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CHAPTER 1

LITERATURE REVIEW

1.1 Introduction

Preservation by means of fermentation is one of the oldest food technologies, yet it
continues to play an important role in meat preservation in many parts of the world.
These processes can be simple, with minimal microbial involvement, or more complex,
involving defined ingredients and starter cultures ‘with controlled environmental
conditions. Most meat fermentations rely mainly on the use of salt and spices as
ingredients, and if permitted, the addition of nitrate and nitrite. The fermentation of
meats furthermore, depends on the interaction of various intrinsic and extrinsic
environmental as well as microbiological factors including the pH, water activity, redox
potential and the presence of preservatives and naturally competitive microflora. The
final fermented product, however, granted a long and safe shelf-life of high nutritious

quality and wholesomeness.

The microbiological attributes of bacterial starter cultures have been studied in detail.
However, despite frequent occurrences of yeasts in fermented products, little
consideration has been given to the ability of yeasts to grow in salami, its contribution
to the final product or the application as possible starter cultures. Therefore, this study
reports the cell numbers and species of yeasts found in commercial salami and
examines some properties that govern the ability of yeasts to grow in salami. In
addition, selected yeast species, are incorporated individually and in association with
conventional lactic acid bacteria as starter cultures during the processing of salami.




1.2. Meat

Meat is defined as ‘the flesh of animals used as food, now chiefly butcher's meat,
excluding fish and poultry’. Since the predominant portion of the edible flesh of animal
carcasses consists of muscular tissue, meat can be conveniently regarded as the post
mortem aspects of muscles (Lawrie, 1995). The principle attributes of eating quality in
meat thus depend upon the structure and chemistry of muscle.

1.2.1. Chemical composition of meat

The proximate composition of a typical, adult mammalian muscle post mortem, after
the onset of rigor mortis, but before degradative changes commence, is 75% water,
19% protein, 2.5 % lipids, 1.2% carbohydrate and 2.3% of miscellaneous non-protein
substances (Lawrie, 1995). These findings apply generally, since the basic structure of
muscles is similar between species and classes of animals. A number of factors,
however, impose variation on the relative quantities of the components of muscles,
including species, breed, sex, age, anatomical location, nutrition, and exercise. The

approximate composition of lean muscle tissues is presented in Table 1.

Table 1

Approximate composition of lean muscle tissues of meat animals (%)
Species Water Protein Fat Ash
Beef 70-73 20-22 4.8 1.0
Pork 68-70 19-20 5-11 1.4
Lamb 73 20 5-6 1.4
Chicken 73-70 20-23 4.7 1.0

Data from Fennema, O. R. (1985).




Meat is a nutritious protein-rich food, which is highly perishable with a short shelf-life
unless preservation methods are incorporated (Campbell-Platt, 1995). Meat product
thus provides an excellent growth media for micro-organisms.

The slaughter of the live animal destroys the inherent defense mechanism in the meat
tissue that resist microbial invasions and growth. The nature of the slaughtering process
and further handling of raw product also allow spoilage and pathogenic micro-
organisms from fleece, hide (Dillon and Board, 1991) and gut to readily contaminate
the raw meat (Niven, 1961). The combination of a high water activity with a moderate
pH and the availability of a range of nutrients further encourage the rapid growth of

bacteria.

1.2.2. Microbial spoilage of meat

Raw meat may generally contain lactobacilli, micrococci, enterococci, Pseudomonas,
Escherichia, anaerobic bacteria, yeasts and moulds contaminated either endogenously
in the living animal or by subsequent post mortem contamination. Overt disease caused
by Bacillus anthracis, Mycobacterium tuberculosis or Brucella abortis would lead to
condemnation by veterinary inspectors and the meat would not reach the consumers.
However, several conditions are not readily detectable and the composition of meat
renders a good substrate for growth of spoilage bacteria such as Pseudomonas or food
poisoning bacteria including Salmonella, Listeria, Campylobacter and Clostridium
(Leistner et al., 1989; Katsaras and Leistner, 1985; Hechelmann et al, 1988) Post
mortem contamination of meat is the major cause both of organoleptic spoilage and of
food poisoning. Apart from the availability of nutrients, the survival and growth of these
micro-organisms in meat is determined by factors like temperature, moisture

availability, pH, and the gaseous environment to which the organisms are exposed.



1.2.3. Modes of meat preservation

It is evident that the requirements of micro-organisms for survival and growth afford

the possibility of their control by storing meat under conditions which fail to provide

these requirements, or under conditions which directly inhibit the growth and
progression of the micro-organisms. Accordingly, temperature control, moisture control,
or direct microbial inhibition by means of ionizing radiation, antibiotics or various
chemicals are implemented. Fermentation as a mode of preservation, depending on the
breakdown of carbohydrates to yield various alcohols and organic acids, resulting in the
inhibition of growth of undesirable micro-organisms, was inadvertently exploited by
humans many years ago. In respect of meat, fermentation has been employed to
preserve or enhance the organoleptic attributes of comminuted products such as
salami’s (Zottola, 1992).

1.2.3.1. Fermentation

Meat product safety and shelf-life are dependent upon rapid preservation techniques
instituted after-slaughter or freezing (Zottola, 1972). In general, preservation is
accomplished by synergistic effects of several methods rather than the use of a single
procedure (Zottola, 1972). Fermentation is an important preservation method, which
has evolved for meat but is rarely used alone. Preservation is usually achieved by a
combination of fermentation with the use of water activity lowering techniques
including dehydration and the addition of salt (Campbell-Platt, 1995). These techniques
have been the basis of traditional technologies used before the scientific basis of their
action was understood (Campbell-Platt, 1995).

Historically, man made the observation that the addition of salt and sugar to ground
meat followed by a holding period was conducive to preservation and resulted in an
acceptable product. As time passed various geographical areas developed unique
varieties of preserved meat products that varied in size, shape, texture and flavor. The




flavor and texture difference were mainly attributed to variations in spicing, sugar and
salt content, meat formulation and processing characteristics. However, the stability of
these products as well as their consistency, was primarily dependent upon the
controlled conversion of sugar to lactic acid by bacteria (Deibel, 1974).

As with dead organic matter, muscles from slaughtered animal as a whole or in a
particular form, may be modified by micro-organisms during prolonged storage.
Environmental conditions and storage time greatly influence the sort and extent of
modification. With food, there can be desirable and less desirable micro-organisms,
which bring about desirable and less desirable changes. Desirable modifications are
improvement in flavor aroma, palatability, appearance and storage characteristics.
Food is fermented if micro-organisms, or enzymes contribute to its final characteristics
(Campbell-Platt, 1987).

The main principle for fermented sausage manufacture is the function of lactic acid-
producing bacteria (Diebel et al,, 1961), which reduces the pH of the meat and provides
stability against the proliferation of food pathogens and other undesirable micro-
organisms such as proteolytic and lipolytic organisms (Nurmi, 1966; Bacus and Brown
1981). Therefore, these bacteria control the ripening process and develop the required
characteristics for the manufacture of fermented meat products (Inal, 1969; Diebel et
at., 1961; Coretti, 1977). The lactic acid development inhibits undesirable micro-
organisms and allows efficient dehydration. Specific micrococci cultures also enhance
cure-meat color stability and prevent rancidity development by means of the reduction
of peroxide formation via a catalase system (Andres, 1977). Certain yeast cultures of
the Debaryomyces family have also been shown to accelerate and stabilize the color
development at the surface of dry sausages (Coretti, 1977).

Although micro-organisms have been used to enhance and preserve fermented meat

products for centuries, the respective manufactures were unaware of the technical
aspect of the process (Leistner and Rodel, 1975).. As early as 1921 researchers




recognized the contribution of micro-organisms to meat processing. Later studies in the
1940s and 1950s further documented the role of micro-organisms and these led to the
suggested usage of microbial cultures to achieve greater consistency. Fermented meat
products have traditionally demonstrated an extended shelf-life through a combination

of reduced moisture content and pH.

The USDA recognizes sausage having a moisture/protein ratio of 3.1 or less and a pH
5.0 or less as not requiring refrigeration (USDA, 1977). Moreover shelf-stable meat
products are classified as having a pH at or below 5.2 and water activity at or below
0.95 or a pH at or below 5.0 and water activity at or below 0.91 (Leistner and Rodel,
1975). Microbial cultures have proven effective as “acidulation agents” for meat, since
the relatively slow, consistent and uniform acid release, via metabolism does not
prohibit the extraction and binding of the soluble meat proteins (Bacus, 1984). The use
of microbial cultures as a "natural preservative" is therefore appealing. Fermented dry
sausage in federally inspected meat plants is increasing by 10% per year (AMI, 1979).
Attempts to duplicate microbial action with chemical acidulants added directly to the
meat has been unsuccessful since direct rapid acidulation prohibits “binding formation”
yielding an unacceptable product texture. In addition, the organic acids, primarily lactic

acid produced by the micro-organism, are relatively “mild” and acceptable to the palate.

Fermentation as a means of meat preservation is becoming more significant with
increasing energy cost for refrigeration, freezing and/or dehydration. Lowering meat
pH provides an economic method to enhance product stability while preserving the
nutritive and quality characteristics (Bacus, 1984). Although the direct contributions of
micro-organisms to the nutritive value of meat products have not been studied
extensively, the prolonged stability of fermented meats allows for greater consumption
of perishable raw material. This natural preservation system also precludes alternative
means of preservations such as extreme heat and chemicals that may reduce nutritive
value (Bacus and Brown, 1981). The high protein value of most fermented meats
(Kiernat et al, 1964) generally results from the drying process that is consistently




achieved through controlled fermentation. Fermented products will certainly play a key

role in the increasing meat product market development since these products have
good stability without refrigeration and the initial nutritive value is maintained.
According to the FAO the production and consumption of meat products will increase in
future. Growth is expected in industrialized and especially in developing countries
(Bacus, 1984).

Over the years, producers of fermented meats and other fermented foods have been
bothered by the long production time involved with the consequent relatively high
prices of the finished products. Therefore, developing work has been aimed at reducing
the time of manufacture. As far as fermented meat products are concerned we are
most likely at the beginning of a new era of class of foods and food ingredients.

1.3. Historical background of salami production
1.3.1. Origin of salami

A significant advance in man's history was the transition from food gathering to food
production. Man learned that the proper handiing and storage of many perishable food
stuffs brought about changes in their physical, chemical, and organoleptic
characteristics that proved desirable and yielded greater product stability. Meats could
be grounded, mixed with salt and spices and held at cool temperatures to provide a
wide variety of sausage products that were both safe for consumption and were
acceptable (Bacus, 1984).

Sausage is one of the oldest forms of processed food and was consumed by the ancient
Babylonians, Romans and Greeks during their military campaigns. Preserved sausages,
as a meat supply, were credited as one of the main factors in the success of Caesar's
legions (Pederson, 1979). The origin of meat processing probably occurred when
primitive man first realized that he must either rapidly consume the fresh meat after




slaughter, or it would spoil and be unfit for consumption. Egyptians recorded the
preservation of meat by salting and sun drying. The early Romans are credited with
first using ice and snow to preserve food. The preparation of sausage by cutting or
grinding the meat, seasoning it with salt and spices, and drying it in rolls became an

effective means to preserve fresh meat (Bacus, 1984).

Man's oldest method of cooking was the open fire. Therefore the use of heat and
smoke would have been recognized early as useful methods for preparing and
preserving meat. The use of drying, whether by air, sun or fire was also known long
before recorded history (Smith, 1987). Most reviews on fermented meats pointed out
that drying and fermentation are probably the oldest form of preservation (Bacus, 1984;
Smith, 1987; Roca and Incze, 1990). These authors claimed that these preservation
methods are several thousands of years old. Smith (1987) made reference to Homer's
Odyssey, ca 900 BC and sausages of the old Roman empire. Leistner (1986a) citing
Lissner (1939), mentioned that “sausage” as such is an ancient word in many
languages. Thus Wurst is an Indo- German word meaning “to turn” or “to twist”
probably derived from Latin. Sausage is also well known as kolbasa in Slavic, derived
from Hebrew, meaning “all kinds of meat”. The origin of the name “salami” seem
uncertain. Most authors such as Leistner (1986a) reported that it is derived from Latin,
simply meaning “salt”, whereas Bacus (1984) claimed that it is derived from the name
of the city Salamis on Cyprus. Adams (1986) claimed that the production of fermented
sausages is thought to have originated in the countries surrounding the Mediterranean
Sea (Zeuthen, 1995).

It seems the art of sausage production, in most cases can be traced back to southern
Europe, from where it spread to other European countries. Leistner (1986a) thus
mentioned that the most well known cured and fermented German sausage probably
first produced by Italians, are only ca.250 years old and the Hungarian salami is not
more than 150 years old. Adams (1986) wrote that the European emigrants established
production both in the USA, South America and Australia and that knowledge about




fermented sausages in the Seychelles, the Philippines and Papua New Guinea is largely

a result of European influence. Climatic variation during the year has influenced the
names of fermented sausages in some countries. Hungarian salami, the “winter salami”
according to Incze (1986) originated in Italy where the climate in northern Italy was far
better suited for the production of fermented sausages. Although the conditions were
less optimal in Hungary, it tumed out to be possible to dry fermented sausages in
Hungary during winter months without difficulty hence the name “winter salami”.
Similarly the name “summer sausage” was given because the sausage was
manufactured mainly during the summer, where for safety and shelf-life reasons
microbial growth was stopped by heating the sausage as the last processing step

(Zeuthen, 1995).

With a less lavish supply of red meat throughout Europe and the Mediterranean area
through recorded history, evolved the need and opportunity for people of these regions
to combine all potentially edible by-products with muscle meats and spices.
Consequently, a significant proportion of traditional European sausages consist basically
of a cured (i.e. nitrite-containing) red meat emulsion of widely varying texture and
moderately varying fat content in which is suspended fat and/or one or more edible
offals in some preferred form (e.g. chopped, diced, minced or strips). A very large
proportion of the meat consumed in European countries is in the form of sausage
products most of which are seen as high quality items equivalent in value to fresh meat
(Smith, 1987). The drying of meat became very common along the shores of the
Mediterranean when artificial refrigeration was not yet available as a means of food
preservation. The early Roman butchers cut beef and pork in small pieces, added salt
and spices, stuffed them into skins, or washed animal intestine and placed them in

special rooms to dry.

Preparations and spicing of various sausages became a culinary art in these
Mediterranean countries and later in upper Europe. These meat-processing operations

grew rapidly and have lead to the development of our current dry and semi-dry
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sausages. The manufacturing practices are still considered to be more of an art than a

science.

The dry and semi-dry sausages were developed to maintain stability under the
prevailing conditions of each area. The basis for processing the meat was preservation
by inhibiting or deterring microbial decomposition (Bacus, 1984). To direct the sausage
fermentation, “back slopping” was used originally, in which some meat from a previous
fermentation was added to encourage establishment of desired microflora. Presently
manufacturers use starter cultures (Smith and Palumbo, 1973). Fermentation as an
effective method of both preservation and flavor development appears to date from at
least several centuries BC (Smith, 1987). Coretti, (1971) defined fermentation as the
production of lactic acid, but he used the term "ripening" to refer to all the chemical,
physical, microbiological and enzymatic changes taking place in the sausage and which
are temperature and humidity controlled.

Whilst the use of fermentation was fortuitous, and not properly understood until recent
times it has been used for well over 2000 years thereby establishing a distinctive
category of sausage products. The process of salting, curing, smoking, drying and
fermenting all contribute greatly to the early development of sausage through their
preservation effects on the meat products. The addition of salt reduces the availability
of water to inhibit bacterial growth, whilst the addition of nitrite prevents the growth of
Clostridium organisms. Many of the phenolic compounds deposited by smoking makes
the surface of sausage much less suitable for microbial activity. Drying, like salting,
also reduces the availability of water whereas fermentation increases the population of
desirable bacteria, thereby making it difficult for undesirable bacteria to become
established (Smith,1987).

The efficacy of the process could only have been established by trial and error over a
long period of time. This gives rise to a deal of mythology surrounding traditional
sausage products to this day. In this, only back slopping is stuck to. The fact that
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without elaborate microbiological testing, one cannot be sure early enough that
fermentation in that preceding batch was complete, is ignored by the traditionalist.
(Smith, 1987).

The traditional process in the pre-1940 period relied on "natural fermentation” which
was governed by the controls inherent in the process. Some manufacturers observed
that, better consistency and stability were achieved by “back inoculating” portions of
the recently fermented meat into a freshly prepared batch. Both this “back slopping”
technique and the traditional process of relying on the natural fermentation by the
indigenous bacteria are still commonly practiced in modern times (Daly et al, 1973;

USDA, 1977).

1.3.2. Current practices

1.3.2.1. The use of starter cultures

It is now known that the processing of sausages involves a biological fermentation
process whereby specific bacteria and/or yeast, transform sugars to a variety of acids
and/or alcohol that inhibit undesirable micro-organisms including food pathogens.
These fermented meat owe their production, flavor, texture, nutritional, stability and/or
other characteristics to the activities of the beneficial micro-organisms (Bacus, 1984).

According to Lucke (1985), intensive research in sausage fermentation was only
initiated when the traditional empirical methods of manufactures no longer met the
requirement of large-scale, low-cost industrial production with short ripening and highly
standardized products (in the USA) in the 1930s. In Europe it was in the 1950s when
the first systematic studies on the microbiology and production of fermented sausage
were first published (Zeuthen, 1995). In 1940, following the successful use of starter
cultures in cheese fermentation, attempts were made to develop prepared starter

cultures for meat fermentation (Bacus and Brown, 1981). The concept of using an
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inoculum of a defined microbial culture originated in the United States with a series of
patents issued in the period 1920-1940 (Everson et a/,, 1970; Kurk,U.S. Patent 1921).

However, the majority of these bacteria strains were of dairy origin and did not
proliferate in meat mixtures, presumably because the lack of tolerance to salt and/or
nitrite (Jensen and Paddock, 1940). Subsequent attempts utilized lactobacilli, the
predominant microflora of the marketed meat products, but these strains did not readily
survive lyophilization, which was the main method of distributing dairy starters.
Pediococcus cerevisiae was introduced as the first commercially available meat starter

culture, since it survived lyophilization (Deibel et a/ 1961).

The desirable micro-organisms have been isolated, identified, propagated separately in
the laboratory, and subsequently reintroduced as starter cultures. The starter cultures
are added to achieve a controlled fermentation that ensures and enhances the
production of the desired end products (Bacus, 1984). Presently, the primary bacterial
genera which are successfully utilized as meat starter cultures, are Micrococcus
(Niinivaara, 1955; Nurmi, 1966), Lactobacillus (Nurmi 1966; Everson et al,, 1970), and
Pediococcus (Deibel and Niven, 1957).

In Europe, meat starter cultures consisting of specific strains of molds and yeasts are
also utilized for unique flavor development and prolonged shelf-life (Eilberg and Liepe,
1977; Coretti, 1977). New cultures are designed to yield unique flavor attributes,
function as more effective preservatives of color and flavor, and/or to retard rancidity
development and proliferation of undesirable micro-organisms.  Consistent acid
production will be maintained through the utilization of culture blends, whereby the
specialized cultures will be combined with proficient acid producers (Bacus, 1984). The
emergence of genetic manipulating techniques probably will contribute to a greater
degree of control of microbial characteristics and improve production yields (Lee et al.,
1971).
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Based on the large number of different sausage varieties recognized, it is not difficult to
account for this phenomenon. There are many possible variations associated with the
formulation, flavoring and processing of sausages. It requires only a relatively small
change in any one of these, to make a substantial difference to the final product.
(Smith, 1987).

1.4. Bacterial fermentation

1.4.1. Lactic acid bacteria (LAB)

Micro-organisms important for the normal raw sausage aging/curing belong to the lactic
acid bacteria Lactobacillus, Pediococcus and Micrococcaceae (Leistner, 1991). Lactic
acid bacteria as starter culture, cause the decline in pH by the fermentation of sugars
under which nitrite degradation is supported, which improves colour formation. They
also produce bacteriocin which in combination with reduced pH are capable of inhibiting
growth of undesirable micro-organisms. Reduced pH consequently produces a firm

product.

In meat fermentation two important types of microbial contaminants are required. One
is needed to reduce added nitrate to nitrite thus producing cured meat color in sausage.
The second is needed to ferment the added sugar and produce the tangy flavor, which
characterizes these sausages (Deibel ef al., 1961; Nurmi, 1966; Coretti, 1977). Lactic
acid bacteria and micrococcaceae starter cultures in perfect conditions are added to
sausage emulsion at levels of 10°-10” org/g of meat. Yeasts are added at levels of
about 10° (Lucke and Hechelmann, 1987), the starter cultures grow to a high number
of about 10® and then stabilize during late ripening. Samelis et al. (1994), yeast
numbers were lower not exceeding 10°%fu/g throughout processing. Lactic acid
bacteria produce lactic acid from the fermentation of sugar thereby decreasing the pH
and producing a sour or tangy taste.



1.4.2. Micrococcaceae

Unlike lactic acid bacteria members of the family Micrococaceae are acid-sensitive.
Strain of the genera Micrococcus and Staphylococci by enzymatic actions reduce nitrate
to nitrite, and produce calatase capable of breaking down peroxides (Leisner, 1991;

Lucke and Hechelmann, 1987).

Micrococci capable of anaerobic growth ferment glucose (Jessen, 1995) Catalase
formation by Micrococcaceae and yeasts reduce peroxides consequently delaying the
onset of rancidity and giving flavour to the meat. (Leistner, 1991). Coagulase negative
nonpathogenic strains of Staphylococcus carnosus and Staphylococcus xylosus are often
used as starter cultures in dry sausage fermentation. Gokalp and Okerman (1985) and
Sanz et al. (1988) noticed a high numbers (108fu/g) of lactic acid bacteria and

10’cfu/g of Micrococcaceae after four days fermentation.
1.5. Yeasts associated with meat

Like molds, yeasts are usually present in low numbers on fresh meat but can compete
with bacteria if the surface of the meat becomes dry or competition with bacteria is
reduce due to the presence of sulphite (Dillon and Board, 1991). Jay and Margitic
(1981) reported yeast counts of 200 to 6.2 x 10%g on fresh ground beef. During low
temperature storage of meat, yeast counts may increase and eventually dominate the
microflora. Lowry and Gill (1984) observed that yeast counts on the loins of lamb
packaged in gas-permeable plastic film increased from 10/cm? to 10%/cm? after storage
for 20 weeks at -5°C suggesting successful competition with psychrotrophic bacteria
flora (Cook, 1995).

In review by Jay (1978) species of Candida, Debaryomyces, and Torulopsis were listed

as the most frequently isolated genera from meats. Other genera associated with fresh




15

meat include Bullera, Cryptococcus, Pichia, Saccharomyces, Schizosaccharomyces,
Torulaspora, Trichosporon and Williopsis. On processed meat such as sausages,
burgers, luncheon meat and smoked ham, Debaryomyces hansenii, Trichosporon spp.
and Candida spp. such as Candida zeylanoides may form a significant component (Jay,
1978; McCarthy and Damoglou, 1993; Viljoen et al., 1993). Although numbers of yeasts
on meat are generally lower than the numbers of spoilage bacteria, they can
occasionally proliferate to high numbers forming a visible surface slime, particularly on
some types of sausages. Dry cured meat products such as sausage and ham are
frequently contaminated with yeasts (Leistner and Bem, 1970) being more typical on
the surface than inside the product. The most common genera found included
Debaryomyces and Candida. On Spanish dry ham yeasts have been demonstrated in
high numbers throughout the ripening period (Casado et a/,, 1991).

1.5.1. Yeasts associated with fermented meats

Most studies on yeast in fermented meats have been focused on fermented sausages
rather than hams (Deak and Beuchat, 1987). Work performed by Leistner and Bem
(1970) and Monte et al. (1986) showed Debaryomyces hansenii as the most frequent
yeast on fermented meats despite the occurrence of Candida rugosa, Candida cutenula
and Yarrowia lipolytica. Species of Candida, Cryptococcus, Debaryomyces, Pichia,
Rhodotorula and Trichosporon have been isolated by Hadlock et a/. (1976). Studies on
yeasts microflora of dry-cured Spanish hams showed numbers of 10%g after the
addition of salt rising to to 10%qg in the middle of fermentation and stabilizing at 10%at
the end of the curing process. (Huerta et a/., 1988).

1.5.2. Yeasts as starter cultures

The intrinsic factors of sausage mix possess a natural selectivity for promoting the

development of the desired microflora. A traditional means of ensuring that the proper

microbial flora were present, was to add up to 5% of a previous mix to a fresh batch,
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the so called "back slopping" method, which has been known for centuries in bread
manufacturing. However, due to the increasing use of starter cultures, which are
applied to great effect in the dairy industries, attempts were made to develop starter
cultures for other foods such as meats (Jessen, 1995).

The starter cultures provide the sausage maker an additional control mechanism to
ensure that the product is what is desired. Micro-organisms are considered desirable as
natural food preservatives which have an extensive record of effectiveness and safety in
a wide range of food systems. The use of cultures can often preclude the necessity for
other food preservatives (Bacus, 1984). Although lactic acid bacteria and micrococci
are the predominant micro-organisms associated with fermented meats, yeasts have
also been incorporated. The yeasts used, have often been isolated from cured
fermented meats (Zeuthen, 1995). When added directly to meat mix at an inoculation
level of 10°-107/g, the activity of the yeasts is mainly observed in the periphery, and the
oxygen consumption accelerates the exterior color formation. The addition of yeasts
result in a characteristic flavor, particularly desirable for Italian types of sausages
(Leistner and Bem, 1970; Rossmanith et a/,, 1972; Coretti, 1977).

Although little is known about the growth and kinetics of yeasts in fermented meats,
the yeasts can tolerate the reduced water activity, high salt concentrations, low pH, and
may contribute to the organoleptic properties of salami. Debaryomyces and Candida
spp. growing on the surface, consume oxygen, degrade peroxide, show lipolytic and
proteolytic activity, reduce moisture loss during curing and protect the meat from light.
Both flavor and colour, have been reported to be improved by the addition of
Debaryomyces hansenii (Rossmanith et al,, 1972; Coretti, 1977).

Some starter cultures contain yeasts. Early workers such as Rossmanith et a/ (1972)
and Lucke and Hechelmann (1987) reported that Debaryomyces hansenii, identified as
D. kloeckeri, was found to give the best performance in dry sausage ripening. Coretti
(1973) in his review on the microbiology of fermented sausages, reported that rapid
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and stable development of red color and acceptable aroma could be obtained with D.
kloeckeri, D. canterelli or D. pfaffi as well as with a mixture of micrococci, lactic acid

bacteria and D. hansenii .

Yeasts have also been used as starter cultures by Miteva et a/. (1986), who reported on
the use of Candida utilis. Similarly, Gehlen et al. (1991) reported on the influence of
Debaryomyces hansenii in association with lactic acid bacteria and micrococci. In two
reports on soujouk, a fermented Turkish sausage made from beef and mutton, Gokalp
(1985, 1986) stressed how the use of various mixtures of cultures can be improved by

adding D. hansenii.

1.5.3. Importance of yeasts in fermented meat

In commercial starter culture preparations, a yeast strain is offered for exterior and
interior use (Rudolf Muller; Rhone-Poulenc Texel; Laboratories Roger). The strain used
is classified as Debaryomyces hansenii. The species is characterized by high salt
tolerance, no nitrate decomposition and high oxygen demands (Jensen, 1995). When
added to the raw sausage mix as a starter culture (D. hansenij), it utilizes oxygen,

causing the sausage to turn red rapidly.

By breaking down fat and protein, forming specific metallic products, yeasts can
improve the aroma of fermented sausages (Metiva et a/., 1986) and, by the formation
of catalase delay the onset of rancidity. In France consumers prefer sausages with a
fine white coating (sausage bloom), and accordingly yeasts are used to inoculate the
surface (Leisner, 1995).

In yeast and mold-ripened products, free fatty acids react with air oxygen, producing

first hydroperoxides (Cerise et a/, 1973) and then aldehydes and ketones and volatile

fatty acids. These substances have a very strong aroma and are to be found especially
in high quality dry sausages that have been ripen for a very long time (Langner, 1972).
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CHAPTER I

THE GROWTH AND SURVIVAL OF YEASTS IN
COMMERCIAL SALAMI

A.A. Osei Abunyewa; B.C. Viljoen; *A. Hugo.
Department of Microbiology and Biochemistry; *Department of Food Science, U.O.F.S.,
P.O. Box 399, Bloemfontein 9300, South Africa.

Abstract

The survival of yeast during the production of commercial salami was investigated. 108
distinctive yeast strains were isolated and identified during the processing of the salami.
Initially, the number of yeasts remained below 103 cfu/g, but their numbers increased
after the 12" day of maturation reaching a maximum of 2.0x 10°fu/g at day 20.
During maturation, the pH declined from 5.72 to 4.36, water content from 58% to 43%
while the salt content increased by 1%. The number of lactic acid bacteria remained
above 10° cfu/g throughout processing and maturation. Of the 108 yeast strains
isolated, 22 strains were identified as members of the species Debaryomyces hansenii
being present in all samples taken. Rhodotorula mucilaginosa, Bullera variabilis and
Cryptococcus albidus, in that order, were also frequently isolated during processing and
maturation.
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2.1. Introduction

Life is characterized by constant interactions between organisms; this obviously applies
to plants and animals but it certainly also applies to microbes. The functional ecological
co-existence of microbes within a limited biotope is referred to as bioecoenosis. The
species involved may either exert a positive effect on each other (synergism) or may
suppress each others growth and development (antagonism) (Liepe, 1981). With the
application of synergism and antagonism, starter cultures have been developed. The
use of a starter culture provides sufficient microbial numbers to ensure the numerical
dominance over the natural contaminating flora (as meat is an excellent growth
medium for the growth of microorganisms) which include pathogens. The use of
starter cultures in combination with the proper processing controls, therefore guarantee
the safety and quality of the final product (Bacus and Brown, 1981).

Systematic inoculation with microorganisms, as it has been in practice in other
nutritional sectors such as the brewing and dairy industries, was introduced to meat
technology only recently (as compared to when it was applied to nutritional sectors
mentioned). Nevertheless, it has been several decades that the fermentation
technology for meat products has been available for use of microorganisms as starter
cultures. The starter culture consists of single or mixed cultures of assorted non-
hazardous strains of microorganisms. The selected strains may induce specific
enzymatic activities to yield specific modification of the substrate under controlled
conditions (Liepe, 1978d). Under controlled conditions, it was possible to eliminate
potentially harmful salmonellae, staphylococci and clostridia. Consequently quality
requirements in food sanitation could be met (Barber and Diebel 1972; Haines and
Harmon, 1973; Liebetrau and Grossmann, 1976; Niskanen and Nurmi, 1976; Sirvio et
al.,1977; Masters, 1979; Tanaka et a/.,,1980). Medical research on substitution therapy
and biotechnological investigations on starter cultures used in food production have

revealed a multitude of bacterial interactions in such biotopes as the intestinal tract
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(Reuter, 1965; Tramer, 1966; Dahiya and Speck, 1967; Bungay and Bungay, 1968;
Reuter, 1969; Daly et al., 1971; Reuter, 1972a-c and Rantala and Nurmi, 1973). In this

context, fermented sausages may act similarly as the intestines.

The inclusion of bacteria in the development of starter cultures has been frequently
investigated, while little attention is given to the role of yeasts in the fermentation of
sausages. Pioneer work on the yeast flora present in fermented sausages was
conducted by Cesari (1919) and Cesari and Guilliermond (1920) who established the
importance of the “fleur du saucisson” and recommended the use of pure yeast cultures
for flavouring in fermented sausages (Liepe, 1981). Work performed by Jay and
Margitic (1981) showed that on untreated meat like fresh ground beef, low counts of
yeasts (2x10'-6.2x10* cfu/g) existed, which corresponded with similar findings of Dowell
and Board (1968) and Dyett and Shelley (1966) who stated that yeasts are common
contaminants of sausages. Several studies have since dealt with the yeasts supposed to
participate in the maturing of various dried meat products, contributing to the
organoleptic characteristics of the products (Arnau et al, 1987; Comi and Cantoni,
1983; Inigo et al, 1970; Smith and Palumbo, 1973). Strains of the genus
Debaryomyces predominated on dried sausages due to their exceptional high tolerance
of salt (Leistner and Bem 1970; Comi and Cantoni, 1980).

Rossmanith et a/ (1972) reported that curing color and flavour of sausages could be
improved by the addition of selected Debaryomyces strains as part of the starter
culture. Correti (1977) supported the findings and stressed that a combination of D.
hansenii, lactobacilii and micrococci resulted in better flavour and taste development of
sausages. It is evident from literature that yeasts are widely distributed on/in plants,
air, water, soil and animals (Walker, 1977). The live animal and particular its hide, hair
or fleece, obviously contribute substantially to the microbial contamination in the
abattoir (Empey and Scott, 1939; Ayres, 1955) and since meat is an ideal growth

medium for many microorganisms, yeast contamination may cause spoilage especially

when bacterial loads are inhibited.




This study was therefore conducted to determine the growth and survival of the natural

contaminating yeasts present during the manufacture of commercial salami.

2.2. Material and Methods

2.2.1 Commercial salami manufacture

Three 10kg batches of salami were prepared. From each batch a total of 25 individual

salamis weighing 350g-450g were made according to the protocol indicated in Table
2.1. All meat portions were frozen at a temperature of -15°C to avoid "smearing" of the

fat on the lean meat surface, which may cause problems during sausagé dehydration.

The fat used was from good quality pork lard. Meat portions and the ingredients as
given in Table 2.1 were mixed sequentially in a bowl cutter. Beef was chopped into
10mm particle size. Starter culture and spices were evenly sprinkled on the beef and
chopped to fine particles. Pork was then added and chopped to 20mm particle size
followed by the addition of lard and curing salt. Finally, all were chopped to particle
size of 4.5mm making sure that the entire batch was thoroughly mixed. The mixture
was carefully packed into Calpak Fibrous Bak 65/50 to avoid trapping air and both ends
were tied with strings. Three samples from each batch were weighed and marked for
weight loss determination. On sampling occasions, they were weighed to determine the
weight loss of the salami. The prepared salami samples were hanged on racks in a
fermentation chamber at a temperature of 22°C and relative humidity of 90% for 2days.
After 2days of fermentation, a 10 min smoke treatment at 18°C was carried out. Finally
the sausages were transferred to a drying room at a temperature of 12°C and 75-80%
RH until the product lost 20% and more weight.




Table 2.1: Composition of commercial salami

Ingredients

Percentage by weight (%)

Beef

Pork

Pork back fat

Spices

Curing salt

Starter culture (freeze dried)

Staphylococcus carnosus & Lactobacillus penttosus

40.000

34.730

20.000

2.176

3.046

0 11/26/98.500

2:1
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2.2.2 Sampling methods and selection of isolates

Samples of the salami were taken from each batch on a 6hr basis during fermentation
for a 2 day period. After 2 days, sampling was performed consecutively every 48hrs.
One salami from every batch was transferred to the laboratory in a cooler box and
analyzed in duplicate on every sampling occasion. Samples of the fresh meat and

frozen meat were also taken.
2.2.3 Sampling during manufacture of salami

Salami samples were prepared for microbiological analysis by cleaning the surface of
the salami with 70% ethanol. A cut was made through the salami using a sterile knife
and the casing removed aseptically. 10g sample was cut using a sterile knife and
transferred into a Mason jar (Metaxopoulos et a/ 1981b) containing 90ml of sterile
peptone water and blended for 3minutes Appropriate serial dilutions were made from
the slurry and plated on MRS, PCA, and YGC agar by the spread plate method and

incubated at temperatures as indicated in Table 2.2
2.2.4 Physical and Chemical Analysis

On every sampling occasion the a,, pH, % fat content, % protein content % salt
content and % moisture content were measured. The a,, of the salami was determined
on a TH 200 Novasina Thermoconstanter. With a Janke and Kunkel Ultra Turrax T.25,
10g of the samples were homogenized in 100ml of distilled water and the pH was
measured at 24°C with a HI 9321 Microprocessor pH meter (Hanna instruments). Salt,
protein, fat and moisture contents were determined by the methods proposed by the
Association of Official Analytical Chemist (AOAC) (1990).



Table 2.2 : Culture media, temperature and times of incubation used for microbial analysis of

commercial salami

Incubation time (h) Growth medium
Yeast count, YGC 96 Yeast extract; glucose; chloramphenicol agar (Oxoid CM 139)
Yeast count, YM 96 Yeast extract malt extract agar (pH 3.5)
Total count, PCA 48 Standard plate count agar (Oxoid CM 361)
Lactobacilli, MRS 48 De Man Rosoga and Sharpe (MRS) (Oxoid CM 361)

24
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2.2.5 Yeast Identification

Representative yeast isolates obtained from the highest dilution on YGC plates were
purified by streaking on Yeast extract malt extract agar (YM) (Wickerham, 1951) and
maintained at 4°C on the same media. Strains were identified to the species level
according to the conventional methods of Barnett et al, (1983) and Kreger-van Rij
(1984).

2.3 Results and discussion

2.3.1 Physical and Chemical analysis

The pH in dry sausages as indicated by Demeyer et a/. (1981) is principally determined
by lactate, ammonia and water content interacting with proteins resulting in the
variation of pH. The pH of the salami (Table 2.3) during the fermentation period of
48hrs increased from 5.72 to 5.88 within the first 18hrs ending at 5.78 after 48hrs.
During the ripening period, pH decreased gradually reaching a lowest value of 4.36 at
the end after 696hrs. The decrease in pH is attributed to the utilization of available
sugars by the lactic acid bacteria resulting in the production of organic acids. There
have been many debates regarding the precise pH and /or a,, levels require for a shelf-
stable meat product that has not undergone heat processing. Many published criteria
suggested different threshold levels of pH and/or aw to secure the safety of the product.
(Lee and Styliadis 1996). Ledward (1985) suggested an aw < or = 0.85 or pH < 5 as
the criteria, while Canadian Federal Guideline suggested an a,< 0.92 and pH < 5.3.
Meisel et al (1989) studied the survival of salmonella in salami and indicated that
salmonella did not survive when the a,, was < 0.96 and pH< 4.84.

According to Roca and Incze (1990) to secure the expected stability and safety of meat
that are not heated during processing and are consumed raw, the ay has to be in the

range of 0.80-0.94 depending on the drying process used and the actual pH value. The
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pH and aw values reported in this study were less than the ranges given (Table 2.3). A
pH level less than 5.30 was obtained after 288 hrs while a a, level less than 0.92 was
reached after 432hrs. At the same time, the salami had lost 21.41% of its initial weight
(Table 2.3). Spoilage organisms and pathogens are not resistant to low moisture
content which corresponded with low aw values and furthermore the low pH enhances
the product shelf life. The final weight loss of the salami, which is a function of
moisture loss, was 26.66% when the water activity reached a lowest value of 0.909.
The moisture content decreased from 58% to 43.22% (Table 2.3) during the total time
of processing. The gradual moisture loss of the salami reflected the rate and extent of
increase in protein content of the salami from 16.834% to 22.711%, fat content from
19.659% to 26.487% and salt content from 3.070% to 4.131% during the processing
period (Table 2.3).

2.3.2 Microbial Enumeration

Table 2.4 shows the comparative analysis of microbial growth. Lactic acid bacteria
counts were obtained on De Man, Rogosa and Sharpe agar (MRS), total bacteria counts
were determined using standard plate count agar (PCA) and yeast counts on yeast
glucose chloramphenicol agar (YGC). Lactic acid bacteria numbers increased gradually
from log 5.36/g from the beginning of processing and reached a maximum of log
6.52/g after 240 hrs during the ripening stage. The total bacteria and lactic acid
bacteria counts were similar during fermentation and maturation with the exception of
the time lapse between 42 and 96 hrs. The similar counts clearly indicated that the
processing of salami is mainly governed by the added starter culture and the possible
inhibition of normal contaminating bacteria, which corresponded with the decline in pH
as a result of the production of lactic acid bacteria. The total bacteria numbers
increased from log 4.99/g to log 6.89/g during the fermentation stage. The high
bacterial numbers during the fermentation stage may contribute to the reduction of
nitrate to nitrite thereby influencing the appearance, odour, flavour and safety of the
product (Adams, 1986). Bacterial numbers continued to increase (Coretti, 1956) during




Table 2.3: The changes in chemical and physical analysis during the fermentation of salami over a period of 700hrs

Time (h) Protein content {%) Moisture content (%) Fat content (%) Salt content (%) Wt Loss (%)

Fermentation
0

6

Wit loss = Weight loss a., = Water activity




Table 2.3 continued

Time (h) Protein content (%) Molsture content (%)  Fat content (%) Salt content (%) pH Wt Loss (%) aw
Ripening

96 18.940 52.644 22.084 3.4551 S5.64 11.05 0936
144 19.270 51.917 22.467 35149 558 12.58 0938
192 19.558 51.200 22806 3.5675 555 13.80 0.937
240 19.864 50.436 23.168 3.6233 5.45 15.23 0.930
288 20.263 49.441 23.640 3.6960 5.31 16.90 0929
336 20.636 48.511 24079 3.7640 496 18.41 0923
384 21.035 47.523 24546 3.8367 4.60 18.65 0.922
432 21.229 46.908 24800 3.8898 488 21.4 0.922
480 21484 46.401 25072 3.9185 477 222 0919
528 21.746 45.735 2533 3.9666 472 23.00 0919
576 22.010 45.058 25719 4.0149 453 2409 0.921
624 22.326 44.251 26.104 41063 452 2535 0917
696 2271 43.220 26.488 41312 436 26.66 0902

Wt loss = Weight loss

a, = Water activity
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the first part of the maturation stage probably due to the higher pH values and water
content present at the time. After 240hrs, however, the bacterial numbers remained

constant.

Although no yeasts were added to the salami formulation an increase in yeast numbers
from log 3.66/g to Log 5.36/g during ripening was noticed. The high yeast numbers is
attributed to natural contaminating yeast present in the meat (Dillon and Board, 1991),
processing equipment, and workers’ hands and aprons. Yeast counts remained low
during the fermentation stages when bacterial numbers progressed but their numbers
rapidly increased during the maturation stage. A significant increase (log 2/g) in yeast
numbers, was observed during the maturation stages when the bacterial numbers
stabilized (Table 2.4). The highest yeast count of log 5.36/g was observed after 528
hrs. The high number of yeasts observed during the later stages of maturation suggests
that the yeasts may have played an important role in the ripening of the salami.

The progressive growth of lactic acid bacteria during the fermentation stages, and
yeasts during the ripening stages may indicate a competition between the
microorganisms for available substrates. However, the interaction between the yeasts
and lactic acid bacteria at the later stages appears to be synergistic since both
populations continued to survive at high numbers with none being inhibited by the
other.

2.3.3 Yeast enumeration

Of the yeasts isolated, 12 species from 7 different genera were isolated from the raw
meat (Table 2.5), Candida, Bullera, Trichosporon, Cryptococcus, Rhodotorula,
Debaryomyces and Lipomyces. Dillon and Board (1991) have confirmed most of these
yeasts as natural flora present in the hide, fleece, and carcasses of field animals. In
addition to the above genera, six other genera were isolated from the salami during
processing, (Schwanniomyces, Galactomyces, Sterigmatomyces, Pichia, Torulaspora and




Table 2.4: Log counts g during the production of salami over a period of 700hrs

log counts g-1

Time (hrs) PCA MRS YGC

Fermentation

0 4.99 5.36 3.9
6 5.36 5.88 351
12 5.61 57 3.64
18 5.45 5.63 39
24 545 54 3.91
30 543 578 3.0
36 5.64 591 3.72
42 6.63 6.03 3.49
48 6.89 6.08 3.57
Ripening

96 6.27 6.11 3.66
144 6.26 6.21 4.24
192 6.47 6.39 4.39
240 6.58 6.52 452
288 6.48 6.33 4.43
336 6.49 6.42 424
384 6.42 6.34 5.08
432 6.33 6.31 5.31
480 6.43 6.43 525
528 ' 6.57 6.14 5.36
576 6.53 6.48 517
624 6.23 6.14 5.24
696 6.35 6.39 518

PCA= Total bacteria counts MRS= Lactic acid bacteria counts YGC= Yeast counts




Table 2.5: Yeasts associated with salami processing

Isolates

Source of contamination

Fresh meat

Frozen meat

Beef

Pork

Lard

Beef

Pork

Lard

Bullera variabilis

Candida haemulonii
Candida vinaria

Candida zeylanoides
Cryptococcus albidus
Cryptococccus hungaricus
Cryptococcus laurentii
Debaryomycse hansenii
Lipomyces tetrasporus
Rhodotorula minuta
Rhodotorula mucilaginosa
Trichosporon beigelii
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Sporobolomyces). Candida, Cryptococcus, Debaryomyces, Galactomyces, Rhodotorula,

Pichia, Trichosporon and Torulaspora were frequently isolated from raw and fermented
meats (Leistner and Ayres, 1968; Hadlock et a/ 1976; Smith and Hadlock, 1976; Jay,
1978; Comi and Cantoni, 1983; Williams, 1990; McCarthy and Damoglou, 1993). The
other yeast species being present might have originated from the meat, hands of those

who prepared the salami, processing equipment or the air.

Although the initial yeast flora present in the sausage emulsion and raw meat was
extremely variable, D. hansenii strains were isolated frequently during the fermentation
and ripening stages. The species appeared to be the most abundant yeast species
associated with the processing of salami (Table 2.6) representing 20.37% of the total
number of yeast strains isolated. The frequent presence of the species corresponded
with resuits obtained by various authors (Hammes et a/,, 1985; Lucke and Hechelmann,
1987, Samelis et al., 1994). Rhodotorula mucilaginosa, a typical air contaminant strain,
described by Deak (1993) as a frequent food isolate followed with 14.81%. Bullera
variabilis, Cryptococcus albidus, and Trichosporon beigelii were isolated at percentages
of 13.89%, 10.18% and 9.26% respectively while the same number of Candida
zeylanoides and Schwanniomyces occidentalis strains were isolated, 5.5%. Each of the
remaining species represented less than 5% of the total number of yeast isolated.
Torulaspora delbruecki, Rhodotorula mucilagenosa, R. minuta, Cryptococcus albidus, C.
laurenti;, Candida zeylanoides and Galactomyces geotrichum are reported to be
frequently isolated from meats and meat products. Deak and Beauchat (1996)

The incidence of yeast isolated throughout the salami processing is shown in Table 2.7.
C. gropengiesseri, P. philogaea, P. farinosa, R. minuta, S. halophilus and Sp roseus
were isolated only during the fermentation stage which may be an indication that these
yeast were inhibited by the reducing water activity. Despite the frequent occurrence of
T. beigelii strains during the fermentation stage, no strains appeared during the
ripening stages. 7. delbruecki, D. polymorphous, S. occidentalis and C. haemulonii were
not frequently isolated during processing which may be an indication that these yeast




Table 2.5: Yeasts associated with salami processing

Isolates

Source of contamination

Fresh meat

Frozen meat

Beef

Pork

Lard

Beef

Pork

Lard

Bullera variabilis

Candida haemulonii
Candida vinaria

Candida zeylanoides
Cryptococcus albidus
Cryptococccus hungaricus
Cryptococcus laurentii
Debaryomycse hansenii
Lipomyces tetrasporus
Rhodotorula minuta
Rhodotorula mucilaginosa
Trichosporon beigelii




Table 2.6: Frequency of occurrence of yeast iso

696 hrs

lates during salami processing over a period of

Isolates

Number of Strains

%

Bullera variabilis

Candida haemulonii
Candida gropengiesseri
Candida zeylanoides
Cryptococcus albidus
Debaryomyces hansenii
Debaryomyces polymorphus
Debaryomyces vanrijiae
Galactomyces geotrichum
Pichia farinosa

Pichia philogaea
Rhodotorula minuta
Rhodotorula mucilaginosa
Sterigmatomyces halophilus
Schwanniomyces occidentalis
Sporobolomyces roseus
Trichosporonn beigelii

Tolulopsis delbruecki

N =
N = O

m—*af\)—‘—‘—'(ﬂ—‘

13.89
4.29
093
555

10.18

20.37
083
429
093
083
093
1.85

14.81
093
555
083
9.26
0.93
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Table 2.7: The incidence of yeast during salami processing over a period of 696 hrs

Time (brs)

" Fermentation Maturation/Ripening
Yeast Strain 0 6 12 18 24 30 36 42 48 96 144
B. variabilis + + + + + . + +
C. gropengiensseri +
C. haemulonii + "
C. zeylanoides + + + +
Cry. albidus + +
D hansenii + + + + + + + + + + +
D. vanrijiae + +
G. geotrichum +
P. farinosa +
P. philogaea +
R. minuta + +
R. mucilaginosa  + + + + + + +
S. halopilus + +
S. occidentalis + + +
Sp. roseus +

T. beigelli + + + + + + + + +




Table 2.7: continued

Time (hrs)

Maturation/Ripening
Yeast strain 192 240 288 336 384 432 480 528 576 624 696
B. variabilis + + + + + + +
C. hasmulonii + +
C. zeylanoides + +
Cry. albidus + + + + + + + + +
D. hansenii + + + + + + + + + + +
D. polymorphus +
D. vanrijiae + + +
G. geotrichum +
R. mucilaginosa + + + + + + + + +
Sw. occidentalis + + +
T. beigelii +
To. delbruecki +

B.= Bullera C.= Candida Cry.= Cryptococcus D.= Debaryomyces G.= Galactomyces P.= Pichia R.= Rhodotorula S.= Sporoblomyces St.= Sterigmatomyces Sw.= Schwanniomyces
T.= Trichosporon To.= Torulaspora
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strains are not part of the yeast community of the salami that developed during salami
processing. Since small portions (10g) of the salami were taken for microbial analysis

they might have been missed out during sampling. Deak and Beuchat (1996) indicated

that micro-organisms favoured in foods are those that posses the necessary
physiological attributes to respond to ecological determinants. The frequent
occurrences of C. albidus, B. variabilis, R. mucilaginosa, C. zeylanoides and D. hansenii
can therefore be attributed to their tolerance of low temperatures, high salt
concentrations low pH levels and resistance against their environment. C. albidus an
anamorphic yeast with basidiomycetous affinity exhibits proteolytic activity (Huerta et
al., 1988) and may cause spoilage by hydrolysation of the proteins in the salami. D.
hansenii and C. zeylanoides are able to reduce the fat rancidity of the salami by
hydrolyzing lipids through lipolytic activity (Metiva et al,, 1986). Furthermore, most of
these species have the ability to utilize organic acids produced by the lactic acid
bacteria (Fleet, 1990; Besancon et a/. 1992; Roostita and Fleet, 1996) which result in an
increase in pH. An increase in pH due to excessive growth of contaminating yeasts,
might result in a decline in its preservation action (Fleet, 1992) making the salami
susceptible to microbial spoilage of pathogens and undesired bacteria. Strong growth
in the presence of salt, growth at low temperatures and the ability to utilize organic
acids are considered as key determinant that encouraged the presence of
Debaryomyces hansenii (Guerzoni, 1993b; Van Eck et al. 1993). Considering that this
species was the most resistant and proliferating yeast found in this study, further
research on its effect on organoleptic characteristics of salami and interaction with the
lactic acid bacteria seems promising.
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CHAPTER Il

KEY PROPERTIES FOR THE SELECTION OF YEASTS AS
POSSIBLE STARTER CULTURES
IN THE MAKING OF SALAMI

Abstract

Practices in the manufacture of raw, dry sausage have been of much public concern
since the finished products are not cooked before eating. The use of starter cultures
assures better quality products with shorter production time, and a longer shelf-life.
Care must be taken, however, not to put the consumers’ health at risk since raw meat
is an ideal habitat for the growth of pathogenic micro-organisms. Nineteen yeast
species isolated from the natural microflora of commercial salami during production
were examined based on relevant key properties' proposed for selecting good starter
cultures. All the yeasts survived NaCl concentrations at 4-8%, 80-240ppm nitrite
concentrations and lacked proteolytic activity except for Trichosporon beigelii. Lipolytic
activity proved to be variable. Selected lipolytic positive Debaryomyces hansenii and D.
polymorpus strains were inactivated at temperatures above 50°C.

3.1. Introduction
The application of starter cultures in the fermentation of food products is derived from

the isolation and identification of micro-organisms responsible for the desired effects
and its addition to fermented food at the appropriate stage of processing (Bacus,
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1984). This resulted in the selection of lactic acid bacteria, Micrococcaceae (Jensen and
Paddock, 1940), and yeast strains (Coretti, 1977) for use as starter culture in sausage

fermentation.

Flavour development in raw sausages is attributed to the action of microbial enzymes
(Coretti, 1965) while lowering the pH and, the excretion of anti-microbial compounds
ensure a safe and long shelf-life stable product (Lucke and Hechelmann, 1987). The
first starter cultures were commercially available in the 60’s, although suggestions and
patent registration had long been made in 1919, for the use of various micro-organisms
in the preparation of dry sausages (Coretti, 1977; Bacus and Brown, 1981; Liepe 1983).
In the USA, Deibel (1956), Deibel and Niven (1957) and Deibel et a/ (1961)
recommended Pediococcuss cerevisiae to be used in meat fermentation as starter
culture. Yet the first starter culture used on a large scale consisted of Pediococcus
acidulatici, whereas Micrococcus ("M53") proposed by Niinivaara (1955), was used in

Europe.

Many patent publications proposed the use of Pediococcus and Lactobacillus plantarum
(Everson et al., 1974), as well as mixed cultures (Gryczka, 1977; Gryczka and Shah,
1979). Bacterial starter cultures in Europe therefore, comprised of staphylococci in
combination with lactobacilii or pediococci (Coretti, 1977; Liepe, 1978d; Bacus and
Brown, 1981). A changeover to mixed cultures consisting of lactic acid bacteria used in
combination with Micrococcaceae was established a few years later in Central Europe
(Lucke and Hechelmann, 1987). Although mould ripened sausages are not so common,
patented procedures for the covering of fermented sausages with mycelia were
established in the sixties. Racovita and Racovita (1968) later described the method of
spraying sausages with spores of certain species of Penicillium. Research on the
improvement of fermented sausages resulted in the inclusion of yeasts as potential
starter cultures for meat fermentation as eventually applied in the fermentation of
Italian salami (Liestner and Bem, 1970; Coretti, 1977).
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To be accepted as starter culture, it is expected that the micro-organisms used be more
reliable and faster growing than the natural microflora, without endangering the quality

of the product or health of the consumers (Lucke and Hechelmann, 1987). Lactic acid

bacteria involved in meat fermentation produce organic acids, which inhibit the growth
of undesirable micro-organisms and contribute to the development and stability of
colour and aroma. Micrococcaceae strains reduce nitrate to nitrite and form catalase
which breaks down peroxide (Lucke, 1985). Moulds protect the surface of the dry
sausage from sunlight and oxygen, and prevent colonization of other pathogenic
moulds. Stiebing and Rhodel (1988) reported that Penicillium nalgiovence contributed to
better aroma. Yeasts contribute to the safety by breaking down peroxides within the
sausage and utilize oxygen, which might be available for the growth of undesirable

micro-organisms.

During the production of commercial salami, Debaryomyces hansenii strains were most
frequently isolated. Coretti (1973) reported rapid and stable red meat colour
development and acceptable aroma with the application of Debaryomyces kloeckeri, D.
cantarelli or D. pfaffi as well as with a mixture of micrococci, lactic acid bacteria and D.
hansenii. Huerta et al. (1988) found Debaryomyces spp. to be the dominant yeast in
ham. Debaryomyces hansenii has been indicated by Leistner and Bem (1970), Jay
(1978), Monte et al. (1986), McCarthy and Damouglou (1993) and Viljoen et a/. (1993)
as the most significant yeast in processed meat. Good performance of D. hansenii in
sausage ripening was reported by Rossmanith et al, (1972) and Gokalp (1986). D.
hansenii, a psychrotrophic yeast species can tolerate low pH values, low water activity
and high salt content, (Besancon et al,, 1992; Roostita and Fleet, 1996) Besancon et /.
(1992) demonstrated that some strains of D. hansenii could tolerate up to 20% NaCl.
Based on these properties, Vayssier (1979) suggested the use of D. hansenii as starter
culture alone or in combination with Penicillium nalgeovense.

In a previous study, two Debaryomyces species identified as Debaryomyces hansenii
and Debaryomyces polymorphus were frequently isolated during the processing and

ripening of commercial salami indicating that they were able to survive at low pH levels,
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water activity and high salt concentrations. The two species are therefore selected for
further examination and compared with other yeasts naturally isolated during salami
making. The yeasts are selected based on some of the key properties (Deibel, 1974)
proposed to select a good starter culture.

Characteristics of a good starter culture as suggested by (Deibel, 1974) are the
following:

. Should be salt tolerant

. Have the ability to grow well in the presence of 80-100ppm nitrite

. Have an optimum growth at 32.2°C with series of 26.6-43°C

. Be non-proteolytic

. Be non-lipolytic

. Must not produce off flavors as by-product of fermentation

. Be non pathogenic

. Be inactive at temperatures above 50°C
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. Have a rapid growth in 6% pickling solution.

3.2. Materials and methods

Yeasts isolated and identified according to the conventional methods of Barnett et al.
(1983) from a previous study (Table 3.1), were maintained on YM (yeast extract malt
extract, Wickerham, 1951) agar stored at 4°C.

3.2.1. Salt tolerance

The isolated yeasts were inoculated into sterile test tubes containing YM broth medium

(Table 3.2) containing 4%, 6%, and 8% NaCl and incubated at 25°C for 5 days. Media

appeared cloudy with positive results and remained clear with negative results.



Table 3.1

1.

2.

10.

1.

12.

13.

14.

15.

Bullera variabilis
Candida haemulonii
Candida gropengiesseri
Cryptococcus albidus
Cryptococcus laurentii
Candida zeylanoides
Debaryomyces hansenii
Debaryomyces polymorphus
Debaryomyces vanrijiae
Galactomyces geotrichum
Pichia farinosa

Pichia philogaea
Rhodotorula minuta
Rhodotorula mucilaginosa

Sporobolomyces halophilus

List of yeast isolates identified previously

16.

17.

18.

19.

Sterigmatomyces roseus
Schwanniomyces occidentalis
Trichosporon beigelii

Torulaspora delbruecki



Tabte 3.2: Media formulation, sterilizing temperature and time

Medla Ingredients Quantity(g/ml) Sterilizing temperature (°C) Time (min)
YM broth Yeast extract 3g 121 15
Matt extract 3g
Peptone 5g
Glucose 10g
Distilled water 1000ml
Casein Digestion Skim milk powder 50g 121 15
Bacteriological agar 259
Distilled water 1500mi
Tributyrin Peptone Sg 121 15
Yeast extract 3g
Glycerol tributyrate 10g
Bacteriological agar 20g
Distilled water 1000ml
Rhodamine B Nutrient broth 8g 121 15
NaCl 49
Bacteriologocal agar 16g
Olive oil 32.25ml

Distilled water

1000 mi
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3.2.2. Nitrite tolerance

Yeast isolates (Table 3.1) were streaked on sterile Petri dishes with YM agar containing
80ppm, 160ppm and 240ppm nitrite and incubated at 25°C for 5days (Table 3.2).

3.2.3. Proteolytic activity

Yeast isolates (Table 3.1) were streaked on Petri dishes with casein digestion agar
(Ahearn et al., 1968), and incubated at 25°C for 5 days (Table 3.2). Clear transparent

zone around the streaked area indicated a positive result

3.2.4. Lipolytic activity

Isolated yeasts (Table 3.1) were streaked on sterile petri dishes with olive oil and
Rhodamine B agar (Kouker and Jaeger, 1987) and Tributyrin (glycerol tirbutyrate)
(Fryer et al., 1966) agar, and the plates were incubated at 30°C for 3 to 6 days.

Rhodamine B (Table 3.2) was emulsified with a Brason Sonifer Cell Disrupter B-30 and
the final pH of the solution adjusted to 7.0 before sterilizing. Media were cooled to
70°C and 10ml of filter sterilized Rhodamine B solution [(0.1% w/v) final concentration]
added. The mixture was shaken and allowed standing for 10min to reduce foaming
before pouring into sterile Petri dishes. Flourescence of the streaked area under a
flourescent light in the dark gave positive results

3.2.5. Rate of inactivation at temperatures above 50°C

Yeast isolates (Table 3.1) were seeded in triplicate in YM broth (Table 3.2) (200ml) in
1000ml Elernmeyer flasks and incubated at 50°C, 55°C and 60°C with vigorous agitation
on rotary a shaker (180rpm) through 150min. From each flask 10ml was taken for

microbial enumeration at consecutive intervals of 6 hrs for a period of 60hrs. Serial
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dilutions were prepared in buffered peptone water and spread plated on YGC (yeast
glucose chloramphenicol) agar. Highest serial dilutions which represented colonies
between 30-300 colonies per plate were counted.

3.3. Resuits and discussion

Results obtained are indicated in Table 3.3 indicating the ability of all the isolated yeasts
to grow in the presence of 4-8% NaCl and 80-240ppm nitrite, proteolytic and lipolytic
activities are also represented in Table 3.3. Several reports referred to the isolation of
yeasts from dry cured meats with reduced product a. by the addition of salts (Comi et
al,, 1982; Monte et al., 1986; Huerta et al,, 1988; Molina et a/,, 1990; Gimenez, 1992).
In a review by Jay (1978), Candida, Debaryomyces and Torulopsis (now regarded as
Candida) were listed the most frequently isolated genera from meats. Other genera
associated with fresh meat include Bullera, Cryptococcus, Pichia, Saccharomyces,
Schizosaccharomyces, Torulaspora, Trichosporon and Williopsis.  McCarthy and
Damouglou (1993) and Viljoen et al. (1993) reported on the predominance of Candida
spp., Trichosporon spp. and Debaryomyces hansenii in sausage, luncheon meat and
smoked ham and considered these species as part of the established yeast community.
Work performed by Saldanha-da Gama et a/. (1997) showed the predominating yeasts
in Portuguese pork based products to be Debaryomyces hansenii, Cryptococcus
laurentii, Cryptocuccus humicolus, D. polymorphus and Pichia spp. These authors noted
that all yeast isolated from ham were able to grow in the presence of 5-8% NaCl.
Some D. hansenii strains have been demonstrated to tolerate up to 20% NaCl
(Besancon et al., 1992).

Yeasts grow at lower a,, levels in a sugar medium than compared to growth in a salt
medium (Van Eck et al., 1993). Tokuaka et al. (1985) listed 30 yeast strains isolated
from high sugar foods, which showed exceptional tolerance against high sugar

concentrations capable of growth at a a, range of 0.912-0.876. Torulaspora delbrueckii

and D. hansenii are typical osmotolerant species isolated from high sugar foods.




Table 3.3: Key properties of a good starter culture

Nitrite tolerance Salt tolerance Lipolytic acivity Casein digestion

Concentration (ppm) Concentration (%)
Isolates 80 160 240 2 4 6 Tributyrin Rhodamine B
1. Bullera variabilis  + + + + + + + + -
2. C. haemulonii + + . + + + + + + _
3. C. gropengiesseri + + + + + + + + -
4. Cry. albidus + + + + + + + + _
5. Cry. laurenti + + + + + + + - _
6. Cry. zeylanoides  + + + + + + + + _
7. D. hansenii + + + + + + + + -
7. D. hansenii - + + + + + + + _ .
8. D. polymorphus  + + + + + + + + .
8. D. vanrijiae + + + + + + + - .
9. D. vanrijiae + + + + + + + + .
10. G. geotrichum + + + + + + + + -
11. P. farinosa + + + + + + + + _

C.= Candida Cry.= Cryptococcus D.= Debaryomyces G.= Galactomyces P.= Pichia
ppm = Parts per million % = percentage




Table 3.3: continued

Nitrite tolerance Salt tolerance Lipolytic acivity Casein digestion
Concentration (ppm) Concentration (%)
Isolates 80 160 240 2 4 6 Tributyrin Rhodamine B
12. P. philogaea + + + + + + + + }
13. R minuta + + + + + + + . )
14. R. mucilagenosa + + + + + + + - .
15. S. halophilus + + + + + + + + }
16. St. roseus + + + + + + + + )
17. Sw. occidentalis + + + + + + + + B
18. T. beigelii + + + + + + + + .
19. To. delbrueckii + + + + + + . + )

P.= Pichia R.= Rhodotorula S.= Sporoblomyces St.= Sterigmatomyces Sw.= Schwanniomyces T.= Trichosporon To.= Torulaspora
ppm =Parts per million %= percentage
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Touaka et al. (1991) indicated the minimum a,, for growth in NaCl for D. hansenii, T.
delbruecki and Rodotorula mucilaginosa are 0.84, 0.90 and 0.90 respectively.
According to Van Eck et @/ (1993) the minimum a, for growth in NaCl is 0.93 for
Schwanniomyces occidentalis, 0.90 for Pichia farinosa and 0.88 for D. hansenii. The
spoilage of yeasts in meat products due to tolerance of low a,, values, however, is not
considered to be of any great importance (Deak, 1991), the spoilage appears to be
related to the yeasts’ proteolytic and lipolytic activity which also include desirable
effects.

Table 3.3 shows the lipolytic and proteolytic activities of the yeasts. All the species
exhibited no proteolytic activity, except Trichosporon beigeli. Huerta et al. (1988)
found that Trichosporon spp. were the only yeast species with proteolytic activity in
ham. All the yeast isolates included in this study proved to be lipolytically positive with
the exception of Rhodotorula species and Cryptococcus laurentii. Debaryomyces spp.
showed variable lipolytic results. The high frequency of yeasts presenting lipolytic
active results is in agreement with report by of Saldanha-da-Gama et al., (1997).

Despite several good characteristics presented by most of the isolated yeasts, two
strains from the genus Debaryomyces were selected for use as starter cultures in the
production of commercial salami as they appeared to remain stable in meat related
environments, reaching high population cells when grown in meat (Dowell and Board,
1968; Samelis et al.,, 1994). Work done on yeasts in meats and meat products depicted
the promising use of Debaryomyces, especially D. hansenii as a good starter culture for
sausage production. (Coretti, 1977; Hammes et al, 1985; Lucke and Hechelmann,
1987; Gehlen et al, 1991). Yeasts are generally not considered to be of any
importance in the spoilage of refrigerated, cured and vacuum packed meat, and related
meat products (Jay, 1987; Dillon and Board, 1991).

The positive contributions of yeasts to humankind are known and their public health
significance in foods and beverages has been considered negligible. Debaryomyces
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hansenii is regarded generally as safe and obtained GRAS status (Fleet, 1992)

Lipolytically active Debaryomyces hansenii and D polymorphus strains were selected

and their survival rate at high temperatures determined. Both species were inactivated
within 60 hrs at temperatures above 50°C (Figs 1, 2 and 3). Yeasts are generally killed
within minutes at temperatures between 55°C and 65°C however, the composition of
food affects the rate of in-activation (Lund, 1951; Put and De Jong, 1982b; Su and
Beauchat 1984; Engel et a/1994). Debaryomyces spp. are capable of surviving a wide
range of temperatures with an optimum growth temperature of 32-37°C (Vidal-Liera et
al., 1979).

However, species were isolated from sugar cane mill capable of growth at 40°C (Stokes,
1971). The minimum growth temperature for most yeast is 0°C, although obligate
pychrophlic strains can grow at —7°C. D. hansenii is frequently isolated from chilled
foods (Guerzoni et a/.,, 1993b).

Despite the less obvious but detrimental effects, including production of off-flavours and
taints, the production of metabolites such as acetaldehyde that can neutralize the
preservative effects of sulphur dioxide and the utilization of sodium nitrite added as
curing agent and preservative, (Dalton et a/, 1984; Dillon and Board, 1990), D.
hansenii contributes positively to product quality in Italian salamis (Grazia et a/., 1989).
Based on the results obtained in this study, and the proposed key characteristics to
assure a stable starter culture (Deibel, 1974). Debaryomyces spp proved to be
accepted as a potential starter culture in salami processing.
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Fig. 1 The survival of D. hansenii and D. polymorphus at 50°C
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Fig. 2 The survival of D. hansenii and D. polymorphus at 55°C
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Fig. 3 The survival of D. hansenii and D. polymorphus at 60°C
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CHAPTER IV

THE APPLICATION OF YEAST STRAINS AS STARTER
CULTURES IN TRADITIONAL FERMENTED SAUSAGE

A. A. Osei-Abunyewa, B. C. Viljoen, *A Hugo.

Department of Microbiology and Biochemistry, *Department of Food Science U.F.S.,
Bloemfontein, 9300,South Africa

Abstract

Natural yeast strains isolated from traditional salami identified as Debaryomyces
hansenii and Debaryomyces polymorphus were incorporated as starter cultures in the
production of salami. Debaryomyces hansenii in combination with lactic acid bacteria
were used as starter culture in the first batch (DhS). In the second batch (Dh),
Debaryomyces hansenii as a single strain was used. The third batch (DhDp) contained
Debaryomyces hansenii in combination with Debaryomyces polymorphous as starter
culture, a fourth batch (S) serving as control contained lactic acid bacteria as starter
culture. After a maturation time of 624 hours, all the batches attained a 20% moisture
loss require for maturity with the exception of batch 4 which had obtained a moisture
loss of 19.05%. DhDp obtained 21.0659% moisture loss, which was an equivalent of
the weight loss; DhS attained 20.7834% and Dh, 20.3484%. The results obtained for
physical and chemical analysis between the different batches were similar. The salamis
appeared reddish brown after 48hrs but the batch containing yeast and lactic acid
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bacteria as starter cultures was slightly firmer than the others were. The pH values of
the salamis at the end of maturation were higher for batch 2 using a yeast isolate as a
single starter culture, while the highest pH values were obtained when two yeast strains

were incorporated.

4.1. Introduction

Ready-to-eat dried meat products, which may or may not be fermented, present a
unique concern because they are prepared from raw meat which has not been cooked
(Lee and Styliads., 1996). No matter how hygienic raw meat may appear, it contains
numerous micro-organisms, which may potentially be harmful. Jay (1996) established
that the typical contaminating microflora in fresh meat and meat products
predominantly consist of bacteria. Yeast, however, despite limited references, also play
a substantial role in the spoilage of meat and meat products (Deak 1991, Fleet 1992).
Nevertheless, occasionally the role of yeasts in meat has been described (Dalton and
Board, 1984; Bank and Board, 1987; Viljoen et a/.,, 1993).

Bacus (1986) and Lucke (1988) reported that various microbial groups are involved in
the ripening process of dry fermented sausage ie. lactic acid bacteria, micrococcaceae,
yeasts and fungi. According to Metaxopoulos et al (1996) the microorganisms
suppress the growth of pathogenic organisms due to their enzymatic activities while
yeast play a dual role by either contributing to the final product or being detrimental in
causing spoilage. Most sausage industries ignore the importance of yeast strains as
starter cultures (Lucke and Hechel-mann, 1987) which may be a preventing strategy
since improper usage of yeast strains as starter culture may lead to severe defects
(Meisel et al., 1989). However, the meat industry remains interested in the addition of
yeasts as starter culture mainly because of their safety record (Nagodawithama, 1992).

Yeasts furthermore contribute to sausage flavour by attacking lipids and proteins and
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exert certain anti-oxidant effects by destroying peroxide and depleting oxygen from the
surface of the product (Nagodawithama, 1992).

Gehlen et al. (1991) reported strains of Debaryomyces hansenii have a strong influence
on the microbiology and chemical composition of dry sausages due to its reducing
ability of fortuitous staphylococci and their contribution to the improvement of taste and
surface color in dried sausages. Meisel et a/. (1989) however, warned that care must be
taken to control the reduction of anti-microbial properties of organic acids and to limit
high residual values of nitrate in fermented sausages by the addition of yeast cultures.
Consequently the meat industry continues to seek a proper yeast species that has the
ability to impart the expected rich meaty flavor.

Debaryomyces hanseniij, the proven predominant yeast species in traditional salami,
requires oxygen for reproduction (Metaxopoulos et al, 1996), destroys peroxides
(Coretti 1973), is salt tolerant, does not reduce nitrate, and occurs frequently in cured
meat products (Leistner and Bem, 1970). Even though Debaryomyces hansenii strains
do not reduce nitrate, some starter cultures on the German market contain
Debaryomyces hansenii as a single strain or in combination with lactic acid bacteria and
staphylococci (Hammes et al, 1985). Therefore, in this study we endeavoured to
determine the performance of Debaryomyces hansenii as a single starter culture, in
combination with another Debaryomyces species, and when used in combination with

traditional lactic acid bacterial starter culture in the manufacture of salami.

4.2. Materials and methods

4.2.1. Yeast preparation for use as starter culture

Debaryomyces hansenii and Debaryomyces polymorphous isolated during a previous

study were selected as yeast representatives for usage as starter cultures.

Debaryomyces hansenii proved to be the predominant yeast isolate during processing
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of salami while Debaryomyces polymorphous was isolated during the period of

maturation. The yeast cells were prepared by seeding in glucose-yeast nitrogen base
(YNB, Difco, Detroit, Michigan, U.S.A.) medium (400ml) in 1000ml Elernmeyer flask and

cultured with vigorous agitation on a rotary shaker (180rpm) at 30°C until late
exponential phase. The cells were harvested by centrifugation for 5 minutes using a
Beckman J2-21 centrifuge and a JA-14 rotor spinning at 11000rpm.

4.2.2, Manufacture of salami

Four batches of 5kg of salami were prepared. Individual salamis weighing 250g-300g
were prepared from the different batches. The formulation for salami processing is
according to the protocol indicated in Table 4.1. For Batch 1 (DhS), the starter
composition used was FloraCarn (Chr. Hansen, Denmark) consisting of Staphylococcus
carnosus and Lactobacillus pentosus in the ratio of 2:1 and Debaryomyces hansenii.
The ratio of FloraCarn to Debaryomyces hansenii was 1:1. For Batch 2 (Dh),
Debaryomyces hansenii was used as the single starter organism and for Batch 3 (DhDp)
Debaryomyces hansenii and Debaryomyces polymorphous were mixed in the ratio of
1:1. Batch 4 (S), served as a control used for comparable reasons to establish the
maturation time. The only analysis which was done on batch 4 was the rate of weight

loss. Batch 4 comprised of only FloraCarn as starter culture.

All meat portions were frozen at a temperature of -15°C to avoid “smearing” of the fat
on the lean meat surface, which may cause problems during sausage dehydration. The
fat used was from good quality pork lard. Meat portions and the ingredients were mixed
sequentially in a bow! cutter. Beef was chopped into 10mm particle size. Starter culture
and spices were evenly sprinkled on the beef and chopped to fine particles. Pork was
then added and chopped to 20mm particle size after the lard and curing salt were
added. Finally, the mixture was chopped to a particle size of 4.5mm making sure that
the entire batch was thoroughly mixed. The mixture was carefully packed into Calpak
Fibrous Bak 65/50 to avoid trapping air and both ends were tied with strings. Three




Table 4.1: Composition of commercial salami

Ingredients

Percentage by weight (%)

Beef

Pork

Pork back fat

Spices

Curing salt

Starter cutture (freeze dried)

Staphylococcus carnosus & Lactobacillus penttosus

40.000

34.730

20.000

2.176

3.046

0 11/26/98.500

2:1
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samples from each batch were weighed and marked for weight loss determination. On
sampling occasions, the marked samples were weighed to determine the weight loss of
the salami. The prepared salami samples were hanged on racks and placed in a
fermentation chamber with a temperature of 22°C and relative humidity of 90% for
48hrs. After 48hrs of fermentation, a 10 min smoke treatment at 18°C was carried out.

Finally the sausages were transferred to a drying chamber with a temperature of 12°C

and 75-80% RH until the product lost 20% and more weight.

4.2.3. Sampling

Sampling was done 6 hourly for the first 2 days of fermentation starting directly after
processing. Consecutive sampling was performed every 4 days. On every sampling
occasion, one salami from each batch was transferred to the lab, in a cooler box for

microbial and chemical analysis.

4.2.4. Chemical and Physical Analysis

On every sampling occasion a 10g sample from each batch of salami was homogenized
using a Janke & Kunkel Ultra-Turrax T 25 for 60 s in 20ml of distilled water and made
up to 100ml with distilled water. The pH was measured with a HI 9321 Microprocessor
pH meter (Hanna Instrument). Another 10g sample from each salami was taken,
homogenized with 12mi distilled water and centrifuged for 5min at 11000rpm with a
Beckman J2-21centrifuge. The supernatant was extracted and used for lactic acid
determination by liquid chromatography (Waters Lambda-Max 480) with a high
performance (Bio-Rad. Aninex APX-87H) exclusion column and 0.01N sulphuric acid as
eluent. The flow rate was 0.5ml/min and the detection wavelength 210nm. Samples
from the same salami were also taken for water activity determination using the
Novasina Thermoconstanter TH200. Salt, protein, fat and moisture were determined by
the methods proposed by the Association of Official Analytical Chemist (AOAC, 1990).
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4.2.5 Microbiological analysis

The salami samples were prepared for microbial analysis by cleaning the salami surface
with 70% ethanol. A cut was made through the salami casing with a sterile knife and
the casing removed aseptically. For each sample, 10g portions of the meat were taken
with a sterile knife and homogenized in a stomacher (Janke & Kunkel Ultra T25) for 60
s in 90ml sterile bactopeptone. Further decimal dilutions of the suspensions were
carried out as required for microbiological assay in 9ml sterile bactopeptone. Plating
was done in duplicate by the spread plate method. The growth media used and
incubation periods are indicated in Table 4.2.

4.3. Results and discussion

4.3.1. Chemical and physical composition

The changes in chemical and physical analysis of the three batches of salami are
indicated in Tables 4.3-4.6. As frozen raw material was the main ingredient for
processing, the temperature of the sausage after filling was about 0°C. When sausages
at this temperature were transferred immediately into an air-conditioned chamber at a
temperature of 22°C and 90% humidity, a microclimate with a temperature
approximately that of the sausage was established. The saturation vapour pressure of
the chamber declined, leading to a less water vapour absorption by the air. Surplus
humidity was deposited on the surface of the salami as condensate (Stiebing and
Rhodel, 1988) resulting in an increase in the initial weight of all the salamis with the
exception of batch 1 (DhS, containing bacteria mixed with yeast as starters).
Dehydration rate for all the salamis was therefore generally poor during fermentation,
which resulted in an extended maturation period. Moulds grew on the surface of all the
salamis sporadically during fermentation and maturation. Frequent cleaning with 5%

vinegar solved this problem.



Table 4.2 : Culture media, temperature and times of incubation used for microbial analysis of

commercial salami

Incubation time (h) Growth medium
Yeast count, YGC 96 Yeast extract, glucose; chloramphenicol agar (Oxoid CM
139)
Yeast count, YM 96 Yeast extract malt extract agar (pH 3.5)
Total count, PCA 48 Standard plate count agar (Oxoid CM 361)
48 De Man Rosoga and Sharpe (MRS) (Oxoid CM 361)

Lactobacilli, MRS
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Table 4.3: Comparative chemical and physical changes during the processing of salami over a period of 624 hours

Weight loss (%) Moisture content (%)
Time Batch 1 Batch 2 Batch 3 Batch 4 Batch 1 Batch 2 Batch 3
Fermentation
0 0 0 0 0 57.0714 56.7393 56.4988
6 0.1467 -0.1215 -0.5129 -0.2501 57.0083 56.7913 56.7208
18 1.4559 1.1991 1.4065 0.8531 56.4372 56.2143 55.8782
24 1.2914 0.8791 0.6852 0.5219 56.5098 56.3556 56.1987
30 1.3772 0.8143 0.6051 0.3161 56.4719 56.3842 56.2340
42 ~0.8621 0.2107 -0.1563 -0.1630 56.6981 56.6480 56.5667
48 0.8013 0.1215 -0.3045 -0.3745
Ripening
144 3.799 3.6014 3.4783 1.8500 55,3762 55.1231 549312
240 7.3761 7.2271 7.8141 52112 53.6528 53.3693 528115
336 9.2899 8.9569 9.1324 7.4133 52.6749 52.4833 " 521268
432 13.7028 13.3482 13.6905 10.6411 50.2549 50.0753 49.5986
528 15.3139 15.0334 15.3997 15.0251 49.3086 49.0850 48.5803
624 20.7834 20.3484 21.0659 19.0509

Batch 1= Debaryomyces hansenii and conventional starters; Batch 2= D. hansenii as starter culture, Batch 3= D. hansenii and D. polymorphus strains as starter
cultures; Batch 4= conventional starter culture.




Table 4.4: Comparative chemical and physical analysis during the processing of salami over a period of 624 hours

Aw tactic acid content (mg/g)
Time Batch 1 Batch 2 Batch 3 Batch 1 Batch 2 Batch 3
Fermentation
0 0.950 - 0.947 0.947 0.169487 0.128554 0.103405
6 0.946 0.944 0.946 0.374401 0.142380 0.118556
18 0.944 0.948 0.950 0.163500 0.132979 0.135425
24 0.946 0.947 0.948 0.174230 0.142737 0.150471
30 0.945 0.946 0.948 0.244217 0.140796 0.158247
42 0.945 0.949 0.948 0.158174 0.184229 0.149979
48 0.947 0.947 0.947 0.149227 0.177125
Ripening
144 0.945 0.944 0.945 0.241101 0.215974 0.222855
240 0.943 0.942 0.941 0.343361 0.250833 0.265239
336 0.942 0.941 0.942 0.329300 0.180192 0.294203
432 0.837 0.937 0.937 0.343087 0.313001 0.219847
528 0.936 0.935 0.936 0.358796 0.309592 0.335808
624 0.930 0.928 0.929 0.409496 0.346934 0.304665

Batch 1= Debaryomyces hansenii and conventional starters; Batch 2=

D. hansenii as starter culture; Batch 3 = D. hansenii and D. polymorphus stains as starter cultures




Table 4.5: Comparative chemical and physical analysis during the processing of salami over a period of 624 hrs

Salt content (%) pH
Time Batch 1 Batch 2 Batch 3 Batch 1 Batch 2 Batch 3
Fermentation
0 3.0250 3.0250 3.0250 5.26 5.16 515
6 3.0294 _ 3.0213 3.0096 5.46 4.96 5.10
18 3.0697 3.0617 3.0682 5.33 520 523
24 3.0646 3.0518 3.0548 5.26 524 522
30 3.0672 3.0498 3.0434 5.36 524 524
42 3.0513 3.0314 3.0203 5.39 5.27 543
48 3.0494 3.0287 3.0158 5.45 5.30 540
Ripening
144 3.1445 3.1380 3.0340 510 5.14 529
240 3.2659 3.2606 3.2814 482 492 5.04
336 3.3348 3.3226 3.3290 475 472 4.83
432 3.5053 3.4910 3.5048 492 486 5.00
528 3.5720 3.5602 3.5756 485 5.04 494
624 3.8186 3.7978 3.8328 4.66 487 485

Batch 1= Debaryomyces hansenii and conventional starters; Batch 2= D. hansenii as starter culture; Batch 3= D. hansenii and D. polymorphus strains as starter

cultures




Table 4.6: Comparative chemical and physical analysis during the processing of salami over a period of 624 hrs

Fat content (%) Protein content (%)
Time Batch 1 Batch 2 Batch 3 Batch 1 Batch 2 Batch 3
Fermentation
0] 20.3152 20.9494 20.3230 16.5251 16.6339 165188
6 20.345 20.9240 20.9250 16.5494 16.6137 15.4396
18 20.6153 21.2037 21.3323 16.7692 16.8358 156.7402
24 20.5810 21.1352 21.1774 16.7414 16.7814 15.6295
30 20.5989 21.1214 21.1666 16.7559 16.7709 15.6133
42 20.4919 20.9936 20.9995 16.6688 16.6690 15.4946
48 20.4793 20.9749 20.9684 16.6586 16.6541 15.4717
Ripening
144 21.1174 21.7321 21.7902 17.1777 17.2553 16.0780
240 21.9330 22.5814 22.8151 17.8411 17.9299 16.8342
336 22.3957 23.0104 23.1461 18.2175 18.2703 17.0780
432 23.5410 241765 24.3685 19.1962 19.1962 17.9804
528 23.0888 24.6560 24.8608 19.5770 19.5770 18.3437
624 25.6451 26.3013 26.6454 20.8833 20.8833 19.6605

Batch 1= Debaryomyces hansenii and conventional starters; Batch 2= D. hansenii as stanter culture; Batch 3= D. hansenii and D. polymorphus

strains as starter cultures
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Within 6hrs of fermentation the prepared salamis from batch 2 (Dh, with Debaryomyces
hansenii as starter) exhibited an increase in weight of 0.1215%, batch 3 (with a mixture
of two strains of yeast added as starter culture) 0.5129% and batch 4 (control)
0.2501% (Table 4.3). Weight loss determination is accepted as a method to determine
the ripening pattern in dry sausages (Stiebing and Rhodel, 1988). The weight loss
increased during ripening when the R.H. was reduced from 90 to about 75%. After
624hrs, all the salamis containing yeast starters attained a percentage weight loss
above 20% (DhS, 20.78%; Dh, 20.35%; DhDp, 21.07). Batch 4 that comprised of the
conventional bacteria starter cultures had lost only 19.05%. The weight loss which, is a
function of the weight loss reflected a decline in the moisture content. The trend of
moisture loss for all three batches was similar. The initial moisture contents of batches
1, 2 and 3 were 57.0714%, 56.7393% and 56.4988% respectively but at the end of
ripening, batch 1 had lost 11.2628%, batch 2, 11.0517% and batch 3, 11.6096%.

The water activity of foods influences the growth and metabolic activity (including toxin
production) of micro-organisms as well as their survival and resistance (Troller and
Christian, 1978). Debaryomyces hansenii is very resistant to low levels of water
activity, capable of growth in water activity levels as low as 0.88 (Van Eck ef a/., 1993).
The water activity and lactic acid content of the three batches are presented in Table
4.4. From initial water activity levels of 0.950, 0.947 and 0.947 for batches 1, 2 and 3
the water activity levels gradually declined to 0.930, 0.928 and 0.929 respectively after
624 hrs. Despite continued disagreements on the water activity requirements of all
micro-organisms (Leistner et al,, 1976), it is accepted that enteropathogenic Escherichia
colj strains are inhibited at water activity levels below 0.96 (Tomtov et a/,, 1974).

During fermentation, the lactic acid content for batch 1 which contained lactic acid
bacteria and yeast as starter cultures, increased rapidly within six hrs followed by a
rapid decline in the next 12 hrs. Thereafter, a gradual increase was recorded until the
end of maturation when a maximum of 0.409mg/g, which was the highest of the three
batches, was obtained. Lactic acid content for batches without lactic acid bacteria
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starter cultures (batches 2 and 3) fluctuated but both showed a gradual increase from
the beginning to the end of production. Batch 2 exhibited an initial lactic acid content
of 0.128mg/g and batch 3, 0.103mg/g. At the end of ripening, lactic acid content for
batch 2, was 0.347mg/g and batch 3 a content of 0.304mg/g. An interesting feature is
the similar increases in lactic acid content in batches 2 and 3 compared to batch 1,
although lower final contents after 624hrs were obtained, despite the absence of lactic
acid bacteria as part of the starter culture. However, high numbers of contaminating
lactic acid bacteria originating from processing equipment, hands and aprons of workers
or the meat might have contributed to the high lactic acid content.

Salt content and pH levels for all three batches are shown in Table 4.5. Salt content
remained similar for all three batches exhibiting an increase less than 1% (DhS, 3.025-
3.8186%; Dh, 3.025-3.7978% and DhDp, 3.025%-3.8328%). The total decline in pH
during processing was minimal (less than 1 pH unit) as compared to Belgian, German
and Spanish dry salamis which obtained p\H values of 4.6-5 after fermentation and
continued to decline during ripening (De Ketelaere et al.,, 1974; Palumbo et a/,, 1976;
Lucke, 1985 and Sanz et a/., 1988). The slight decrease in pH in this study correspond
with results obtained with Italian and Hungarian salamis which exhibit a pH decrease of
about 0.5 units (Komendy and Gantner, 1962; Baldini et a/, 1983). The slight pH
increase observed after 432hrs might be due to the utilization of lactic acid (Raimahone
et al., 1988) and/or the production of amine and ammonia by the high number of yeast
present at the time (Lucke, 1988) which could favour the growth of spoilage bacteria
(Walker, 1977). Despite the detrimental effect of pH increase caused by yeasts, the
strong synergistic inhibitory effect on fortuitous staphylococci by Debaryomyces
hansenii and Lactobacillus curvatus has been demonstrated (Sorrels and Speck, 1970;
Meisel et al. 1989). The individual inhibitory effect is attributed to nitrite production by
L. curvatus and oxygen depletion by D. hansenii. Fat content represented in Table 4.6
shows an increase of 5.6%, 5.4% and 5.3% fat content for batches 3, 2 and 1

respectively; an increase of approximately 5.6% protein content for all the batches is



64

indicated in Table 6. Batch 2 and 1 had the highest protein contents (20.8833%) after

maturation.

4.3.2 Microbiological enumeration

The progression of the lactic acid bacteria present similar growth patterns for all three
batches, the highest microbial counts recorded were obtained during ripening after
144hrs for batches 1 and 3 (Log 6.717/g and Log 6.647/g respectively) and after
240hrs for batch 2 [(Log 6.723/g) (Table 4.7)]. Similar growth patterns were reported
by Lucke (1985).

The processing of the meat into raw sausages that reduced the a, and rapidly
consumed the oxygen present within the mixture (Lucke, 1985) might have eliminated
pseudomonas (Hechelmannet al. 1977) and Enterobacteriaceae (Barth, 1960; Grau,
1981; Gill. 1982). Consequently, a shift in predominating microflora composition
present in the salami towards the lactic acid bacteria, micrococci (Niinivaara and Pohja,
1956; Ten Cate, 1960; Incze, 1965; Reuter, 1967; Ayroulet and Fournaud, 1976;
Hofmann and Scharner, 1980) and yeasts resulted. The availability of sugars, low acid
production and relatively high water activity further enhanced the rapid growth of lactic
acid bacteria during fermentation. The rapid growth and progression during
fermentation corresponded with results reported by Lucke (1985), indicating that the
activity of Micrococcaceae and Gram-negative bacteria under these conditions outgrow
competing micro- organisms. Lactic acid bacteria proved to be the major microbial
component present in the meat and during salami processing, confirming previous
reports on the predominance of lactic acid bacteria in dry fermented sausages whether
or not lactic acid bacteria starter cultures were added (Smith and Palumbo, 1973;
Metaxopoulos et a/, 1981a,b; Gokalp and Okerman, 1985; Cahalan and Genigeorgis,
1986). Samelis et al. (1996) reported on the elimination of streptobacteria II,

betabacteria and streptococci in Greek dry salami during fermentation even if significant

numbers were present during early fermentation.




Table 4.7: Comparative microbial counts during the processing of salami over a period of 624 hrs

Log counts g

MRS YGC
Time Batch 1 Batch 2 Batch 3 Batch 1 Batch 2 Batch 3
Fermentation
0 5155 5.037 5418 4.771 5.152 5.415
6 5.037 4.929 5.143 4.832 5.037 5.190
18 5.497 5.301 5324 5.223 5.283 5.152
24 5.924 5.021 5.398 5.243 5.47 5.356
30 6.041 5.881 5.875 5.021 5.486 5.326
42 6.324 6.149 6.093 5272 5.885 5.179
48 6.576 6.134 6.310 5.093 5.378
Ripening
144 6.717 6.620 6.647 5.545 5.535 5.354
240 6.556 6.723 6.635 6.057 5.939 5.505
336 6.577 6.560 6.536 4.732 5.143 4.903
432 6.600 6.577 6.468 4.531 5.093 4.845
528 6.522 6.375 6.635 4.544 4.785 4.991
624 6.539 6.240 6417 4.505 5.090 4.653

MRS =Lactic acid bacteria count

YGC = yeast counts

Batch 1= Debaryomyces hansenii and conventional starters, Batch 2= D. hansenii as starter culture; Batch 3= D. hansenii and D. polvmorphus strains as starter cultures
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The bacteria being not capable of resisting the low water activity, low pH and high salt
content were inhibited leaving the competing lactic acid bacteria to establish itself in the
stressful environment which consequently resulted in the stabilization of bacterial
numbers. According to Reuter (1972), Micrococcaceae strains showed little or no
growth during ripening. Hammes et a/. (1985) confirmed the poor growth and survival
of Micrococcaceae during sausage ripening despite being present. Yeasts, however,
competed very well under the environmental stresses exerted (high salt, low water
activity and low pH value) (Leistner and Bem, 1970; Jay, 1979; Beuchat, 1983). During
fermentation, the bacterial numbers increased rapidly while yeast numbers remained
stable due to the inability of the yeasts to proliferate when bacterial numbers competing
for the same nutrients are high (Walker and Ayres, 1970; Walker, 1977). In all
batches, highest counts of yeast numbers were recorded after 240hrs during ripening.
At that time bacterial numbers remained relatively high but yeast competed better
probably due to the availability of higher amounts of organic acids: Surprisingly, batch
1 with a mixture of bacteria and yeast as starter cultures, exhibited the highest yeast
count (Log 6.057). The higher proportions of organic acids produced by the lactic acid
bacteria starter cultures resulting in the progression of D. hansenii strains has been
reported (Raimihone ef al 1988). The lower numbers of lactic acid bacteria present
during the early stages of maturation also enhanced the proliferation of the yeasts
(Miller 1979, Walker and Aryes, 1970; Walker, 1977).

The decline in yeasts’ numbers during ripening corresponded with result by Gehlen et
al. (1991) who indicated on the inhibition of yeast species by bacteria Lactobacillus
curvatus and Micrococcus varians in the later stages of ripening.

In this study the production time for batch 3 with yeasts as starter culture was reduced
by 48hrs as compared to batch 4, which contained the standard starter cluture. All the
salamis exhibited a substantial red surface colour which had already occurred after
48hrs of fermentation, a situation noticed by Gehlen et a/. (1991) in sausage fermented

with and without conventional starter culture indicating all batches were fully cured.
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The batches prepared without lactic acid bacteria starter cultures were judged better
with smooth “sweet” taste according to an unprofessional taste panel. The taste panel
all agreed on a less firm structure for the yeast fermented salamis compared to the
salamis with lactic acid bacteria starter culture, an observation confirmed by Lucke and
Hechelmann (1987).
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CHAPTER V

GENERAL DISCUSSION AND CONCLUSIONS

The traditional approach to salami fermentation has been well documented. Although
there have been numerous reports on the role of lactic acid starter bacteria in salami,
little consideration has been given to the role of yeasts in fermented meats. Reports
usually referred to the presence of yeasts in meat, but few have attempted to quantify
the yeasts present in fermented meat, to examine the ability of yeasts to grow in
fermented meats or to seek biochemical explanations of such growth. The concept that
fermented meats, as a group, may represent a specialized ecological environment for

the selective occurrence and growth of certain yeast species, is also neglected.
5.1 The growth and survival of yeasts in commercial salami

The results obtained in this study, obtained from South African commercial salami, were
in agreement with results reported in literature. A decrease in the pH values, was
observed as expected, since the fermentation process was mainly governed by the
activities of lactic acid bacteria, which ferment simple sugars forming organic acids.
The decrease in a, levels was due to high salt concentrations, which consequently
resulted in reduced weight of the salami’s as a function of moisture loss. The moisture

loss corresponded with an increase in salt, fat and protein contents.

An increase in both yeasts, and bacterial numbers confirmed the synergistic relationship
that exists between yeasts and bacteria in restricted environments. Lactic acid bacteria
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predominated in all salami’s processed, despite the rapid progression of yeasts during
ripening. This situation controlled the proliferation of yeasts by preventing the

progression of numbers high enough to cause spoilage.

Based on the results, Bullera variabilis, Candida haemulonii, Candida gropengiesseri,
Crytopcoccus  albidus, Cryptococcus laurentii Candida zeylanoides, Debaryomyces
hanseni, Debaryomyces polymorphus, Debaryomyces vanrijiae, Galactomyces
geotrichum, Pichia farinosa, Pichia philogaea, Rhodotorula minuta, Rhodotorula,
mucilaginosa, Sporobolomyces haophilus, Sterigmatomyces roseus, Schwanniomyces
occidentalis, Torulaspora delbruecki and Trichosporon beigelii were established as
typical contaminants associated with meat and salami. Except for Bullera,
Schwanniomyces, Sporobolomyces and Sterigmatomyces, all the above mentioned
genera were previously isolated from meats and meat products. The sources of
contamination mainly included the raw meat, air equipment and from animals’ skin and
hide.

D. hansenii, R. mucilaginosa, B. variabilis, C. albidus and C. Zeylanoides were
considered the dominant yeast community associated with commercial salami, being
present at frequent intervals. D. hansenii strains were the most frequently isolated, and
clearly predominated in salami processing. The substantial role played by D. hansenii
during the ripening stages of the salami, can therefore not be ignored.

5.2 Key properties for the selection of yeasts as possible starter cultures in

salami production.

Results obtained, indicated that all the yeast species isolated from commercial salami
are tolerant to 4-8% NaCl and 80-240ppm nitrite. Of the nineteen species investigated,
only Trichosporon beigelii exhibited proteolytic activity. Debaryomyces hansenii and D.
vanrijiae showed variable lipolytic activity. All Rhodotorula species showed no lipolytic
activity, whilst the rest were all lipolytically active.
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According to literature, Debaryomyces hansenii has attained GRAS status. The species,
furthermore, is capable of growth at low temperatures, low a, in a salty medium, low
pH and generally is frequently associated with fermented meat products. Based on
these properties, D. hansenii and D. polymorphus were selected, both of which were
isolated on the last sampling occasion of commercial salami production. The two
species, on examination for inactivation temperatures, proved to be inactivated at
temperatures above 50°C within a maximum of 60hrs.

5.3 The application of yeast strains as starter culture in traditional
fermented sausage

Despite the use of Debaryomyces hansenii as a single strain, or mixed with
Debaryomyces polymorphus or conventional starter cultures as starter cultures in the
formulation of traditional salami, there was a decline in pH values at the end of
production. This is confirmed in literature indicating that the process of fermentation in
salami making is governed by the activities of lactic acid bacteria. The decline in pH
was restricted due to the activities of yeasts in the utilization of lactic acid and the

production of amine and ammonia.

Water activity values declined in correspondence with decreases in the weight,
moisture, fat, protein and salt contents. The implementation of yeasts as starter
culture did not inhibit the reddish-brown colour formation in the meat. Lactic acid
bacteria in this study were the most predominant microflora found in the salami. The
proliferation of the yeasts to numbers higher than the bacterial numbers would have
left the salami susceptible to spoilage by undesirable bacteria.

Debaryomyces hansenii and Debaryomyces polymorphus added to the salami

formulation without the conventional starter culture resulted in a less sour and tastier,
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product. Moreover, ripening time was reduced but the consistency was less firm. The
softness of the salami obtained with the inclusion of only yeasts as starter cultures, was
a result of the higher pH according to literature. The application of yeasts as starter
cultures in this study, has been successful, resulting in @ product comparable with

products prepared with the conventional starter culture and without any major defect.

The positive results obtained in this study is a clear indication that Debaryomyces
hansenii and Debaryomyces polymorphus could be used in the future as starter culture
in the formulation of salami leading to a better taste and shorter ripening time than
salami produced with the present traditional bacteria starter cultures.

Future Research:. Recommendation is therefore made for future research to include,

A. The survival levels of Debaryomyces hansenii and Debaryomyces
polymorphus after lyophilization. .
The contribution of strains to the organoleptic characteristics of salami.

C. The type of possible antibiotics excreted by the isolated yeast strains.
The possible antagonistic effect of the isolated strains against fungi and

bacterial contamination.
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CHAPTER VI

SUMMARY

Yeasts play a substantial role in the processing of salami, being present at high
numbers during the ripening stages contributing to aroma and flavour development.
Accordingly, the yeasts occurring as natural microflora in commercial salami were
quantified, isolated and identified according to conventional identification and
enumeration techniques. Depending on conditions, the yeasts grew to maximum
populations of 10’cfu/g during the ripening stages.

Characterization of the naturally contaminating yeasts of commercial salami revealed
108 yeast species, belonging to 12 genera. The yeasts most frequently isolated were
from the genera Debaryomyces, Rhodotorula, Bullera, Candida, Cryptococcus,
Trichosporon and Schwanniomyces in that order. Low appearances of Pichia,
Galactomyces, Sporobolomyces, Sterigmatomyces and Torulaspora were observed.
Debaryomyces hansenii, Rhodotorula mucilaginosa, Bullera variabilis and Cryptococcus
albidus were established as representing the typical yeast community associated with
salami. These species were frequently isolated from the meat, during processing and
maturation. The most frequently isolated yeast species, was D. hansenij, isolated on

every sampling occasion.

The isolated yeasts were examined based on relevant key properties that governed

their growth and survival in fermented meat, and proposed as representative selective

characteristics to determine a good starter culture. All the yeasts were tolerant to 4-8%
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NaCl and 80-240ppm nitrite. All the yeasts proved to be non-proteolyic with the
exception of Trichosporon beigelii, whereas lipolitic activity appeared variable.

Two predominating yeast isolates, Debaryomyces hansenii and Debaryomyces
polymorphus, exhibited relevant qualities regarding fermentation of meat.
Consequently, they were applied in the formulation as starter cultures in an attempt to
prepare a salami based on yeast fermentation. The incorporation of D. hanseni
individually, or in association with conventional starter cultures, resulted in a product

with improved taste and reduced maturation time.
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