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Trypticase-Soy Broth (TSB) was inoculated with Streptococcus

diacetilactis, incubated at 21C for 24 hours and centrifuged to remove

the cells. When the spent TSB was inoculated with Staphylococcus

aureus, it allowed 99. 8% less growth than fresh TSB. If the spent

TSB were supplemented with 0. 08 µg /m1 of niacinamide, this inhibi-

tion was reversed by about 9%.

Sterile nonfat milk was also inoculated with S. diacetilactis,

incubated at 21C for 24 hours and pasteurized. When the spent milk

was inoculated with S. aureus, it supported 98.4% less growth than

fresh nonfat milk. Supplementation with niacinamide failed to reverse

this inhibition; however, the addition of 1% protein hydrolysate

completely reversed the inhibition.

When grown associatively with S. diacetilactis in nonfat milk,



S. aureus cells showed a 99. 8% reduction in cell numbers after 24

hours at 30C as compared to staphyloccoci grown alone. In vanilla

cream filling, associative growth brought about a 99. 9% reduction

after 24 hours at 25C. The addition of catalase did not reverse the

inhibition. These results suggest the possible use of S. diacetilactis

cells to prevent staphylococcus food poisoning in cream filled bakery

items and meat products.
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THE INHIBITORY EFFECT OF STREPTOCOCCUS
DIACETILACTIS ON THE GROWTH OF STAPHYLOCOCCUS

AUREUS IN MILK AND VANILLA CREAM FILLING

INTRODUCTION

Staphylococcal food poisoning, caused by the ingestion of the

exotoxin of coagulase positive Staphylococcus aureus, is becoming

more of a hazard today with so many innovations in the food industry.

There are more convenience foods and ready-to-eat items that

require only minimum heating before serving. New "synthetic" foods

are claimed to need no refrigeration. New production methods alter

the natural flora of food micro-organisms present. Also, the

distribution of food-products from any one company is so widespread

and so rapid that, should a given food-product be significantly

contaminated, thousands of consumers across the country could

become sick.

Staphylococci are ubiquitous organisms; they are present on the

skin, in the nostrils and in the mouth of almost everyone. This

means that unless a food-product is carefully processed and packaged

it will become contaminated. There are three known ways to prevent

food poisoning once a product has been contaminated with staphylo-

cocci. These are (1) heating the product sufficiently to destroy the

staphylococci, (2) keeping the product refrigerated at a low enough

temperature to prevent the staphylococci from multiplying and (3)
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allowing the natural bacterial flora present to overgrow and thereby

inhibit the staphylococci. Since many modern food products have

eliminated or minimized the use of any or all of these methods,

something else must be done to safeguard the public against possible

food poisoning.

An application of method three is presented in this thesis as a

possible solution to this problem. It represents an extension of

earlier work from these laboratories which showed that S. aureus

could be supressed by S. diacetilactis, an organism often used in

lactic streptococcus starter cultures by the dairy industry. It was

shown that this suppression was not due to antibiotics or to changes

in pH or oxidation-reduction potential. It was the aim of this study

to determine the causes for this suppression and to see whether or not

the process could be applied in preventing staphylococcus food

poisoning in cream fillings.
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HISTORICAL REVIEW

Factors Affecting the Competitive Growth of S. aureus

There are several factors which influence the growth rate, and

subsequently, the total number of organisms attained by Staphylococcus

aureus when grown in competition with other organisms. These

include temperature, pH of the medium, nutrients available, and

nature of the medium. According to Jones et al. (1957) S. aureus

grows well at 30C and 37C and fairly well at 25C. Takahashi and

Johns (1959) corroborated this finding when they reported that in

milk with low standard plate count, S. aureus grew actively at 32C

and moderately at 22C. However, they also stated that the presence

of other organisms in sufficient numbers inhibited staphylococcus

growth almost completely. Troller (1962) commented further

regarding remperature effects on competitive growth. He stated

that as the temperature rose, inhibition began sooner, and depending

on the medium, reached a maximum between 15C and 25C. Oberhofer

and Frazier (1961) found that there was more inhibition at 15C and

44C than at 30C. Therefore, in the presence of other organisms, S.

aureus was least inhibited at its optimum temperature.

S. aureus has an optimum growth pH of about 7.4, but according

to Hall and Fraser (1921) it grows over a very wide range from pH

2. 6 to pH 10. This would suggest that competitive inhibition of S.
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aureus is not due to changes in pH brought about by acid-producing

competitors. Hauser (1967) clearly showed that even if the pH were

continuously neutralized in a competitive culture the same amount of

inhibition of the staphylococci occurred as in a non-neutralized culture.

Therefore, changes in pH were not responsible for the inhibition.

This conclusion was also supported by the findings of Troller (1962),

Troller and Frazier (1963b), and Peterson, Black and Gunderson

(1962b).

S. aureus requires several amino acids and vitamins for optimum

growth. Troller and Frazier (1963b) found that cystine, valine,

glycine, proline, arginine, and aspartic acid were essential to S.

aureus. To this list, Mah, Fung and Morse (1967) added leucine,

threonine, phenylalanine, tyrosine, cysteine, methionine, and

histidine. They also mentioned that the required amino acids differed

slightly from one strain of S. aureus to another. Fildes et al. (1936)

found that in addition to the required amino acids an unknown factor

supplied by yeast extract was necessary for good staphylococcus

growth. Knight (1937) later identified this unknown factor to be a

combination of nicotinic acid and vitamin B1. Mah, Fung and Morse

(1967) suggested that biotin also was required. Therefore, it can

easily be seen that since so many amino acids and three important

vitamins are needed for good staphylococcus growth, competition

by other organisms for these nutrients could seriously inhibit the
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staphylococci.

The nature of the medium also affects staphylococci when they

are grown in association with other organisms. Peterson, Black and

Gunderson (1962b) stated in the second of their papers concerning

staphylococci in competition that foods containing eggs, starches, and

lipids had a protective action for staphylococci, and that a high salt

content in a particular food reduced the growth of competing organisms,

thereby allowing better staphylococcus growth. In their third, fourth,

and fifth papers (1964 a, b, c) Peterson, Black and Gunderson re-

ported the effects of salt, carbohydrates, eggs and lipids,

respectively, on staphylococcus growth in competition. They found

that concentrations greater than 3. 5% salt increasingly inhibited

competing organisms, thus enabling better staphylococcus growth.

Carbohydrates were found to be more inhibitory to competing

organisms than to staphylococci and thus had the same effect as high

salt concentration. They also found that sucrose was the most

inhibitory of all sugars tested, and dextrose was the least inhibitory

and even repressed the staphylococci to some extent. Twenty-five

percent whole egg was found to have little influence on the competi-

tive effect; however, 9% egg yolk was slightly inhibitory to compet-

ing organisms. The addition of 14, 5% sucrose to 25% whole egg

inhibited competing organisms somewhat more than sucrose suggest-

ing a cooperative effect between egg and sucrose. Four percent corn
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oil was also found to be inhibitory to competitors. Cris ley,

Angelotti and Foter (1964) found that even minute amounts of natural

foods added to synthetic media had a protective effect on staphylococci.

Therefore, the growth of S. aureus in competition with other

organisms is greatly affected by the nature of the medium in which

they are grown.

Inhibition of Staphylococci by Culture Filtrates

It has been observed that staphylococci can be inhibited by

culture filtrates. Barnes (1931) cited two authors with differing

viewpoints as to the cause of inhibition and then went on to state his

own opinion. He cited Ninni and Molinari (1928), who stated that

inhibition in broth culture filtrates was due to the products of

protein decomposition; he also referred to Schweinburg (1928), who

stated that the inhibition was due to the exhaustion of nutritive

materials. Barnes agreed with Schweinburg and stated that the

inhibition was due to the "alteration of necessary nutrient materials

rather than to the presence of a truly inhibitory agent" (Barnes, 1931,

p. 406). Lockhart and Powelson (1953) concurred with Barnes and

found that the inhibition in stale culture medium (previously used for

the growth of some organism) seemed "not to be caused by specific

inhibitory substances or proximity of cells but rather probably by the

exhaustion of some factor or factors essential to the anabolic
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processes of the cell" (p. 293). This theory of nutritive depletion has

recently been proven to be correct by Iandolo et al. (1967), who were

able to reduce the inhibition of S. aureus in a culture filtrate 50% by

supplementation with nicotinarnide.

Competitive Growth of S. aureus

Many workers have reported the inhibition of S. aureus by other

organisms in various media (Jones et al. , 1957; Takahashi and

Johns, 1959; Oberhofer and Frazier, 1961; Eddy and Ingram, 1962;

Peterson, Black and Gunderson, 1962a, b; Troller, 1962; Troller

and Frazier, 1963a, b; Casman, McCoy and Brandly, 1963; Graves

and Frazier, 1963; Crisley, Angelotti and Foter, 1964; McCroan et

al. , 1964; Reiter et al. , 1964; Iandolo et al. , 1965; DiGiacinto and

Frazier, 1966; Kao and Frazier, 1966; McCoy and Faber, 1966;

Hauser, 1967; Zamenhof and Eichhorn, 1967). Many different

organisms have been used as competitors, but only Iandolo et al.

(1965) and Hauser (1967) reported using S. diacetilactis, although

Jones et al. (1957), Reiter et al. (1964), and Kao and Frazier (1966)

did report on lactic acid bacteria.

There also have been several theories suggested as to the cause

of this suppression. Troller (1962) found two species which appeared

to outcompete the staphylococci for amino acids. Troller and

Frazier (1963b) found five other species that produced antibiotic
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substances against staphylococci. Reiter et al. (1964) found that

starter lactic streptococci suppressed the staphylococci by acid

production and "some other competitive effect". Iandolo et al. (1965)

showed that nutrient depletion, primarily nicotinamide, was the cause

for staphylococcus suppression; however, they did allow that addi-

tional factors may play a part. Kao and Frazier (1966) suggested that

suppression of staphylococci by lactic acid bacteria was due to the

acid produced. Di Giacinto and Frazier (1966) stated that most

species inhibited the staphylococci by a combination of antibiotic

substances and nutrient competition. Zamenhof and Eichhorn (1967)

proposed a novel theory as to how this competition for nutrients

could take place. They stated that an auxotrophic organism (S.

diacetilactis) could have a selective advantage over a prototrophic

organism (S. aureus) because of energetic economy due to fewer

biosynthetic steps. Although this statement seems to overlook the

processes of feed-back inhibition and gene repression, Zamenhof and

Eichhorn maintained that the theory was still valid because these

processes are not universal and/or complete enough in many

organisms. Most authors then seem to agree that S. aureus is

probably suppressed in associative cultures by outcompetition for

nutrients.
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S. diacetilactis as an Inhibitor

S. diacetilactis has been found to be inhibitory to several

different organisms. Collins (1961) reported on three strains of S.

diacetilactis which he said produced antibiotics against several

other lactic streptococci. No antibiotic agent was isolated , however.

Iandolo et al. (1965) reported the suppression of S. aureus by S.

diacetilactis when the two organisms were grown associatively.

Vedamuthu et al. (1966) added psychrophiles, enteric pathogens and

lactobacilli to the growing list of organisms inhibited by S. diacetilac-

tis. Hauser (1967) listed several genera which he had found to be

inhibited by S. diacetilactis when grown together in cottage cheese.

Those genera were : Bacillus, Pseudomonas, Proteus, Alcaligenes,

Aerobacter, and Staphylococcus.

S. diacetilactis has not yet been proven to produce a definite

antibiotic such as nisin. However, Pinheiro, Liska and Parmalee

(1968) have proposed the theory that an inhibitory agent produced by

S. diacetilactis could be acetic acid. They deduced this fact by compar-

ing Rf values of culture distillates to those of various organic acids.

Enterotoxin Production

It is not known exactly what conditions lead to the production of

enterotoxin or even exactly how many staphylococcus organisms are
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needed to produce sufficient enterotoxin to cause food poisoning.

Surgalla (1947) while studying the nutrition of S. aureus could find

no evidence that any amino acids unessential for cell growth were

needed for enterotoxin production. He found that there was a direct

relationship between the number of cells and the amount of entero-

toxin in both good and poor media. McCoy and Faber (1966), however,

did not consider a large number of staphylococci present in meat to be

sufficient proof of enterotoxin presence. Peterson, Black and

Gunderson (1962a) reported that the number of organisms needed to

produce food poisoning symptoms differed from one food to another.

However, they believed the minimal range to be from five million

to one billion cells per gram. Troller and Frazier (1963a) supported

this view when they reported that ten million organisms per gram

were needed to produce significant amounts of enterotoxin. Stritar,

Dack and Jungewaelter (1936), however, found that only 100, 000 cells

per gram of custard were capable of producing food poisoning

symptoms, and Reiter et al. (1964) reported that only 500, 000

organisms per gram made a food unfit for human consumption. Thus,

in order to be safe the lowest level of organisms reported to cause

food poisoning symptoms (that of Stritar et al. ) must be selected and

used as a standard of reference.
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Custard or Cream Filling as a Medium for Staphylococci

Custard and cream fillings have been incriminated in many

outbreaks of staphylococcus food poisoning (Dack et al. , 1931;

Stritar, Dack and Jungewaelter, 1936; Coughlin and Johnson, 1941).

According to Stritar, Dack and Jungewaelter (1936), this is due to the

nature of the ingredients in custards - sugar, milk, eggs and starch.

These ingredients offer ideal conditions for bacterial multiplication.

Peterson, Black and Gunderson (1964b) also considered custard

fillings to be a highly favorable culture medium for staphylococci;

however, they believed it to be a selective medium rather than an

ideal one. This is due to the high sugar content which suppresses

other competing bacteria thereby selecting for staphylococci.

Crisley, Angelotti and Foter (1964) reported on "synthetic"

cream fillings which were advertised as incapable of supporting

bacterial growth and therefore needing no refrigeration. However,

when Crisley and his associates inoculated these fillings with

staphylococci, they found that two were capable of supporting

staphylococcus growth, while the others were bacteriostatic and

represented a potential hazard. Therefore, all custard and cream

fillings, even "synthetic" ones, have been shown to be able to

support staphylococcus growth.
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MATERIALS AND METHODS

Sources of Cultures

The following cultures, used in this study, were obtained from

the culture collection maintained by the Department of Microbiology,

Oregon State University: Staphylococcus aureus H3R9764; Lactoba-

cillus arabinosus 17-5; Streptococcus diacetilactis 18-16, 26-2, CC-1,

Da-20, 4R-1, 4R-5, 6B -1, 6B-3, 31-2, 31-8, 3D-1, and 11D-3. In

addition, lyophilized cultures of S. diacetilactis 18-16 were obtained

from Moseley Laboratories, Indianapolis, Indiana, and were used

only in the cream filling experiments.

Culture Propagation

The S. aureus culture was maintained in ten milliliters of

trypticase-soy broth (TSB), a dehydrated medium manufactured by

Baltimore Biological Laboratories (BBL). The culture received

weekly loop transfers followed by incubation at 37C for 24 hours.

This and all other cultures were refrigerated at 4C between transfers.

The S. diacetilactis cultures were maintained in ten milliliters

of sterile nonfat milk (11% solids) with weekly transfers at the rate

of one percent followed by incubation at 21C for 24 hours.

The L. arabinosus culture was maintained in a yeast extract-

glucose-acetate agar (Table 1) stab especially recommended for the
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niacin assay in which It was used (Assoc. of Vit. Chem., 1947).

Transfers were also made weekly and were followed by incubation at

30C for 24 hours.

Table 1. Composition of agar medium for L. arabinosus stock
culture.

Ingredient Grams per 200 ml

Yeast extract 5.0

Anhydrous glucose 1.0

Sodium acetate 1.7

Agar 3.0

The medium was heated until in solution, dispensed in 10-m1
amounts per tube, autoclaved at 15 lbs for 20 min, and stored in
refrigerator.

Spent Media Experiments

These experiments were carried out on two of the three

different media used in this study - TSB and nonfat milk (11%

solids). Both media were dispensed into tubes at the rate of ten

milliliters per tube.

Five tubes of the medium being studied were inoculated from a

24-hour culture of S. diacetilactis grown in that medium. Inocula-

tion was loopwise in the broth and dropwise in the milk. These tubes

were incubated at 21C for 24 hours.

In the experiment involving broth, the contents of the tubes
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were centrifuged in sterile centrifuge tubes at 10, 000 rpm for 15

minutes, and the supernatant aseptically decanted into sterile tubes.

This supernatant was designated as spent TSB. In those tests

involving milk, the five tubes were pasteurized in a 62C water bath

for 35 minutes, and then cooled immediately in an ice bath. The milk

was then designated as spent.

After the above treatments in which S. diacetilactis organisms

were either removed from the medium or killed, the tubes of spent

media plus five tubes of fresh media were inoculated dropwise from a

24-hour culture of S. aureus grown in the appropriate medium. One

tube from each category was then set aside for estimation of initial

population of staphylococci per milliliter. The rest of the tubes were

incubated at 30C.

After 4, 8, 12, and 24 hours of incubation, two tubes, one from

each category, were removed from the incubator for estimation of

number of staphylococci per milliliter present. The estimation

procedure consisted of plating the proper dilutions of the tubes on

staphylococcus medium #110 (S110), a dehydrated medium manu-

factured by BBL, incubating these plates at 37C for 24 hours, and

counting the number of colonies grown up on each plate.

Niacin Assays

A niacin assay was run on the above two kinds of spent media at
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various stages of S. diacetilactis growth to see if depletion of niacin

was responsible for the suppression of S. aureus growth as was

reported by Iandolo et al. (1965).

The method for this assay was adapted from Methods of Vitamin

Assay (Assoc. of Vit. Chem., 1947). The reagents used were the

same as those given; however, a commercially prepared niacin assay

medium (Difco Laboratories, Detroit, Michigan) was used instead of

the basal medium given. Also, the 1N H2SO4 and IN NaOH were

omitted since it was unnecessary to extract the niacin from the liquid

media. The indicator solution was also omitted as all titrations were

done on a Fisher automatic titrimeter.

The assay organism used was L. arabinosus 17-5 which requires

niacin for growth. Before being used in the assay, this organism was

transferred from a stock stab culture to a tube of inoculum medium

and incubated at 30C for 16 to 24 hours. The contents of this

inoculum tube were then transferred aseptically to a sterile centrifuge

tube and centrifuged at 5000 rpm for ten minutes. The supernatant

was decanted, and the cells were aseptically resuspended in 20 ml of

sterile isotonic salt solution.

A sterile two milliliter pipette with 0. 01-m1 graduations was

used to inoculate standard and sample tubes. Each tube received

0. 05 ml of inoculum.

Standard tubes were prepared, and a standard curve drawn as
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given in Methods of Vitamin Assay (Assoc. of Vit. Chem., 1947).

Six tubes of the medium to be tested were inoculated dropwise

from a 24-hour culture of S. diacetilactis 18-16 grown in the

appropriate medium. These six tubes were incubated at 21C. A

seventh tube was left uninoculated for a control and was placed at 4C.

After two hours growth, one tube was removed from incubation. The

contents of this tube were treated as were the tubes in the above

study. That is, the S. diacetilactis organisms were removed by

centrifugation from TSB or killed by pasteurization in milk. The

tube of spent medium was then marked and placed at 4C until

needed. The above was repeated after 4, 6, 8, 12, and 24 hours of

growth.

All tubes were then removed from refrigeration and allowed to

come to room temperature. The contents of each tube were diluted

(1:2 for TSB and 1: 10 for milk) and adjusted to pH 6. 8. Assay tubes

were then prepared as in Methods of Vitamin Assay (Assoc. of Vit.

Chem., 1947) using the above test solutions. Standards containing

0, 0.10, 0. 15, and 0. 20 p.g of niacin per tube were run at the same

time. All tubes were sterilized as indicated in Methods of Vitamin

Assay and cooled (usually overnight). All tubes were then inoculated

with 0. 05 ml of freshly prepared inoculum and incubated at 30C for

72 hours. During this time, acid production occurred, as deter-

mined by the amount of growth of the Lactobacillus, in direct
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response to the amount of niacin present. To determine the amount

of acid present, the contents of each tube were transferred,

successively, to a 250 ml beaker along with ten milliliters of distilled

water used to rinse the tube. Then the contents of the beaker were

titrated to an end-point of pH 6. 8 with 0. 1N NaOH using a Fisher

automatic titrimeter.

By referring to the standard curve, the amount of niacin per

tube was determined by interpolation of the titer values found. Then

by multiplying by the dilution factor, the amount of niacin per milli-

liter was calculated.

Supplementation Experiments

Studies were also run on supplementation of nonfat milk and TSB

spent media. In these experiments, niacinamide and Procheeze, a

source of peptides and amino acids (Marschall Division of Miles

Laboratories, Madison, Wisconsin), were added to spent media to see

if growth suppression of S. aureus could be reversed. Twenty tubes

of one of the media were inoculated dropwise from a 24-hour culture

of S. diacetilactis 18-16 grown in the appropriate medium. These

tubes were incubated at 21C for 24 hours, after which time the cells

were removed or killed as in the method for spent media. Two

milliliters of medium were aseptically removed from each tube and

also from five tubes of fresh medium. To each of these five fresh
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liters of sterile distilled water. To each of ten other spent tubes, one

milliliter of sterile distilled water was added aseptically. Each of

five of these tubes then received one milliliter of a sterile niacinamide

solution (0. 8 p.g/m1), and the other five each received one milliliter of

a sterile one percent solution of Procheeze. The remaining five spent

tubes each received one milliliter of the niacinamide and one milliliter

of the Procheeze solutions. All 25 tubes were mixed, and each inocu-

lated dropwise from a 24-hour culture of S. aureus grown in the appro-

priate medium. One tube from each of the five categories was set

aside for estimation of initial level of inoculation, and the rest of the

tubes were incubated at 37C.

After 4, 8, 12, and 24 hours of incubation, one tube from each

category was removed, and the number of staphylococci per milliliter

estimated. The method of estimation was the same as that in the

spent media experiments.

A variation of this method was used to study the effect of adding

various concentrations of niacinamide to spent TSB. Twelve tubes of

TSB were spent as before with S. diacetilactis 18-16. One milliliter

of spent TSB was aseptically removed from each tube and replaced by

one milliliter of a sterile niacinamide solution. The six concentra-

tions of niacinamide, which were run in duplicate, were 0, 0. 4, 0. 8,

1. 2, 1. 6, and 2. 0 µg /ml.

All tubes were mixed, inoculated dropwise from a 24-hour
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culture of S. aureus grown in TSB, and incubated at 37C for eight

hours. At that time, all tubes were removed from incubation, and

the number of staphylococci per milliliter estimated in each tube as

before.

Associative Growth Experiments

This test, which differed from all the above work in that the

medium was inoculated by both organisms at the same time, was

carried out on all three different media - TSB, nonfat milk, and

vanilla cream filling. In the experiments involving liquid media, 15

tubes of sterile fresh medium were selected and separated into three

groups of five each. The tubes in one group were each inoculated with

0.1 ml of a 24-hour culture of S. aureus and 0. 05 ml of a 24-hour

culture of S. diacetilactis both grown in the appropriate medium.

These were the associative growth tubes. The other two groups of

tubes were controls. One group was inoculated with S. aureus only,

and the other group was inoculated with S. diacetilactis only. The

tubes were all mixed, and one tube from each group set aside for

estimation of initial counts per milliliter. The rest of the tubes

were incubated at 30C; at 4, 8, 12, and 24 hours one tube from each

group was removed and the counts per milliliter determined for both

the S. diacetilactis and the S. aureus.

Growth measurements were done using two different plating
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media; trypticase-soy agar (TSA), which was made by adding 15 g/1

agar to TSB, was used for a total count in the associative tubes and

for a count of the S. diacetilactis control tubes, and S110 agar, which

is selective for staphylococci, was used for a count of the staphylococci

in both the associative and S. aureus control tubes. By subtracting

the number of staphylococci per milliliter found in a given associative

tube from the total count per milliliter in that tube, the number of

S. diacetilactis organisms per milliliter could be calculated.

In one study, the effect of long-term associative growth on both

organisms was studied. The procedure was nearly identical to the

one above except that counts were taken on tubes incubated 0, 12, 24,

and 48 hours and one week.

The above method was also used in a study comparing the

effectiveness of 11 other strains of S. diacetilactis besides 18-16

against S. aureus. The only difference in the method used was that

two strains of S. diacetilactis were tested at the same time both

utilizing the same S. aureus control tubes.

Vanilla cream filling, the third medium in which associative

growth was studied, is a semisolid and therefore required different

handling methods. The filling was prepared from a recipe from

Better Homes and Gardens New Cookbook (Better Homes and Gardens,

1962) given in Table 2. After cooling, 100 g of filling were weighed

into each of four sterile half-pint canning jars and submitted to
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intermittent sterilization. The jars containing the filling were

steamed for 15 minutes, then incubated at 30C for eight hours followed

by 15 minutes of steaming and four hours incubation. The jars were

then submitted to 15 minutes more of steaming before cooling and

storage at 4C until needed (usually only overnight).

Table 2. Composition of vanilla cream filling.

Ingredient Amount

S ugar 1/2 cup

Flour 1/3 cup

Salt 1/2 tsp
Milk 2 cups

Eggs, slightly beaten 2

Vanilla 1 tsp

Dry ingredients were mixed and slowly stirred into fresh whole
milk; mixture was cooked and stirred over medium heat until
thickened and then cooked two minutes longer; a small amount was
stirred into eggs and then stirred back into remaining hot mixture;
mixture was brought just to boil again with constant stirring;
vanilla was added last.

Inoculation was carried out in the following manner: one gram

of lyophilized S. diacetilactis 18-16 culture (Moseley) was aseptically

added to each of two jars of filling; one milliliter of a 24-hour milk

culture of S. aureus was diluted 1: 100 in a sterile saline water

blank, and one milliliter of this dilution was added to one of the jars

already inoculated with S. diacetilactis and another milliliter to an
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uninoculated third jar; the fourth jar remained uninoculated as a

control. The contents of all jars were then stirred using sterile

wooden spatulas.

At this time, the control and S. diacetilactis control jars were

sampled to estimate levels of contamination and S. diacetilactis

inoculation respectively. The 24-hour milk culture of S. aureus

used in inoculation was also tested for level of S. aureus inoculation.

All jars were then incubated at 25C.

After 12, 24, and 48 hours of incubation, samples were taken

from each of the jars and estimations of counts made. The estima-

tion procedure employed the same methods and plating media as in

other associative growth studies; however, due to the semisolid nature

of the filling, results were reported on a per gram basis.

Catalase Experiment

This experiment, which was undertaken to see if hydrogen

peroxide produced by S. diacetilactis 18-16 was responsible for the

suppression of S. aureus in associative growth, was conducted on the

two liquid media only. Nine tubes of fresh sterile medium were

divided into three groups of three tubes each. To each of the tubes

of one group was added aseptically one milliliter of sterile catalase

at 100 Keil units per milliliter. These tubes were mixed, and then

all nine tubes were inoculated with 0.1 ml of a 24-hour culture of S.
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aureus grown in the appropriate medium. The three catalase tubes

and three of the other tubes were then inoculated with 0.05 ml of a

24-hour culture of S. diacetilactis 18-16 grown in the appropriate

medium. The third group was used as a control to measure S. aureus

growth alone.

One tube from each group was then set aside for estimation of

initial counts per milliliter. The remaining tubes were incubated

at 30C, and at 12 and 24 hours one tube from each group was removed

for estimation of staphylococci per milliliter by plating on S110

medium. It was unnecessary in this case to know S. diacetilactis

counts.
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RESULTS

Spent Media Experiments

Figures 1 and 2 show the growth of S. aureus in spent TSB and

milk as compared to growth in fresh media. As can be seen in the

figures, S. aureus was greatly suppressed in both spent media. In

spent TSB at 12 hours, the time of maximum growth in the control,

there was a 99. 8% reduction in number of staphylococci as compared

to fresh TSB. In spent milk at 24 hours, there was a 98.4%

reduction in number of staphylococci below that in the fresh milk.

From the results in Figures 1 and 2, a comparison of the media

can be made. Fresh TSB was a somewhat better medium than milk

for staphylococci as evidenced by the higher number of organisms

reached after 24 hours of growth. The number of staphylococci in

TSB reached nearly 5. 6 x 108 organisms per milliliter as compared

to only 1.5 x 108 organisms per milliliter of fresh milk. A differ-

ence can also be seen between the spent media. In the early stages of

growth, between zero and six hours, the number of organisms rose

moderately fast in spent TSB while there was a lag phase at this

point in spent milk. Also in spent TSB the number of staphylococci

reached a peak at 12 hours and then began to decline; while in spent

milk the number increased linearly with no indication of decline.
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Niacin Assays

Figure 3 shows the results of the niacin assays on media

following the growth of S. diacetilactis 18-16. These curves show

that in TSB after four hours of growth, niacin was removed from the

medium by S. diacetilactis in a near linear manner. The period of

greatest depletion occurred between eight and 12 hours of growth

which corresponded with the period of maximum growth of S.

diacetilactis seen in Figure 4. The cells used approximately 0.08

p, g of niacin per milliliter over the 24-hour period, and this quantity

was used in the experiments on supplementation of spent media.

In contrast to this, it also can be seen from Figure 3 that in

milk no niacin depletion occurred; the amount of niacin after 24

hours of growth of S. diacetilactis 18-16 was the same as at zero

time.

Supplementation Experiments

Figure 5 shows the growth of S. aureus in spent TSB which had

been supplemented with niacinamide (0.08 µg/ml) or niacinamide plus

Procheeze (0. 1 %) as compared to growth in fresh TSB and non-

supplemented spent TSB. As can be seen, the addition of niacinamide

to spent TSB enhanced the growth of S. aureus so that at 24 hours it

was about nine percent higher than the non-supplemented spent

TSB. This was less than the 50% reversal level reported by Iandolo
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et al. (1965).

It was expected that the addition of Procheeze with the niacina-

mide to spent TSB might further enhance the growth of S. aureus.

However, as can be seen. in Figure 5, this was not the case. In fact,

the Procheeze somewhat suppressed the additional growth brought on

by the niacinamide.

Figure 6 shows the growth levels attained by S. aureus after

eight hours of growth in spent TSB fortified with various concentrations

of niacinamide. It can be seen that concentrations up to 0.08 Fig/m1

induced a linear response to the added niacinamide, and thereafter a

leveling off occurred as indicated by the dashed line.

Figure 7 shows the growth of S. aureus in spent milk fortified

with niacinamide (0. 08 FJ, g/m1), Procheeze (0. 1 %), and both compared

to that attained in fresh and non-supplemented spent milk. One of

the most striking differences between this figure and Figure 5, which

concerns fortification of TSB, is the curve showing growth in spent

milk supplemented with only niacinamide. In Figure 5 it was seen that

the niacinamide provided some improvement in growth over the non-

fortified spent TSB; however, it had no such effect on growth in spent

milk. As can be seen in Figure 7, the niacinamide growth response

approximated the non-fortified growth response curve. This finding

corroborated results of the niacin assay experiments in which it was

found that niacin was depleted in TSB by S. diacetilactis, but not in
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nonfat milk.

Figure 7 also shows that Procheeze supplementation of spent

milk allowed normal growth of S. aureus after a slight initial lag.

The growth even surpassed that noted in fresh milk. The addition of

niacinamide and Procheeze together to spent milk brought about near

normal growth but not quite to the level of Procheeze alone.

Associative Growth Experiments

Figures 8 and 9 show the results of associative growth between

S. diacetilactis 18-16 and S. aureus in TSB and milk respectively.

Growth curves are shown for each organism indicating how it grew

alone and in association with the other organism. As can be seen in

both figures, S. diacetilactis was not at all affected by the presence of

S. aureus when grown associatively. The S. aureus, however, was

greatly suppressed in both TSB and milk when S. diacetilactis was

present.

Figure 8 shows that in TSB the population of associatively

grown S. aureus cells slowly dropped during the 8 to 24 hour

period indicating a slow death rate; in milk, however, (Figure 9)

the stationary phase was reached between 8 and 12 hours after

which there was a rapid death rate which resulted in a staphylococcus

population less than that at zero time.

It again can be noted in Figures 8 and 9 that TSB was a better
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growth medium for S. aureus than milk. S. diacetilactis 18-16, on

the other hand, grew equally well in both media.

When these two organisms were grown associatively in milk for

longer periods of time (Table 3), it was found that at 48 hours the

population of S. diacetilactis organisms was still at about the level

found at 24 hours; the S. aureus cells grown alone increased slightly

in numbers, while S. aureus grown associatively decreased in num-

bers but not as rapidly as between 12 and 24 hours. After one week

of incubation, the only organism still viable was S. aureus grown

alone; they reached a stationary phase with only a slight decrease in

numbers from that of 48 hours.

Table 4 shows the inhibition of S. aureus when grown asso-

ciatively with 12 different strains of S. diacetilactis including strain

18-16. As can be seen in the table, all strains were capable of

significantly inhibiting S. aureus. Four of the strains - 3D-1,

11D-3, 18-16, and 26-2 - achieved greater than 99% reduction. The

most inhibitive of these was strain 3D-1 with 99.98% reduction;

strain 18-16 was second most inhibitive and achieved 99. 85% reduc-

tion of S. aureus.

Figure 10 shows the results of associative growth of S. aureus

and S. diacetilactis 18-16 in vanilla cream filling. As can be seen,

the S. aureus was suppressed and died off even more rapidly than in

milk (Figure 9). It also can be noted that the cream filling was as
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Table 3. Growth of S. diacetilactis 18-16 and S. aureus in milk at
30C.

Time

S. diacetilactis S. aureus
alone associative alone associative

0 9. 0 x 106* 8.1 x 106 8.5 x 105 1.0 x 106

12 hr. 4.8 x 108 1.3 x 109 7.7 x 107 3.9 x 106

24 hr. 1.2 x 109 1.2 x 109 8.1 x 107 4.0 x 104

48 hr. 1.3 x 109 8.8 x 108 1.3 x 108 1.4 x 104

1 wk. < 103 <103 6.1 x 107 < 103

*Organisms per milliliter.

Table 4. Inhibition of S. aureus grown in association with various
strains of S. diacetilactis in nonfat milk at 30C.

S. diacetilactis S. aureus organisms
Strain per ml at 24 hr

Percent reduction
of S. aureus

none 1.5 x 108 0

3D-I 2.3 x 104 99. 98

4R -1 4.2 x 106 97.20

4R-5 2.8 x 106 98. 13

6B-1 3.0 x 106 98. 00

6B-3 2.5 x 106 98. 30

11D-3 9.5 x 105 99.37

18-16 2.2 x 105 99.85

26-2 4.9 x 105 99.67

31-2 4. 9 x 106 96.73

31-8 5.0 x 106 96.67

CC-1 2.7 x 106 98.20

Da-20 1.6 x 106 98.93
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good a growth medium for S. aureus grown alone as the TSB (Figure

8); a similar high number of organisms per milliliter was achieved

in both media.

One problem encountered with the cream filling was an inability

to achieve complete sterility without damaging the desired nature of

the medium. For example, after 48 hours of incubation at 25C, a

count of 3.7 x 105 organisms per milliliter was found in the heat

treated cream filling. These organisms were not identified, but TS

agar plate colonies were morphologically different from either S.

aureus or S. diacetilactis 18-16. None of these organisms were found

in either of the test jars containing S. diacetilactis, indicating that

they too were suppressed.

Catalase Experiment

Figures 11 and 12 show the results of growing S. aureus with S.

diacetilactis 18-16 in the presence and absence of catalase. Growth

curves of S. aureus alone are also shown in order to demonstrate the

suppressive effect of associative growth. TSB was the medium used

for Figure 11, and nonfat milk was used for Figure 12.

As can be seen in both figures, catalase had no effect on the

suppression of S. aureus in either medium; the curves showing

associative growth of S. aureus in the presence of catalase nearly

approximate those curves showing associative growth without catalase.
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Figure 12. The growth of S. aureus alone (A) and in association with S. diacetilactis 18-16 in the
presence (o) and absence (o) of catalase in milk at 30 C.



42

DISCUSSION

Results of growth experiments in spent TSB were similar to

those observed by Iando lo et al. (1965). From this and the growth

data obtained from studies with spent nonfat milk, it was concluded

that S. diacetilactis 18-16 somehow altered the media so that

suppression of S. aureus occurred. Furthermore, it was apparent

that it was not necessary for the streptococci to be present at the

time of growth of the staphylococci. Consequently, it was concluded

that something had been either added to (antibiotic growth by-product)

or taken from (nutrient depletion) the media by S. diacetilactis which

caused an inhibition of the staphylococci.

These growth studies in spent media provided evidence that

differences in staphylococcus growth-supporting properties existed

between the two media, TSB and nonfat milk; after 12 hours of growth,

the staphylococci began to decline in numbers in TSB (Figure 1),

while in milk they increased linearly (Figure 2). It appeared, there-

fore, that the staphylococci were able to partially overcome the

inhibition noted in spent nonfat milk. This may have been due to the

availability of milk protein degradation products during late growth

as suggested by the Procheeze supplementation experiments.

The niacin assays run on spent TSB and nonfat milk showed a

difference between these two media occurring as a consequence of

growth by S. diacetilactis; niacin was depleted from TSB by S.
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diacetilactis 18-16, but not from milk. Therefore, in spent TSB it

was concluded that niacin depletion was one of the causes for in-

hibition of S. au.reus since niacin is essential for staphylococcus

growth (Knight, 1937). However, in spent milk this was not the

case, and another explanation was sought.

Supplementation experiments corroborated the above findings

and also suggested one possible explanation for inhibition of S.

aureus in spent nonfat milk. Niacinamide, when added to spent TSB,

reduced the suppression of S. aureus, but had no effect in spent

milk. On the other hand, Procheeze, a rich source of amino acids,

peptides and low molecular weight proteins, brought about normal

growth of S. aureus in spent milk; it had only a slight effect in spent

TSB. From these findings it appeared that the depletion of niacin or

niacinamide was one of the growth-retarding causes in spent TSB.

However, it was not the only factor because the suppression was only

partially overcome by adding niacin back to the spent broth. Further-

more, the depletion of amino acids from the TSB did not cause the

remaining inhibition since Procheeze plus niacin did not completely

overcome the staphylococcus growth suppression.

In order to see if greater reversal of growth suppression could

be achieved by the addition of more niacin, a dose response experiment

was conducted in which it was found that concentrations higher than

0.0811 g/m1 of niacinamide yielded no better growth in spent TSB.
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Therefore, additional niacin would not reverse the staphylococcus

growth suppression any further in spent broth.

In the spent milk, the depletion of essential amino acids by S.

diacetilactis appeared to be the principal cause of growth suppression

of S. aureus since Procheeze was able to overcome the suppression

almost completely. Like S. aureus, S. diacetilactis requires a

number of amino acids for growth and so it is understandable that they

might be readily depleted by the lactic streptococcus.

Associative growth, where S. diacetilactis and S. aureus are

grown together, may have more practical significance than growth in

spent media, although the possibility of extending the shelf life of

perishable foods by the latter process should be studied. In the

present study, associative growth was more successful in preventing

high numbers of staphylococci from accumulating, especially in

milk. An important difference between these two processes was that

in spent media there was a lag phase followed by a linear increase in

cell numbers while associative growth allowed a short log phase

followed by a stationary phase and then a rapid decline.

While toxin production was not determined, it is believed that

sufficient numbers of staphylococci would not be produced under these

conditions to elaborate enough exotoxin to cause food poisoning. In

this regard, Stritar et al. (1936) stated that 105 cells were needed to

produce sufficient toxin to cause food poisoning. Furthermore, the
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associatively grown staphylococci in milk received an inoculum of

105 cells which was far higher than would ever occur naturally. This

was also true of vanilla cream filling. Therefore, it is likely that S.

diacetilactis cells used at the levels employed in this study would

easily overcome the growth of S. aureus cells contaminating

manufactured food items such as custard pies and cream puffs even

though the contamination would be relatively great. Also, in the event

the product should warm up due to poor handling or refrigeration

failure, the S. diacetilactis would not produce sufficient acid to sour

the product. It would grow, however, especially if a little citrate

were present, and suppress the staphylococci and other undesirable

organisms by nutrient depletion (Hauser, 1967).

When 12 different strains of S. diacetilactis were compared

for their ability to suppress S. aureus, it was seen that strain 3D-1

brought about the greatest percent reduction of staphylococci. How-

ever, strain 18-16, which was second best, was more readily

available in the lyophilized form and was, therefore, used in all

tests.

In vanilla cream filling, lyophilized S. diacetilactis 18-16

successfully inhibited S. aureus growth at room temperature so that

large numbers of staphylococci were never attained. It is believed

that lyophilized cultures of S. diacetilactis 18-16 could be used in

commercial preparations of cream fillings to prevent the possibility
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of staphylococcal food poisoning occurring should the cream-filled

product be refrigerated improperly. One drawback may be the fact

that S. diacetilactis produces diacetyl which gave the filling a buttery

flavor. This additional flavoring may be objectionable to some,

desirable to others. Mutants of this organism not producing diacetyl

have been described, however (Burrow, Sandine and Elliker, 1968).

It was suggested by Dahiya and Speck (1968) that the production

of hydrogen peroxide by lactic acid bacteria may be responsible for

the suppression of S. aureus in associative growth. However, it was

definitely determined that hydrogen peroxide was not responsible for

growth inhibition of S. aureus in this study. If S. diacetilactis did

produce some hydrogen peroxide, the catalase produced by S. aureus

was apparently sufficient to break it down. Therefore, it is believed

that the cause for suppression of the growth of S. aureus by S.

diacetilactis in spent media and during associative growth is the

depletion of essential nutrients.

Further research, of course, will be necessary to establish

the practicability of this approach in preventing spoilage of perishable

foods and reducing the incidence of food-borne poisonings and infec-

tion. It is possible, however, that both these desirable results from

such a process could be accomplished with such products as

fermented sausage, market milk, meat salads, salad dressings, pies

and other bakery goods, and various cheeses. In this regard, the
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application of this process to increasing the shelf life of cottage

cheese has been well documented (Elliker et al., 1964; Vedamuthu

et al., 1966; Hauser, 1967).

Further study should also be made on the practicality of deplet-

ing certain essential nutrients for staphylococcus growth from

perishable food products without significantly altering the desired

nature of the given product. However, it has been shown that the

limiting essential nutrient or nutrients can differ from one medium,

or food-product, to another. Therefore, it would be necessary to

determine the limiting essential nutrient for each food-product used.

If this depletion could be accomplished, staphylococci would be

prevented from growing, and the shelf life of these food-products would

be extended.
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SUMMARY

A study of the inhibitory effect of S. diacetilactis on S. aureus,

both in associative culture and through culture filtrates, was under-

taken in order to determine the causes for the inhibition and also to

investigate the possibilities of using this inhibition to prevent

staphylococcal food poisoning in perishable foods such as milk and

vanilla cream filling.

It was found that the principal cause for the inhibition of S.

aureus by S. diacetilactis was nutrient depletion. In TSB one of the

essential nutrients depleted by S. diacetilactis was niacinamide, and

in milk, amino acids were the essential nutrients depleted. The

addition of catalase did not reverse this inhibition; therefore,

hydrogen peroxide production by S. diacetilactis was not responsible

for the inhibition.

When a lyophilized culture of S. diacetilactis was used to

inoculate a batch of vanilla cream filling previously contaminated

with S. aureus, the staphylococci were successfully inhibited after

48 hours at 25G. It is believed that with further study this method

could be used to prevent staphylococcal food poisoning in various

food-products.
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