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ABSTRACT

Bacteriocins offer an advantage over antibiotics in that they target very specific
organisms and they are generally regarded as safe for humans. The aim of this study was
to isolate and identify bacteriocin-producing Bacillus species from Rastrineobola
argentea (Omena) and to screen their bacteriocins for their potential as antimicrobial
agents against bovine mastitis pathogens.

A total of 300 R. argentea samples were randomly purchased from retailers in Gikomba
market-Nairobi. To identify isolated bacteria, colonies were assessed using
morphological, biochemical techniques and the API KIT. Further, crude bacteriocins
produced by some of the isolates were tested for their antimicrobial activity against the
bovine mastitis pathogens Escherichia coli ATCC-25922 and Staphylococcus aureus
ATCC-25923 by well diffusion method. The physicochemical characteristics of the
crude bacteriocins produced were also assessed.

The study identified Bacillus mycoides, subtilis, pumilus and lentus as the most
predominant species. Among these, Bacillus subtilis and pumilus were found to produce
crude bacteriocins with antimicrobial activity against E. coli and S. aureus, the bovine
mastitis pathogens.

The crude bacteriocins produced were found to be fully or partially inactivated in the
presence of proteolytic enzymes like trypsin and had a lipid moiety since their activity
reduced in presence of lipase enzyme. In contrast, their antimicrobial activity was not
affected by temperature treatment of up to 100°C or in presence of ions like copper or
iron but there was slight reduction in activity with zinc ions. Their activity was optimal
at neutral and alkaline pH but reduced significantly at acidic pH.

The bacteriocins produced by these Bacillus species have desirable characteristics that
make these isolates attractive candidates with potential application for prevention of
bovine mastitis pathogens.

Keywords: Bovine mastitis pathogens, antimicrobial activity, Bacillus, bacteriocin..
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CHAPTER ONE

INTRODUCTION

1.1 Background Information

Mastitis is considered the most economically important disease affecting the dairy industry.
Management strategies involve the extensive use of antibiotics to treat and prevent this
disease (Diep and Nes, 2002). Prophylactic dosages of antibiotics used in mastitis control
programs could select for strains with resistance to antibiotics (Gillor et al., 2005). The
emergence of multidrug resistant pathogens and imposed restrictions on the use of antibiotic
feed additives has intensified the search for novel possible alternatives (Diep & Nes, 2002;
Gillor et al., 2005). In addition, a strong drive towards reducing antibiotic residues in animal
food products has led to research in finding alternative antimicrobial agents. In this regard,
much interest has been focused on bacteriocins due to their great potential applications in

medicine (Diep & Nes, 2002).

Bacteriocins are ribosomally synthesized antimicrobial peptides lethal to bacterial other than
the producing strain (Joerger, 2003) and are the most abundant of antimicrobial compounds
produced by bacteria. These antimicrobial peptides are found in all major phylogenetic
bacterial lineages (Wertz et al., 2002.) During the last 20 years, bacteriocins of lactic acid
bacteria (LAB) have been given much attention because some of them exhibit high activity
against pathogenic organisms (Diep & Nes, 2002). In contrast, bacteriocins from Bacillus
have attracted little attention even though some Bacillus species, such as Bacillus subtilis
and Bacillus Licheniformis, are generally recognized as ‘safe’ bacteria (Teo and Tan, 2005).
The primary habitat of most Bacillus species is the soil but B. subtilis , B. cerus, B. firmus
and B. lentus have been isolated from both fresh and marine water bodies (Ostensvik et al.,
2004) and from processed fish (Dube et al., 2004). Being capable of producing a large

number of antimicrobial peptides, Bacillus is an interesting genus to search for inhibitory



substance (Bizaini et al., 2005). Unlike lactic acid bacteria (LAB) bacteriocins, which have
a narrow antimicrobial spectrum (Jack et al., 1995), bacteriocins from Bacillus exhibit
distinct diversity in their inhibitory activities (Cordovilla et al., 1993). For example, several
bacteriocins of Bacillus show a rather wide antimicrobial spectrum covering Gram-positive
and Gram-negative bacteria (Shelburne et al., 2007). The production of bacteriocins or
bacteriocin-like substances has been described for B. coagulans, B. brevis, B. lichniformis,
B. cerus, B. subtilis, B. amyloliquefaciens and other Bacillus species (Teo and Tan, 2005;
Lisboa et al., 2006). Although many studies on bacteriocins from Bacillus have exhibited
their important aspects of food safety (Barboza-Corona et al., 2007), few have addressed the
potential application of these antimicrobial peptides in animal clinical studies. Some
Bacillus bacteriocins with strong inhibitory activity against Staphylococci have been
recommended for further exploration with an aim in use in the control of mastitis in cows
(Abriouel et al., 2010). These are mainly from B. thuringiensis. Thus, there is a need to
further explore these inhibitory substances that have a broad-spectrum antibacterial activity

against domestic animals' pathogenic bacteria for use in dairy farming.



1.2 Statement of the Problem

Bovine mastitis remains one of the most important diseases in the dairy industry with
economic losses estimated at $1.2 to $1.7 billion (Wells and Ott, 1998) to dairy producer
per year in the United States alone. In Kenya, Bovine mastitis is known to be a problem in
dairy herds and a major cause of economic loss in the dairy industry (Omore et al., 1996).
Intramammary infusion of antibiotics is the main approach to treatment of mastitis on many
dairy farms (Sears and McCarthy, 2003). Due to increased antibiotic resistance of mastitis
pathogens (Wagner et al., 2006), reduced responses to antibiotic therapy have become very
common in tertiary practice. According to Wagner et al. (2006), this situation has caused
indiscriminate use of antibiotics with extra-labeled doses by some veterinarians in their
practice. Due to the extensive use of antibiotics on dairy farms, antibiotics residues in milk
have become a subject of public concern. In addition, the quantity of antibiotics needed to
eliminate mastitis pathogens inhibits the growth of lactic Streptococci, the bacteria essential
in cheese and yogurt making technology; and the residues in milk are a potential threat to
human health as may lead to antibiotics resistance (Omore et al., 1996). Consequently, there
is an increasing need for alternative approaches to mastitis treatment and management.
Members of the genus Bacillus carry tremendous importance because of their antimicrobial
activity since they produce a variety of peptide antibiotics representing several different

basic chemical structures (Von, 1983).



1.3 Justification for the Study

Although normally very effective, the use of antibiotics to control mastitis has some
disadvantages. Milk is normally withheld for a period of time following antibiotic
administration, with concomitant economic losses. In countries where losses incurred by the
dairy industry due to mastitis have been quantified they are often enormous. For example in
USA herds monitored over a 12 month period in 1993 showed losses ranging from $161 to
$322 per lactating cow per year. In 1997 losses were estimated at $185 per cow per year and
a total cost of $1.8 billion (Schroeder, 2007). Data from South Africa indicate that in the
year 1978 the losses were estimated to be R150 per cow per year and in 1987 — 1988 the
figure had risen to approximately R400 per cow per year (Pieterse, 2008).

In Kenya, the losses due to mastitis amount to about $0.3 million annually (Omore, et al.,
1996). According to Omore et al., (1996), severe economic losses due to mastitis occur
from reduced milk production, treatment cost, and increased labor, milk withheld following
treatment and premature culling. It is recognized that if this disease is diagnosed in early

stages, a greater portion of this loss can be avoided (Omore, ef al., 1996)

Prophylactic dosages of antibiotics used in mastitis control programs could select from
strains with resistance to antibiotics (Passantino, 2007) which could enter the food chain
through dairy food products making treatment of human pathogens more challenging.
Broad-spectrum bacteriocins produced by Bacillus species of bacteria may provide valuable
alternatives to antibiotics for the treatment of this disease. These natural inhibitors are
particularly suitable for such applications given their use and acceptance as preservatives in
foods (Delves-Broughton, 1990). Moreover, few studies have addressed the potential

application of these antimicrobial peptides in animal clinical studies.

14 Hypothesis

Rastrineobola argentea (omena) sold at Gikomba market in Nairobi, Kenya harbors
Bacillus species which produce bacteriocins that can be used in the control of mastitis

pathogens.



1.5

1.5.1

Objectives

General Objective

To isolate and identify the bacteriocinogenic Bacillus species associated with Rastrineobola

argentea (omena) sold at Gikomba Market in Nairobi and investigate the potential of the

bacteriocins in the control of mastitis pathogens.

1.5.2

Specific Objectives
To isolate and identify the Bacillus species associated with Rastrineobola argentea

(Omena) sold at Gikomba Market in Nairobi.

To screen, select and identify bacteriocin producing Bacillus species among the

isolates with inhibitory activity against indicator bacteria.

To determine the physicochemical characteristics of the bacteriocins produced by

the selected isolates.

To determine the activity of isolated bacteriocins against mastitis causing pathogens.



CHAPTER TWO

LITERATURE REVIEW

2.1 Mastitis

2.1.1 Background Information

The general health and well-being of individuals depends largely on the meeting of basic
nutritional needs. Milk and milk products form an important part of the daily nutrition.
Increase in global population coupled with increasing demands for milk as an economic
food and as an industrial raw food product has necessitated an increase in production of
milk with consequent increase in risk of infection. Low milk production has been attributed
to disease in dairy cattle of which mastitis accounts for the largest economic losses on dairy
farms in most countries (Petrovski et al., 2006). Mastitis is the inflammation of the
mammary gland in response to bacterial invasion. Improving udder health and decreasing
the incidence of udder infection and inflammation of dairy herd’s results in increased milk
production as huge losses are directly or indirectly incurred through loss of milk during

treatment periods, culling of cows and death of clinically infected cattle (Pieterse, 2008).

2.1.2 Development of Mastitis and Invasion of the Udder

A basic knowledge of mammary glands anatomy and physiology is necessary to understand
how mastitis develops (Bingo, 2012). The interior of each quarter is composed of a teat
cistern, gland cistern, milk ducts and glandular tissue. The glandular tissue or secretion
portion contains millions of microscopic sacs called alveoli. Each alveolus is lined with
milk-producing epithelial cells and is surrounded by muscle cells that contract and squeeze
milk from the alveolus during milking. Blood vessels bring nutrients to each alveolus,
where epithelial cells convert them into milk. Between milking, milk accumulates in the
alveolar spaces, milk ducts and cisterns. During milking, the accumulated fluid is removed

through the teat ducts (Molloy et al., 2008). Mastitis results once bacteria pass through the



teat duct and multiply in milk-producing tissues. Microorganisms breach the teat duct in
several ways. Between milking, microorganisms may pass through the teat duct by
multiplying inside the duct, or by physical movement resulting from pressure placed on the
teat end as the cow moves about. During machine milking, microorganisms may be

propelled into or through the teat duct into the teat cistern (Bingo, 2012).

The potential for invasion is greatly increased by bacteria that reside in or colonize the teat
duct. Such colorizations occur in lactating and dry cows, and the colonizing bacteria may
survive for months, serving as sources of bacteria for infecting the gland. The practice of
dipping teats with effective bactericides before and after each milking greatly reduces teat
duct colonization (Molloy et al., 2008). Cows contract udder infection at different ages and
stages of the lactation cycle. Cows also vary in their ability to overcome an infection once it
has been established. The cows’ environment influences the numbers and types of bacteria
they are exposed to and their ability to resist these microorganisms (Molloy et al., 2008).
However, through appropriate management practices, the environment can be controlled to

reduce this exposure and enhance resistance to udder disease (Molloy et al., 2008).

Bovine mastitis is mainly caused by bacterial infection. Staphylococcus aureus,
Streptococcus agalactiae, dysgalactiae, uberis and various Gram-negative bacteria
including Escherichia coli, Pseudomonas and Klebsiella are the common pathogens in the
bacterial infection. However, more than 130 micro-organisms have been reported to cause
disease in the mammary gland of cows (Hillerton and Watts, 2005). Staphylococcus aureus
infections remain the largest mastitis problem in most dairy farms. The cure rate with
antibiotic therapy during lactation is very low. Many “staph” cows become chronic and

have to be culled (Fox, 2012).



2.1.4 Classification of Types of Mastitis

Clinical and subclinical mastitis are two major forms of mastitis in dairy cows (Christ et al.,
2007). Clinical mastitis results in alterations in milk composition and appearance; decreased
milk production; elevated body temperature; and swelling, redness, or heat in infected
mammary glands (Molloy et al., 2008). It is readily apparent and easily detected, however
detection of subclinical mastitis is more difficult because signs are not readily apparent.
Consequently, subclinical mastitis often goes undetected with a tendency to persist,
resulting in an elevated milk somatic cell count (SCC) and decreased milk production,
which may lead to development of clinical mastitis and a chance for contagious bacteria to

spread from infected to uninfected mammary glands (Junqiang et al., 2007).

2.1.5 Mastitis control strategies

The ‘give point plan’ for mastitis control has been used for many years (Giesecke et al.,
1994) and has been successful in reducing the incidence of mastitis (Christ et al., 2007). The
strategy addresses areas where the risk of infection is greatest and promotes the use of
treatment at specific times. It includes; teat disinfection after milking, good hygiene and
milking procedures with adequate milking equipment, culling chronically mastitis ill cows
as well as antibiotic dry cow therapy and prompt treatment of clinical mastitis during dry
period and during lactation. The first three can be described as farm management related
areas while the last two are specific treatment actions involving use of antimicrobial agents

(Pieterse, 2008).

The following strategies have so far been suggested in literature as very crucial in ensuring
effective control of mastitis, including proper farm management, improving the milking
procedures and the environment, teat dipping, dry-cow therapy, and use of back-flushers.
Farm management strategies employed aim maintaining good hygienic practices in the
environment. The holding yards and stalls should be kept clean. Another strategy is the
culling of the chronic mastitis cows. One should also prevent cows from having access to
manure, mud or pools of stagnant water. The stalls should also be properly designed and

maintained (Molloy et al., 2008).



Observing good practices during milking is very important, as this is most often the route of
infection (Molloy et al., 2008). The udder should be prepared by washing the teats followed
by disinfection and drying with clean towels. Milking personnel hands should be disinfected
to prevent transfer of pathogens. All cows should be treated with a teat dip disinfectant post
milking to reduce the risk of infection (Giesecke et al., 1994). Teat dips are effective against
most mastitis organisms. They have been shown to effectively reduce mastitis caused by
Staphylococcus aureus and Strep. agalactiae, the most common types of mastitis (Fox,
2012). However, considerable controversy surrounds the effectiveness of teat dipping on
environmental pathogens E. coli and Strep. uberis. Some research has shown that teat
dipping does not control these organisms but can control the spread of contagious mastitis
caused by Staphylococcus aureus and Strep. Agalactiae, E. coli and S. uberis pathogens
found in the cow’s surroundings and if mud is udder deep, the teat dip will be removed and

a new infection may occur (Pinedo et al., 2012).

Many effective teat dips, including iodine at 0.1 percent, 0.5 percent and 1 percent, and
chlorohexidine at 0.5 percent, are available. Hypochlorite at 4 percent with sodium
hydroxide content less than 0.05 percent, although not labeled for teat dipping, has been
found effective in field trials (Lam et al., 2013). Effective coverage of the teats was also

found to be more important than the type of dip used during the same trials.

The whole teat to the base of the udder must be dipped to stop the spread of contagious
bacteria (S. agalactiae, S. dysgalactiae, S. aureus or Mycoplasma) if found in a herd. Hand
sprayers are acceptable for herds that have environmental mastitis because teat colonization
is not a factor. Hand-held spray bottles are the most ineffective method of getting proper
coverage of dip on the cow’s teats, so they should not be used for this purpose. Dip cups, on

the other hand, give the best coverage (Ogura et al., 2010).



In addition, the environment can be improved to prevent occurrence of mastitis. The
milking system should be kept as clean and dry as possible for the cows. The dry-cow
environment is as important as the lactating-cow environment. The calving area should be
kept clean (Molloy et al., 2008). Barrier dips are reported to reduce new coliform infections;
however, they do not appear to be as effective against environmental Streptococci and the
contagious pathogens. Attempts to control environmental mastitis during the dry period,
using either germicidal or barrier dips, have also been unsuccessful (Pinedo et al., 2012).
Similarly, dry-cow therapy has been recommended for all quarters of all cows at drying-off.
This helps control environmental Streptococci during the early dry period but has little or no

value in controlling coliforms. It is also not effective during the period prior to calving.

The use of backflushers has been adopted to sanitize the liners and claws between milking
periods. Most units on the market have four or five cycles. The first cycle is a water rinse,
followed by iodine or similar sanitizer rinse, a clear-water rinse and positive air-dry cycle.
Research has demonstrated that back-flushers do reduce the number of bacteria on the liners
between cows but do not reduce the number of bacteria on teats (Molloy et al., 2008).
Backflushers also may stop the spread of contagious organisms, but this also can be
accomplished at a much lower cost by teat dipping. Backflushing has no effect on

environmental pathogens that are encountered between milking sessions.
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2.1.5.1 Treatment of Mastitis by use of Antibiotics

Antibiotic therapy is the most widely used approach to intra-mammary infections (IMIs). A
product is considered excellent if it has a high cure rate and a minimum withdrawal period
(Gruet et al., 2001). Antimicrobial agents may be administered either during lactation or
during the dry period. The use of antimicrobials during lactation must be carefully

considered due to the likely presence of antibiotic residues in milk.

According to Christ et al. (2007), loss of milk due to discarding milk contaminated with
antibiotics has been cited as a reason why treatments of subclinical mastitis are not
suggested during lactation. Treatment is instead postponed until a clinical flare-up occurs or
until dry-off. This is a time when antibiotics are often routinely used to treat all quarters in
all cows. It is also used to treat existing infections or prevent new infections from

developing during this period (Christ et al., 2007).

2.1.5.2 Alternatives to Antibiotic Treatment of Mastitis

The risk involved in the treatment of mastitis has been discussed in terms of the
development of antimicrobial resistance but from the commercial standpoint, milk products
containing specific levels of antibiotic residues cannot be sold for human consumption
(Pieterse, 2008). Elimination of the use of antibiotics for the treatment of mastitis is unlikely
and therefore the goal would to reduce their use. Antimicrobials are still necessary to
combat bacteria pathogens and the solution could be to focus on research into development

of antimicrobial agents that offer some advantage over the antibiotics currently in use.

The future use of antibiotics in treating animals, especially food animals is shifting towards
other alternatives because of food safety concerns and business factors such as loss of milk
products due to antibiotic contamination (Shryock, 2004). Another driving force in
exploring alternatives to antibiotics is the move toward organic dairy which prohibits the

use of antibiotics.
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Some of the new technologies include antimicrobial peptides produced by plants, animals
and insects, bacteriocins produced by bacteria and bacteriophages to treat bacterial diseases

in animals and humans (Pieterse, 2008).

2.1.5.3 Bacteriocins

Bacteriocins are ribosomally synthesized antimicrobial peptides lethal to bacteria other than
the producing strain (Joeger, 2003) and are the most abundant antimicrobial compounds
produced by bacteria. They are found in all major phylogenic bacterial lineages (Wertz et
al,, 2003). Bacteriocins are categorized in several ways, including according to the
producing strain and the mechanism of killing. There are several large categories of
bacteriocin from Gram-positive bacteria, the colicins (Cascales et al., 2007), the microcins,
and the bacteriocins from Archaea. The bacteriocins from E. coli are called colicins
(formally called colicines, meaning coli killers). According to Cascales et al. (2007), the
bacteriocins of lactic acid-fermenting bacteria are called lantibiotics. This naming system is
problematic for a number of reasons including the fact that naming bacteriocins by what
they putatively kill would be more accurate if their killing spectrum were continuous with

genus or species designations (Cascales et al., 2007).

Bizani et al., (2005), indicates that alternative methods of classification that include: method
of killing (pore forming, DNAse, nuclease, murein production, etc.), genetics (large
plasmids, small plasmids, chromosomal), molecular weight and chemistry (large protein,
polypeptide with/without sugar moiety, containing atypical amino acids like lanthionine)
and method of production (ribosomal, post ribosomal modifications, non-ribosoms). One
method of classification groups the bacteriocins into class I, class II a, II b and II c, and
class III (Cotter et al., 2006). The class I bacteriocins are small heat-stable proteins. The
class Ila bacteriocins (pediocin-like bacteriocins) are the largest subgroup and contain an N-
terminal consensus sequence Tyr-Gly-Asn-Val-Xaa-Cys across this group. The c-terminal is
responsible for species-specific activity, causing cell leakage by permeabilizing the target
cell wall. Class II a bacteriocins have a large potential for use in food preservation as well as

medical applications due their strong antilisterial activity, the broad range of activity. The
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class IIb bacteriocins (two-peptide bacteriocins) require two different peptides for activity.
Other bacteriocins can be grouped together as class II ¢ (circular bacteriocins). This has a
wide range of effects on membrane permeability, cell wall formation and pheromone
actions of the target cells. Class III bacteriocins are large, heat-labile protein bacteriocins

(Bizani et al., 2005).

During the last 20 years, bacteriocins of lactic acid bacteria (LAB) have been given much
attention because some of them exhibit high activity against pathogenic organisms (Diep &
Nes, 2002). In contrast, bacteriocins from Bacillus have attracted little attention even though
some Bacillus species, such as Bacillus subtitis and Bacillus licheniformis, are generally
recognized as safe bacteria (Teo & Tan, 2005). Teo and Tan (2005) note that the members
of the genus Bacillus are rod-shaped, endospore forming aerobic or facultative anaerobic,
Gram-positive bacteria. Many species of the genus exhibit a wide range of physiologic
abilities that allow them to live in every natural environment (Claus & Berkeley, 1986). The
primary habitat of most Bacillus species is in the soil but B. subtitis. B. cereus B. firmus and
B. lentus have been isolated from both fresh and marine water bodies (Ostensvik et al.,

2004) and from processed fish (Dube et al., 2004).

Unlike LAB bacteriocins, which have a narrow antimicrobial spectrum (Jack et al., 1995),
bacteriocins from Bacillus exhibit distinct diversity in their inhibitory activities (Cordovilla
et al., 1993). Several bacteriocins of Bacillus show a rather wide antimicrobial spectrum
covering Gram-positive and Gram-negative bacteria (Shelburne er al., 2007). The
production of bacteriocins or bacteriocin-like substance have been described for B.
coagulans, B.brevis, B. lichniforms, B. cereus, B.subtilis, B. amyloliquefaciens and other
Bacillus species (Teo & Tan, 2005; Lisboa et al., 2006). Bacteriocins offer an advantage
over antibiotics in that they target very specific organisms. They are also generally regarded
as safe for humans. Bacteriocin residues in milk and milk products would therefore not
carry the same level of risk in terms of milk quality; processing of cheese, yogurt, and food

safety issues as antibiotics. To date only the lactococcal bacteriocin, nisin has been
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developed for commercial application while the lantibiotic, lacticin 3147 has been

extensively used for dry cow therapy (Pieterse, 2008).

2.1.6 Effects of Mastitis on Milk Production, Composition and Quality

Mastitis reduces milk yield and alters milk composition. The magnitude of these changes in
individual cows varies with the severity and duration of the infection and the causative
microorganisms (Pinedo et al., 2012). Mastitis almost always is caused by bacteria. These
microorganisms produce toxins that can directly damage milk-producing tissue of the
mammary gland. The presence of bacteria initiates inflammation within the mammary tissue
in an attempt of the latter to eliminate the invading microorganisms (Fox, 2012).
Consequently, the inflammation contributes to decreased milk production and is primarily
responsible for the compositional changes observed in milk from infected quarters and
cows. In general, compositional changes involve an increase in blood components in milk

and a decrease in normal milk constituents (Pinedo ef al., 2012).

The Dairy Herd Improvement Association (DHIA) has adopted an SCC scoring system that
divides the SCC of composite milk into 10 categories from 0 to 9 known as linear scores.
The DHIA programs determine the SCC on each milking cow each month and report the
SCC or the linear score. Linear scores can be used to estimate production losses, but the
average linear score for the lactation most accurately reflects reduced milk yield. Cows with
higher lactation average SCC scores produce less milk (Lam et al., 2013). Production losses
in older cows are about double those of first-lactation cows. Determining the exact amount
of milk lost at a specific SCC or linear score or for any one cow is not possible. However,
the fact remains that elevated SCCs result in major losses to dairy producers, and an

elevated SCC is usually due to the presence of intramammary infection (Lam et al., 2013).

Mastitis not only negatively affects milk yield production, as discussed above, but has a
negative impact also on milk composition and its physico-chemical characteristics. These

alterations are attributed to changes in vascular permeability due to the inflammatory
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process and the damage of epithelial cells that are responsible for the synthesis of milk
components, as well as changes in the enzymatic action of somatic cells or micro-organisms

in the infected mammary gland (Kitchen, 1981).

For lactose, Bansal et al, (2005) determined that lactose content was higher in healthy
quarters than in quarters with high SCC. This result is in agreement with other studies

(Pyorala, 2003; Jones, 2006).

Casein, the major milk protein of high nutritional quality, declines and lower quality whey
proteins (which derive from the blood mammary barrier disruption) increase, which together

adversely affects dairy product quality, such as cheese yield, flavour and quality.

For minerals, because of the increasing vascular permeability and the damage caused by the
inflammatory process, blood-borne electrolyte concentrations in milk change. Na+ and Cl-
increase in mastitic milk, while K+, normally the predominant mineral in milk, declines.
Because most calcium in milk is associated with casein, the disruption of casein synthesis

contributes to lowered calcium in milk (Jones, 2006).

These alterations affect milk quality directly through changes in technical and hygienic milk
quality, resulting in less efficient processing of milk, and might result in products with less
favourable properties. Examples are unstable and rancid taste of milk, a lower cheese yield
and a decreased shelf life, which means economic damage to the dairy industry (Hogeveen,

2005).

2.2 Bacillus Species

Species of genus Bacillus are rods capsules of producing endospores and they grow
aerobically although some are facultative in most cases in nutrient agar and are catalase
positive (Lutz et al., 2006). Bacteria belonging to genus Bacillus belong to class 1 of

phylum firmicuses, i.e. Bacilli members of the genus Bacillus are Gram-positive, aerobic
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and endospore—forming bacteria that are characterized by their rod-shaped cell morphology
and catalase production (Ogura et al., 2010). They are found in diverse environments such
as the soil, clays, dust, aquatic environments, vegetation, food and gastro intestinal tracts of
various insects and animals (Nicholson, 2002). This ability to survive and grow in such
different ecosystems is based on the production of their robust endospores their diversity in

physiological properties and their growth requirements.

Bacillus species exhibit quite diverse physiological properties such as the ability to degrade
many different substrates derived from plant and animal sources including cellulose, starch,
proteins etc. (Lutz et al., 2006). Some Bacillus species are heterotrophic, thermophiles,
acidophiles or alkalophiles (Priest, 1993; Slepecky & Hemphill, 2006). This diversity is
reflected by considerable diversity of Bacillus strains, which allow those bacteria, to
colonize a wide variety of ecological habitats. Members of Bacillus Group are considered
good producers of antimicrobial substances including peptides, lipopetide, antibiotics and

bacteriocins (Stein, 2005).

The prevalence of Bacillus species in food does not always imply spoilage or food
poisoning; some species or strains are used in human and animal food production. Bacillus
subtilis stains are used in Natto in East Asian fermented food (Hosoi and Kiuchi, 2003) and
as a starter culture for fermenting soybeans in West Africa (Terlabie et al., 2006). A Non-
toxigenic Bacillus cereus species with probiotic properties is also used as an animal feed
additive (Lodemann et al., 2008). On the other hand Bacillus species or strains have been
implicated in food poisoning and food spoilage. These include B. cereus, Bacillus
licheniformis, and Bacillus sphaericus (Jay et al., 2005; Granum, 2007). Therefore a
rigorous selection process is required for the selection and development of Bacillus
probiotic candidates (Barbosa et al., 2007) or starter cultures, considering the intra species

divergent virulence characteristics.
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2.3  Rastrineobola argentea

Rastrineobola argentea is a species of ray-finned fish in the family cyprinidae and the only
member of the genus Rastrineobola. Rastrineobola argentea are native zooplanktivores of
lakes in East Africa (Manyala et al., 1992). It is an important commercial fish species of
Lake Victoria in Kenya, Uganda and Tanzania. The local names are omena (Kenya) dagaa
(Tanzania) and Mukene (Uganda). Rastrineobola argentea fishing takes place at night using
canoes. For preservation, drying is usually done on the ground at the landing beaches
leading to contamination with sand, flies and possibly microorganisms especially Bacillus
species whose primary habitat is the soil. The dried products are similarly exposed to further
contamination during storage, transportation and sale at open-air markets (Abila & Jansen,
1997). It is a relatively cheap source of animal protein for humans and livestock and it is
marketed at retail markets as whole sun dried fish (Sifuna et al., 2008). Omena has widely

been incorporated as part of ingredients in animal feeds.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Collection of Rastrineobola argentea samples

A total of 300 Rastrineobola argentea (omena) samples were purchased in regular
consumer packages (250g tins) from Gikomba retail market in Nairobi. The sampling was
randomly done where samples of 250g tins each, were collected from 12 random Omena
traders. Completely random design was used because the experimental units were
essentially homogeneous and very experimental unit had the same probability of receiving
any treatment. Randomization was performed using a random number table that consisted of

12 units that were given 25 treatments.

The samples were immediately transported in tins that were sealed to a microbiology
laboratory at Department of Food Science and Technology, Jomo Kenyatta University of
Agriculture and Technology for analysis. Samples were stored under refrigerated

conditions.

3.2 Isolation and Identification of Bacillus Species

Twenty five grams from each fish sample was placed in a bag containing 225 millilitres of
lactose and macerated using a stomacher 400 Circulator Homogenizer for two minutes and
heated for 10 minutes at 80°C to destroy vegetative bacteria and fungi and to make easier
the isolation of Bacilli from spores that survive the heat treatment. Ten-fold serial dilutions
of the liquid supernatant were prepared with the same diluents up to 107. Isolations of
Bacilli from Selected strains were examined for the presence of spores under immersion oil
after straining in safranin after growth on nutrient agar at 37°C for 48hrs. Microscopic
examination included Gram stain to detect the presence of spores, after which the purified
colonies were stored at 4°C. The colonies are purified by streaking a distinct colony on a

nutrient agar plate and incubated at 37°C for 48Hrs.
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Biochemical tests were then carried out according to Harrigan (1976) in laboratory methods
in Food and Dairy Microbiology procedures to identify the Bacillus species (Deak & Timar,
1988). The biochemical tests included: catalase test, nitrate reduction test, Voges Proskauer
reaction, indole production test, growth on Simmons citrate agar, sugar fermentation test,
motility hydrolysis of starch and casein. The strains to be studied further were identified by
API 50 CH kits at 30°C according to the manufacturer’s instructions (API system,
BioMeriux S.A., Marcy Petoile). The isolates were preserved at 4°C on Nutrient agar (NA)

slants and also in glycerol then stored in liquid nitrogen.

3.2.1 Gram Staining

Clean glass slides were obtained and using the sterile technique a smear of each of the
microorganisms from an 18-28 hours culture (while micro-organisms were still young) was
prepared, and heat- fixed. The smear was gently stained with basic dye crystal violet and
left for 1-2 minutes. This was then rinsed rapidly with water, followed by treatment with
gram’s iodine solution and left for 1 minute which increased interaction between the
bacteria cell and the dye so that the dye was more tightly bound or the cell was more

strongly stained.

The iodine was then poured off, blotted and the slide or smear decolorized by washing with
95% ethanol until no more stain ran from the side. The slide was then washed well with
water and stained with safranin for 30 seconds, which was then washed well and dried.
Preliminary characterization by Gram staining was done (using safranin) on each of the
isolates using the method of Dussault (1955) and observed under a light microscope at x100
(Keast et al., 1984) and this was observed under oil immersion. The Gram staining
technique was used to categorize the isolates into Gram negative and Gram positive

(Cappuccino & Sherman, 2010).
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3.2.2 Spore Staining

Spore staining was done by making smears of given cultures on clean slides which were air
dried and heat fixed. This was then flooded with malachite green, then slides heated to
steaming for 2-3 minutes adding more stains to the smear from time to time after which
smears were washed under slowly running tap water after cooling. This was then
counterstained with safraine for 30 seconds. The smears were then washed with tap water,

blot dried and observed under immersion oil (Cappuccino & Sherman, 2010).

3.2.3 Biochemical Tests

Bacteria accomplish their biochemical activities (growth and multiplication) using raw
materials obtained from the environment. The biochemical transformations that occur inside
and outside the bacteria are governed by enzymes. The tests in this section are of general

usefulness in the characterization and identification of bacteria.

3.2.3.1 Catalase Test
The catalase test was very useful in differentiating between groups of bacteria. The purpose
of catalase test was to find out if the microbe had catalase protective enzymes.

Microorganisms growing on aerobically incubated plates possess the enzyme catalase as

reported by Whitten bury (1964).

To test for catalase, a slant was set in an inclined position and several drops of 3% solution
of H>O> on the growth on the slant were pipetted. The appearance of bubbles indicated a
positive test while the absence of the bubbles indicated a negative test. The effervescences
caused by liberation of free oxygen as gas bubbles were an indication of presence of
catalase enzyme in the culture under test. Catalase breaks down H>O» into water and oxygen

and oxygen gas was detected as bubbles (Cappuccino & Sherman, 2010).
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3.2.3.2 Nitrate Reduction Test

Nitrate peptone water was the medium used in this test, it consisted of peptone water with
the addition of 0.002 — 0.2 % potassium nitrate analytical reagent grade (Payne, 1973) .The
medium was distributed in tubes each with an inverted Durham tube and sterilized by
autoclaving of 15 min at 121°C. This was inoculated for broth culture and incubated

together with a sterile control tube at the optimum growth temperature for 2-7 days.

One millimeter of each reagent was added to culture and to the control tube. The presence
of nitrite was indicated by the development of a red color within few minutes. The control
tube showed little or no coloration. A negative result was confirmed by the addition of a
small quantity of zinc dust to the tube. This reduced to nitrite and nitrate was still present.
The development of a red color indicated that some nitrate remained. If the addition of zinc
did not result in the development of color, therefore no nitrate remained, since the nitrate
had been reduced by the culture beyond the nitrite stage. The presence of gas in Durham

tube indicated the formation of gaseous nitrogen. This microbe can reduce nitrate to nitrite.

3.2.3.3 Voges — Proskauer Test

This is a test for the production of acetylemethylcabinol from glucose. An alkali was added
to the inoculated medium after incubation .Any acetylmethylcarbinol present became
oxidized to dicecetyl. The diacetyl combined with arginine, creatine to give a rose
colouration and the medium used was glucose phosphate broth. After inoculation,
incubation was done at the optimum growth temperature for 2-7 days. The development of a
red colouration constituted a positive reaction. Test reagents used included O’Meara’s
modification (1931) and Barritt’s modification (1936), which was added to the inoculated
medium after incubation. Barritt’s reagent consisted of a mixture of alcoholic a-naphthol

and 40% potassium hydroxide solution.

The test was performed by adding alpha-naphthol and potassium hydroxide to the Voges-
Proskauer broth which had been inoculated with bacteria. A cherry red color would indicate
a positive result, while a yellow-brown color indicated a negative result (Barry & Feeney,

1967).
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3.2.3.4 Indole-Production Test

Peptone water was dispensed in 5 millilitre amounts in test tubes and sterilized by auto
clarity for 15 min at 121°C. Inoculation was then done as for broth culture, young agar slope
cultured and this was incubated at optimum growth for 2-7 days. Kavocs indole reagent was
then added, the tube shaken gently and allowed to stand. A deep red colour developed in the
presence of indole which separated out the alcohol layer. Cultures that produced a red

colouration with Kovacs reagent were Indole positive (MacFaddin & Jean, 2013).

3.2.3.5 Growth on Simmon’s Citrate Agar

This medium contained bromthymol blue as a pH indicator, and agar. It was leveled as
slopes with a I-inch butt. The slope culture was inoculated by streaking over the surface
with a loop full of peptone water culture. This was incubated at the optimum temperature
for a period of up to 7 days. There was a colour change from green to bright blue. When no
growth occurred and citrate was not utilized, the colour of the medium remained unchanged

(Cappuccino & Sherman, 2010).

3.2.3.6 Sugar Fermentation

Some organisms are capable of fermenting sugars such as glucose and manitol. During
fermentation substrates such as carbohydrates were meant to undergo anaerobic
dissimilation and produce organic acids in sugar that changes the culture to yellow at
slightly acidic pH after incubation. Carbohydrates that have been fermented with the
production of acid waste will cause phenol red to turn yellow indicating a positive reaction.
The culture that was not capable of fermenting carbohydrate substrate did not turn indicator

and the tubes appeared red indicating negative reaction.

3.2.3.7 Motility Hydrolysis with Starch and Casein
a) Starch Hydrolysis Test

Motility was determined using the semi-solid motility test medium. For the non- motile
organisms, growth occurred along the line of inoculation and was very sharp and defined.
Motile organisms swim away from the slant line and growth occurred throughout the tube

rather than being concentrated along the line of inoculation. Dyes which change color as the
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bacteria grow could make the rest easier to read non-motile organisms especially on
addition of casein. When casein was added, clear zones which were visible after incubation

of the plates were presumptive evidence of motile organisms (Wilson & Miles, 1975).
b) Casein Hydrolysis Test

Milk agar which consisted agar with addition of skimmed milk to 10% was sterilized by
autoclaving for 20 minutes at 115°C. This was cooled before pouring to the plates.
Inoculation was done to the poured dried plate of the medium by streaking once across the
surface and incubated for growth at 37°C for 48 hrs. Clear zones which were visible after

incubation of the plates were evidence of casein hydrolysis (Smith et al., 1991).

33 Isolation of Bacteriocin-producing Bacillus Species

Antimicrobial activity of the twenty seven (27) isolated Bacillus strains was tested by a well
diffusion method. Wells (10 mm of diameter) in nutrient agar was incubated with Bacillus
strains for 24 hours. The plates were then separately overlaid with a solution of indicator
strains; staphylococcus aureus (ATCC — 25923) and Escherichia coli (ATCC- 25922) by
mixing 50ul of strain (24 hours culture on TSB broth at a concentration of 108 cfu/millilitre)

with 200 mililitres of Mueller Hinton Agar (Oxford, Hampshire, UK).

After the overlays solidified, the plates were incubated for twenty four hours and then
examined for a zone of inhibition around the well. The zone of inhibition was expressed in
millimeters. The bacterial isolate showing the widest zone of inhibition against the target
indicator organism was selected for further identification by the Analytical profile index

system (API KIT).
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3.4  Bacterial Identification using the Analytical Profile Index System (API KIT)

The elongated flap of the incubation tray containing micro tubes was labeled. The capsules
were filled with the prepared bacterial suspension. API 50CH B/E medium was used in the
suspension. The suspension was made in the medium for the microorganisms to be tested
and each of the tubes was inoculated with the microorganism to be tested and then
incubated. During incubation the carbohydrates fermented in acids which produced a
decrease in pH. This was seen by the change in the color of the indicator. The suspension of
the API 50 CH B/E medium was prepared by transferring twice the number of drops of the
suspension into the ampule. This was then homogenized and incubated for 30° C for 24 hrs.

and then 48 hrs.

A positive test corresponds to acidification released by phenol red indicator contained in the
medium changing yellow. The biochemical profile was obtained for the strain after the final
reading was identified using the apiweb™ identification software with the database (14.0)
using manufacturer’s instructions. The unknown microorganisms were identified by profile

recognition system (Cappuccino & Sherman, 2010).

3.5 Preparation of Crude Bacteriocins

The strain(s) which were selected as potential bacteriocins producers were grown in nutrient
broth at 30°C for 24 hours. After incubation, the broth was centrifuged at 5000 rpm for 10
minutes to separate the cells and extract the bacteriocin. The culture was adjusted to pH 7.0
by means of 1M NaOH to exclude the antimicrobial effect of organic acid and the

supernatant was dialyzed for 24 hours at 4°C.

Inhibitory activity from hydrogen peroxide was eliminated by the addition of 5 mg/millilitre
catalase (C-100 bovineliver, Sigma). Neutralized filtrates were sterilized by filtration and

then tested for antimicrobial activity against the indicator organism using the agar well
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diffusion method as previously described. In order to test the sensitivity of CFS inhibitory
substances to proteinase k and lysozyme (Eurobio, France), CFS was incubated for 24 hours
with enzymes (1 mg/millilitre final concentrations) in a 10 um potassium phosphate buffer
pH 7 at 37°C. Supernatant was used as a crude bacteriocin. The cell free supernatant (CFS)
was maintained at pH 7.0. Bacteriocin activity in the supernatant was tested by agar well
diffusion assay (Geis et al., 1983) and then further subjected to ammonium sulphate

precipitation.

3.6 Ammonium Sulphate Precipitation

The cell-free supernatant was used as starting material for protein precipitation. Ammonium
sulphate was gradually added to a final concentration (w/v) for 40%, 60%, 70% and 80%
respectively. After stirring on a magnetic stirrer, it was kept undisturbed at 4°C overnight.
Precipitates formed were collected by centrifugation at 10,000 xg for 10 min and
redissolved in 20 milliliter potassium phosphate buffer with pH 6.0. The precipitates were
collected at every step by centrifugation at 6,000 rpm for 45 min and redissolved in 20
milliliters of nutrient broth (pH 7.0) and assayed for maximal bacteriocin activity (Harris,
1989) and aliquots stored for physiochemical characteristic tests. Inhibition zone of different

fractions was recorded in comparison with the crude bacteriocin.

3.7 Detection of Inhibitory Activity of Crude Bacteriocins against Mastitis
Pathogens

Cell free culture supernatants obtained from the bacteriocin producers by centrifugation of
cultures at 5,000 rpm at 4°C for 10 min were adjusted to pH 6 with IN NaOH and stored at -
20°C until use. The antimicrobial activity of the supernatant was determined by the well
diffusion method. 100 pl of the supernatant were placed in wells (8 millimeters in diameter)
cut in Luria Bertani (LB) agar plates (20 milliliter) seeded (1% v/v) with the following
bovine mastitis pathogens; Gram positive (Staphylococcus aureu) and Gram-negative

(Escherichia coli) organisms. These verified strains were obtained from the Central
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veterinary laboratories in Kabete, Kenya and had been isolated from mastitis cases. The
plates were incubated at 37°C for 24 hours after which the diameters (in mm) of the zones

of growth inhibition were then measured.

3.8  Physiochemical Characterization of Bacteriocins from Bacillus Species

3.8.1 Effect of Temperature

A volume of 5 milliliters of bacteriocin in different test tubes were overlaid with paraffin oil
to prevent evaporation and then heated for 15 minutes at 60°C, 70°C, 80°C, 100°C, and at
121°C for 15 minutes under pressure. Residual bacteriocin activity was evaluated against
indicator bacteria and pathogens at each of these temperatures by agar — well diffusion assay
as described earlier (Adinarayana et al., 2003). The growth inhibition zone in diameter was
measured by using clear meter rule and the percent inhibition calculated based on the initial

zone of activity before exposing to different temperatures.

3.8.2 Effect of pH on Crude Bacteriocin Activity

According to the method described by Karaoglu er al, (2003), sensitivity of partially
purified bacteriocin 5 milliliter preparation to different pH values was tested by adjusting
the pH of the bacteriocin in the range of pH 3 to 9 with sterile IN NaOH and IN HCI. After
2 hours of incubation at room temperature, residual activity of each of the samples was
determined against the indicator organism by agar-well diffusion assay. The growth
inhibition zone in diameter was measured by using clear meter rule and the percent
inhibition calculated based on the initial zone of activity of the same ilsolates that had

inhibition before adjusting the pH.

3.8.3 Effect of Proteolytic and Lipolytic Enzymes on Crude Bacteriocin Activity

A Smillilitre aliquot of bacteriocin preparation was taken in test tubes and treated with
lipase (Bacterial source), proteinase K (Fungal source) and trypsin (Animal source) (Sigma)
each at a final concentration of Img/millilitre. The test tubes with and without the enzyme
(control) were incubated for 2 hrs. at 37°C and heated for 3 min at 100°C to denature the

enzyme and residual activity of bacteriocin for both the control and the samples were
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assayed as described by Nakamura et al. (1983). The growth inhibition zone in diameter
was measured by using clear meter rule and the percent inhibition calculated based on the
initial zone of activity before exposing the crude bacteriocins to different enzymes of equal

concentrations.

3.8.4 Effect of Metal Ions on Crude Bacteriocin Activity

The effect of metal salts on bacteriocin activity was examined by addition 100 pl of 2mm,
CuSOg4, FeSO4, and ZnSO4 (Merck) to 100 ul of partially purified bacteriocin preparation (1
mM final concentration). Untreated bacteriocin preparation (positive control). All samples
were incubated at room temperature for 2hrs and then tested for residual antimicrobial
activity (Adinarayana et al., 2003) by agar-well diffusion assay. The growth inhibition zone
diameter was measured by using clear meter rule and the percent inhibition calculated based
on the initial zone of bacteriocin activity before addition of the metal ions of equal

concentrations.
3.9 Data Analysis

Means and standard deviations were calculated from independent replicate tests and

subjected to analysis of variance using SPSS statistical package (Statsoft, 1995).

Statistical analysis of data was represented by the means ofstandard deviation.

27



CHAPTER FOUR

RESULTS

4.1 Morphological characterization of bacteria isolated from R. argentea

A total of 300 Rastrineobola argentea samples were obtained from the field, cultured in
mannitol-egg yolk polymyxin agar and incubated. Colonies that were able to grow within 2-
5 days of incubation at 37°C were considered. All plates had growth and colonies with
distinct morphology from a single plate were transferred to a nutrient agar plate for
purification. Morphological characterization was based on classical macroscopic techniques
of color, margin, and elevation of pure colonies. The colonies were found to be either pink
or yellow in colour (Appendix 1). A total of 90 distinct isolates were obtained. The general

appearance of colonies was as shown in the table in Appendix 2.

MYP Agar Base contained meat extract and peptones that supply nitrogen, vitamins and
minerals. Mannitol was the carbohydrate source and phenol red the pH indicator.
Microorganisms that were able to ferment Mannitol which produced acid that lowered the
pH of the media resulted in yellow colonies. This is characteristic of some Bacillus species
such as Bacillus subtilis. Production of pink colonies meant that the bacteria did not ferment

Mannitol and so were Mannitol-negative (pink colonies).

The form, elevation, and margin of the colonies as indicated in Appendix 2, showed that
some colonies were smooth, rough, raised, flat, undulate or entire. Microscopy after Gram
staining revealed that 90 (91%) of the isolates were rods while 8 (9%) were cocci arranged
as a chains or cluster. All cocci isolates were Gram negative and were discarded. The rods
were Gram positive. Terminal spores were present in 82 (91%) of the rods while the rest

had no spores. The cells ranged from shot rods to long rods.
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4.2 Biochemical Tests

The ninety (90) Gram positive rod isolates presumptive of Bacillus species were used in the
biochemical tests. The biochemical tests included catalase test, Nitrate reduction, Starch
hydrolysis, Casein hydrolysis, Voges Proskauer, Growth on Simmon Citrate, indole
production and fermentation of glucose sugar and mannitol (Table 1). None of the isolates
was positive for all the biochemical tests. Ninety (90) pure isolates that could utilize most of
the substrates used were selected for characterization. Among these, 27 isolates exhibited
antimicrobial activity against the test organisms used and these were investigated further by

the API Kit.

Table 1: Percentage positive and negative isolates on different biochemical tests

REACTION (n=90)

TEST
Positive (%) Negative (%)

Catalase 98 2
Nitrate Reduction 43 57
Voges Proskauer 5 95
Indole Production 52 48
Growth on Simmon’s Citrate 80 20
Glucose Fermentation 58 42
Mannitol Fermentation 74 26
Starch Hydrolysis 87 13
Casein Hydrolysis 72 28
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4.3 Screening of isolates for antimicrobial activity

The 90 isolates were then tested for their antagonistic activity against test bacteria. They
were used to check on their ability to inhibit growth of standard microorganisms;
Escherichia coli ATCC-25922 and Staphylococcus aureus ATCC 25923 using Agar
diffusion. The zone of inhibition on inoculated plates was observed and measured. Out of
the 300 samples, 90 isolates that were presumptive to be Bacillus, twenty seven (27) isolates
had antimicrobial activity with an extraction rate of 27%. Only 25(28%) and 18 (20%) of
the isolates could inhibit the growth of Escherichia coli ATCC-25922 and Staphylococcus
aureus ATCC 25923 respectively.
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Table 2: Antimicrobial activity of Bacillus isolates on E.coli ATCC-25922 and

Staphylococcus aureus ATCC 25923 as measured by means +sd of zones of inhibition

Isolate serial No. Zone of Inhibition on Microorganism
Zone on E. coli Zone on Staphylococcus aureus

S103 24mm 22mm
S40, 24mm 25mm
S344 24mm 26mm
S60; 23mm 26mm

22mm 26mm
S52, 22mm None
S62, 20mm None
S623 22mm 20mm
S58; 20mm 24mm
S544 19mm None
S13 19mm None
S53; 18mm 24mm
S02 18mm 18mm
S35 18mm 29mm
S244 17mm 26mm
S063 16mm 24mm
S23 15mm 24mm
S44, 14mm 11mm
S04, 13mm 17mm
S09, 12mm None
S22, 12mm None
SO8; 12mm None
S03; 10mm None
S46, None 25mm
S37; None 15mm
S16; 11mm None
S60, 24mm 24mm

The standard deviation = 0.5

Most of the isolates (59.26%) that showed antimicrobial effect could inhibit both E. coli and
Staphylococcus aureus. A small percentage (7.41%) was only effective against
Staphylococcus aureus but not against E. coli while 33.33% could inhibit growth of E. coli
but not Staphylococcus aureus. Antimicrobial activity against E.coli ATCC-25922 and
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Staphylococcus aureus ATCC 25923 were further identified using API 50 CH kits to give

Bacillus mycoides, subtilis, pumilus and lentus as the most predominant species (Figure 1).

Bacillus circulans
Bacillus anthracis 3%
3%

Bacillus lentus
10%

Bacillus
pumilus
10%

Figure 1: Isolates with antimicrobial activity after identification with API Kit

Fourteen (14, 57%) Isolates were identified as Bacillus mycoides, five (5, 17%) as Bacillus
subtilis; three (3, 10%) as Bacillus pumilus; three (3, 10%) as Bacillus lentus; one (1, 3%)

Bacillus anthracis and one (1, 3%) S54, was identified as Bacillus circulans.

Bacillus anthracis was causiouly handed in a hood a mmeditedy autoclaved at 121° ¢ for

15minutes and discarded, since it is dangerous to man and even animals

The supernatants from the twenty seven (27 isolates that showed antimicrobial effect were
also tested against the same standard microorganisms. It was noted that not all supernatants
had antimicrobial effect. Only 8 (37.04%) of the supernatant obtained that showed
antimicrobial effect against the standard micro-organism. They were effective against both
Eshirichia coli and Staphylococcus aureus. The zones of inhibition were taken as the

antimicrobial effect of the crude bacteriocin from the Bacillus species (Table 2).
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Table 3: Zone of inhibition of supernatant (crude bacteriocin) obtained from different

Bacillus Isolates on E. coli ATCC-25922 and S. aureus ATCC 25923

Bacillus species Isolate Eschorihia. coli Staphylococcus. aureus
Bacillus subtilis 1. S52, 24mm None

2. S62, 22mm None

3. Sl161 13mm None

4. S103 25mm 24mm

5. S58; 22mm 25mm
Bacillus pumilus 1. S23,; 16mm 26mm

2. S44, 15mm 13mm

3. S46, None 26mm

The bacteriocins were therefore from Bacillus subtilis (five, 62.5%) and Bacillus pumilus
(three, 37.5%) as identified by the API 50 CH KIT (Table 3). The average increase of the
zone of inhibition was 1.8mm and 1.5mm for Bacillus subtilis against E. coli and
Staphylococcus aureus respectively after extraction of the crude bacteriocin. Inhibition from
Bacillus pumilus crude bacteriocin increased by an average of Imm and 1.67mm against E.

coli and Staphylococcus aureus respectively when compared with inhibition by the isolates.
4.4 Characterization of the Crude Bacteriocin

The bacteriocin was characterized in respect to its activity at different environments. These
include their ability to inhibit growth of Eschirichia coli ATCC-25922 and Staphylococcus
aureus ATCC 25923 at a range of pH (Table 4 and 5), after exposure to different
temperatures (Plate 2) or enzymes (Table 8 and 9) and in presence of different metal ions

(Table 6 and 7).

Table 4: Microorganism identified using the API Kit that showed antimicrobial

activity

Isolate Microorganism Percentage of Microorganism in Isolate as identified
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using API Kit (%)

S522 Bacillus subtilis 99.3
S461 Bacillus pumulus 99.6
S231 Bacillus pumilus 58.4
S442 Bacillus pumilus 99.9
S161 Bacillus subtilis 99.6
S541 Bacillus subtilis 42

S103 Bacillus subtilis 57.5
S581 Bacillus subtilis 99.8

The percentages indicated were in terms of identification by the API kit.

4.4.1 Effect of pH to crude bacteriocins activity
The residual activity of the crude bacteriocin at different pH is shown in Table 4 and 5. The

zone of inhibition obtained is as shown in figure 2.
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pH5

pH7

pH9

Figure 2: Inhibition of crude bacteriocin on Staphylococcus aureus ATCC 25923 after

exposure to pH 5, 7 and 9.
Table 5: Residual activity of bacteriocin on E. coli ATCC-25922 at different pH
Source of Bacteriocin pH of Media
Bacillus species Isolate pH3 pH 4 pHS pH7 pH9
Bacillus subtilis S52, - - - + +
S62,; - - - + +
S161 - - - + +
S10; - - - + +
S58: - - - + +
Bacillus pumilus S234 - - - + +
S44, - - - + +
Key: - No zone of inhibition; + Zone of inhibition present (Mean=19.57mm, range=11-
25mm the standard deviation from the means =0.5.)
Table 6: Residual antimicrobial activity of crude bacteriocins on Staphylococcus
aureus ATCC 25923 at different pH
Source of crude bacteriocin pH of Media
Bacillus species Isolate pH3 pH 4 pHS pH7 pHI
Bacillus subtilis S103 - - - + +
S58: - - - + +
Bacillus pumilus S23; - - - + +
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S44, - _ ; + +
S46, ; _ _ N N

Key: - No zone of inhibition; + Zone of inhibition present (Mean=19.57mm, range=11-

25mm, standard deviation from the means =0.5).

There was a slight decrease in the zone of inhibition by an average of 2mm at pH 9 as
compared to what was exhibited by crude bacteriocin before pH adjustments from pH 7.
The activity of the bacteriocins against both Staphylococcus aureus ATCC 25923 and E.
coli ATCC 25922 was completely lost at acidic environment of pH 5 and below.

4.4.2 Effect of Different Temperatures on Crude Bacteriocin Activity

A bar graph showing the extent to which the bacteriocin lost their activity is shown in
Figure 3. Shows the zone of inhibition by the crude bacteriocin on the indicator organisms
after heat treatment at different temperatures. Temperature of up to 80°C did not cause a
reduction in the bacteriocin activity. After exposure to 100°C, about 40% of the bacteriocin

activity was lost. However, at 121°C, more than 50% of the activity was lost.
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Figure 3: Zone of inhibition by crude bacteriocins on E. coli ATCC 25922 and S.

aureus ATCC 25923 after heat treatment at different temperatures

I Treatment at 50 C
[ Treatment at 60 C
O Treatment at 70 C
Il Treatment at 80 C
[ Treatment at 100 C
I Treatment at 121 C

100.00—

Residue activity

s622 s161 s103 s581
Isolate identity

Figure 2: Effects of crude bacteriocins activity after exposure to different
temperatures.
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4.4.3 Effect of Different Metal Ions on Bacteriocins Activity.
Metal ions at the concentration of 1mM were added to a partially purified bacteriocin. All
the metal ions did not have a great reduction in the activity of bacteriocins (Table 6 and 7).

The residual activity was determined as a percentage ratio of the initial bacteriocin activity.

Source of bacteriocin Metal ion

Bacillus species Isolate Cu?* Fe* Zn*

Bacillus subtilis S52» +4+ 4+ n
S62, +++ ++ ++
S16: +++ ++ +
S103 +++ ++ +
S581 +++ ++ +

Bacillus pumilus S23, - ++ ++
S44, +++ ++ +

Key: +++ Residual activity between 91-100%; ++ Residual activity between 81- 90%; +
Residual activity between 71- 80%
The residual activity was a measure of percentage of the zone diameter in millimeters based

on the initial zone of activity.

Table 7: Effect of metal ions on bacteriocin activity against Staphylococcus aureus

ATCC-25923

Source of bacteriocin Metal ion
Bacillus species Isolate Cu?** Fe?* Zn*
Bacillus subtilis S103 ++ ++ +
S58 +++ ++ +
Bacillus pumilus S23, - ++ ++
S44, +++ ++ +
S46, +++ ++ +

Key: Scoring of level of activity with +++ Residual activity between 91-100%; ++ Residual

activity between 81- 90%; + Residual activity between 71- 80%
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The residual activity was a measure of percentage of the diameter of the zone in millimeters

based on the initial zone of activity.

4.4.4 Effect of Enzymes on Crude Bacteriocins Activity

The bacteriocins were exposed to two proteolytic and one lipolytic enzyme. The bacteriocin
portions exposed to Proteokinase K did not show any zone of inhibition while those exposed
to trypsin lost 40% of their activity. Lipase caused 15% loss of the bacteriocin activity

(Table 8 and 9)

Table 8: Effect of enzymes on bacteriocin activity against E. coli ATCC-25922

Source of bacteriocin Enzyme

Bacillus species Isolate Proteokinase K Trypsin Lipase

Bacillus subtilis S52, - + ++
S62, - - ++
S161 - + ++
S10; - + ot
S584 - + ot

Bacillus pumilus S23, - + ++
S44, - + ++

Key: - No inhibition; + residual activity (Mean=up to 60%); ++ residual activity (Mean >
80%) based on the percentage of initial activity measured as the diameter of the zone in

millimeters.
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Table 9: Effect of enzymes on bacteriocin activity against Staphylococcus aureus

ATCC 25923

Source of bacteriocin Enzyme
Bacillus species Isolate Proteokinase K Trypsin Lipase
Bacillus subtilis S103 - + ++
S58i - + Tt
Bacillus pumilus S23, - + ++
S44, - + i
S46, - + T+

Key: - No inhibition; + residual activity (Mean=up to 60%); ++ residual activity (Mean >
80%) based on the percentage of initial activity measured as the diameter of the zone in

millimeters.
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CHAPTER FIVE

DISCUSSION

5.1 Omena as a Source of Bacilllus

There was growth in all after heat treatment to eliminate vegetative cells. Bacillus are
known to form endospores that are resistant to heat (Abriuoel et al., 2011) and therefore can
germinate when cultured in growth media even after heat treatment. The growth was

therefore suspected to be from Bacillus spores that germinated after incubation at 37°C.

Bacillus are found in such diverse environments because of their ability to produce
endospores, their wide physiological properties and growth requirements (Abriouel et al.,
2011).They are known to be heterotrophic, thermophiles, acidophiles or alkalophiles (Priest,
1993). They have been isolated from Chinese herbs (Xie ef al., 2009), sea water (Jayaraman
et al., 2012), milk (Mohankumar & Murugalatha, 2011) and other environments (Nicholson,
2002). The omena once harvested are preserved by sun drying on the ground, sometimes
under direct contact with the soil. They are transported in gunny bags or boxes which could
be of various hygiene conditions. At the open air market, they are placed on bags and sold
in tins whose bacteriological quality is unknown. The initial source of contamination of the

fish with Bacillus is therefore not established.

5.2 Isolation and Identification of Bacteria from Rastrineobola argentea

Bacillus species are mainly described as Gram positive aerobic or facultative, spore forming
rods according to Bergey’s Manual of Determinative Bacteriology. Some are Gram negative
but they appear positive due to presence of the spore at the capsule (Claus & Berkeley,
1986). Smith et al. (1952) has shown that Bacillus exhibit varied morphological

characteristics and thus these observations alone are not confirmatory and so other tests
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needed to be carried out. Endospores presented as swollen capsule may or may not be

present (Abriouel ef al., 2010).

Microorganisms that were able to ferment Mannitol which produced acid and lowered the
pH of the media resulted in yellow colonies. This is characteristic of some Bacillus species
such as Basillus subtilis. Production of pink colonies meant that the bacteria did not ferment

Mannito and so were Mannitol-negative (pink colonies).

The Bacilli are known to be catalase positive. They can also hydrolyze several sugars
(Priest, 1993). The spore morphology and biochemical tests can help classify the Bacillus
genus into several groups. These are, Bacillus polymyxa group (1), Bacillus subtilis group
(I1), Bacillus brevis group (IIl), Bacillus sphaericus group (IV), and thermophiles (V and
VI) (Deak and Timar, 1988). All these bacteria produce acids from a range of sugars. Some
in this group are facultative anaerobes but Bacillus subtilis is generally regarded as an
aerobe. However, it can grow and sporulate slowly under strict anaerobic conditions in
presence of glucose and nitrite as a terminal electron acceptor (Priest, 1993). Three
characteristics distinguish Bacillus pumilus from Bacillus subtilis: starch hydrolysis, nitrate
reduction, and a biotin requirement. Bacillus subtilis can hydrolysis starch, reduce nitrate to

nitrite and does not require biotin during growth unlike B. pumilus (Lovett & Young, 1969).

The identification of the isolates with antimicrobial effect with the API KIT and online

bTM

apiweb " identification software gave six Bacillus species.

The profile recognition system has been used successfully for identification of unknown
microorganisms (Cappuccino & Sherman, 2010). Various species have been found to be
most prevalent in different environments. According to Parvathi ef al. (2009), Bacillus
pumilus, cereus and sphaericus were most numerous species in that order in the marine
environment they researched in. Bacillus cereus, licheniformis, pumilus and subtilis are

prevalent in soils, particularly low-nutrient soils (Priest, 1993). Deak and Timar (1988)
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noted that the most aerobic spore-formers from foods were B. subtilis, pumilus and

licheniformis.

53 Screening for Crude Bacteriocins

Supernatant with antimicrobial activity against E. coli and Staphylococcus aureus was
obtained from only 33% of the Bacillus species identified, that is, Bacillus subtilis and
pumilus. Supernatant from Bacillus mycoides, lentus, anthrancis and circulans did not show
any inhibitory activity against any of the test microorganisms in this research. Bacteriocins
from the latter four Bacillus species have been identified in work from other researchers. A
Bacillus mycoides strain isolated from whey was shown to produce a BLIS active against
food-borne pathogens such as L. monocytogenes and L. mesenteroides (Sharma & Gautam,
2008). Sharma et al. (2006) reported a BLIS active against L. monocytogens and
Staphylococcus aureus produced by a food-grade B. lentus NG121 strain isolated from
Khameera, a traditional fermented food from Himachal Pradesh (India). B. circulans strain
NRRL B-30644 produced different bacteriocins with anti-Campylobacter activity (Svetoch
et al., 2005). However, heterocycloanthracins which are putative peptides mainly from

Bacillus anthracis and cereus were not shown to have any antimicrobial (Haft, 2009).

5.4  Crude Bacteriocin Activity on Bovine Mastitis Pathogens

Most of the isolates found with antimicrobial effect were against both E. coli and
Staphylococcus aureus and were 16 (59.26%) while 2 (7.41%) could not inhibit growth of
E. coli. Staphylococcus aureus could not be inhibited by 9(33.33%) isolates. This indicates
that Staphylococcus aureus was more resistant to the inhibition by the isolates as compared
to E. coli. The former is Gram positive and the latter is Gram negative. Gram negative
bacteria are known to be highly resistant to existing treatments (Drider & Rebuffat, 2011).
The ability of some isolates to inhibit both microorganisms showed the possibility of their
metabolites to be used for mastitis. Xie et al. (2009) found Bacillus subtilis strain LFB112

to have inhibitory activity against most pathogenic strains, including some important animal
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pathogens and two multidrug resistant clinical isolates of Escherichia coli and Salmonella

pullorum, as well as against a yeast strain.

Bacteriocins from some Bacillus species have shown wide inhibitory spectrum against both
Gram negative and Gram positive bacteria (Sharma et al., 2011; Bizani & Brandelli, 2002;
Cherif et al., 2003). However, some bacteriocins have shown a narrow inhibitory spectrum
against either some Gram positive or Gram negative bacteria (Abriouel et al., 2011; Lee et
al., 2001). The bacteriocin in this research shows its application to both Gram positive and
negative bacteria. This is useful in treating mastitis which is caused by both Gram positive

and negative bacteria.

Bacteriocins from Bacillus subtilis that have been identified include rhizocticin, surfactin,
mycosubtilin, betacin and other uncharacterized antimicrobial agents. They have been found

to be effective against bacteria and fungi (Abriouel et al., 2011).

Bacillus subtilis LFB112 from Chinese herbs produces a BLIS active against both Gram-
positive and Gram-negative bacteria involved in domestic animal diseases, including E. coli,
Salmonella Pullorum, P. aeruginosa, Pasteurella multocida, C. perfringens, M. luteus,
Streptococcus bovis and Staphylococcus. aureus (Xie et al., 2009). Several BLIS from
Bacillus thuringiensis showed antimicrobial activity against a collection of Staphylococcus
aureus isolates from dairy sources. The best results were reported for morricin 269,
followed by kurstacin 287 Bacillus pumilus (Barboza-Corona et al., 2007). These results
which are similar to what was obtained in this research show a great potential in

bacteriocins from Bacillus in use for treating mastitis.

This antimicrobial activity was against sensitive indicator bacteria L. monocytogenes, L.
mesenteroides and L. plantarum where it increased by 200%, 333% and 175% respectively
(Sharma et al., 2011). The bacteriocins from the Bacillus species in this research show a

similar trend. This is because Bacteriocin from the isolates identified as Bacillus subtilis
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could inhibit the growth of E. coli and Staphylococcus aureus. Bacteriocin from all Bacillus
pumilus 1solates was effective against Staphylococcus aureus and showed a wide clearance

zone.

5.5  Physiochemical Characterization of Crude Bacteriocin Produced by Isolates

The activity of the bacteriocin was highest at pH 7 and it decreased slightly at a slightly
alkaline environment. Bacteriocins differ greatly with respect to their sensitivity to different
pH range. A BLIS from Bacillus mycoides was stable over a wide pH range of 4-11
(Sharma & Gautam, 2008). Bacteriocin from Chinese herbs work by Xie et al. (2009) was
stable at pH (3—10). The bacteriocins in this research work best at a range of pH 7 and pH
9.

Entomocin 110 obtained from B. thuringiensis subsp. entomocidus HD110 and entomocin 9
which retained 53% and 72% of their activity respectively even after autoclaving (Cherif et
al., 2008; Cherif ef al., 2003). The BLIS from Bacillus mycoides isolated by Sharma and
Gautam (2008) was stable at 100 °C. Xie et al. (2009) reported the bacteriocin from Chinese

herbs as heat stable.

The addition of copper ions at the concentration of 1mM to the bacteriocins did not reduce
the latter inhibitory activity against the indicator microorganisms. Addition of iron ions at
the same concentration caused a slight decrease of between 10-19% while Zinc ions caused
a decrease by between 15-30%. Presence of trace elements in food would not significantly
reduce the activity of the bacteriocin (Cappucino & Sherman, 2010). The presence of metal
ions however was important to note since they could interact with the bacteriocin when
used as part of ingredients or could interfere with absorption of some oral drugs used by the

animals.

The antimicrobial activity of the crude bacteriocins in this work were affected by proteinase
K. This was similar to L. fermentum RMMT701, S. bovis RMM703 and S. bovis RMM902
(Joerger, 2003) which were isolated from raw milk samples from dairy farms in Chiang Mai

province. They all produced bacteriocins against Streptococcus dysgalactiae DMST10953,
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a bovine mastitis pathogen. These bacteriocins were also found to be inactivated by
proteolytic enzymes such as proteinase K and subtilisin A, suggesting that the substances

could be antimicrobial peptides.

5.6 Conclusions and Recommendations

5.6.1 Conclusions
Bacillus species were isolated and identified from Omena (Rastrineobola argentea). These

included Bacillus mycoides, subtilis, pumilus and lentus as the most predominant species.

Among the species identified, Bacillus subtilis and pumilus were found to have

antimicrobial activity against E. coli and Staphylococcus aureus.

The crude bacteriocins produced by the selected isolates were heat stable at 100°C and can
therefore withstand pasteurization temperatures without significant loss of activity.
However, more than 50% of the crude bacteriocin activity was lost after exposure to 121°C

for 15 minutes.

The crude bacteriocins’ activity was optimum at pH 7 and pH 9. They were sensitive to
proteokinase K but resistant to trypsin and lipase. They worked in environment
contaminated with ImM copper or iron but their activity can be greatly reduced by zinc ions

at the same concentration.

Stability in neutral pH range (up to pH 9), sensitivity to proteokinase K cleavage but
resistance to trypsin and lipase, heat stability at physiological temperatures allows the crude
bacteriocins from Bacillus extracted from Omena to be a competitive advantage of

antimicrobials preparations.
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5.6.2 Recommendations
This study recommends that:

1. The identified organisms should be investigated further for purification and molecular

characterization of their bacteriocins.

2. Further studies be done on the ability of the bacteriocins to inhibit bovine mastitis

pathogens in vivo.
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APPENDICES

Appendix 1: Bacterial colony morphology after incubation at 37°C for 24hrs

Cultures showing pink and yellow colonies grown in nutrient agar at 37°C for 24hrs.
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Appendix 2: Morphological characterization of R. argentea bacterial isolates on nutrient

agar

Colony Morphological Characteristics

Colour Margin Elevation Number (%) (n=98)

Pink Entire Raised 0 (0)

Pink Entire Flat 2(0.02)

Pink Undulate Raised 0 (0)

Pink Undulate Flat 46 (46.94)
Yellow Entire Raised 48 (48.97)
Yellow Entire Flat 0 (0)
Yellow Undulate Raised 2 (0.02)
Yellow Undulate Flat 0 (0)
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Appendix 3: Preparation of Phosphate Buffer, 0.1M

Solution A Dissolve 13.6g of potassium dihydrogen phosphate (KH2POs) in distilled water,

and make up to 1 litre of solution.

Solution B Dissolve 26.8g of disodium hydrogen phosphate heptahydrate (NaHPO4.7H>0)

in distilled water, and make up to 1 litre of solution.

Volume (ml) of solution

pH A B
6.70 52 48
6.81 48 52
7.00 34 66
7.10 28 72
7.30 20 80
7.42 16 81

Distribute and sterilize as required.
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Appendix 4: Preparation of Peptone water

(Suitable for the indole test)

Tryptone or tryptose 10.0g

Sodium chloride 5.0g

Distilled water 1 litre
pH 7.2

Dissolve the peptone and sodium chloride in the water by steaming. Adjust to pH 7.2, and
dispense in Sml amounts in 150 X 16mm test-tubes and sterilize by autoclaving at 121°C for

15 min.
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Appendix 5:

Preparation of Malachite Green

(For staining membrane tilters)

Malachite green

0.1g

Distilled water

1 litre
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Appendix 6: Kavoc’s Indole Reagent

(To test for indole production in tryptone water)

Amyl or isoamyl alcohol 150ml
p-Dimethylaminobenzaldehyde 10g
Concentrated hydrochloric acid 50ml

Dissolve the aldehyde in the alcohol then slowly add the acid. Store in the refrigerator.
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Appendix 7: Nutrient Agar

(A general purpose culture medium for bacteria)

Nutrient broth 1 litre

Agar 15.0g

pH 7.2

Dissolve the agar in the nutrient broth by autoclaving at 121°C for 20 min. Adjust the pH to
7.2. Filter through the paper pulp (g.v.). Distribute as required and sterilize at 121°C for 20

min.
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Appendix 8: Simmon’s Citrate Agar

(For the determination of citrate-utilization)

Sodium chloride 5.0g
Magnesium sulphate, hydrated (MgSO4.7H>0) 0.2g
Ammonium dihydrogen phosphate 1.0g
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Appendix 9: The plates of the biochemical tests carried out on the selected samples

1: Voges — Proskauer Test; 2: Gram staining and spore staining 3: Catalase Test; 4: Sugar
Fermentation; 5: Nitrate Reduction Test; 6: Indole Production Test; 7: Growth on Simmon’s
Citrate Agar 8: Hydrolysis of starch and casein; 9: Microorganisms showing bacteriocin

activity.
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Appendix 10: API Kit results after incubation of micro-organisms inoculated in API 50CH B/E at
30°C for 24 Hrs.
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Appendix 11: Microorganism identified using the API Kit

API KIT RESULTS
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Appendix 12: Summary of Strains of Bacillus as identified by the API Kit.

Microorganism Number (%) (n=27)
Bacillus subtilis 5(17)
Bacillus Pumilus 3 (10)
Bacillus mycoides 14 (57)
Bacillus lentus 3 (10)
Bacillus circulans 1(3)
Bacillus anthracis 1(3)
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