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Various lactic acid bacteria (LAB), as well as two commercially
available shelf-life extenders for food products (Microgard™ and Alta™ 2020)
were evaluated for their abilities to lengthen the shelf-life of cottage cheese.
Certain strains of Lactococcus lactis subspecies lactis biovariety diacetylactis
were found to best inhibit the growth of the cheese spoilage organism,
Pseudomonas putida , as well as naturally occurring contaminants in cottage
cheese. One strain in particular (26-2), was able to inhibit the growth of Ps.
putida and other contaminants nearly 100% over 21 days of refrigeration.
Lactobacillus AS-1, over the same period of time, was also found to be very
inhibitory to this spoilage bacterium and natural contaminants; inhibition was
nearly 100%. Pediococcus acidilactici strains also were found to have good

inhibitory effects against gram negative bacteria up to 10 days of refrigeration;



inhibition reached approximately 85%. A strain of Propionibacterium
freundenreichii subsp. shermanii (9616) was also effective, bringing about
95% inhibition up to 15 days at 8 C.

Microgard™ and AltaTM 2020 were both effective inhibitors of the
spoilage bacteria Pseudomonas putida and Pseudomonas fragi in cottage
cheese, and also showed good inhibition of naturally occurring contaminants.
Inhibition was better against Ps. putida than against Ps. fragi , being close to
100% over 21 days of refrigeration. Results obtained using amounts other than
recommended by the manufacturers gave slightly lower percent inhibition for
AltaTM 2020 when lower amounts were used than the recommended usage
rate of 1.1%, and higher percent inhibition was observed for Microgard™ when
higher amounts were used than the recommended usage rate of 0.25%, but
these differences were not of a great magnitude. Both bacteriocins still
exhibited close to a 100% inhibition.

Pasteurized milk products of Lactobacillus AS-1 showed
potential for use to extend the shelf-life of cottage cheese. A 1% volume of the
product was able to exhibit up to 44% inhibition of Ps. putida , when added to
100ml of 12% fat cream, which was used to cream dry curd cottage cheese.
This shows that Lb. AS-1 might be producing an antimicrobial substance
which could be used in the dairy industry.

Enhancement of the inhibitory effects of Microgard™ was
observed when different concentrations of sodium citrate were added to the dry
powder. An increase of 100% inhibition of the spoilage organism, Ps. putida
was observed when 1.0% sodium citrate was added to MG, as compared to
just MG by itself . Of the two yeast cells tested, Saccharomyces cerevisiae ,
showed greater sensitivity to MG's mode of activity when sodium citrate was

present. There was an increase in MG's inhibitory effect of 96% to 99% with



1.0% sodium citrate. The other yeast, Candida albicans , was not as affected by
the presence of sodium citrate and MG. In actual fact MG by itself showed
better inhibition of this yeast. However the results obtained do show the

potential for enhanced activity of MG in the presence of sodium citrate.
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EVALUATION OF COMMERCIAL PRACTICES TO ENHANCE
THE SHELF-LIFE OF COTTAGE CHEESE

CHAPTER 1

INTRODUCTION

The dairy product given the name "Cottage Cheese" has been an
important food in the diet of many people for decades. There are numerous
reasons why cottage cheese is so popular in the world today. Health-wise, it is
relatively low in calories and also contains high amounts of nutritious proteins,
minerals and vitamins. To the consumer, cottage cheese is an affordable
product and convenient, since it can be eaten in a variety of ways. It can be
consumed plain or added to a number of dishes such as salads, desserts and
cooked items. Consumers therefore expect a high quality cottage cheese every
time they purchase the item. This means that the product should have the same
flavor, texture, body and appearance when purchased and also maintain these
characteristics until the expiration date or shelf-life is reached. The dairy
industry tries to maintain these standards of high quality in cottage cheese by a
number of procedures, such as proper sanitation of equipment and processing
plant areas involved in manufacturing the cheese. This is not as easy as it
seems for the dairy industry. This is because cottage cheese, although very
nutritious for human consumption, is also a very complete food for
contaminating bacteria that may enter the cheese during manufacture. Since
cottage cheese is high in moisture, protein and carbohydrate, it makes an ideal

medium for the growth of bacteria, yeasts and molds.



Prevention of contaminants entering cottage cheese is the most difficult
problem facing manufacturers of this dairy product. At least two solutions are
advocated: One is the proper sanitation of dairy plants where the cottage
cheese is produced. This will eliminate or reduce the number of contaminants
in the product and therefore extend shelf-life, since the smaller the number of
contaminants, the longer it will take them to grow to a level where they can
cause spoilage of the cottage cheese. The other solution is like a back-up plan
if sanitation fails, and the product is contaminated. Manufacturers try to prevent
growth of the contaminants by either eliminating them or slowing their growth
rate to extend the shelf life of the cottage cheese. During the last decade
cottage cheese sales have declined largely due to a decrease in quality from
flavor and texture standpoints (Tong, 1993). While competition from other more
stable food items is one cause, decline in quality also is involved.

This thesis concentrates on the second solution employed by the
manufacturers of cottage cheese, other than the addition of chemicals, to
prevent growth of contaminating organisms. The first report of use of live starnter
culture bacteria in cottage cheese dressing to extend the shelf life of the
product was that of Elliker et al. (Elliker et al. , 1964). Since then modifications
and advancements of this approach have been introduced which will be
referred to and discussed later in this thesis, since the purpose of the present
work has been to compare and evaluate these newer methods.

Evaluation of these commercial practices to extend the shelf-life of
cottage cheese was carried out with a number of bacteria that belong to the
lactic acid bacteria (LAB), as well as with two commercially used dry powder
extenders of shelf-life of food products. They are known as Microgard T (MG)

and AltaTM 2020 (AL).



The four lactic acid bacterial genera used were Lactobacillus,
Leuconostoc, Pediococcus, and Lactococcus. Propionibacterium was also
included. These organisms are widely distributed as natural residents of green
plants from which they easily contaminate raw milk in the farm environment.
Use of Lactococcus lactis subspecies lactis biovariety diacetylactis (Lc.
diacetylactis ) was advocated in dairy products as mentioned by Elliker et al.
(Elliker et al. , 1964). Because it has been used so successfully in industry, it
has been used in this experiment as a control. Another bacterium,
Lactobacillus AS-1, recently studied by Al-Zoreky (Al-Zoreky, 1993), was found
to be an effective inhibitor of cottage cheese spoilage bacteria, and therefore
also included as a control.

MG, marketed by Wesman Foods Inc., Beaverton, Oregon, is a natural
extender of shelf-life of many food products such as cottage cheese, yogurt,
dips, processed cheese, cream cheese, sour cream, ricotta cheese, and
unsalted butter. It is also incorporated in dressings and sauces (salad
dressings, lite salad dressing, salsa, soup base, pasta sauce and pizza
sauce) as well as breads and pasta (bagels, fresh pasta, specialty breads and
shortcakes). In addition, MG is used in meat products such as pepperoni,
sausage and snack meats. MG is a wholly pasteurized fermented milk product
which is approved for use in these food and dairy products by the USDA and
FDA.

AL, marketed by Quest International, Sarasota, Florida, is one of the
many Alta labeled products they produce to extend the shelf-life of various food
products. It is prepared from whey by a food grade fermentation process and
contains a specific selection of organic acids and proteins. AL is recommended
for fresh, fermented and other milk products. This includes products such as

cottage cheese, salad dressing, processed cheese, ricotta cheese, sliced



cheeses, sour cream, yogurt, prepared sauces, bakery foods, bakery
ingredients, pourable pancake and egg substitutes.

Both of these extenders of shelf-life of food products are naturally
produced and contain no added chemical preservatives. Also, they do not

change the flavor or the aroma of the foods in which they are incorporated.



CHAPTER 2

HISTORICAL REVIEW

Cottage Cheese

Cottage cheese is made from skim milk. It is a soft, unripened, fermented
food which is edible as soon as it is made. It contains a large amount of water,
which contributes to its softness and short keeping time. The maximum amount
of moisture allowed in cottage cheese is 80%. Dry curd cottage cheese can be
mixed with a number of items such as cream, pineapple, chives, or other fruits

to generate different flavors.

Manufacturing Cottage Cheese Curd

To manufacture cottage cheese curd, high quality pasteurized milk is
inoculated with a mixed strain lactic starter culture. This culture contains
Lactococcus species such as Lc. lactis subsp. lactis (Lc. lactis ) and Lc. lactis
subsp. cremoris (Lc. cremoris ) and the associative Leuconostoc species.
Time is then given for curdling of the milk due to acid produced by the species
of Lactococcus. There are three different times allowed for this setting of the
curd. These procedures differ mainly in temperature of setting and the amounts
of starter cultures used. The most common is the short-set method in which the
milk is warmed to about 32 C and inoculated with 4-5 % of active starter. Within
4-5 hours after the addition of the starter culture, the curd is ready to be cut. The

long-set method in contrast, involves holding the milk at 21 C and inoculating



with 0.3-1.0 % of an active culture. Since curdling takes place in about 16
hours, this results in a more pleasing aroma in the final cheese, because it
provides better conditions for growth of the Leuconostoc , which convert milk
citrate to diacetyl. But sometimes with this procedure, it is difficult to estimate in
advance the approximate cutting time. For the short-set method, the
approximate cutting time may be predicted more closely and also time is not
wasted in waiting for the curd to set and be cut. The last procedure is known as
the intermediate-set method. This is a term that covers all the procedures in
which a 1-5 % starter culture is used and the setting temperature is between
21-32 C. The setting time is between 5-12 hours. This procedure is used only
when special labor or processing circumstances in the plant warrant its use.
When the titratable acidity of the whey within the curd mass reaches 0.5
% to 0.6 %, the curd is cut into cubes and slowly heated to 43 C to 53 C, where
it is then cooked over a period of an hour. The curd can be cut into three
different sizes, either large, small or medium. Whey is drained and then the
curd is washed 2-3 times with cold water. This washing increases firmness,
removes the sour whey and also inhibits further acid production. After the wash
water is drained, salt may or may not be added at this time. If added, it would
be at a rate of 0.5-1.0 %. Finally the curd is creamed, packaged and marketed.
Creamed cottage cheese must contain at least 4%
or more of milk fat. Under these conditions, it can be kept for one to two weeks

at most (Emmons , 1967).

Flavor and Aroma of Cottage Cheese

Mixed strain starter cultures may contain heterofermentative organisms

which terment glucose to acetic acid, carbon dioxide, ethanol and lactic acid.
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Examples belong to the Leuconostoc genus such as Leu. citrovorum and Leu.
mesenteroides subsp. dextranicum (Leu. dextranicum ). If milk citrate or citric
acid is added, these organisms can ferment it to diacety!, acetoin,
acetaldehyde, ethanol, 2,3-butylene glycol, acetic acid and carbon dioxide. But
they are unable to coagulate milk since they do not ferment lactose to a great
enough degree. Therefore Lc. lactis or Lc. cremoris strains are used to convert
lactose to lactic acid. However these strains do not ferment citrate except for Lc.
diacetylactis. This strain is also able to produce diacetyl in pure milk culture,
while the Leuconostoc strains can only ferment citrate under acidic conditions,
where the pH is below 4.7. The production of diacetyl by these bacteria is what
gives the culture a delightful buttery aroma and flavor. Therefore curdling of the
milk with flavor and aroma production can be achieved by growing
Leuconostoc in association with Lactococcus strains (Emmons , 1967).

Several procedures have been developed to produce desirable aroma
and flavor in cottage cheese without having too much gas in the curd, which
results in a floating curd defect. Mather and Babel in 1959 (Mather , 1959)
developed a procedure to increase and standardize the amount of flavor in
cottage cheese. This involved growing Leu. citrovorum , now called Leu.
cremoris , in skim milk for 24 hours at 21 C. The milk is then acidified to a pH of
4.3 with sterile citric acid and the culture is re-incubated for an additional 24
hours. To the cream that will be added to dry cottage cheese curd, the culture is
used to standardize the fat content of 20% cream to about 12%. The product
will have a consistent aroma and flavor since the amount of diacetyl can be
standardized in the final creaming mixture. This is accomplished by varying the
amount of cultured milk and cream.

Another procedure was developed to enhance the flavor of dairy

products such as cream cheese, Neufchatel cheese, cottage cheese, butter



and margarine. In 1962, Erik Lundstedt (Lundstedt , 1962) used cottage
cheese whey as the growth medium for Lc. diacetylactis. Sodium citrate was
added to the whey, and then the pH was lowered to 6.0 before sterilization. A
pure culture of Lc. diacetylactis was inoculated into the citrated medium and
left to ripen for 18 hours at 22 C. This product, which is high in diacetyl, was
then added in small amounts (one-half of one percent by weight) to cottage,
cream and Neufchatel cheese. One to five percent by weight was added to
butter and margarine.

Finally in 1964, Elliker et al. (Elliker et al. , 1964) developed a procedure
that improved the aroma of cottage cheese. This procedure was much simpler
than the two mentioned above. it involved pasteurizing 12% cream and cooling
to 21 C. A pure culture of Lc. diacetylactis was then inoculated into the cream
and left to ripen for 6 hours at 21 C. The cottage cheese curd was then directly
creamed with this cultured cream. The resulting cottage cheese had a very

uniform aroma and flavor and a much enhanced keeping quality.

Defects in Cottage Cheese

There are a number of defects than can be found in cottage cheese,
such as flavor, body, or texture defects. Most of these result from faulty
manufacturing procedures, which lead to changes in the physical
characteristics of the curd.

If bitter, fruity, fermented, malty, musty, sour, stale or unclean flavors are
found, this usually indicates that growth of contaminating bacteria, yeasts
and/or molds has occurred in the cheese. The use of high quality milk and
cream, effective sanitation and temperature control can be used to remedy this

situation. Flavor defects can also be caused by the starter cultures, if they



produce excessive acid or liberate bitter peptides from casein. Insufficient
washing of the curd can result in a high-acid flavor defect.

Defects of body and texture include gelatinous, mealy, rubbery, firm,
weak and pasty curd properties. Gelatinous curd is usually associated with
action of spoilage bacteria which results in a sticky, jello-like characteristic.
Mealy curd is sometimes due to use of agglutinating starters, which should
be replaced. Other times mealiness results if the curd is cooked to quickly.
Rubbery and firm curd defects are similar and are caused by either cooking the
curd at too high a temperature or cutting the curd at too high a pH. Weak and
pasty defects are frequently found with the same batch of cheese. They
result from cooking temperatures that are too low or from a low pH at cutting
(Emmons , 1967).

Since this thesis deals with inhibiting spoilage bacteria in refrigerated
cottage cheese, one main defect caused by them will be discussed. This is the
gelatinous curd produced by the growth of psychrotrophic bacteria.

Psychrotrophic bacteria are those which are capable of reasonable
growth at 2 C to 5 C. Here their generation time can be about one hour. They
are the organisms of major importance in affecting the shelf-lite of dairy
products held at low temperatures. The gelatinous curd is characterized by a
soft, slimy film that coats the curd particles. This slime may appear either white,
yellow, brown or greenish-brown in appearance and may be watery. Often, but
not always, this is accompanied by a putrid or rancid odor (Parker et al. , 1952).
Several organisms can cause this to happen. Species of Alcaligenes,
Pseudomonas, Proteus, Enterobacter, and Acinetobacter have been
implicated as frequent spoilage organisms (Jay , 1986). Defects may appear in
24 hours or may take several days, depending on the amount of contaminating

bacteria present. Uncreamed curd usually shows less frequent spoilage than
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creamed curd. This is because even if psychrotrophic bacteria are present in
the dry curd, the low acidity prohibits growth. But with the addition of sweet
cream the pH is raised by 0.25 to 0.35 unit, thus allowing the spoilage bacteria
to grow, especially when the pH is above 5.2.

There are many sources from which these psychrotrophic spoilage
bacteria may enter the cottage cheese. Although soil and water seem to be
the most common source, they have been found in plant and city water, as well
as dust, that enter plants manufacturing cottage cheese. Therefore it has been
possible to isolate spoilage bacteria from the equipment used in these plants.
Even though proper cleaning and sanitizing procedures, as well as proper
pasteurizing methods of the dairy products, are performed to destroy most of
these bacteria (Hurst , 1981) , some may still manage to contaminate the
cottage cheese. This will result in shortening the shelf-life of the product.

It has been discovered that some strains of bacteria are capable of
extending the shelf-life of cottage cheese. As mentioned in the Introduction, the
first report of use of live starter culture bacteria in cottage cheese dressing to
extend the shelf life of the product was that of Elliker et al. (Elliker et al. , 1964).
Today, it is known that many lactic acid bacteria are capable of producing
antimicrobial substances that can inhibit various spoilage and pathogenic
bacteria (Kim , 1993).

The lactic acid bacteria consist of the following four genera:
Lactobacillus, Leuconostoc, Pediococcus, and Lactococcus . Members of the
genera Pediococcus and Lactococcus are homofermenters, meaning that
lactic acid is produced as the major or sole product of glucose fermentation. All
Leuconostoc species are heterofermenters, meaning that equal molar
amounts of lactate, carbon dioxide, and ethanol are produced from hexoses.

The genus Lactobacillus have members that are either homofermenters or
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heterofermenters. Heterolactics are more important than homolactics because
they are able to produce flavor and aroma components such as acetylaldehyde
and diacetyl (Jay , 1986). The genus Propionibacterium is related to the above
four genera in some respects, but not really considered to fit the group.
Propionibacteria are important in the development of flavor and eye formation
in Swiss cheese. Propionic acid, acetic acid and carbon dioxide are some of
the growth metabolites of propionibacteria (Hettinga , 1972).

Of the five genera mentioned, the Pediococcus genus is probably the
best known as producers of bacteriocins. Fleming et al. in 1975 (Fleming et al.,
1975) reported on the ability of Ped. cerevisiae FBB61 and L7230 (now known
as Ped. pentosaceus) (Daeschel , 1985) to produce a bacteriocin called
pediocin A. This bacteriocin inhibited growth of a very broad spectrum of
organisms such as Ped. acidilactici, Ped. pentosaceus, Ped. dextrinicus,
Staphylococcus aureus, Lb. brevis, Lb. plantarum, Lc. lactis, Clostridium
botulinum, C. perfringens, C. sporogenes, Micrococcus luteus, Enterococcus
faecalis, and Bacillus cereus (Daeschel, 1985 ; Okereke , 1991). These
strains might be useful as starter cultures in the fermentation of sausages and
vegetables, since staphylococci and naturally competing LAB are of major
concern, respectively. Another bacterium called Ped. acidilactici PAC1.0, was
discovered by Gonzalez and Kunka in 1987 to produce a bacteriocin given the
name pediocin PA-1 (Gonzalez , 1987). lt is inhibitory against Ped. acidilactici,
Ped. pentosaceus, Ped. cerevisiae, Lb. plantarum, Lb. casei, Lb. bifermentans,
and Leu. dextranicum. Many reports have been published on the effect of
pediocin PA-1 on pathogens, especially Listeria monocytogenes. Pediocin
PA-1 has been tested for use in such food items as cottage cheese, half-and-
half cream, cheese sauce (Yousef et al. , 1991) and sausages (Foegeding et

al. , 1992). Another bacteriocin named pediocin AcH is produced by Ped.
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acidilactici H (Bhunia et al. , 1987). It has a much broader spectrum of
antimicrobial activity than most other reported pediocins, and has been used
as a biopreservative for beef wieners (Yousef et al. , 1991), semidry sausage
(Berry et al. , 1990), frankfurters (Berry et al., 1991), and fresh meat (Nielsen et
al. , 1990).

There are many species of the Lactobacillus genus that are capable of
producing bacteriocins which mainly inhibit other similar strains of the same
genus. Examples are lactocin 27 (Upreti , 1973) produced by Lb. helveticus
LP27, lactacin B (Barefoot , 1983) produced by Lb. acidophilus N2, lactacin F
(Muriana , 1987) produced by Lb. acidophilus 88, and acidophilucin A (Toba
et al. , 1991) produced by Lb. acidophilus LAPT 1060. Species that do inhibit
pathogens are strains of Lb. plantarum and Lb. sake. For example, Lb.
plantarum SIK-83 (Andersson , 1986) was able to produce an antimicrobial
substance that could inhibit the growth of Staphylococcus aureus . Sakacin A
(Schillinger , 1989) produced by a strain of Lb. sake was able to inhibit the
growth of Listeria monocytogenes, while Lb. sake 148 (Sobrino et al. , 1991)
produced a similar bacteriocin that could inhibit L. monocytogenes as well as
S. aureus, Clostridium botulinum, and C. perfringens. A recently discovered
strain of Lactobacillus by Al-Zoreky (Al-Zoreky , 1993) designated Lb. AS-1,
has shown its potential to inhibit pathogens as well as spoilage organisms, but
further research is required to determine the mechanism of action.

Not many strains of the Leuconostoc genus are known to produce
antimicrobial substances, but some that do are Leu. gelidum IN139 (Harding ,
1990), Leu. gelidum UAL187 (Hastings , 1991), and Leu. mesenteroides UL5
(Daba et al. , 1991). Leuconostoc gelidum IN139 was able to inhibit many
lactobacilli, leuconostocs, food-borne pathogens such as L. monocytogenes ,

and meat spoilage bacteria, but was unable to inhibit certain Clostridium,
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Staphylococcus or Salmonella species. Leuconostoc gelidum UAL187
inhibited many LAB as well as Enterococci faecalis and L. monocytogenes.
Recently Leu. mesenteroides UL5 was found to produce a bacteriocin called
mesenterocin 5. It was active against many strains of L. monocytogenes but
did not affect the majority of lactobacilli.

It is well documented that many species of the Lactococcus genus are
capable of producing antimicrobial substances. Nisin is the most thoroughly
characterized bacteriocin among the inhibitory substances produced by Lc.
lactis (Hurst, 1981). It has a bactericidal effect on gram-positive bacteria,
including the sporeforming species of Bacillus and Clostridium. Nisin is used
in many countries as a food biopreservative since it has an inhibitory effect
against food-borne pathogens and spoilage bacteria. There are other species
of lactococci such as Lc. cremoris which produce antimicrobial substances.
Diplococcin was the name given to this bacteriocin by Oxford in 1944 (Oxford ,
1944). Unlike nisin, its spectrum of inhibition is limited to other Lc. cremoris
and Lc. lactis , and it is not effective against spore formers. Lactococcin A, a
newly discovered bacteriocin, produced by Lc. cremoris has inhibitory affects
only against other lactococci (Holo et al. , 1991), but another lactococcin,
produced by Lc. lactis does inhibit Clostridium tyrobutyricum (Thuault et al. |
1991). Lactostrepcins are a group of acidic bacteriocins that are produced by
some Lc. diacetylactis , and some strains of Lc. cremoris (Klaenhammer ,
1988). Their spectrum of activity includes other lactococci, Bacillus cereus,
some Leuconostocs, and Lb. helveticus. Their antimicrobial activity was lost
when the pH was raised to 7.0, but was restored when the pH was lowered to
4.6.

There are other bacteriocins that are produced by the Lactococcus

genus, but they do not readily fit into a certain group as for the above
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mentioned bacteriocins. Examples are lacticin 481, produced by Lc. /actis
CNRZ 481. This polypeptide does not show any homology with nisin or the
above mentioned bacteriocins, and it also has a narrow spectrum of activity
(Piard et al. , 1992). There are several strains of Lc. diacetylactis that are
producers of bacteriocins (Geis et al. , 1983). They all have restricted spectra of
activity. Strains such as WM4 and S50 have been described for their ability to
produce bacteriocin-like compounds (Kojic et al. , 1991 ; Schwerwitz et al. ,
1983). Lactocin D is a bacteriocin produced by Lc. diacetylactis strain DPC
3286 (Klaenhammer , 1988).

The propionibacteria are also known to produce antimicrobial
substances. Salih reported that growth metabolites of Propionibacterium
shermanii were able to extend the shelf-life of some dairy and food products
(Salih , 1985). Ramanathan et al. extracted an antiviral peptide (propionin A)
from Propionibacterium freudenreichii (Ramanathan et al. , 1966) and recently
propionicin PLG-1 was isolated and purified by Lyons and Glatz from a strain of
Propionibacterium thoenii . It was active against closely related species and
exhibited a broad spectrum of activity against other microorganisms (Lyons ,
1991 ; Lyons , 1993). Lastly, MicrogardTM, the commercially available shelf-life
extender of food products, was prepared using a strain of Propionibacterium
shermanii. It has an inhibitory effect on gram negative bacteria such as Ps.
putida, and some food-borne pathogens such as Salmonelia, Yersinia and
Aeromonas , but it was not very effective against gram positive bacteria (Al-

Zoreky et al., 1991).
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CHAPTER 3

DISC ASSAY TO DETECT INHIBITORY SUBSTANCES
PRODUCED BY LACTOCOCCUS LACTIS SUBSPECIES
LACTIS BIOVARIETY DIACETYLACTIS

Introduction

There have been numerous papers written that report on the ability of
Lactococcus lactis subspecies lactis biovariety diacetylactis (Lc. diacetylactis
) to produce an antimicrobial substance which inhibits the growth of certain
pathogens and spoilage organisms. Also publications have shown that active
cultures of Le. diacetylactis can extend the shelf life of cottage cheese , meat
and other food products (Branen et al. , 1975 ; Daly et al. , 1972 ; Kojic et al. ,
1991 ; Piard , 1992)

Members of the genus Lactococcus were tested using the disc assay
method to detect possible production of an inhibitory substance. Bacteria used
were Lc. diacetylactis strains 18-16, 26-2, 803, C6 and EM1. Also,
Lactococcus lactis subspecies cremoris (Lc. cremoris ) strains 205, 224 and
HP were used. For the disc assay Pseudomonas putida American Type

Culture Collection 12633 was used as the indicator organism.
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Experimental Methods

Source and Propagation of Cultures

Lactococcus diacetylactis strains 18-16 and 26-2 were obtained from
the culture collection maintained in the Department of Microbiology at Oregon
State University. They were stored at -20 C in 11% nonfat milk (NFM)
containing 4% glycerol. Cultures were thawed, before a 1 ml volume of each
organism was transferred to 10 ml of 9% NFM. Tubes were held at 22.5 C for
36 hours after which another 1 ml volume was transferred to 10 ml of 9% NFM.
Tubes were again held for 36 hours at 22.5 C . Finally a 1% inoculum from
these tubes was transferred to 10 ml of 11% litmus NFM and held at 22.5 C for
24 hours. These cultures were then streaked onto M17 agar plates and stored
at 30 C for 24 hours before being placed in a refrigerator at 4 C. Weekly
transfers involved inoculating an isolated colony from an M17 agar plate into
10 ml of 11% litmus NFM. The tubes of milk were then placed at 30 C for 24
hours before another streak plate on M17 agar was done and the above
procedures repeated.

A mutant Lc. diacetylactis (strain EM1) was also used. This strain is
known to produce more diacetyl as compared to wild type strains and it was
obtained from the Unilever Research Laboratory (URL) in Vlaardingen, The
Netherlands. Strains 803 and C6 were also acquired from URL and these three
strains were propagated in the same manner as the above cultures.

For comparison, Lc. cremoris strains were used since they do not

produce diacetyl as a by-product. Strains 205, 224 and HP were available from
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the culture collection maintained in the Department of Microbiology at Oregon
State University and propagated in the same method as the Lc. diacetylactis
strains.

For the disc assay experiments, an indicator organism was required.
Pseudomonas putida was chosen and obtained from the stock culture kept in
the Department of Microbiology at Oregon State University. This organism was
propagated in the same manner as the above cultures but using lactose broth
and PCA media instead. Temperatures and times for growth and storage were
the same.

The composition of all media used are shown in Tables 3.1 through 3.3
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Table 3.1 Composition of 11% Litmus Non-Fat Milk*

Ingredient Grams per Liter
Non-Fat Skim Milk Powder ** 110.0
Litmus Powder 0.75

Autoclave at 121 C for 12 minutes

* For 9% NFM, 90.0 g/l of NFM powder was used while

Litmus powder was omitted

“*Instant Peak NFM obtained from Galloway West Co.,
Ford du Lac,WI



Table 3.2  Composition of M17 Agar

Ingredient

Grams per Liter

B-Disodium Glycerophosphate
Phytone Peptone
Polypeptone

Beef Extract

Lactose

Yeast Extract

Ascorbic Acid

1.0M MgSOg4 . 7H20

Agar

Heat gently to dissolve agar

Autoclave at 121 C for 15 minutes

Let cool to 55 C before pouring

19.0
5.0
5.0
5.0
5.0
2.5
0.5
0.246

15.0

19
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Table 3.3  Composition of Lactose Broth

fngredient Grams per Liter
Peptone 5.0
Lactose 5.0
Beef Extract 3.0

Autoclave at 121 C for 15 minutes

10 ml dispensed to tubes

For Plate Count Agar plates, instructions were followed as supplied by
Difco Laboratories Inc. of Detroit, MI. Different pH values were attained by
either raising the pH with 10% NaOH or lowering the pH with 10% Tartaric

acid. The pH leveis tested were from 6.5 down to 5.0 in 0.5 pH increments.



21

The King Test for Diacetyl Production

Before the disc assay experiments were performed, the King test for
diacetyl production was done to confirm that the strains of Lc. diacetylactis
used produced diacetyl. Lactococcus. cremoris strains were used as negative
controls.

The King test involves the use of two reagents, A and B:

Reagent A - 30% KOH

Reagent B - 90 ml ETOH (95%)
10 ml Amy!l Alcohol (1-Pentanol)
4 g o-Napthol

To perform the test, 2 ml of an overnight 24 hour culture is added to a
wide mouth test tube followed by 1 ml each of reagent A and B. The tube was
shaken and held in a 30 C water bath for 30 minutes with occasional shaking
to incorporate air. After 30 minutes, a red lilac color signified a positive test for
the production of four carbon length compounds such as diacetyl, acetoin and

2,3,-butylene glycol (King , 1948).
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Preparation of Disc Assay Plates

Filter discs, 6mm and 13mm in diameter, were autoclaved at 121 C for
30 minutes in glass vials. PCA agar of differing pH values was prepared (100
ml/bottle) and kept at 45 C in a water bath. Pseudomonas putida was cultured
for 18 hours at 30 C in 10 m! of Lactose broth to 1 X 107 celis/ml. A 0.5%
inoculum of Ps. putida was added to 100 ml of the tempered PCA and 18 ml
per petri plate was added. The plates were then left at 22.5 C to cool and

solidify.

Preparation of Lactococcus Strains

Lactococcus strains were cultured by taking a small isolated colony
from the M17 streak plates and inoculating either 10 ml of M17 broth or 10 ml of
Lactic broth (Table 3.4). These were held at 30 C for 24 hours at which time
1% inocula were transferred to fresh 10 ml volumes of M17 or Lactic broth
media. They were held at 30 C for 24 hours (1 X 108 celis/ml) before being

used for the experiment.

Different forms of these cultures were used to wet the filter discs. They

were as follows:

1) Cell suspension of the strain (24 hours at 30 C)
2) Resuspended cell pellet of the cell suspension
3) Supernatant of the cell suspension of the strain

(filtered and unfiltered)
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The resuspended cell pellet and supernatant were prepared by

centrifuging the 24 hour culture at 4000 RPM for 15 minutes in a Servall-
Refrigerated-Automatic centrifuge. The supernatant was collected and placed
at 4 C. The cell pellet was then washed and resuspended in 10 m! of distilled
water. The mixture was centrifuged again at 4000 RPM for 15 minutes. The
second supernatant was removed and the cell pellet was resuspended in a
final volume of 5 ml of distilled water. Table 3.4 shows the composition of Lactic

broth.



Table 3.4  Composition of Lactic Broth

Ingredient Grams per Liter
Tryptone 20.0
Yeast Extract 5.0
Glucose 5.0
Lactose 5.0
Sucrose 5.0
Sodium Chloride 4.0
Gelatin 2.5
Sodium Acetate 1.5
Tween 80 1.0
Ascorbic Acid 0.5

Autoclave at 121 C for 15 minutes

pH 6.8-7.0

24
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Performing Disc Assays

Once the PCA plates had cooled, the filter discs were wetted in three
different ways with the different solutions of the Lactococcus strains prepared

as indicated above. The three methods were as follows:

1) Filter discs were placed directly onto the plates and then wetted

2) Filter discs were first placed onto a clean petri dish and wetted
before being placed onto the plates

3) Filter discs were dipped into the solution before being placed onto

the plates

Volumes of 50ul or 100ul were used to wet the filter discs with diameters
of 13mm while volumes of 25ul or 50ul were used to wet filter discs with
diameters of 6mm. Plates were then placed at 30 C, agar side down, for 24

hours.

Cross-Streak Experiments

Cross-streak experiments were done against Ps. putida using the
different Lactococcus strains. The Lactococcus strains were grown up in 10 ml
of either M17 or Lactic broth for 24 hours at 30 C. The indicator organism Ps.
putida was grown in 10 ml of either Lactose broth or TGY broth at 30 C for 18
hours. PCA plates were used for the cross-streaks. The first streak done was of

the Lactococcus strains. The second streak of Ps. putida was done



perpendicular to this first streak. Plates were then incubated at 30 C for 48

hours before results were recorded.

26



Results and Discussion

Results of the King test were as follows for overnight cultures grown

in 10 ml of 11% NFM:

Table 3.5 Results of the King Test for Diacetyl Production

ORGANISM COLOR AFTER30  PRODUCTION OF
MINUTES AT30C  DIACETYL?

L.d 18-16 Red-lilac Yes

L.d 26-2 Red-lilac Yes

L.d EM1 Red-lilac Yes

L.c 205 Amber No

L.c 224 Amber No

L.c HP Amber No

Control (11%NFM)  Amber No

From these results it can be concluded that the strains of Lc.

27

diacetylactis to be used produced diacetyl and therefore their designation as

diacetylactis strains was correct.

Data presented in Table 3.6 to Table 3.13 are results obtained from the

discs assay experiments that were done on the different strains of Lactococcus

species.
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Table 3.6 Results observed when 100 pl of cell suspensions
were added to filter discs on PCA plates seeded with
Ps. putida . The plates were at different pH levels and
filter disc diameters were 13 mm.
(-)=no inhibition observed

(+/-)=slight inhibition observed

pH 18-16 26-2 EM1 803 C6
6.5 - - +/- - -
6.0 - - - - -
5.5 - - - - -
5.0 - - - - -

The results from Table 3.6 indicate no inhibition of Ps. putida was
caused by the Lc. diacetylactis strains regardless of the pH; only strain EM1
showed any indication of producing an inhibitory substance at pH of 6.5. But
this zone was so small, it was almost negligible. The lawn of Ps, putida grew
right up to the edge of the filter discs. The next experiment involved adding the
cell suspension of each organism to filter discs on an empty plate, before

transferring to seeded PCA plates.
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Table 3.7  Zones of inhibition observed when 100 pl of
Lc. diacetylactis cell suspension were added directly to
filter discs before transferring to PCA plates
seeded with Ps. putida. Filter disc diameters = 13 mm.
Strain Volume Diameter Diameter Diameter
(ul) (mm) (mm) (mm)
18-16 100 16 16 17
26-2 100 16 16 17
EM1 100 16 16 16
803 100 16 15 16
C6 100 19 15 16

Once again no zones of inhibition were observed that could be

considered significant. Even though the diameter of the filter discs were 13 mm

and the observed zones ranged from 15-19 mm in diameter, they did not look

like very signific

ant zones. The next step then involved using resuspended cell

pellets of each organism for the disc-assays.
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Table 3.8 Zones of inhibition observed when 100 or 50 ul of
resuspended cell pellet of different Lc. diacetylactis
strains were added to filter discs already held on PCA
plates seeded with Ps. putida.

Filter disc diameters = 13 mm.
Strain Volume Diameter Volume Diameter
(ul) (mm) (1) (mm)
18-16 100 16 50 -

26-2 100 16 50 -

EM1 100 18 50 -

803 100 16 50 -

C6 100 17 50 -

Even with resuspended cell pellets, no significant zones of inhibition of

Ps. putida were observed with any of the organisms. Addition of the

resuspended cell pellets to filter discs subsequently transferred to seeded

plates was done

next.
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Table 3.9  Zones of inhibition observed when 100 ul of
resuspended cell pellet of different Lc. diacetylactis
strains were added to filter discs before transferring to
PCA plates seeded with Ps. putida.

Filter disc diameters = 13 mm
Strain Volume (ul) Inhibition
18-16 100 -

26-2 100 -

EMA1 100 -

803 100 -

C6 100 -

No zones of inhibition were observed at all. The indicator organism, Fs.

putida, in this experiment grew right up to the edge of the discs, and sometimes

even grew on the discs themselves. Experiments using the filtered and

unfiltered supernatants of Lc. diacetylactis strain 18-16 were done next.
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Table 3.10 Results observed when 100 pl of Lc. diacetylactis
strain 18-16 filtered and unfiltered supernatant was
added to filter discs already held on PCA plates seeded
with Ps. putida.
Filter disc diameters = 13 mm.

(-)=no inhibition observed

Supernatant Inhibition

Filtered -

unfiltered -

With the filtered and unfiltered supernatants, no inhibition zones were
seen on the PCA plates. An experiment using smaller diameter filter discs was

then done using two different volumes of cell suspensions.



Table 3.11
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Results observed when 50 pl and 25 pl of cell
suspension of different Lc. diacetylactis strains were
added to filter discs held on PCA plates seeded with Ps.
putida..

Filter disc diameters = 6 mm.

(-)=no inhibition observed

Strain | Volume (ul) Inhibition | Volume (ul) Inhibition
18-16 50 - 25 -
26-2 50 - 25 -
EM1 50 - 25 -
803 50 - 25 -
C6 50 - 25 -

*NOTE- The same data were recorded when suspensions were added to

filter discs before being transferred to seeded plates.

Zones of inhibition were not observed with any of the organisms, so a

new method of charging the filter discs was attempted. The filter 6 mm

diameter were dipped into the cell suspension of the organisms and then

placed on the seeded PCA plates.
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Table 3.12 Results observed when filter discs ( diameter = 6mm )
were dipped into cell suspension of different
Lc. diacetylactis strains before transferring to PCA
plates seeded with Ps. putida.

(-)=no inhibition observed

Strain Inhibition

18-16 -

26-2 -

EM1 -

803 -

C6 -

Even with dipping of the filter discs for maximum absorbence of cell
suspensions, no zones were observed. Cross-streaking against Ps. putida on

PCA agar was then done.



Table 3.13  Results of cross-streaking of each Lc. diacetylactis
strain against Ps. putida on PCA agar.

(-)=no inhibition observed

Strain Inhibition

18-16 -

26-2 -

EM1 -

803 -

C6 -

No inhibition of the Ps. putida streaks was observed with any of the

strains.
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General Conclusions

The results obtained from the disc-assay and cross-streak experiments
(Tables 3.6-3.13) do not agree with the results published in many research
papers on the activity of Lactococcus diacetylactis in inhibiting Ps. putida. For
example, Elliker et al. found that sterile filter discs charged with live Lc.
diacetylactis cells were inhibitory on lawns of spoilage organisms, but filtrates
of Lc. diacetylactis were not inhibitory (Elliker et al. , 1964). Daly et al. also
reported on the ability of Lc. diacetylactis to inhibit a variety of food spoilage
organisms and pathogens. They were able to show inhibition by doing cross-
streaking studies and doing associative growth experiments in milk and broth
(Daly et al. , 1972). Likewise, Branen et al. showed that strains of Lc.
diacetylactis were inhibitory towards several Pseudomonas species (Branen
et al. , 1975). But the present study revealed no zones of inhibition in the disc-
assay experiments with any of the strains tested against the indicator organism,
Ps. putida. Also cross-streaking experiments were unsuccessful in showing
inhibition. The 18-16 and 26-2 strains were taken from frozen stock cultures
found in the lab. These stocks had been in the freezer for at least 25 years. The
ability to produce any inhibitory substances might have been lost over this
period of time in storage. Therefore for continued research on these strains
different isolates of Lc. diacetylactis should be obtained and tested. Plasmids

may be necessary to encode for production of inhibitory substances.
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CHAPTER 4

EVALUATION OF LACTOCOCCUS DIACETYLACTIS
STRAINS FOR THEIR ABILITY TO INHIBIT
PSEUDOMONAS PUTIDA IN COTTAGE CHEESE

Introduction

Although no zones of inhibition were seen during the disc-assays or
cross-streakings with strains of Lc. diacetylactis against Ps. putida (Chapter
3), further experiments were done using the lactococci in a food system. The
food system used was cottage cheese and five strains of Lactococcus were
used . Pseudomonas putida was the indicator organism since it is well known
that members of this genus, and in particular this bacterium, spoil refrigerated

dairy products, especially cottage cheese.
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Experimental Methods

Source and Propagation of Cultures

Lactococcus diacetylactis 18-16 and 26-2 were available from the
culture collection in the Dairy Microbiology laboratory at Oregon State
University. Strains in the collection were kept in 11% NFM containing 4%
glycerol in a -20 C freezer. After thawing, a 1% inoculum of each organism
was added to 10 ml of M17 broth incubated at 30 C for 48 hours. Streak plates
of M17 medium were prepared and incubated at 30 C for 24 hours. Plates were
then placed in a 4 C refrigerator. Weekly transfers of an isolated colony to 10
ml of M17 broth were made and incubated at 30 C for 24 hours. A commercially
prepared culture of Lc. diacetylactis 18-16 was also used. It was supplied by
Quest International, Sarasota, Florida and was propagated in the same
manner as for the above strains.

Pseudomonas putida was also obtained from the culture collection
found in the Dairy Microbiology laboratory. It was cultured in 10 ml of Tryptone-
glucose-yeast extract (TGY) broth for 24 hours at 30 C. A streak plate on TGY
medium was prepared and incubated at 30 C for 24 hours. The plate was then
placed into a 4 C refrigerator. Weekly transfers of a small isolated colony to 10
ml of lactose broth were made.

Lactococcus diacetylactis strains 803 and C6 were received from the
Unilever Research Laboratory in Vlaardingen, The Netherlands. They were

sent on BHI agar slants from which a loopful was transferred to 10 mi of M17
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broth incubated for 24 hours at 30 C. They were then propagated in the same
manner as the other strains of Lactococcus as described above.

Preparation of the Lactococcus strains before the cottage cheese
experiment involved transfer of a 1% inoculum from a fresh 24 hour M17 broth
culture to 10 mi of 11% NFM. The tubes of 11% NFM were then incubated at 30
C for 24 hours. The spoilage organism Pseudomonas putida was cultured for
24 hours at 30 C in 10 mi of TGY broth.

The composition of 11% NFM and M17 broth can be found in Table 3.1
and Table 3.2, respectively. The composition of TGY broth and plates is found
in Table 4.1

Table 4.1 Composition of Tryptone-Glucose-Yeast Extract

Broth*
Ingredient Grams per Liter
Tryptone 50
Yeast Extract 2.5
Glucose 1.0

Autoclave at 121 C for 15 minutes, 10 ml per tube

* For TGY plates, 15 g/L of agar was added
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Preparation. Spiking and Creaming of the Cottage Cheese

A 1% inoculum (5 ml) of each strain of Lactococcus (1 X 108 cells/ml)
was transferred to separate 1 pint (473 ml) containers of Fred Meyer Grade A
Half and Half cream. Five ml of 25% sodium citrate were added to these
containers as well and left at 22.5 C for six hours. Fred Meyer Small Curd
Cottage Cheese was purchased and the cream washed out in a sterilized
colander with 2 L of sterilized distilled water. Two cartons of 150 g each of
cottage cheese were prepared for each strain of Lactococcus. One was spiked
with Ps. putida while the other was left alone. Control cartons not containing
Lactococcus strains were also prepared and spiked or left alone. The 24 hour
culture of Ps. putida (2 X 107 cells/ml) grown in 10 ml of TGY broth was added
to 75 ml of distilled water and poured over the appropriate cartons and left
standing for 10 minutes before being drained. Then 75 mi of the six-hour
cultures (1 X108 cells/ml) of the Lactococcus strains were added to the
appropriate cartons. Initial pH values and cell counts of all organisms used

were done. The cartons of cottage cheese were stored at 4 C.

Sampling of Cottage Cheese

After 2, 5, 10 and 15 days of storage cartons of the cottage cheese were
sampled. The cartons contents were mixed and 11g of cottage cheese was
removed from each and placed in a sterilized mortar. Ninety-nine ml of distilled

water were added to the mortar and the mixture crushed with a sterile pestle.
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Then the fine suspension was poured back into the 99 ml dilution blank bottle.
The pestle and mortar were sanitized after each carton with 50 ppm sodium
hypochlorite solution. Further dilutions were made until the cell count of Ps.
putida could be determined. This was done on CVT plates where 0.1m| of
dilutions were pipetted onto plates and spread with an alcohol flamed glass
spreader. They were incubated for 24 hours at 30 C and the cells were
counted. The pH values were noted at each day of sampling, while
appearance and odor of each carton was noted on day 15.

The composition of CVT agar is shown in Table 4.2
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Table 4.2  Composition of Crystal Violet Tetrazolium Medium

Ingredient Grams per Liter

Plate Count Agar 23.5

Dissolve PCA, and add 1 ml/L of 0.1% Crystal Violet solution
Autoclave at 121 C for 15 minutes
Cool to 45 C and add 2 ml of 1.0% TTC solution per 100 ml of PCA

agar

0.1% Crystal Violet Solution - dissolve 0.1g in 100.0 ml of ethanol
1.0% 2, 3, 5 Triphenyl Tetrazolium Chloride Solution
- dissolve 1.0g in 100 ml of distilled water

- sterilize by filtration
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Results

The experiments with the Lc. diacetylactis strains were done in three
sets. The first set involved strains 18-16 and 26-2. The second set involved the
two Unilever strains 803 and C6. The last set only involved the commercially
prepared 18-16 strain supplied by Quest International. This strain will be

referred as 18-16 Q.

Each strain required four cartons of cottage cheese for an experiment.

They were as follows:

1) Cottage cheese with no organisms

3

)
2) Cottage cheese with Lc. diacetylactis only
) Cottage cheese with Ps. putida only

)

4) Cottage cheese with Lc. diacetylactis and Ps. putida

Table 4.3 to Table 4.12 show the results of the CVT counts performed on
the cartons of cottage cheese and the percent inhibition each Lc. diacetylactis
strain had on the growth of Ps. putida and any other psychrotrophic organisms

present. Percent inhibition was calculated using the following formula:
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For cartons with Ps. putida :

% Inhibition = (Psychrotrophic cell count of control carton with just
Ps. putida minus Psychrotrophic cell count of carton
with Lc. diacetylactis strain and Ps. putida ) divided by
Psychrotrophic cell count of control carton with just Ps.

putida x 100

For cartons without Ps. putida :

% Inhibition = (Psychrotrophic cell count of control carton with no
added organisms minus Psychrotrophic cell count with
Lc. diacetylactis strain) divided by Psychrotrophic cell

count of control carton with no added organisms x 100



45

Table 4.3  pH Values and Appearance of the Cottage Cheese with
Pseudomonas putida on each Sampling Day

Strain Day 0 Day 2 Day 5 Day10 Day15 Appearance
18-16 5.83 5.36 5.45 5.30 5.26  white/dry/very sour
26-2 5.93 5.37 5.40 5.32 5.27  white/dry/very sour
Control  6.12 5.44 5.44 5.47 552  white/dry/sour
803 5.85 5.46 5.46 5.48 5.47  white/dry/no odor
Cé6 5.83 5.47 5.45 5.83 5.53  white/dry/no odor
Control  5.74 5.45 5.41 5.48 5.44  white/dry/no odor
18-16 Q 5.87 5.59 5.58 5.65 5.62  white/dry/no odor
Control  5.89 5.44 5.41 5.55 5.53  white/dry/no odor

For the following tables of CVT counts and percent inhibition the columns titled

" 18-16 " or "26-2" mean that the counts observed were of cottage cheese

samples containing the strain and either Ps. putida or naturally occurring

contaminants. This also applies to the other strains used. The control contained

Ps. putida only.



46

Table 4.4  CVT counts and percent inhibition by Lc. diacetylactis
18-16 and 26-2 in cartons with Ps. putida
Strain % Inhibition
Day 18-16 26.2 Control Day 18-16 26-2
2 750X106 0.00X 109 0.00X 100 2 0.00 0.00
5 250X107 0.00X100 250X 105 5 0.00 100.00
10 2.70X 105 0.00X 100 &.70 X 107 10 95.97  100.00
15 3.10X 106 3.55X 10° 6.00 X 107 15 94.83 99.41




Table 4.5 CVT counts and percent inhibition by Lc. diacetylactis
803 and C6 in cartons with Ps. putida

47

Strain % Inhibition
Day 803 C6 Control Day 803 C6
2 1.30X103 1.54 X104 1.45X 103 2 10.34  0.00
5 1.26X106 194X105 1.76 X 106 5 28.41  88.98
10 260X 107 1.14X 108 6.75X 107 10 61.48  0.00
15 7.15X107 1.35X 108 6.45 X 107 15 0.00  0.00




Table 4.6  CVT counts and percent inhibition by Lc. diacetylactis
18-16 Q in cartons with Ps. putida

Strain %Inhibition
Day 18-16 Q Control Day 18-16 Q
2 7.40 X106 4.00 X 106 2 0.00
5 5.05X 107  1.25X 107 5 0.00
10 465X107 9.45X 107 10 50.79
15 270X 107  4.30 X 107 15 37.21
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For ease of comparison, Table 4.7 shows the percent inhibition by each

Lc. diacetylactis strain with Ps. putida.

Table 4.7 Percent inhibition by Lc. diacetylactis strains
in cottage cheese with Ps. putida
%Inhibition
Day 18-16 26-2 803 C6 18-16 Q
2 0.00 0.00 10.34 0.00 0.00
5 0.00 100.00 28.41 88.98 0.00
10 95.97 100.00 61.48 0.00 50.79
15 94.83 99.41 0.00 0.00 37.21
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Table 4.8

pH values and appearance of the cottage cheese

without Pseudomonas putida on each sampling day

Strain

Day 0 Day 2 Day 5 Day10 Day15 Appearance

18-16

26-2

Control

803

Cé

Control

18-16 Q

Control

5.71

5.86

5.97

5.80

5.71

5.83

5.87

5.89

5.40

5.43

5.37

5.44

5.46

5.42

2.62

5.58

5.47

5.47

5.40

5.45

5.45

5.40

5.60

5.55

5.35

5.31

5.41

5.56

5.60

5.48

5.64

5.56

5.22

5.27

5.50

5.55

5.51

5.51

5.60

5.58

white/dry/sour
white/dry/sour

white/dry/sour

yellowing /dry/
slightly sour
yellowing /dry/
slightly sour
yellowing/dry/
slightly sour

white / dry /
no odor
white / dry /

no odor
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Table 4.9  CVT counts and percent inhibition by Lc. diacetylactis

18-16 and 26-2 in cartons without Ps. putida

52

Strain % Inhibition
Day 18-16 26.2 Control Day 18-16 26-2
2 1.11 X107 0.00X 100 0.00 X 100 2 0.00  0.00
5 1.00X 107 500X 109 1.28 X 109 5 0.00  0.00
10 415X 107 2.45 X104 1.36 X 107 10 0.00  99.82
15 2.90 X 107 3.80 X 10° 3.40 X 108 15 91.47  99.89




Table 4.10 CVT counts and percent inhibition by Lc. diacetylactis

803 and C6 in cartons without Ps. putida

53

Strain % Inhibition
Day 803 C6 Control Day 803 C6
2 157 X104 520X 104 7.00 X 102 2 0.00 0.00
5 1.19X106 152X 102 1.40 X 109 5 0.00 0.00
10 1.29X 108 1.03X 108 6.05X 107 10 0.00 0.00
15 220X 108 7.60 X 108 4.50 X 108 15 51.11 0.00




Table 4.11  CVT counts and percent inhibition by Lc. diacetylactis
18-16 Q in cartons without Ps. putida

Strain % Inhibition

Day 18-16 Q Control Day 18-16 Q
2 1.24X 108 150 X108 2 17.33
5 118X 108 250X 108 5 53.00
10 7.35X107 1.95X108 10 62.21
15 1.57X108 865X 107 15 0.00
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For ease of comparison, Table 4.12 shows the percent inhibition by

each Lc. diacetylactis strain without Ps. putida.

Table 4.12 Percent inhibition by Lc. diacetylactis strains

in cottage cheese without Ps. putida

% Inhibition
Day 18-16 26-2 803 C6 18-16 Q
2 0.00 0.00 0.00 0.00 17.33
5 0.00 0.00 0.00 0.00 53.00
10 0.00 99.82 0.00 0.00 62.21
15 91.47 99.89 51.11 0.00 0.00
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Discussion

From the experiments that were done using Ps. putida as the main
spoilage organism, Lc. diacetylactis 26-2 showed the most effect on the
growth of Ps. putida as well as any other psychrotrophs that may have entered
the cottage cheese. Table 4.4 shows that Lc. diacetylactis 26-2 was capable of
decreasing the number of Ps. putida in the cheese over the 15 days of
sampling, with a percent inhibition of growth close to 100 %. No growth of Ps.
putida was observed in the cheese inoculated with Lc. diacetylactis 26-2 until
15 days of refrigeration at 4 C. The percent inhibition dropped from 100 % after
10 days to 99.41 % after 15 days. The control cottage cheese that was spiked
with Ps. putida contained 6 X 107 cells per gram of cheese after 15 days of
refrigeration, while only approximately 3.5 X 109 cells/g were observed in the
spiked cheese containing strain 26-2 after the same time. The next strain of Lc.
diacetylactis that showed good inhibition of Ps. putida in cottage cheese was
strain 18-16. This strain was able to inhibit the growth of Ps. putida with
percent inhibitions from 95,87% after 10 days to 94.83% after 15 days. The two
strains of Lc. diacetylactis received from Unilever showed slight inhibition in
the cheese spiked with Ps. putida. From Table 4.5 it can be seen that strain
803 steadily increased its inhibition of growth over Ps. putida during the first 10
days of refrigeration. Percent inhibition started at 10.34% after 2 days to
61.48% after 10 days, but after 15 days of refrigeration no inhibition was
observed. Strain C6 did not show good inhibition except after 5 days at 88.98%
inhibition. Higher number of Ps. putida cells were observed in the C6 carton of
cheese spiked with Ps. putida after 10 and 15 days then in the control with just

Ps. putida. The commercially prepared culture 18-16 Q supplied by Quest
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International showed maximum inhibition after 10 days of refrigeration. Table
4.6 shows that no inhibition was observed after 2 or 5 days and after 15 days
the percent inhibition decreased to just 37.21%.

Even when the cottage cheese was not spiked with Ps. putida and
spoilage of the cheese was caused by naturally occurring contaminants, strain
26-2 once again showed the best inhibition of spoilage organisms. Table 4.9
shows that after 10 and 15 days of refrigeration, 99.82% inhibition and 99.89%
inhibition was found respectively. Strain 18-16 showed the second highest
percent inhibition but only after 15 days of refrigeration. No inhibition of
naturally occurring spoilage organisms was observed after 2, 5 or 10 days of
refrigeration, but 91.47% inhibition was seen after 15 days. Between the two
strains from Unilever (Table 4.10), only strain 803 showed any inhibition but
only 51.11% after 15 days of refrigeration. Strain C6 showed no inhibition of
naturally occurring spoilage bacteria over the 15 days of refrigeration. The
commercially prepared culture, 18-16 Q, showed progressive inhibition over 10
days reaching a maximum of 62.21% (Table 4.11). No inhibition was observed
for 18-16 Q after 15 days of refrigeration.

The pH values of the cottage cheese, and appearance after 15 days of
refrigeration of the cartons spiked and unspiked with Ps. putida were recorded
in Table 4.3 and Table 4.8. In both cases for the two strains , 18-16 and 26-2,
their final pH values after 15 days were approximately 0.25 pH units lower than
the control cartons of cheese. For the Unilever strains, 803 and C86, their final
pH values after 15 days were approximately the same as the controls. Strain
18-16 Q had pH values higher than the controls after 15 days of refrigeration.
Figure 4.1 to Figure 4.4 show the pH values obtained for all the strains over the
15 days of refrigeration. They are presented in the form of line graphs such

that the changes in the pH values can be noted. The appearance of the cheese
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spiked with Ps. putida after 15 days remained white in color and dry for all the
strains of Lc. diacetylactis involved. However the odor of cheeses that had pH
values under 5.3 were very sour. This included strains 18-16 and 26-2. Only
the control that was used with these strains had a sour odor. All other cartons of
cheese had no odors.

Out of the cottage cheese samples that were not spiked strain 803 and
strain C6 showed yellowing of the cheese and slight souring. The cheese
samples that contained strain 18-16 and strain 26-2 remained white and dry
after 15 days but did have a sour odor. Strain 18-16 Q kept its cheese white,
dry and with no odor after 15 days.

In Table 4.3 and Table 4.8 it can be seen that most of the cottage cheese
samples remained white and dry after the 15 days of refrigeration. As
mentioned in the Historical Review (Chapter 2) , psychrotrophic spoilage
bacteria are capable of forming a slimy, watery curd, which also sometimes
changes the color of the curd. Therefore future experiments should have a day
21 of sampling, such that the possibility of a slimy curd formation can occur and
then clearer differences in the appearance and odor of the cottage cheese
samples might be observed between the strains and the controls. This was
done for Chapter 5 of this thesis.

The inhibition of growth of Ps. putida or any naturally occurring
contaminants by the Lc. diacetylactis strain 18-16 and 26-2 in the cottage
cheese samples could be due to the low pH values reached during the 15 days
of refrigeration. It is well documented that lactic acid bacteria produce a
number of acids as metabolic products of fermentation (Jay , 1986), and many
articles have been written on the inhibitory affects of these acids. For example,
Pinheiro et al. (Pinheiro et al. , 1968) attributed the inhibitory properties of Lc.

diacetylactis against Ps. fragi to acids produced. But if we look at strain 18-16
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Q which is a modified strain of wild-type Lc. diacetylactis 18-16, it shows at
least 50% inhibition with or without the presence of Ps. putida after 10 days of
refrigeration (Table 4.6 and Table 4.11). The pH values of the controls were
slightly lower than the pH values where strain 18-16 Q was present . Also strain
18-16 Q had much higher pH values than the wild-type strain 18-16 in both
spiked and unspiked cottage cheese samples. The pH values of strain 18-16 Q
were about 0.3 pH units higher than strain 18-16 (Table 4.3 and Table 4.8).
Strain 18-16 Q is a commercially prepared culture which produces less acid
than the wild-type strain, but produces the same amount of flavor compounds
as the wild-type. Therefore the results obtained suggests that the acids
produced do play some role in the inhibitory action of the Lc. diacetylactis
strains. The extra acids produced by the wild-type strain 18-16 increased
percent inhibitions from approximately 50% to 95% inhibition. Daly et al. in
1971 reported similar results based on acid production by strain 18-16
(Daly et al. , 1972). Therefore the inhibition seen with the other strain of Lc.
diacetylactis , 26-2, may be somewhat due to the amount of acid produced.

Although the lower pH values might explain the inhibition observed that
was close to 100% by strain 18-16 and 26-2, it does not explain the inhibition
seen with the other strains, such as 18-16 Q and 803, which had similar, if not
lower pH values than the control cottage cheese samples. This suggests that
some other substance is responsible for the inhibition. Even though the ability
of Lc. diacetylactis strains to inhibit spoilage bacteria and pathogens is well
documented (Daly et al. , 1972 ; Branen et al. , 1975 ; Kojic et al. , 1991 ;
Vedamuthu et al. , 1966), the exact mechanism of how inhibition works is still
unclear. A number of possible factors have been put forward. One is acid
production and the final pH value in the product, but this has been explained

above. Another is the production of hydrogen peroxide, but it can be removed
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without affecting inhibition the activity of Lc. diacetylactis . This can be done by
heating at 121 C for 15 minutes, or by adding catalase (Daly et al. , 1972).
Nutrient depletion as well as decrease in oxidation-reduction potential are
other mechanisms that might be involved. The Lc. diacetylactis strains might
be out-competing Ps. putida or naturally occurring contaminants for essential
nutrients found in the cottage cheese, or the strains are lowering the oxidation-
reduction potential of the medium such that other bacteria can not grow (Daly
et al , 1972). So this takes us back to the possibility that an antimicrobial
substance might be the cause for inhibition. As mentioned in the Historical
Review (Chapter 2) , many strains of Lc. diacetylactis are producers of
bacteriocins, so it is possible that strain 18-16 and strain 26-2 also produce
bacteriocin-like substances.

Previous research has been done on Lc. diacetylactis 18-16 but the
cause of its inhibitory affect on pathogens and spoilage bacteria has never
been clearly identified. Using the disc assay procedure, Vedamuthu et al.
observed inhibition only when viable cells of strain 18-16 were present
(Vedamuthu et al. , 1966). Cell-free supernatants or cell extracts of this strain
were unable to demonstrate any inhibition affects, suggesting that the inhibitory
substance was not released into the medium. Christensen et al. recently
showed that a bacteriocin produced by a strain of Pediococcus acidilactici was
able to cause the collapse of the proton motive force in Listeria monocytogenes
(Gram positive) therefore leading to cell death (Christensen , 1992). But the
spectrum of inhibition for Lc. diacetylactis strains has been limited mainly to
gram negative pathogens and spoilage bacteria, and since the cell wall and
cell membrane are much different from the gram positive bacteria, it has been
harder to find the exact mechanism of how bacteriocins cause inhibition of

growth.



66

General Conclusions

Further research has to be done in the area of finding the cause of the
inhibitory affect, but results from these experiments do show that all the strains
of Lc. diacetylactis were able to inhibit the growth of Ps. putida and any
naturally occurring contaminants in cottage cheese samples. The only
exception was strain C6 which showed slight to no inhibition. Strain 18-16 and
strain 26-2 showed the best inhibition, and could be used in industry to extend
the shelf-life of cottage cheese. Strain 803 from Unilever could also be used
industrially since it exhibited fairly good inhibition, but strain C6 should not be
used to extend the shelf-life of cottage cheese. The commercially prepared
culture 18-16 Q is quite successful in its inhibitory affects and could be used to

extend the shelf-life of dairy products.
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CHAPTER 5

EVALUATION OF CERTAIN LACTIC ACID BACTERIA FOR THEIR
ABILITY TO INHIBIT THE GROWTH PSEUDOMONAS PUTIDA
IN COTTAGE CHEESE

Introduction

Since Lactococcus diacetylactis 26-2 was found to be such a potent
inhibitor of the spoilage organism Pseudomonas putida (Chapter 4), it was
used in another experiment that involved other bacteria. These were
Lactobacillus AS-1, Pediococcus acidilactici strains 1.0 and 1.14 and
Propionibacterium shermanii ATCC strain 9616. Lactobacillus AS-1 is an
organism recently found by Al-Zoreky (Al-Zoreky , 1993) to have promise as an
inhibitor of food spoilage bacteria. The nature of the inhibitory principle
produced by Lactobacillus AS-1 is unknown. The pediococci are known
producers of antimicrobial substances (pediocins) which inhibit the growth of
gram positive bacteria. Propionibacterium organisms are known to produce
bacteriocins such as propionicin (Lyons , 1991) and MicrogardTM (Al-Zoreky |,
1989) which are inhibitory for gram negative bacteria. Cottage cheese was
used again as the test system and the gram negative Ps. putida was used as

the indicator organism.
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Experimental Methods

Source of Cultures

The following lactic acid bacteria were used: Lactobacillus AS-1,
Lactococcus diacetylactis 26-2, Pediococcus acidilactici 1-14, Pediococcus
acidilactici 1.0, and Propionibacterium shermanii 9616. Pseudomonas putida
ATCC strain 12633 was used as the spoilage organism.

Lactobacillus AS-1, Lc. diacetylactis 26-2, P. shermanii 9616 and Ps.
putida 12633 were obtained from the culture collection maintained in the Dairy
Microbiology laboratory at Oregon State University. Pediococcus acidilactici 1-
14 and Ped. acidilactici 1.0 were both obtained from Quest International,

Sarasota, Florida.

Culture Propagation

Lactobacillus AS-1 and Lc. diacetylactis 26-2 were thawed from 11%
NFM containing 4% glycerol stored culture and a 1% inoculum of each was
transferred to 10 ml of MRS broth and Lactic broth, respectively. They were
incubated for 24 hours at 30 C and then streak plates were made on MRS for
Lactobacillus strains and on M17 for Lactococcus strains. Plates were
incubated for 24 hours at 30 C and then stored at 4 C. Weekly culture

propagation involved inoculating the respective broth media with a small
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isolated colony from the streak plates and repeating the above process. Gram
stains were always performed on colonies to insure they were pure cultures.

Pediococcus acidilactici 1-14 and Ped. acidilactici 1.0 were received
on slants from which a loopful of each was used to inoculate 10 ml of MRS
broth. The broth tubes were then incubated at 30 C for 24 hours and the
method in the above paragraph was also used for their culture propagation.

Pseudomonas putida was maintained as for the above cultures but
lactose broth and PCA plates were used instead.

Propionibacterium shermanii 9616 was cultured in a different way since
it prefers anaerobic growth conditions. It was maintained by growing the
organism in screw-cap tubes containing 10 ml of sodium lactate broth which
were incubated for 48 hours at 30 C. Streak plates of the culture also were
incubated at 30 C for 48 hours in jars with BBL anaerobic GasPaks (BBL
Microbiology Systems, Cockeysville, MD.). Otherwise, propagation was as for
the other organisms.

The composition of M17 plate agar can be found in Table 3.2. The
instructions on the Difco bottle of dehydrated MRS broth were followed and 15
g/l of agar added when plates were required. The composition of lactic broth
can be found in Table 3.4 and the composition of sodium lactate broth is shown

in Table 5.1.



Table 5.1 Composition

of Sodium Lactate Broth*

Ingredient Grams per Liter
Trypticase 10.0
Yeast Extract 10.0
Sodium Lactate 10.0
Dipotassium Phosphate 0.25

Autoclave at 121 C for 20 minutes. pH 6.8 to 7.2

ml per tube dispensed

* Add 15g/I of agar to make agar plates

Spiking and Creaming the Cottage Cheese

Prior to spiking and creaming the cottage cheese, all the organisms

were transferred to 10 ml of 11%NFM. A 1% inoculum was taken from the 24
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hour culture which had been incubated at 30 C in the appropriate broth (A 48

hour culture for P. shermanii 9616 was used). The 11%NFM tubes were then

incubated for 24 hours at 30 C before 5 ml of each were transferred to

individual store purchased cartons containing 473 ml of 12% fat cream. Five ml
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of 25% sodium citrate were added to each carton and 5 ml of a 1% solution of
glucose were added to the cartons containing Pediococcus strains only.
Cartons were stored at 30 C for 16 hours. A control carton of cream was
inoculated with 5 ml of sterile 11%NFM also.

Small curd dry cottage cheese in five pound containers was supplied by
UMPQUA Dairy Products Co., Roseburg , Oregon and stored at 4 C. On the day
of the experiment, twelve cartons were prepared each with 150g of cottage
cheese dry curd and kept at 4 C before use. For each organism and the control
there were two cartons of cottage cheese, one of which was spiked with Ps.
putida and the other left unspoiled.

Spiking of cartons with Ps. putida was done in the following way. Ten
milliliters of a 24-hour culture held at 30 C of Ps. putida (2 X 107 cells/ml)
grown in lactose broth was added to 75 mi of distilled water and mixed. This
solution was then applied over the carton of cottage cheese and left to soak for
10 minutes before being drained.

Creaming of the cottage cheese involved adding 75 ml of each of the 16
hour cultures grown at 30 C in cream to the appropriate cartons. Initial pH
values were taken and then the cartons were stored at 8 C. This temperature
was used since it was documented by Bodyfelt and Davidson that this was the
average temperature found in refrigerated displays in many Oregon retail food
stores (Bodyfelt , 1975). Cell counts of all the organisms in the cream were
done. MRS plates were used for the Lactobacillus and Pediococcus strains.
KM plates were used for the Lactococcus strain while sodium lactate plates
were used for the Propionibacterium strain. For the Pseudomonas strain, CVT
agar plates were used.

The composition of CVT plates can be found in Table 4.2. The

composition of KM agar is shown in Table 5.2



Table 5.2 Composition of KM Culture Medium

Ingredient Grams per Liter
Nonfat Milk Powder 10.0
Glucose 5.0
Bacto Tryptone 2.5
Agar 15.0

Adjust pH to 6.6 before sterilization

Autoclave at 115 C for 12 minutes - Temper to 45 C
To one liter of the tempered medium add 10.0 m| of
the following solutions which have been steamed

for 30 minutes at 100 C

Solution 1:  10% Potassium Ferricyanide

Solution 2: 1.0g of Ferric Citrate and 1.0g of

Sodium Citrate in 40.0 ml of distilled water

Gently swirl the medium and pour plates

Dry plates in dark for 24 hours at 30 C
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Sampling of Cottage Cheese

After storage for 1, 5, 10, 15, and 21 days the cottage cheese cartons
were sampled and cell counts of the Pseudomonas spoilage organism were
made on CVT agar plates. To accomplish this, each carton was thoroughly
mixed and a 11g sample was weighed into a stomacher bag. To the bag 99 ml
of distilled water were added and then the contents of the bag were stomached
for 1 minute. From the bag which contained a 1 to 10 dilution, further dilutions
were made by transferring 1 ml samples to 9 mi dilution blanks. This was done
until the required dilutions were made and the diluted sample could be plated
out on CVT agar to determine the cell count of the spoilage organism. Finally,

pH values were taken and the odor and appearance noted for each carton.
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Results

Cell counts of the organisms used are presented in Table 5.3. Counts
are of cultures that were grown for 16 hours in the 12% fat cream. Appropriate
dilutions were made and plates specific for optimum growth of each organism

were used.

Table 5.3  Cell counts of the organisms used after 16 hours of
growth in cream, that were added to cottage cheese

samples. Ps. putida was grown at 30 c¢ for 24 hours

Organism Cell Count

(cells/ml)
Lc. 26-2 1.5X 108
Lb. AS-1 1.6 X 108
Ped. 1.0 2.6 X 106
Ped. 1.14 3.6 X 106
P. 9616 4.8 X 107
Ps. putida 2.3 X107
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pH values of the cottage cheese were taken on each sampling day with
a Corning pH meter 125 and the odor and appearance of the cottage cheese
was noted after 21 days of refrigeration. The pH values and cheese

appearance on each sampling day are presented in Table 5.4.



Table 5.4

pH values and appearance of cottage cheese on

various sampling days. All cartons were spiked with

Pseudomonas putida
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Strain Day0 Day1

Day5 Day10 Dayi15 Day21 Appearance

Lc.26-2 524 513

Lb. AS-1 520 5.19

Ped. 1.0 540 5.14

Ped1.14 530 513

P. 9616 522 523

Control 5.22 517

5.10

4.96

5.21

5.25

5.27

5.21

5.05

4.83

5.75

5.43

5.61

5.69

4.87

4.65

5.20

5.35

5.36

5.12

4.92

4.58

4.76

4.80

5.07

4.73

white / dry /

sour

white / dry /

sour

yellow / wet /

very sour

yellow / wet /

very sour

yellow / wet /

very sour

yellow / wet /

very sour
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Day
—— Ld26-2 —@®— Controlw/Ps —— PAC 1.14
—o— | b AS-1 —=— PAC1.0 —eo—— P.sherm
Figure 5.1 pH values over time of cottage cheese samples

containing Lc. diacetylactis 26-2 plus Ps. putida or Lb.
AS-1 plus Ps. putida or Ped. acidilactici 1.0 plus Ps.
putida or Ped. acidilactici 1.14 plus Ps. putida or P.
shermanii plus Ps. putida or control cheese with Ps.

putida

77



Table 5.5

pH values and appearance of cottage cheese on

various sampling days. All cartons were not spiked with

Ps. putida
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Strain Day0 Day1

Day5 Day10 Day15 Day21 Appearance

Lc.26-2 528 5.18

Lb. AS-1 517 517

Ped 1.0 534 520

Ped1.14 526 523

P.9616 526 5.16

Control 5.25 5.19

5.23

5.33

5.18

5.25

5.12

4.93

4.78

5.05

5.60

5.69

5.45

5.65

5.03

5.20

5.60

5.47

4.94

4.58

4.58

4.80

4.84

5.30

4.77

4.75

white / dry /

sour

white / dry /

sour

yellow / wet /

very sour

yellow / wet /

very sour

yellow / wet /

very sour

yellow / wet /

very sour
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5.8~

4.4 v T T T - T ) '
0 5 10 15 20
Day
—a— Ld?26-2 —e— PAC 1.0 ~——— P.sherm

—eo— | b AS-1 —a—— PAC1.14 —— Control w/o Ps

Figure 5.2  pH values over time of cottage cheese samples
containing only Lc. diacetylactis 26-2 or only Lb. AS-1
or only Ped. acidilactici 1.0 or only Ped. acidilactici
1.14 or only P. shermanii or only unspiked control

cheese
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On each sampling day the psychrotrophic cell count for each carton of
cottage cheese was determined by plating on CVT plates. Table 5.6 shows the
number of Pseudomonas putida found in each carton that had been spiked

with the organism.



Table 5.6 Psychrotrophic cell count of cottage cheese samples
spiked with Pseudomonas putida

Day Lc. 26-2 Lb. AS-1 Ped. 1.0
1 3.00X103 2.00X 103 5.40 X 10°
5 0.00x100 0.00x100 1.04Xx108
10 1.50 X102 1.30X 103 1.35X 108
15  0.00X 100 0.00Xx 100 2.15X 107
21 0.00X100 0.00Xx100 156X 107
Day Ped. 1.14 P. 9616 Control

1 6.60X10° 850X 10° 1.40 X 109
5 6.45X107 930 X107 1.42X 108
10 1.03X 108 515X 107 7.80 X 108
15 2.80X 107 4.50X 106 3.45 X 107
21 258 X107 7.55X 107 4.45X 106
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The percent inhibition was calculated for each organism for each day.

This was done using the following formula:

(Psychrotrophic cell count of control carton with just Pseudomonas
putida minus the Psychrotrophic cell count of cartons with organism
and Pseudomonas putida )divided by Psychrotrophic cell count of

control carton with just Pseudomonas putida x 100 = % Inhibition

Calculations made are shown in Table 5.7.

Table 5.7 Percent Inhibition of Ps. putida in cottage cheese
creamed with 12% fat cream inoculated with either Lc.
diacetylactis 26-2, Lb. AS-1, Ped. acidilactici 1.0 or

1.14, and P. shermanii

Day Lc. 26-2 Lb. AS-1 Ped. 1.0 Ped. 1.14 P. 9616
1 97.86 98.57 0.00 0.00 0.00
5 100.00 100.00 27.11 54.58 34.51
10 100.00 100.00 82.69 86.86 93.40
15 100.00 100.00 37.68 18.84 86.96
21 100.00 100.00 0.00 0.00 0.00
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Figure 5.3

Ld 26-2 —eo— PAC1.0 —— P.sherm.

Lb AS-1 —&— PAC1.14

Percent inhibition of Ps. putida in cottage cheese
samples over time by using 12% fat cream inoculated
with either Lc. diacetylactis 26-2, Lb. AS-1, Ped.

acidilactici 1.0 or 1.14, and P. shermanii
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Table 5.8 Psychrotrophic cell count of cottage cheese samples
without Pseudomonas putida

Day Lc. 26-2 Lb. AS-1 Ped. 1.0
1 1.41X104 1.20X 104 5.30 X 10°
5 1.00X 103 2.50 X 103 4.95 X 108
10 0.00 X 100 0.00 X 100 2.04 X 108
15  0.00 X 100 0.00 X 100 1.34 X 108
21 0.00X 100 0.00 X 100 7.35 X 107
Day Ped.1.14 P. 9616 Control

1 6.80X10% 4.60 X 109 7.90 X 109
5 570X 107 5.85X 108 1.10 X 108
10 3.50X 108 7.40 X104 2.01 X 10°
15 3.00X 107 7.50 X 108 1.58 X 108
21 9.45X 109 3.80 X106 1.60 X 106
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Table 5.9 Percent Inhibition of psychrotrophic spoilage organisms *
in cottage cheese creamed with 12% fat cream
inoculated with either Lc. diacetylactis 26-2, Lb. AS-1,

Ped. acidilactici 1.0 or 1.14, and P. shermanii

Day Lc. 26-2 Lb. AS-1 Ped. 1.0 Ped.1.14 P. 9616
1 98.22 98.48 32.91 13.92 41.77
5 100.00 100.00 0.00 48.18 0.00
10 100.00 100.00 0.00 0.00 63.18
15 100.00 100.00 156.19 81.01 95.25
21 100.00 100.00 0.00 0.00 0.00
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Figure 5.4  Percent inhibition of psychrotrophic spoilage organisms
in cottage cheese samples over time by using 12% fat
cream inoculated with either Lc. diacetylactis 26-2, Lb.

AS-1, Ped. acidilactici 1.0 or 1.14, and P. shermanii
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Discussion

Lactococcus diacetylactis 26-2 once again promoted nearly 100%
inhibition of the spoilage organism over the 21 days of sampling. Table 5.7
shows 97.86% inhibition after 1 day of refrigeration and 100% inhibition over
the next 4 sampling days (5, 10, 15 and 21 days). Also without spiking 98.22%
inhibition was observed after 1 day and 100% inhibition over the next 4
sampling days of the naturally-occurring contaminants (Table 5.9).
Lactobacillus AS-1 showed the best inhibition of all the organisms on Ps.
putida in the cottage cheese over the same period (98.57% after 1 day and
100% over next 20 days). Without spiking, Lb. AS-1 showed 98.48% inhibition
after 1 day and 100% inhibition over the next 20 days of the natural
contaminants. The two strains of Ped. acidilactici showed slight inhibition of
the gram negative spoilage organism although not beyond the 21 days of
sampling. They promoted maximum inhibition after 10 days of storage
(82.69%- Strain 1.0 and 86.86%-Strain 1.14) and no more inhibition was seen
after 21 days. There was more growth of Ps. putida in the control carton then in
the cartons of the Pediococcus strains after 21 days. Without spiking, the
Pediococcus strains showed no regular pattern of inhibition, although some
was seen. Propionibacterium shermanii 9616 showed consistent inhibition
over 15 days but no more inhibition was seen after 21 days. A maximum
inhibition was reached after 10 days (93.4%) which dropped slightly to 86.96%
after 15 days. Without spiking this organism showed a maximum inhibition after
15 days (95.25%) but lost its inhibitory effect after 21 days.

From Figure 5.1 and Figure 5.2 it can be seen that the only two

organisms that had lower pH values than the controls over most of the 21 days
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of refrigeration were Lc. diacetylactis 26-2 and Lb. AS-1. For Lc. diacetylactis
26-2, the pH values over the 21 days of sampling kept pretty close to those of
the control cottage cheese samples. For the spiked samples strain 26-2 was
lower than the control by a maximum of 0.6 pH units until day 21 where the
control was lower by 0.2 pH units. For the unspiked cheese the same trend in
the pH values were observed, but after 21 days, strain 26-2 was lower than the
control by 0.2 pH units. Likewise Lb. AS-1 had similar pH values as the
controls, with a maximum difference of 0.8 pH units with the spiked control
cheese, and 0.6 pH units with the unspiked control cheese. The final pH values
for Lb. AS-1 after 21 days of refrigeration were very close to those of the
controls. Only 0.15 pH units lower was Lb. AS-1 in the spiked cheese and 0.05
pH units higher in the unspiked cheese. For all the other organisms, their pH
values over the 21 days of sampling, were very similar to each other for spiked
and unspiked cheese. In general, Ped. acidilactici 1.0 and 1.14, and P.
shermanii 9616, had higher pH values than the controls over the 21 days.

The appearance and odor of the cottage cheese samples after 21 days
were very similar for all the organisms when the cheese was spiked and
unspiked. Only the cottage cheese samples that contained Lc. diacetylactis
26-2 and Lb. AS-1 remained white and dry with a sour odor, for both the
spiked and unspiked samples. But for the other organisms, a yellow, wet and
very sour cheese was found after the 21 days, again for spiked and unspiked
cheese. This seems logical since no inhibition was observed for Ped.
acidilactici 1.0 and 1.14, and P. shermanii 9616 on day 21 of sampling. The
control cottage cheese samples were also yellow, wet and had a very sour
odor after 21 days.

Once again the low pH values could be part of the inhibition affect seen

with Lc. diacetylactis 26-2 and Lb. AS-1, but the controls had very similar pH
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values. Therefore all the inhibition observed can not be totally attributed to the
low pH values due to acid production. If acid production was the main cause of
the inhibitory affect, the cell counts of the control cottage cheese samples
should have been lower. So this suggest that some other substance was
responsible for the inhibition of growth observed. But these two organisms do
show great potential for extending the shelf-life of cottage cheese. For future
experiments, another sampling day after 21 days should be included, such as
25 days. This would be done to see if the inhibition affect is still present.

Strains of Pediococcus are known to consistently inhibit gram-positive
bacteria (Berry et al. , 1991 ; Fleming et al. , 1975 ; Nielsen et al. , 1990) so it
was surprising to find that the two strains used here (Ped. acidilactici 1.0 and
1.14) showed slight inhibition of Ps. putida over 15 days of refrigeration in
cottage cheese. But strain 1.0 is already used as an extender of cottage
cheese, since it is a known producer of a bacteriocin called PA-1 (Pucci et al. ,
1988). This bacteriocin is capable of inhibiting Listeria monocytogenes and
many other gram-positive bacteria.

Propionibacterium shermanii 9616 is the starter culture used for the
production of dry powder MicrogelrdT'VI (Al-Zoreky , 1989). Therefore it should
show pretty good inhibition of Ps. putida or any naturally occurring bacteria.
From Table 5.7 and Table 5.9 it can be seen that this organism does inhibit Ps.
putida and other spoilage bacteria. Propionibacterium shermanii showed
increasing inhibition of Ps. putida up to 10 days of refrigeration, reaching a
maximum of 93.40%. It then dropped to 86.96 after 15 days, and no inhibition
was observed after 21 days. A similar pattern was observed for unspiked
cheese, where a maximum inhibition was reached of 95.25% after 15 days.
Once again no inhibition was observed after 21 days. Although one might

expect better inhibition over longer periods with this organism, since it
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produces MG, one must remember that dry powder MG is commercially sold in

a much more concentrated form.
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General Conclusions

Lactococcus diacetylactis 26-2 and Lactobacillus AS-1 have great
potential for extending the shelf-life of cottage cheese but the exact mechanism
for inhibition still has to be found. Lactobacillus AS-1 is a recently discovered
organism, so much more research needs to be done with it, since it has shown
itself to be a very good candidate for the production of an antimicrobial
substance.

The two strains of Pediococcus acidilactici were included as
comparison organisms, but it was surprising to find they inhibited the growth of
Ps. putida , which is a gram-negative bacteria. Strains of Pediococcus are
usually known for their inhibitory affects on gram-positive bacteria.

Propionibacterium shermanii showed good inhibition of Ps. putida and
any naturally occurring spoilage bacteria in the cheese. This was not surprising
since it is the organism that produces Microgard™™ so it is already used
commercially to enhance the shelf-life of cottage cheese and other food

products.



CHAPTER 6

COMPARISON OF MICROGARDTM AND ALTATM 2020
POWDERED BACTERIOCINS FOR THEIR ABILITY TO
INHIBIT SPOILAGE ORGANISMS
IN COTTAGE CHEESE AND CREAM

Introduction

Comparative tests between two commercially available food shelf-life
extenders available in a dry powder form were carried out using cottage
cheese and 12% fat cream as the test systems. Directions for optimum
effectiveness as recommended by the manufacturers were used as well as a

slight modification thereof. Two species of Pseudomonas were used as test

bacteria.
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Experimental Methods

Section |: Test System-Cottage Cheese

Source of Bacteriocins

Dry Microgard 'M was supplied by Wesman Foods Inc., Beaverton,
Oregon in three one-pound botties that were stored at 4 C. AltaTM 2020 was
supplied by Quest International, Sarasota, Florida in a two-pound package

that was also stored at 4 C.

Source of Cultures

Pseudomonas putida ATCC strain 12633 and Pseudomonas fragi
ATCC strain 27362 were used as the indicator test organisms. A colony from a
24 hour plate stored at 30 C for each organism was taken and used to
inoculate 10 ml of lactose broth. This was incubated for 18 hours before a 1%
inoculum was transferred to 10 ml of 11% NFM which was incubated for 24
hours at 30 C. These 10 ml active cultures were then added (1% inoculum) to
containers containing 473 ml of retail (Fred Meyer) Grade A 12% fat Cream
and incubated for 16 hours at 30 C. Ten ml of these cream cultures were added

to 75 ml of distilled water and poured into cartons containing 150 grams of
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cottage cheese (see next section for details). These were left for ten minutes
before the excess liquid was drained off. Colony counts of the 16 hour cultures
of the two organisms grown in the cream were done on CVT plates.
Pseudomonas putida and Pseudomonas fragi both gave a cell count of

1x108 cells per ml.

Preparation of Cottage Cheese

Small curd dry cottage cheese in five pound containers was supplied by
UMPQUA Dairy Products Co., Roseburg , Oregon and stored at 4 C. On the day
of the experiment, 6 cartons were filled with 150g of the cottage cheese curd
and kept at 4 C until use. For each bacteriocin test and control there was two
cartons of cheese, one of which was spiked with one of the spoilage organisms

while the other was not inoculated.

Addition of Bacteriocins to the Cottage Cheese

For cottage cheese dressing Wesman Foods, Inc. recommends a 0.25%
usage rate of their Microgard TM, while Quest International recommends a
usage rate of 1.00-1.20% for their AltaTM 2020 product. Therefore 0.25g of
Microgard T powder was added to 100ml of cream and mixed well before
being added to the appropriate carton of cottage cheese which had been

spiked either with Ps. putida or Ps. fragi or left unspiked. In the case of AltaTM
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2020, 1.10g of the powder was added to 100mi of cream and mixed well before
being added to the appropriate carton of cottage cheese as above. The pH
values of the creamed cottage cheese were taken which were then stored at

8 C.

Sampling the Cottage Cheese

After holding for 2, 5, 10, 15, and 21 days the different cheeses were
sampled and cell counts of the two spoilage organisms made on CVT agar. To
accomplish this, each carton was thoroughly mixed and a 11g sample weighed
into a stomacher bag. To the bag 99 ml of distilled water were added and
contents of the bag were stomached for 1 minute. From the 1:10 sample
dilution in the bag, further dilutions were made by transferring 1 ml samples to
9 ml dilution blanks. Dilutions were plated on CVT agar to determine the cell
count of the two organisms. Finally, pH values were taken and the odor and

appearance noted for each carton.

Section |I: Test System-12 Percent Fat Cream

Spiking and the Addition of Bacteriocins to Cream

MicrogardT'VI and AltaTM 2020 were weighed in guantities of 0.25g and

1.10g for each bacteriocin. Twelve percent fat cream, purchased from Fred
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Meyer, was poured into six sterile 250 ml flasks in the amount of 100 ml each.
To two flasks of cream the two different quantities of MicrogardTM (0.25g and
1.10g) were added and mixed. Similarly this was done for AltaTM 2020. The
pH of the six flask contents was brought down to pH 5.3 with 10% sterile tartaric
acid. To all the flasks except one, 1 ml of 1 X 108 cells/ml of Ps. putida, grown

at 30 C for 17 hours, were added. These flasks were then stored at 8 C.

Sampling of the Cream

The flasks of cream were sampled on days 2, 5, 10, 15 and 21 by
transferring 1 ml aliquots to 9 ml dilution blanks containing 0.1% peptone
water. Further serial dilutions were made to facilitate making cell counts of the

spoilage organism using CVT agar. Plates were incubated 48 hours at 30 C



Results

Table 6.1 pH values of cottage cheese spiked with
Ps. putida and containing Microgard TM, AitaTM 2020
or no added preservative (control)
DAY
Strain 0 2 5 10 15 21 Appearance
Microgard™ 585 558 532 542 506 4.90 slight yellow
/ wet / sour
Aita™ 2020 6.14 560 535 534 510 4.98 white
/ wet / sour
Control 6.08 556 543 539 522 491 yellow

/ wet / putrid
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Figure 6.1  pH values over time of cottage cheese samples
containing only Microgard ™™ plus Ps. putida or only

AltaTM 2020 plus Ps. putida or only Ps. putida (control)



Table 6.2

Psychrotrophic cell count of cottage cheese spiked

with Ps. putida and the percent inhibition of growth

found in the cheese containing Microgard M or AltaTM

2020 or no added preservatives (control)

99

Powder %Inhibition
Day Microgard™ Alta2020 Control [ Microgard™ Aita 2020
2  2.02X104% 2.00X102 3.45X 106 99.41 99.99
5 270%X104% 0.00X100 138X 108 99.98 100.00
10 1.78 X104 1.00X 102 9.80X 109 | 100.00 100.00
15 2.22X1085 0.00X 100 3.06 Xx1012| 100.00 100.00
21 1.00X104 0.00X 100 2.00 X101 100.00 100.00
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Figure 6.2  Percent inhibition of Ps. putida in cottage cheese
samples over time by using 12% fat cream to which

either Microgard™ or AltaTM 2020 were added
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Table 6.3 pH and appearances of cottage cheese without
Ps. putida but containing Microgard ™™ or AltaT™ 2020 or

no added preservatives (control)

DAY

Strain 0 2 5 10 15 21 Appearance

Microgard™ 587 554 531 531 5.06 4.92 slight yellow

/ wet / sour

Alta™ 2020 6.07 555 530 539 5.13 4.97 white/wet/

sour

Control 6.04 551 524 532 529 534 yellow

/ wet / putrid
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Figure 6.3 pH values over time of cottage cheese samples
containing only Microgard™ or only

AltaT™ 2020 or no added preservatives (control)
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Table 6.4 Psychrotrophic cell count of cottage cheese
without Ps. putida and the percent inhibition of
growth found in the cheese containing MicrogardTM or

AltaTM 2020 or no added preservatives (control)

Powder %Inhibition
Day Microgard™ Alta 2020  Control |[Microgard™ Alta 2020
2 0.00Xx100 0.00x100 550X 109 || 100.00 100.00
5 0.00X100 0.00X100 8.35X 106 100.00 100.00
10  8.00X102 0.00X100 155X 109 || 100.00 100.00
15  450X102  0.00X 100 1.14 X101} 100.00 100.00
21 7.50X102  0.00X 100 4.04 X1012| 100.00 100.00
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Table 6.5  pH of cottage cheese spiked with Ps. fragi and
containing Microgard™ or AltaTM 2020 or without added
preservatives (control)

Strain 0 2 5 10 15 21  Appearance
Microgard™ 6.12 5.11 543 521 494 509 white/wet/
very sour

Alta™ 2020 6.20 5.17 550 524 498 485 white/wet/
very sour

Control 6.45 509 543 6516 4.88 4.91 vyellow/wet/

putrid
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Figure 6.4  pH values over time of cottage cheese samples

containing only Microgard™™ plus Ps. fragi or only
AltaTM 2020 plus Ps. fragi or no added preservatives plus

Ps. fragi (control)
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Table 6.6  Psychrotrophic cell count of cottage cheese
with Ps. fragi and the percent inhibition of
growth found in the cheese containing MicrogardTM or

AltaTM 2020 or no added preservatives (control)

Powder %Inhibition
Day Microgard™ Alta 2020 Control [ Microgard™ Alta 2020
2 6.10X104% 650X103 1.55X 106 96.06 99.58
5 385X104% 545X103 3.45X 106 98.88 99.84
10 223X104 275X103 1.31 X107/ 99.83 99.98
15  110X10° 7.00X 103 6.10 X 107 99.82 99.99
21 6.70X107 480X 104 8.85X 107 24.29 99.95
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Figure 6.5  Percent inhibition of Ps. fragi in cottage cheese
samples over time by using 12% fat cream to which

either Microgard™ or AltaTM 2020 were added
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Table 6.7 pH and appearance of the 12% fat cream spiked with
Ps. putida but containing Microgard TM or AltaTM2020 or
no added preservatives (control). Different amounts
were used besides the recommended rates
Strain _Day0 Day2 Day5 Day10 Day15 Day21 Appearance

MG 1.1g

AL 1.1g

MG 0.25¢g

AL 0.25g

Control

5.35

5.32

5.39

5.41

5.32

5.18 &.15 512 5.156 5.25  white / sour

520 511 5.09 5.19 5.26  white / sour

533 531 528 5.28 5.13  white

no off odor

544 537 537 5.58 5.13  white

no off odor

532 545 569 5.20 4.96 yellow / putrid

coagulated
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Figure 6.6  pH values over time of 12% fat cream samples
containing only MicrogardTM (1.19) plus Ps. putida or
only MicrogardTM (0.25g) plus Ps. putida or only Alta
2020 (1.1g) plus Ps. putida or only AltaTM 2020 (0.25g)

plus Ps. putida or only Ps. putida (control)
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Table 6.8  Psychrotrophic cell count in 12% fat cream samples
spiked with Ps. putida and the percent inhibition of
growth found in the cream containing Microgard TM
(1.1g) or AitaT™ 2020 (1.1g) or no added preservatives
(control)

Powder %Inhibition
Day MG 1.1g AL 1.1g  Control " MG 1.1g AL 1.1g |
2 355X 10% 150X 104 8.70 X 106 ' 95.91 99.82
5 8.85X 103 0.00X 100 9.30 X 107 99.99 100.00
10  6.00X100 450X 100 221X 108 100.00 100.00
15 7.80X1017 1.00Xx10! 241Xx108 100.00 100.00
21  450X109 0.00%x100 150X 108 100.00 100.00
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Figure 6.7  Percent inhibition of Ps. putida in 12% fat cream

samples over time to which MicrogardT™ (1.1g) or Alta

2020 (1.1g) were added
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Psychrotrophic cell count in 12% fat cream samples

spiked with Ps. putida and the percent inhibition of

growth found in the cream containing MicrogardTM

(0.25¢) or AltaT™ 2020 (0.25¢g) or no added preservatives

(control)
Powder %Inhibition
Day MG 0.25g AL 0.25g Control " MG 0.25g AL 0.25g
2 3.55X10° 5.00X10%° 8.70 X 106 95.92 94.25
]
5 8.40 X 10° 450X 106 9.30 X 107 99.10 95.16
10 7.05X10% 1.03X 107 221X 108 99.68 95.36
15 1.00X107 1.81 X108 2.41X 108 95.85 25.10
21 3.05X107 6.20X107 150X 108 79.67 58.67
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Discussion

From the results it can be seen that both dry-powder bacteriocins are
very good at inhibiting the growth of both Ps. putida and Ps. fragi. Also it
seems that Ps. putida is more sensitive to the effects of the bacteriocins than
Ps. fragi. These two organisms belong to a genus that is well known in causing
spoilage of cottage cheese, even at refrigeration temperatures since they are
psychrotrophs (Jay, 1986). At the recommended usage rate of their product,
AltaTM 2020 (AL) showed better inhibition of both the spoilage organisms over
the 21 days of refrigeration, as compared to MicrogardTM (MG). For the test
involving cottage cheese samples spiked with Ps. putida , AL was able to
inhibit any growth of the spoilage organism for most of the sampling days and if
growth was found the maximum number it reached was 2 X 102 cells/gram of
cottage cheese (Table 6.2). Compared to the control sample, AL exhibited
100% inhibition over the 21 days of sampling. For MG, although 99.41% to
100% inhibition was observed, the cell count of Ps. putida did reach a
maximum of 2 X 106 cells/gram of cottage cheese. The lowest cell count was
observed on day 21 of 1 X 10 4 cells/g of cheese (Table 6.2). Similar results
were obtained when the cottage cheese samples were spiked with Ps. fragi
(Table 6.6). AL showed between 99.58% to 99.99% inhibition over the 21 days.
The maximum inhibition was reached after 15 days and decreased very slightly
after 21 days. 96.06% to 99.88% inhibition was observed with MG, but after day
21 the inhibition dropped to 24.29%. For the cottage cheese samples that were
left alone and allowed to spoil with natural contaminants (Table 6.4), AL
inhibited the growth of any natural spoilage bacteria over the 21 days and

therefore exhibited 100% inhibition. MG also showed 100% inhibition of



115

naturally occurring spoilage bacteria as compared to the control, but compared
to AL, MG had a maximum growth of 8 X 102 cells/g of cheese. These resuits
were obtained when the recommended usage rate of each bacteriocin was
followed. When these directions were slightly modified the results were quite
surprising. This will be discussed later.

The pH values between the two bacteriocins and control of spiked and
unspiked cottage cheese were all very similar (Table 6.2 , Table 6.3). This is
not surprising since these two bacteriocins are used commercially so they
should not change the pH value as compared to dairy products without the
bacteriocins, since lower pH values might affect flavor and odor. The
appearance of the cheese after 21 days shows that the controls are spoiled
since they are all yellow and wet, and have a putrid odor. The cottage cheese
samples that include MG were beginning to change color from white to yellow.
They were wet in nature and a very sour odor was observed. Cheese that
included AL remained white, but were wet and had a sour odor.

The directions recommended by the manufacturers were slightly
modified such that the usage rates were reversed for the bacteriocins, and 12%
fat cream was used instead. Pseudomonas putida remained the spoilage
organism of choice. AL (1.1g) exhibited 99.83% to 100% inhibition over 21
days of refrigeration with a maximum cell count of 1.5 X 104 celis/ml of cream
after 2 days and 1 X 107 cells/mi following (Table 6.8). These results were very
similar to the results obtained using cottage cheese (Table 6.2). MG showed
95.91% to 100% inhibition when 1.1g was used instead of the recommended
0.25g. The cell counts ranged from a high of 3.5 X 105 celis/m| after 2 daysto a
low of 45 cells/ml after 21 days (Table 6.8). The results observed when 0.25g of
each bacteriocins was used indicated that MG was slightly better than AL at

that concentration (Table 6.9). MG exhibited good inhibition and reached a
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peak of 99.68% inhibition after 10 days and dropped to 79.67% inhibition after
21 days. AL also showed quite good inhibition when only 0.25g was used. It
reached a peak of 95.36% inhibition after 10 days and dropped to 25.10%
inhibition after 15 days. After 21 days the inhibition slightly increased to
58.67%.

The appearance of the cream after 21 days of refrigeration indicated that
the samples of cream that contained only 0.25g of each bacteriocin remained
white in color and no off odor was detected (Table 6.7). For the cream samples
that contained 1.1g of each bacteriocin, the color remained white, but a sour
odor was noted. The control sample that was contaminated with Ps. putida
showed spoiling after 21 days. It was yellow in color and the cream had
coagulated. It also had a putrid odor. The pH values were all very similar
between the samples that contained bacteriocins. The control sample had the
lowest pH of 4.96 while the other samples had pH values greater than 5.1.
They ranged from 5.13 for the 0.25g of bacteriocins to 5.25 for the 1.1g of

bacteriocins.
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General Conclusions

From the results, it can be said that the two dry-powder bacteriocins are
potent inhibitors of spoilage organisms such as the Pseudomonas genus and
naturally contaminating bacteria. The recommended usage rates for each
bacteriocin seem correct. For AltaTM 2020, 1.1g was recommended and this
showed much better inhibition (99.82%-100.00%) than the modified 0.25g
(25.10%-95.36%). For MicrogardTM | 0.25g was recommended and this
showed similar inhibition (79.67%-99.10%) as the modified 1.1g (95.91%-
100.00%). But the cell counts of the spoilage organisms do show that 1.1g of
each bacteriocin is much better than using 0.25g. Cell counts were always
lower by at least two logs. Also these experiments show that Ps. putida was a

more sensitive organism to the effects of both bacteriocins than Ps. fragi.
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CHAPTER 7

EFFECT OF PASTEURIZED MILK CULTURES OF
LACTOBACILLUS AS-1 ON GROWTH OF
PSEUDOMONAS PUTIDA IN COTTAGE CHEESE

Introduction

Lactobacillus species AS-1 was first studied as an inhibitor of raw milk
- psychrotrophic bacteria by Al-Zoreky (Al-Zoreky , 1993). It was discovered
during a survey of numerous lactic acid bacteria for their usefulness for
addition to bulk raw milk in dairy silo tanks to inhibit growth of bacteria therein
which are detrimental to milk flavor and cheese yield. Originally thought to be a
. Leuconostoc , attempts to speciatiate this bacterium have not been possible
since conventional biochemical testing did not conclusively identify it; however
it most closely resembles Lactobacillus confusus ATCC 10881. Genetic
studies, such as DNA-DNA hybridization and characterization of cell wall
components will be required to determine its species identity.

In the studies by Al-Zoreky, AS-1 was found to be amazingly effective at
2-5 C in inhibiting gram negative bacteria contaminating raw milk. A patent on
the use of this bacterium to control these bacteria in dairy products has been
applied for by Oregon State University. Its use to extend the shelf life of cottage
- cheese has not yet been fully studied except for the results obtained in Chapter

5. Therefore since Lb. AS-1 showed great promise when live cells were used
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in Chapter 5 to inhibit the growth of Ps. putida and any naturally occurring
contaminants in cottage cheese, the next step was to see if any of the inhibition
was due to a heat-resistant element, such as that found with Propionibacterium
shermanii. So the procedure by which MicrogardTM is produced in

pasteurized milk was followed and applied to Lb. AS-1.
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Experimental Methods

Propagation and Preparation of Pasteurized Milk Preparations

of Lactaobacillus AS-1

Lactobacillus AS-1 was transferred weekly by taking an isolated colony
from an MRS streak plate which had been stored at 4 C and inoculating into 10
ml of MRS broth. The tube was incubated for 24 hours at 30 C from which
another streak plate was prepared which in turn was stored at 30 C for 24
hours. The plate was then placed at 4 C until the next transfer. For preparation
of the pasteurized product, 8.0 ml of the 24 hour 10 ml MRS broth culture of
AS-1 was used to inoculate 800 ml of sterilized 11% NFM. The 24 hour milk
culture had 1 x 109 cells/ml. A control flask of 11% NFM was also prepared.
After initial pH measurements were taken, these two flasks were stored at 30 C
for 4 days. On day four of storage, pH values of the two flasks were taken as
before and were raised to pH 6.5 with 10% sterile NaOH. Then they were
placed in a steamer for 45 minutes at about 80 C. The flasks containing the
pasteurized AS-1 products were allowed to cool and then mixed. Streak plates
on MRS agar of the pasteurized products were performed to insure that no
viable cells were still present after steaming. A 1-ml volume was transferred
from each flask into 4 X 100 ml of commercially produced 12% fat cream. pH
values were brought to 5.3 with 10% sterile tartaric acid. A 1% inoculum of Ps.
putida grown overnight for 18 hours at 30 C (1 X 107 cells/ml) in 10 ml of
lactose broth was added to two of the four flasks of cream before they were

poured over 150 g of small dry curd cottage cheese contained in cartons. The
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cantons were then refrigerated at 8 C. The methods here are generally those
used by Wesman Foods, Inc. to produce MG commercially in pasteurized milk
although on a much smaller scale. The composition of 11%NFM can be found
in Table 3.1 while MRS broth and agar for pour plates were prepared by

following the instructions of Difco Laboratories Inc. in Detroit, M.

Sampling of the Cottage Cheese

On days 2 and 5 of storage, carton contents were mixed and pH values
determined. Then 11 g were removed and added to stomacher bags
containing 99 ml of distilled water and stomached for one minute. A 1-ml
volume was transferred from each bag to 9 mi dilution blanks containing 0.1%
peptone water. Further dilutions were made to facilitate making cell counts of
the Ps. putida on PCA-TTC plates. The composition of PCA-TTC plates is

shown in Table 7.1.
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Table 7.1 Plate Count Agar-2, 3, 5 Triphenyl Tetrazolium Chloride

Culture Medium

Ingredient Grams per Liter

Plate Count Agar 23.5

Autoclave at 121 C for 15 minutes
Cool to 45 C and add 2 ml of 1.0% TTC solution per 100 ml of PCA

agar

1.0% 2, 3, 5 Triphenyl Tetrazolium Chloride Solution
-dissofve 1.0g in 100 ml of distilled water

-sterilize by filtration
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Results

The pH values of the cottage cheese samples were taken on the initial
day of inoculation, and on day 2 and day 5 of refrigeration at 8 C. The values

are presented in Table 7.2.

Table 7.2 pH values of cottage cheese at different days of storage
at 8 C with or without (control) the pasteurized milk

preparation of Lactobacillus AS-1

Day Lb. AS-1 + Control
Ps. putida (Ps. putida)

0 5.31 5.33

2 5.16 5.03

5 5.13 5.00




Percent inhibition of growth of Ps. putida was calculated using the

following formula:

% Inhibition = (Psychrotrophic cell count of carton containing
Lb. AS-1 pasteurized milk plus Ps. putida minus
Psychrotrophic cell count of control carton containing
only Ps. putida ) divided by Psychrotrophic cell count

of control carton containing only Ps. putida X 100

Table 7.3  Bacterial counts and percent inhibition of Ps. putida in
cottage cheese by Lactobacillus AS-1 pasteurized milk
preparations when held at 8 C and tested on days 2
and 5. Control cheese contained no Lactobacillus

AS-1 product
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% Inhibition
Day Lb. AS-1 + Control Day Lb. AS-1 +
Ps. putida (Ps. putida) Ps. putida
2 1.48 X 107 2.65 X 107 2 44.15

5 1.46 X 108 2.00 X 108 5 27.07
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Discussion

From Table 7.2 it can be seen that the pasteurized milk product of
Lactobacillus AS-1 has some inhibitory effect on the growth of the spoilage
organism, Ps. putida. After 2 days of refrigeration 44.15% inhibition was
observed, which then dropped down to 27.07% after 5 days. Although these
percent inhibitions seem quite low, it must be noted that only a 1% volume of
the pasteurized milk product of Lb. AS-1 was added to 100 ml of 12% fat
cream, which was used to cream the dry curd cottage cheese. Therefore the
amount of inhibition seen may be significant, especially if larger amounts of
AS-1 would increase the inhibition. Further experiments have to be performed,
using greater volumes of the pasteurized milk product, to see if there is an
increase in the percent inhibition of Ps. putida or any naturally occurring
contaminants. But from the results obtained in these experiments and those
obtained in Chapter 5, it seems there is an antimicrobial substance at work
here. Therefore all the inhibition observed with live cells in Chapter 5 can also
be partly attributed to another factor, that which is found in the pasteurized milk
product of Lb. AS-1. Again the inhibitory effect of low pH can be nullified since
the control carton of cottage cheese showed lower pH values than the one

containing the pasteurized AS-1 product (Table 7.2).
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General Conclusions

Al-Zoreky has shown that Lactobacillus AS-1 is quite effective in
inhibiting psychrotrophs contaminating raw milk (Al-Zoreky , 1993), and from
these experiments it can be seen that Lb. AS-1 has possibilities as being
used commercially to enhance the shelf-life of cottage cheese by inhibiting the
growth of psychrotrophic spoilage bacteria. From results obtained in Chapter 5
and in this chapter, Lactobacillus AS-1 is somewhat inhibitory for
psychrotrophs in cottage cheese but much more so in refrigerated raw and
pasteurized milk. Further in depth studies have to be done on this organism to

exploit its potential for use in the dairy industry.
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CHAPTER 8

USE OF MICROGARD POTENTIATED WITH SODIUM CITRATE TO
INHIBIT PSEUDOMONAS PUTIDA, SACCHAROMYCES
CEREVISIAE AND CANDIDA ALBICANS IN 12% FAT CREAM

Introduction

MicrogardTM (MG) is a product patented by Oregon State University
( U.S. Patent number - 4,382,965, May 10, 1983. Canadian Patent number -
1,158, 190 , December 6, 1983) licensed to Wesman Foods, Inc., Beaverton,
OR. Itis used to extend the shelf life of acidic foods such as cottage cheese,
cream cheese, ricotta cheese, yogurt, butter, cultured sour cream, pasta, pate,
and other meat products. In general the product is prepared by growing
Propionibacterium in nonfat milk, pasteurizing after growth, spray drying the
product and marketing to various users. Publications by Salih et al. (Salih et al.
, 1990) and Al-Zoreky et al. (Al-Zoreky et al. , 1991) have characterized the
product and defined the spectrum of activity against various microorganisms.
The latter paper suggests that the active compound(s) in MG is a peptide with a
molecular weight less than 1000 and further studies by Teo (Teo , Personal
Communucation) have been conformatory in this regard.

While MG is effective against some fungi (Al-Zoreky , 1989) many of
these microorganisms are not affected by it. Recently, however, data of Teo

(Teo , Personal Communication) demonstrated potentiation of MG by
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incorporation of sodium citrate, resulting in enhanced activity of the product
against yeasts and molds as well as some bacteria previously resistant to MG.
In this work, we have used the improved MG to study its use in 12% fat cream
to inhibit yeasts. Pseudomonas putida was included as a control bacterium
since it is known to be inhibited in cottage cheese and cream by normal MG.

Assistance of Alex Teo in running these experiments is acknowledged.



129

Experimental Methods

Culture Propagation

Pseudomonas putida was cultured as described in Chapter 7 of this
thesis. Saccharomyces cerevisiae variety ellipsoideus 1B15 ( S. cerevisiae )
and Candida albicans ATCC 18804 ( C. albicans ) were obtained from the
culture collection in the Department of Microbiology at Oregon State University.
Saccharomyces cerevisiae was cultured in 10 ml of mycophil broth for 18
hours at 30 C, before a streak plate was made on acidified potato dextrose
agar (PDA). This was incubated for 18 hours at 30 C and then placed ina 4 C
refrigerator. Weekly culture propagation involved inoculating 10 ml of mycophil
. broth with a small isolated colony from the streak plate and the above process
repeated. The same method of culture propagation was done for C. albicans.
Mycophil broth was prepared as directed by Difco Laboratories Inc. of Detroit,
MI. For acidified PDA plates. instructions were followed as supplied by Difco,
and the pH of the plates were brought down to 3.5 with 10% sterile tartaric acid.

Experiments done involved using 12% fat cream purchased from a retail
supermarket ( Fred Meyer). It was prepared as used to dress dry curd cottage

cheese to achieve a 4% fat final product.
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Preparation and Spiking of Cream

Aliguots (100 ml) of cream was transferred to 150 ml sterile flasks.
Powdered MicrogardT’VI 0.25g was weighed and placed into appropriate
flasks. Sodium citrate crystals were weighed in 0.1, 0.5, 1.0, 1.5 and 2.0g
amounts and placed into appropriate flasks. Flask contents were mixed and
pH levels were adjusted to 5.3 with sterile 10% tartaric acid. Then 100 cells/ml
of Ps. putida, S. cerevisiae or C. albicans were added to the appropriate
flasks which then were placed at 8 C until sampled. Control flasks consisted of

cream and organism only.

Sampling of the Half and Half Cream

On days 7, 14, 21, and 28, 1-ml aliquots of the cream in the flasks were
transferred to 9 mls of 0.1% peptone water. Further dilutions were made and
100ml volumes were pipetted onto PCA-TTC plates for Pseudomonas and
acidified PDA plates for the yeasts. The drop was then spread with a sterilized
glass spreader. After the plates had dried they were placed at 8 C until cell
counts could be determined of the organisms. pH values of the flask contents
were also taken. The composition of PCA-TTC plates can be found in Table

7.1.
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Results

In the following tables, "MG + 0.1 %" stands for 0.25g of the powdered
bacteriocin plus 0.1g of sodium citrate crystals and so forth. Control flasks are

spiked with the appropriate organisms only.

Table 8.1 Psychrotrophic cell counts of cream samples taken over
a period of 4 weeks which were spiked with 100

cells/ml of Ps. putida

Sample Day O Day 7 Day 14 Day 21 Day 28
Control 1.0X 102 1.8X 105 18X 108 35X 108 3.9Xx 108
MG 1.0X 102 0.0X 100 1.8Xx 104 3.7X107 1.3X 108

MG+0.1% 10X 102 0.0X100 75X 103 1.6 X107 53X 10/
MG+05% 1.0X102 0.0X100 1.4X103 1.4X10° 1.8 X107
MG+10% 1.0X102 0.0X 100 0.0x 100 0.0x 100 0.0 X 100
MG+15% 1.0X102 0.0X 100 0.0X 100 1.6 X107 55X 102
MG+20% 1.0X102 0.0X100 0.0X 100 2.0X 100 3.7 X 101
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Table 8.2 Log of CFUs/ml of 12% fat cream samples taken over a
period of 4 weeks containing only Ps. putida (control),
or only 0.25g MG powder, or only 0.25g MG powder
plus either 0.1%, 0.5%, 1.0%, 1.5% or 2.0% sodium

citrate
Sample Day 0 Day 7 Day 14 Day 21 Day 28
Control 2.00 6.26 8.26 8.54 8.59
MG 2.00 0.00 4.26 7.57 8.11
MG + 0.1 % 2.00 0.00 3.86 7.20 7.72
MG + 0.5 % 2.00 0.00 3.15 5.15 7.26
MG +1.0% 2.00 0.00 0.00 0.00 0.00
MG +1.5% 2.00 0.00 0.00 1.20 2.74
MG + 2.0 % 2.00 0.00 0.00 0.30 1.57

Since one can not take the log of the number zero, cell counts that were

zero have been given the log value of "zero" in Table 8.2 and Figure 8.1.
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Figure 8.1 Log of CFUs/ml of 12% fat cream samples taken over a

period of 4 weeks containing only Ps. putida (control),
or only 0.25g MG powder, or only 0.25g MG powder
plus either 0.1%, 0.5%, 1.0%, 1.5% or 2.0% sodium

citrate
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The increase in MicrogardTM activity when different concentrations of
sodium citrate were added, over just using only MicrogardTM were calculated
as seen in Table 8.3 for 12% fat cream samples spiked with Ps. putida . The

formula used was as follows:

(Psychrotrophic cell count of MG only minus psychrotrophic cell  count
of MG plus different concentrations of sodium citrate) divided by

(Psychrotrophic cell count of MG only) X 100 = Percent inhibition

Table 8.3 Percent inhibition increase over using just 0.25g of
MicrogardTM and 0.25g of MicrogardTM plus different
concentrations of sodium citrate in 12% fat cream

spiked with Ps. putida.

Sample Day 7 Day 14 Day 21 Day 28
MG + 0.1 % 0.00 58.33 56.76 59.23
MG +0.5% 0.00 92.22 99.62 86.15
MG +1.0 % 0.00 100.00 100.00 100.00
MG +1.5% 0.00 100.00 100.00 100.00
MG + 2.0 % 0.00 100.00 100.00 100.00




Table 8.4

Psychrotrophic cell count of cream samples taken over

a 4 week period which were spiked with 100 cells/ml of

C. albicans

Sample

Day 0 Day 7

Day 14 Day 21

Day 33

Control

MG

MG + 0.1 %
MG + 0.5 %
MG + 1.0 %
MG +1.5%
MG + 2.0 %

1.0 X102 2.2 X 109
1.0 X 102 5.7 X 102
1.0 X102 1.7 X109
1.0 X102 1.9 X109
1.0 X102 1.0X 103
1.0X 102 15X 109
1.0 X 102 3.8 X 104

6.3 X 10° 3.7 X 10°
6.6 X 105 1.4 X 109
1.2X 106 2.8 X 10°
7.3X10° 1.7 X109
8.3X 100 2.2 X 109
1.5X 108 1.1 X 107
59 X105 1.2X 109

1.2 X108
1.5 X 107
4.5X10°
3.9 X105
7.1 X 109
3.6 X 107
5.4 X 109

135



Table 8.5  Log of CFUs/ml of 12% fat cream samples taken over a
period of 4 weeks containing only C. albicans (control),
or C. albicans plus 0.25g MG powder, or C. albicans
plus 0.25g MG powder plus either 0.1%, 0.5%, 1.0%,
1.5% or 2.0% sodium citrate

Sample Day 0 Day 7 Day 12 Day 21 Day 33
Control 2.00 5.34 5.80 557 8.08
MG 2.00 2.76 5.82 5.15 7.18
MG + 0.1 % 2.00 5.23 6.08 5.45 5.65
MG +0.5% 2.00 5.28 5.86 5.23 5.59
MG +1.0% 2.00 3.00 592 5.34 5.85
MG +1.5% 2.00 5.18 6.18 7.04 7.56
MG + 2.0 % 2.00 4.58 5.77 5.08 5.73
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period of 4 weeks containing only C. albicans (control),
or C. albicans plus 0.25g MG powder, or C. albicans
plus 0.25g MG powder plus either 0.1%, 0.5%, 1.0%,

1.5% or 2.0% sodium citrate
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The increase in percent inhibition for 12% fat cream samples spiked with

C. albicans over just using only MG can be found in Table 8.6.

Table 8.6  Percent inhibition increase over using just 0.25g of
MicrogardT™™ and 0.25g of MicrogardTM pius different
concentrations of sodium citrate in 12% fat cream
spiked with C. albicans

Sample Day 7 Day 12 Day 21 Day 33
MG + 0.1 % 0.00 0.00 0.00 97.00
MG + 0.5 % 0.00 0.00 0.00 97.40
MG +1.0% 0.00 0.00 0.00 95.27
MG +1.5% 0.00 0.00 0.00 0.00
MG + 2.0 % 0.00 10.61 14.24 96.40




Table 8.7  Psychrotrophic cell count of cream samples taken over
a 4 week period which were spiked with 100 cells/ml of
S. cerevisiae
Sample Day O Day 7 Day 12 Day 19 Day 26
Control 1.0X 102 35X 101 1.2X103 1.6 X104 2.0 X 105
MG 1.0 X102 15X 103 2.0X10° 3.6 X105 1.0 X 105
MG+0.1% 1.0X102 9.0X100 1.4X 103 58X 104 9.7 X 104
MG+05% 1.0X102 80X100 1.7X103 45X 104 9.2 X 104
MG+1.0% 1.0X102 7.0X100 86X 102 1.2X 103 3.7 X 103
MG+15% 1.0X102 9.0X100 1.2X102 3.3X 104 6.3 X 105
MG+20% 1.0X102 6.0X100 35X 102 32X 104 1.8 X 105
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Table 8.8 Log of CFUs/ml of 12% fat cream samples taken over a
4 week period containing S. cerevisiae (control), or
S. cerevisiae plus 0.25g MG powder, or S. cerevisiae
plus 0.25g MG powder plus either 0.1%, 0.5%, 1.0%,

1.5% or 2.0% sodium citrate

Sample Day 0 Day 7 Day 12 Day 19 Day 26
Control 2.00 1.54 3.08 4.20 5.30
MG 2.00 3.18 5.30 5.56 5.00
MG +0.1 % 2.00 0.95 3.15 4.76 4.99
MG + 0.5 % 2.00 0.90 3.23 4.65 4.96
MG +1.0% 2.00 0.85 2.93 3.08 3.57
MG +1.5% 2.00 0.95 2.08 4.52 5.80
MG +2.0 % 2.00 0.78 2.54 4.50 5.26
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Figure 8.3  Log of CFUs/ml of 12% fat cream samples taken over a

period of 4 weeks containing only S. cerevisiae
(control), or S. cerevisiae plus 0.25g MG powder, or S.
cerevisiae plus 0.25g MG powder plus either 0.1%,

0.5%, 1.0%, 1.5% or 2.0% sodium citrate
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The increase in percent inhibition of 12% fat cream samples spiked with

S. cerevisiae over just using only MG can be found in Table 8.9.

Table 8.9  Percent inhibition increase over using just 0.25¢g of

MicrogardT™™ and 0.25g of Microgard ™M plus different

concentrations of sodium citrate in 12% fat cream

spiked with S. cerevisiae

Sample Day 7 Day 12 Day 19 Day 26
MG + 0.1 % 99.40 99.30 83.89 3.00
MG + 0.5 % 99.47 99.15 87.50 8.00
MG + 1.0 % 99.53 99.57 99.66 96.30
MG +1.5% 99.40 99.94 90.66 0.00
MG + 2.0 % 99.60 99.83 91.11 0.00
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Discussion

From Table 8.2 and Figure 8.1 it can be observed that the addition of
sodium citrate crystals to powder MicrogardT™™ does enhance its activity to
inhibit the growth of Ps. putida in 12% fat cream. Figure 8.1 shows that
enhancement of MG activity occurred as the concentration of sodium citrate
increased from 0.1% to 0.5% and reached a maximum enhancement with
1.0%. Then the enhancement decreased slightly with higher concentrations.
Figure 8.1 therefore tells us that 1.0% sodium citrate was the best
concentration to add to MG for enhanced activity out of all the concentrations
that were tested. But this does not mean that 1.0% is the optimum
concentration to use since from the figure the best concentration of sodium
citrate to add to MG is some where between 0.5%-1.5%. Further experiments
should use concentrations that increase by 0.1% such that a closer estimate to
the optimum concentration required for maximum enhancement of MG can be
determined. Table 8.3 shows the percent inhibition increase over just using MG
powder by itself, as compared to MG plus the different concentrations of
sodium citrate. Although there was an increase of 100% inhibition observed for
the concentrations of 1.0%, 1.5% and 2.0%, Table 8.1 shows that only MG plus
1.0% sodium citrate totally inhibited the growth of Ps. putida over the 28 days
of refrigeration (no viable cells could be counted on any of the sampling days).
Therefore enhancement of MG activity by the addition of sodium citrate is
clearly shown here, but how would this addition affect MG's activity on yeast
cells?

From Table 8.5 and Figure 8.2, littte enhancement of MG activity against

the yeast C. albicans was observed with the addition of sodium citrate. The cell
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counts in Table 8.4 show that MG by itself inhibited the growth of C albicans
better, than with the addition of different concentrations of sodium citrate during
three weeks of storage (99.74% after 7 days, 62.16% after 21 days and 87.50%
after 33 days). The only concentration that gave any enhancement of MG
activity over the three weeks was 2.0%. Table 8.6 shows that 2.0% enhanced
the activity of MG against C. albicans by 10.61% after 12 days, 14.24% after 21
days, and increased to 96.40% after 33 days of refrigeration. After 33 days the
concentrations 0.1%, 0.5% and 1.0% showed an increase of activity over just
MG of 97.00%, 97.40% and 95.27% respectively, but these enhancements with
sodium citrate would not be very beneficial to the dairy industry, since it took so
long for any inhibition to occur. Even though 2.0% sodium citrate showed
enhancement of MG activity, it was enhanced not by very much. Not even a log
difference was observed between MG and MG plus 2.0% cell counts until 33
days of storage. Using greater concentrations of sodium citrate would not be
advisable since sodium citrate is basic in nature and would raise the pH of the
cream above the maximum pH of 5.3 for MG activity. Also the flavor and texture
of the cream might change, therefore producing an unfavorable product.
Therefore it does not seem that the addition of sodium citrate to MG has any
effect on its activity against C. albicans , but how about against S. cerevisiae ?

Table 8.8 and Figure 8.3 show that the addition of sodium citrate to MG
does enhance the activity of MG against the yeast, S. cerevisiae . They show
that without the addition of sodium citrate, MG by itself has a higher cell count
of S. cerevisiae over the 26 days of refrigeration than the control with just the
yeast. But with the addition of different concentrations of sodium citrate, there is
an enhancement of MG activity against S. cerevisiae. From Figure 8.3, it
seems that 1.0% sodium citrate added to MG gives the best enhancement. The

best concentration seems to be between 0.1% and 1.0%, so further
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experiments should involve using concentrations that increase by 0.1%. such
that the optimum concentration of sodium citrate can be found that best
enhances MG. Table 8.9 reconfirms that 1.0% sodium citrate was the best
concentration to use for this experiment, since this concentration showed the
best increase in percent inhibition over just using MG. By adding 1.0% sodium
citrate to MG, the cell counts of S. cerevisiae decreased by 2 to 3 logs in the
cream over the 26 days of refrigeration.

The mechanism of how sodium citrate enhances the activity of MG has
to be studied in greater detail. Since many of the bacteriocins produced by
lactic acid bacteria are only effective against gram-positive bacteria, such as
Nisin and the pediocins, the exact mechanism of how MG inhibits gram-
negative bacteria is still not fully known. But like the Nisin and the pediocins
(Kalchayanand et al. , 1992), MG's mode of action might be destabilization of
the membrane vesicle of gram-negative bacteria. MG might bind to specific
receptors on the cell surface of the organism and impair the barrier functions of
the wall, therefore allowing the molecule to enter the cell and contact the
membrane. Bhunia et al. reported that gram-negative bacteria do not have
specific receptors and that is why they are insensitive to many bacteriocins of
lactic acid bacteria (Bhunia et al. , 1991), but their inner membranes can be
destabilized (Gao et al. , 1991). Therefore MG must some how be able to by
pass the lipopolysaccharide and protein layer and cell wall and attach itself to
the inner membrane and exert its inhibitory effect by interfering with some
important cell function critical for cell viability. Since the exact mechanism of
how MG works is still not known it would be hard to explain how sodium citrate
enhances it. But one hypothesis could be that sodium citrate stabilizes or

changes the structure of MG such that its mode of action is enhanced or
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become more efficient or that the presence of sodium citrate enhances the
binding of MG to the cell membrane some how.

Although no major enhancement of MG activity was seen with the
yeast, C. albicans , with the addition of sodium citrate, there was good
enhancement seen with S. cerevisiae . Many people have reported on the fact
that fungi (yeasts and molds) are resistant to the effects of bacteriocins due to
the fact that during their growth, they produce many hydrolyzing enzymes and
therefore they are able to degrade inhibitory substances (Fleet , 1987 ;
Miyakoshi , 1987 ; Suihko , 1984). Therefore, in the case of C. albicans , MG by
itself is perhaps capable of escaping the hydrolyzing enzymes and attaching
itself to the cell wall of the yeast cell and exhibiting its fungicidal effect. With
sodium citrate present, the stabilization or change in structure of MG might not
be of a positive effect for this organism. For the yeast, S. cerevisiae , the
presence of sodium citrate is positive and enhancement of the activity of MG
was observed. Sodium citrate might enhance the binding of MG to the cell wall
of the yeast or it might stabilize or change the structure of MG such that it is
more effective in its fungicidal mode. Further research has to be done in this
area of MG mechanism of inhibition, and not until the exact mode of action of
MG has been determined will one understand how sodium citrate enhances its

activity.
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General Conclusions

From the results obtained in this chapter, it can be said that
sodium citrate does enhance the activity of MicrogardTM. Against two of the
three organisms tested, two showed greater sensitivity to MG's mode of action
in the presence of sodium citrate. For Ps. putida and S. cerevisiae the best
concentration of sodium citrate to use, out of the concentrations tested, was that
of 1.0%. The enhancement of MG with sodium citrate over just MG was
enormous in the case of Ps. putida , since a 4 to 8 log difference in cell counts
was observed between the samples with sodium citrate and MG, and the MG
control. Likewise a 2 to 3 log difference was observed with S. cerevisiae .
Therefore it seems that the addition of sodium citrate to MG not only enhances
the activity of MG but will also enhance further the shelf-life of cottage cheese

and other dairy products.
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