of

altering the flavor of the juice. Another preservative cur-

rently being investigated is sodium sorbate (51, p. 667) which

is found to be effective at a concentration of 0.05 percent



Table 1k

Average Gas Production in Pasteurized Apple Juice Troated with Vitamin K.
Stored at Room Temperature (68°-72°F)

Gas produced ml

Vitamin K Storage time, hours
ppm 24 45 56 57 58 59 70 71 96 144 168 192 216 240

0 0 1.8 2.1 3.2 4.1 5.0

1 0 0.7 1.8 2.7 4.1 5.0

3 0 0 0 0.1 0.3 O.k 5.0

5 0 0 0 0 0 0 4.85.0

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Table 15

Average Gas Production in Apple Juice Treated with Different Preservatives
Stored at Room Temperature (68°-72°F)

Concentration Gas produoed ml
of Storage time, hours

preservative
ppm 2k 33 35 36 38 k8 51 57 69 70 71 72

0 0,05 1.0 2.5 3.9 k.7 5.0

Vitamin K5

5 0 0.2 i.k 1.9 2.1 k.i 5.0
10 0 0 0 0 0.05 0.1 0.5 1,9 5.0
15 0 0 0 0 0 0 0 0 0.05 0.05 0.1 0.2
20 0 0 0 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0 0 0 0

Sodium benzoate

100 0
200 0
300 0
500 0
1000 0

Potassium sorbate

100 0
200 0
300 0
500 0

1000 0

0 0 0 0 0.05 0.1 0.15 2.k 2.8 3.k k.8
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0 0 0 0.05 0.05 0.9 2.5 5.0
0 0 0 0 0 0 0.05 0.05 0.]. 0.1 0.1
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

(continued)



Table 15 (continued)

Concentration Gas produced ml
of

preservative Storage time, days

k 5 6 7 8 9 10 11 12 13 1k 15

0

Vitamin K5

5
10
15 5.0
20 0.05 0.6 3.3 5.0
50 0 0 0 0 0 0 0 0 0 0 0 0

Sodium benzoate

100 5.0
200 0 0.05 0.2 o.k 0.9 1.25 1.6 1.6 1.6 1.6 1.6 1..6

300 0 0 0 0 0 0 0.05 0.05 o.k o. 0.5 0.6
500 0 0 0 0 0 0 0.05 0.05 0.05 0.05 0.05 0.05
1000 0 0 0 0 0 0 0 0 0 0 0 0

Potassium sorbate

100
200 0.1 0.5 1.2 i.k i.k5 1.5 1.8 2.3 3.2 k.9 5.0
300 0 0.05 0.2 0.6 0.7 0.75 0.75 0.75 0.75 0.75 0.75 0.75
500 0 0 0.1 0.1 0.2 0.5 0.75 0.75 0.75 0.75 0.75 0.75
1000 0 0 0 0 0 0.1 0.2 0.2 0.2 0.3 0.3 0.3
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(500 ppm). A comparison of the effectiveness of vitamin K5

with that of the other two preservatives is given in Table 15.

The comparative amount of preservatives required in this study

to preserve apple juice for 15 days at room temperature is

shown in Fig. k. It can be seen that 50 ppm vitamin K5 gave

the same result as 500 ppm sodium benzoate and 1000 ppm pa-

tassium sorbate. This indicates that vitamin K5 is about 10

times as effective as sodium benzoate and 20 times as effec-

tive as potassium sorbate.

Effect of Vitamin K5 on the Flavor of Fruit Juices

The taste test conducted on apple, grape, and loganberry

juices treated with 50 ppm vitamin K5 is shown in Table 16.

The significance of the results was evaluated according to the

statistical method reported by Roessler (35, p. 503-505) in

which he recommended that 16 out of 30 judges must give correct

answers for the results to be considered significant at the 5

percent level and 17 out of 30 judges at the one percent level.

It can be seen from Table 16 that 1 out of 30 judges gave

correct answers for apple and grape juices and 9 judges for

loganberry juice. These correct answers are lower than either

16 or 17 which are required to get significant results. Thus,

it may be concluded that 50 ppm vitamin K5 did not affect the

flavor of the fruit juices.
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Table 16

Taste Comparison of Vitamin K -treated Fruit Juices
and Untreated Fruit Juices Usng the Triangular Test

Type of juice

Apple Grape Loganberry

Number of judges 30 30 30

Number of correct answers 1k 1k 9

Significance

at 1% level N.S, N.S. N.S.

at 5% level N.S. NS. N.S.

N.S, = Not significant

Effect of Vitamin K5 on the Color of Fruit Juices

Grape and loganberry juices are dark red initially, and

apparently do not change on storage. The dark color appeared

to mask any color development caused by vitamin K5. Vitamin K5

might impart a reddish coloration to apple juice, which is

initially light in color. Contrary to expectations, however,

the apple juice became lighter in color when vitamin K5 was

added, as shown by the various Hunter "L" values of Table 17.

The Hunter "L't values correspond to visual lightness (ranging

from black, 0, to white, 100). Although apple juice normally

becomes darker on storage, when vitamin K5 was added it was

still lighter than the initial color of the control sample

even after 8 days at 3k°F. However, the rate of change in
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color was greater in apple juice treated with vitamin K3 than

in untreated apple juice, as shown by the net change in Hunter

"L" values.

Table 17

Average Hunter Values of Apple Juice
Treated with Vitamin K3

Average Hunter values and storage time
Vitamin K

5 0 day o days

L a b L a b

0 22.6 8.55 6.3 21.9 4.6 9.4

50 26.3 9.2 9.4 23.3 4.9 11.5

L = Visual lightness; black when zero, white when 100.
a = Red when plus, gray when zero, green when minus.
b = Yellow when plus, gray when zero, blue when minus.

Reduction of Microbial Population of Frozen Strawberries

Frozen fruits are not sterile and the types and number of

microorganisms in them are determined largely by those present

in the raw products and the methods of freezing and storage

(43, p. 6314.). Yeasts and molds have been reported to be the

predominant microorganisms in frozen fruits, although some soil

bacteria were found as well. A determination of microbial

content of frozen strawberries packed in 1929 and analyzed the

same year by Smart (38, p. 294) showed an average viable count

of 20,0:00 microorganisms per gram. Lockhead and Jones (19,
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p. 32) found that strawberries frozen and stored for 2k weeks

showed 2,020 bacteria per gram, 1,280 yeasts per gram, and 280

molds per gram. MeCleskey and Christopher (25, p. 327-333)

reported resistant microorganisms such as Eberthella typhosa

and Staphylococcus aureus to survive for a period of 5 to 6

months at freezing temperature.

The possibility of reducing the microbial counts of frozen

strawberries was therefore explored. No attempt was made to

determine its effect on any particular species and only the

total bacterial count on tryptone-glucose-yeast extract agar

and mold and yeast counts on potato-dextrose agar were deter-

mined.

Table 18 gives the average of microbial counts on tryptoue-

glucose-yeast extract agar and on potato-dextrose agar of

frozen strawberries treated with various concentrations of

vitamin K5 and stored at 3k°F. At this storage temperature the

effect of vitamin K5 alone, without the combined effect of

freezing, on microorganisms of strawberries could be studied.

The data represented graphically in Pig. 5 show a general de-

crease of microbial count of strawberries treated with 50 ppm

and 100 ppm vitamin K5 and a general increase of that of the

control sample, with storage. The reduction in counts of

strawberries containing vitamin K5 was evident after one-day

storage period. The decrease in bacterial count on tryptone-

glucose-yeast extract agar was faster than that of mold and



Table 18

Average of Duplicate Microbial Counts of Strawberries Treated with Vitamin K
Stored at 3k°F

Microorganisms per gram x and vitamin K5 concentrations, ppm

0 50 100
Storage Potato- Potato- Potato-

days TGY agar dextrose agar TGY agar dextrose agar TGY agar dextrose agar

0 k2.o ka.ko k2.kO k2.kO k2.kO i2.k0

1 4.1O k9.O0 7.15 12.80 1.20 6.10

3 63.00 66.00 6.75 12.20 1.00 3.30

5 115.00 133.00 18.00 3.00 0.20 3.00

15 * 155.00 3.10 8.00 0.20 0.30

* Data not available
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yeast counts on potato-dextrose agar of the strawberries con-

taining the vitamin. After 15 days of storage, however, the

counts on both types of agar were practically the same. Fifty

parts per million vitamin K5 also greatly inhibited the growth

of microorganisms in strawberries as is evident from the graph.

After 15 days of storage, however, there seemed to be an in-

crease in mold and yeast counts. Such increase was not ob-

served after 15 days in the bacterial count.

The combined effect of vitamin K5 with freezing on the

microorganisms of strawberries is shown in Table 19 and repre-

sented graphically in Fig. 6. It will be noticed that the

growth curves are very irregular, indicating the possibility

of more than one cause of death by freezing as pointed out by

Rahn (33, p. 317). Both the control samples and the sample

treated with vitamin K5 showed a general decrease in microbial

counts as seen from the graph. Evidently, freezing reduces

the microbial load of frozen strawberries. However, the de-

crease in counts of strawberries containing 50 ppm and 100 ppm

vitamin K5 was faster than that of the untreated strawberries.

After 30 days of storage, the effect of 50 ppm and 100 ppm

vitamin K5 was almost the same. Although the bacterial count

was found to be higher than the mold and yeast counts in the

control samples, the reduction in both cases by vitamin K5

was almost similar after 90-day storage period.



Table 19

Average of Duplicate Microbial Counts of Frozen Strawberries Treated with Vitamin K
Stored at 0°F

Microorganisms per gram x and vitamin K5 concentrations, ppm

0 50 100

Storage Potato- Potato- Potato-
days TGY agar dextrose agar TGY agar dextrose agar TGY agar dextrose agar

0 k2.kO 42.kO k2.kO k2.kO k2.kO k2.L4.0

1 k9.80 61.50 k.l0 10.00 3.60 10.30

3 27.kO k2.00 2.60 10.80 3.00 7.80

10 25.00 27.00 3.00 7.50 3.00 k.00

15 29.20 22.00 3.50 +.6o 3.50 2.00

30 25.80 25.00 2.30 2.70 i.kO 3.00

90 1.66 0.35 0.13 0.22 0.13 0.14
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Effect of Vitamin K5 on the Color of Frozen Strawberries

The sample of frozen strawberries containing 100 ppm

vitamin K3 was found to be darker red in color than the control

sample when compared visually. Dark spots on some fruits were

encountered in a few cases. The effect of 50 ppm vitamin K5

on the color of strawberries was not noticeable during the

first five days of storage. After ten days, however, the

Hunter "L" values given in Table 20 showed a difference in

visual lightness of the red color of the control sample and

the sample containing 50 ppm of the vitamin. The control

sample with a Hunter "L" value of 13.7 was visually lighter

red than the vitamin K5-treated sample which had a Hunter "L"

value of 13.2. After 90 days of storage, both the control and

vitamin K5-treated samples became lighter red in color as shown

by the increase in Hunter "L" values; but the control was much

lighter than the sample treated with 50 ppm vitamin K5. By

subjective comparison, the color of the control sample and the

sample containing 50 ppm vitamin K3 could not be differentiated.

Vitamin K5 as a Preservative for Fresh Meats, Fish, Fruits,

and Vegetables

The possibility of using vitamin K5 in prolonging the

storage life of fresh products was investigated. It was ob-

served that in all the produce investigated, both the control

samples and the samples treated with vitamin K5 spoiled almost
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Table 20

Average Hunter Values of Frozen Strawberries
Treated with Vitamin K5

Average Hunter values and storage time
Vitamin K

5 10 days 90 days

Ii a b L a b

0 13.7 8.7 3.9 17.2 22.7 8.2

50 13.2 8. 3.2 15.3 18.6 6.2

L = Visual lightness; black when zero, white when 100.
a = Red when plus, gray when zero, green when minus.
b = Yellow when plus, gray when zero, bluewhen minus.

at the same time. Thus, all samples of grapes and tomatoes de-

veloped molds after two weeks. Spinach samples wore discarded

after one day of storage because of their water-soaked appear-

ance. After about five weeks all samples of carrots were soft

and mushy, especially on the root tip. Mold growth was ob-

served on oranges and apples after ten weeks of storage. The

total microbial counts on tryptone-glucose-yeast extract agar

of all samples of pork chop, beef steak, salmon, and red

snapper were found equally high after a storage period of five

days in a refrigerator at 38°?. Samples of red snapper which

were dipped in 200 ppm vitamin K5 and higher were discolored

red. The red color of salmon, however, was not visually

affected by the level of the vitamin used.



The results of the experiment revealed that dipping the

fresh produce in vitamin 5 solutions is not a very satisfactory

method of incorporating the vitamin in foods, especially those

with greasy and waxy surfaces. Although the concentrations. of

vitamin 5 solutions used were high, the actual amount of the

vitamin incorporated in the produce was not known. An attempt

to use wetting agents for waxy fruits and vegetables was not

successful because of the failure to find a wetting agent that

would not react cbemically with vitamin K5.



SUMMARY AND CONCLUSIONS

The possibility of using vitamin K5 as a food preservative

was explored. The first part of the experimental work con-

sisted of investigating the inhibitory effect of vitamin K5

towards microorganisms obtained from two or three representa-

tive types of meats, seafoods, fruits, and vegetables. The

influence of initial microbial count of foods on the inhibitory

activity of vitamin K5 was determined using microorganisms ob-

tamed from carrots as a representative sample. Microorganisms

obtained from pork as a representative sample were used in the

study of the influence of storage time on the inhibitory

activity of vitamin K5.

In the second part of the work, vitamin K5 was applied to

foods to determine its preserving property and its ability to

reduce the microbial counts of foods. The preservation of

fruit juices, reduction of microbial counts of frozen straw-

berries, and the ability to prolong the shelf-life of fresh

meats, fish, fruits, and vegetables by vitamin K5 were in-

eluded in the study.

The following conclusions may be derived from the results

obtained:

1. Microorganisms obtained from meats, seafoods, fruits,

and vegetables require different concentrations of

vitamin K5 for inhibition depending on the typos of
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foods and the types and number of microorganisms in

them. Fifty parts per million to 100 ppm vitamin K5

were required for the effective inhibition of micro-

organisms from meats and seafoods, 500 ppm to 1000

ppm for vegetable microorganisms, and 10 ppm for

fruit microorganisms used in this study. For a great

difference in the microbial population originally

present in foods, it was demonstrated that the lower

the load, the lower the vitamin K5 required for com-

plete microbial inhibition. The complete inhibition

of microorganisms from foods by various concentrations

of vitamin 5 was demonstrated for a period of one

month, but partial inhibitory activity decreases with

time.

2. Vitamin K5 was found to be an effective preservative

for fruit juices at concentrations of 15 ppm in

loganberry juice, 20 ppm in grape juice and 50 ppm

in apple juice. The difference in the effective levels

of concentrations of vitamin K5 was correlated to the

different acidity and fruit acids in the juices. The

effective level of vitamin K5 in pasteurized juice

was even lower. Vitamin 5 was found to be ten times

as effective as sodium benzoate and 20 times as

effective as potassium sorbate. Fifty parts per

million vitamin K5 did not affect the flavor of fruit
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juices, and was found to lighten the color of apple

juice.

3. Fifty parts per million and 100 ppm vitamin 5 con-

siderably reduced the microbial load of strawberries

stored at 3k°F. The reduction in microbial load of

strawberries was even more at the storage temperature

of 0°F because of the combined effect of vitamin 5
with that of freezing. The color of strawberries was

greatly affected by 100 ppm vitamin K5 and slightly

affected by 50 ppm of the vitamin; the latter concen-

tration did not alter the acceptability of frozen

strawberries.

k. Dipping the fresh meats, fish, fruits, and vegetables

in solutions of vitamin K was found to be an un-

satisfactory method of incorporating the vitamin into

fresh products. Use of wetting agent was unsuccess-

ful because of the failure to find an agent that would

not chemically react with the vitamin.
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