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ABSTRACT

Seventeen isolates of Bacillus species were obtained from dawadawa (a
fermented African locust bean) in Enugu state. The isolates were identified
as Bacillus subtilis (5), 29.4%, Bacillus licheniformis (5), 29.4% and
Bacillus pumilis(7), 41.2%. The threspecies of Bacillus isolates were
isolated based on their colony and biochemical characteristics. The isolate of
highest occurrence is tigacillus pumilis The antimicrobial activities of the
isolates were determined with the use of agar well diffusicth@deagainst

two pathogenic organism&scherichia coliand Staphylococcus aureus.
Two of the isolatesB3. subtilisandB. pumilisacted as an antimicrobial agent
againstE. coli with 0.8mm and 0.6mm zone of inhibition respectively. The
two antimicrobial poducing isolatesB. pumilis and B. subtilisvere grown

in media containing different concentrations (5% and 10%) of three carbon
sources namely; glucose, xylose and lactose to determine the effect of
different carbon sources on the growth of the twonaictiobial producing
Bacillus speciesB. pumilis(C3) andB. subtilis(C4) grew more in the media
containing 5% concentration of the carbon sources than in the media
containing 10% concentration of the carbon sources. The 5% concentration
of the carbon saues on both thB. pumilis(C3) andB. subtilis(C4) had the
growth of 0.802nm and 0.964nm (glucose); 0.760nm and 1.892nm (xylose);
1.742nm and 1.834nm (lactose) while 10% concentration of the carbon
sources on both thB. pumilis(C3) andB. subtilis(C4) had the growth of
0.236nm and 0.255nm (glucose); 0.119nm and 1.202nm (xylose); 1.186nm
and 1.288nm (lactose) respectively.
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CHAPTER ONE

INTRODUCTION

Fermentation is a process where any group of living organisms, such as
yeasts, molds or certaibacteria acts upon a substrate such as glucose,
carbohydrates or proteins by enzymatic activihany familiar foods and
beverages are fermented; yogurt, cheese, beer, wine and soy sauce. Often the
fermentation, not only imparts a pleasing taste, but ¢sm iacrease the
nutritional value of food and acts as a preservative. In African countries,
cereals account for as much as 77% of total calorie consumption and
contribute substantially to dietary protein intake. A majority of traditional
foods consumed ifrica are processed by natural fermentation (Haard
1999) Many common foods in Ghana are fermented. Kenkey, a rich
carbohydrate staple is a fermented product of m&iea (nays Pito, a local

beer, is a popular beverage made from sorghsonghum bicair). Gari, a
carbohydrate sold in polythene bags to which one can just add water and eat,

is roasted and flaked from fermented cassava. Dawadawa, a food condiment

11



used adlavoring agent and as a protein additive to most stews and soups, is

a fermented prduct of African locust bearP@rkia biglobosi

African locust bean Rarkia biglobosa used in production of
dawadawa is a grain legume found growing in savannah areas in Africa. It is
fermented and added to soups and stews as condiment to enhance their
flavor and nutritional values. Fermented foods cgg® have remained
popular among Africans especially now that the industrially processed food
seasonings such as curry and thyme are costly and beyond the reach of many
people.Soups and stews prepared widhwadawa are preferred in some
regions in African because they produce better taste and aroma. They are

also important protein supplement (Ogunbudnusher, 1980).

Many fermented foods and beverages are based on carbohydrate utilization
acting on starcghfoods or foods high in sugar. The major constituents of raw
seeds oP. biglobosaare proteins, lipids or fats am@rbohydratesKonlani

et al (1999) found that seeds &f biglobosacontained 34% protein, 35%
carbohydrates and 19% lipids. The micrangms responsible for the

fermentation must be capable of utilizing these three constituents.

12



Microorganisms associated with the fermentation of dawadawa have been
identified in several published studies (Angailbrahim, 1986; lkenebomah

et al 1986; Konlaniet al 1999; Odunfa, 1985). The studies of Antai (1986)
and Odunfa (1985) found several microorganisms associated with dawadawa
but the most abundant and the major agent of fermentation after 72hours of
fermentation wasBacillus subtilis. Other microorganisms present after
fermentation wereLeuconostoc mesenteroidesd Staphylococcusspp

Antai and Ibrahim (1986) and Konlaet al (1999) results found that the
fermentation process to produce dawadawa is exothermic, that is heat is
produced during fermentation, and pH also increases during the

fermentation.

The presence @acillus subtilisduring fermentation process does not imply
food spoilage or poisoning, its strains are also used as a starter culture for

fermenting African locust bean Pérkia biglobosa into traditional

condi ment , 0dawa d aetwah 2006). Raxiluk grap aréd e r | a k

considered good producers of antimicrobial substances, including peptide
and lipopeptide antibiotics and bacteriocins (Stein, 2005). For instance,

bacteriocins produced by strain$ Bacillus species inhibit target cells by

13



forming pores in the memane, depletinghe transmembrane potential and
the pH gradient resulting in the leakagecellularmaterial (Cleverlaneét al
2001). Antimicrobial peptides produced by Bacillus species also act against
Gram positive bacterigMing & Epperson, 2002). Paibgen they fight
against includesStaphylococcus aureu$Streptococcus pyogenesisteria

monocytogeneseuconostoc spandEnterococcus spp

1.1. OBJECTIVES OF THE STUDY

The objectives of the study are:

e To isolate Bacillus species from dawadawa.

e To determine the antimicrobial activities of the Bacillus species

isolated from dawadawa.

e To determine the effect of different carbon sources on the

antimicrobial producing Bacillus species isolated.

14



1.2. SIGNIFIANCE OF THE STUDY

The Bacillus species presentdawadawa have pioiotic potentials which
help to balance the intestinal wall of the stomach. They also act as
antimicrobial agents that fight against some microorganisms that are harmful

to the body.

15



CHAPTER TWO

LITERATURE REVIEW

2.1. FERMENTATION

Fermentation is a process where food substrate is transformed by
microorganisms to obtain a better final product; nutrition, hygiene, stability,
odor, color, tastedigestibility, safety (Jakobse2007). Fermentation is a
form of energyyielding microbial metabolism in which an organic substrate,
usually a carbohydrate, is incompletely oxidized, and an organic
carbohydrate acts as the electron accefidams, 1990). Fermentation is
one of the oldest, classic and economical methods sepriag foods. In
African countries, it is a method to make food storable and by this way

attempt to have sufficient food in lean seasons.

Today, foods are fermented for many reasons which includes;

a. Improvement of sensory characteristics by developmérdiverse

flavor and aroma compounds.

16



b. Improvement of safety (absence of toxins and partial and/or complete
elimination of antinutritional factors).

c. Increase of nutritive value through breakdown of proteins,
carbohydrates and lipids to essential amino aemsily digested
sugars and essential fatty acifisrthermorebrings synthesis of some
vitamins.

d. Decrease in cooking time and thereby fuel requirements (Jakobsen,

2007; Sutherland, 2007).

2.2. NIGERIAN FERMENTED CONDIMENTS

Fermented foods are defined@atable products, which are prepared from
raw or heated materials and which acquire their characteristic properties by a
process that involues microorganisms (Buckenhuskes, 1993). They are
essential parts of diets in all parts of the world and sin@ddrina is a vast
continent grappling with the problem of feeding teeming population,

fermented foods and beverages consti
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Fermented condiments give pleasant aroma to soups and sauces in many
countries, especially in Africa and India where protein calorie malnutrition is

a major problem (Sarkest al 1993). They also havgreatpotential as key
protein and fatty acid sourcemnd are good sources of gross energy.
Therefore, condiments are basngredientsfor food supplementation and

their socieeconomic importance cannot be oeenphasized. In Africa,
many proteinaceous oily seeds are fermented to produce food condiments
(Odunfa, 1985; Sanni & Ogbonna, 1991; Bairdarker, 1994;
Leejerajumnearet al 2000; Azokpotaet al 2006; Ogunsheet al. 2006;

Folarinet al 2007)
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Table 1:- Nigerian Fermented Condiments, Source and Area of

Consumption

Fermented Source Area of Consumption
Condiments

Dawadawa (also know| Product of African West and central Afric

as fAlruo) locust bean Rarkia|including Nigeria.
biglobosg
Ogiri Melon Citrullus| Common  in  Wes
vulgaris) Africa; mostly
consumed by ljebu an
Ondo tribes in the fores
zone of SouthNestern
Nigeria.
Ugba African oil bean Popularly consumed i

(Pentaclethra

macrophyla

the eastern parts ¢
Nigeria (Obeta, 1982
Ejiofor et al 1987).

Okpehe (also known &
AAfi yoo)

Prosopis africana

Highly consumed in th
middle belt of Nigerig
(Ogunsheet al 2006).
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2.3. DAWADAWA

Dawadawa is a Nigerian fermented condiment produced from African locust
bean Parkia biglobosda Dawadawa is added to soups and stews as
condiments to enhance thdlavor and nutritional values. It is commonly

consumedin Ghana, Nigeria, Sierfaeone and Togo (Odunfa, 1981). In

Ni geri a, It Yaeubac ahDadadidwa® im Haus
l galao in I gbo. | t | s-Leoneaf nedr rigkdpoat|oun a s
Ghana.

2.4. AFRICAN LOCUST BEAN (Parkia biglobosa

The African locust bean is a perennial tropical tree legume, Parkia species. It
was named after the Scottish surgeo
Africa in 179006s f olRiverwark ltad mehtened o ur s
these trees by the | ocal name ANiI tta
Africao published I n 1799, mi ddl e
(CampbelPlatt 1980). CampbelPlatt(1980) in his analysis has shown that

the trees are widely spread (Gambia, Steeane Nigeria and Cameroun)

20



and provide valuable food in thd&tarkia biglobosacontains up to 60%
carbohydratel10-24% of which sucrose and 291mg of vitamin C per 100g of
the seeds. Because of its nutritive valRebiglobosas used as food source

to feed livestock (CampbeRlatt 1980).

Parkia biglobosab el ongs i n the family ALegum
AMi mosoi deaeo (Hopkins, 1 P8iglobosaS o me
are: P. africang P. intermedia P. oliveri, P. clappertoniana Common

names are locust bean, fern leaf, arbre a farine, monkey cutlasntid®,o

tall nitta-trees In French West Africa, it is commonly known as nere, netto,

ul el e, seou and oul i (Boot h, 1P 8 8) .
biglobosais a perennialdeciduoustree reaching -20m in height. The

crown or canopy is large and wide spreadinghvwow braches on a stout

bole.

2.5. USES OFParkia biglobosa

African locust bean is a multipurpose tree that is highly valued as shea butter

tree,Vitelloria paradoxa(Gaertn 200]). The traditional uses &. biglobosa
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can be defined as ndmmber forest products (NTFP), which includes wood
energy (fuel wood and charcoal) and all other tangible products other than
timber (Chandrasekharan, 1993). Nonber forest products derived from

P. biglobosaare food,medicine, glaes, animal fodder, soil amendments,

charcoal andirewood

The most significant product frod. biglobosais food. The food products
collected fromP. biglobosaare especially important due to the seasonality

of fruit maturation and food availability. The seeds are used in preparation of
dawadawa, a protein and fat rich food. A study by Metzal (2001)

surveying families in Burkina Faso on vegetables conswomptnd
seasonality and found that I n two Vv
78% and 85% of al | yalow Istarchy pulp chatu | o n
surrounds the seed, is an important food supplement rich in vitamin C and
carbohydrates. The dried powder igeof mixed with water to produce a
drink called Adozi mo by t heHaleag b ani

1997)
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Medicines derived fron®. biglobosaare ofvalueto a rural community that

cannot afforchorhave access to Amodern medi ci
tree and its products as medicine perhaps is the origin for its ridmee.
foremost use oP. biglobosas for medicine. To relievéiarrhea, the bark is

boiled to make a te&or infections, woundsna fever, the bark is boiled and

applied topically. Several authors have reported on the medicinal uses and
treatments summarized in table below (Hetl al 1997; Booth, 1988;

Abbiw, 1990)
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Table 2:- Medicinal uses ofParkia biglobosa

SourceMaterial Preparation Medicinal Use
Bark Gum extract Toothache, Diarrhea, e
complaints, mouth wasl
Macerated in bath Leprosy, skin infections
sores, ulcers, bronchiti
Pneumonia colic
Decoction Schistosomiasis,
Rheumatism, circumsio
wounds, general
wounds.
Leaves Lotion preparation Sore eyes, burns.
Crushed Hemmorhoids,
toothache, bronchitis.
Flowers Grilled and macerate Hypertension, lumbago
infusion
Flower bud Leprosy prophylactic.
Pulp Diuretic, purgative
fever.
Seeds Poundedwith salt Tension, mouth ulcers.
Fermented Skin infections.
Decoction Wasp and bee stings.
Roots Decoction Infections, guinea worn
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P. bi gbebdsaase fermented to produce
a condiment for seasoning sauces and sdtgpsoasted seeds are used as

cof fee substSudbrmbéfkrownradscaf® negr e
mixed withMaringa oleiferalam. Its leaves are used to prepare a sauce and

are also used to make doughnuts. It is sometimes used or eaten as @egetabl
usually after boiling and then mixed with other foods such as cereal flour.

The mealypulp from the fruitsis eaten or is mixed with water to make a

sweet andefreshingdrink rich in carbohydrate. Boiled puds are usedye

pottery black; it is applied as a mordant. The wood is suitable for making
kitchen implements such as mortars, pestles and bowls and handles of hoes

and hacks. It can also used as firewood and paper production.

2.6. PRODUCTION PROCESS OF DAWADAWA

The greatest economic value derived friBarkia biglobosais the fermented
product of dawadawa made from the seeds. The seeds are obtained from the

trees. When the fruits mature in April and May, women harvest the seed

25



pods with long sticks. The husks ammoved and the seeds and pulp are
deposited into a wooden mortar. The pulp is pounded with a large pestle
until the seedare separated from the endocarp. The seeds are laid out to dry

in the sun for a day. They can be used immediately or stored foe fuger

For dawadawa preparation, the seeds are first sorted, removing small stones
or smallunusableseeds. The seeds are then placed in a large aluminum pot
with sufficient water for boiling. Plenty of wood is gathered to keep the fire
burning for 1214haurs. The seed are boiled, adding water as necetsary
keep the seeds covered. The lengthy boiling is necessary to soften and
separate the hard seed coat or testa from the cotyledons. After the initial
boiling, the seed is drained and the water is now qgubwif. The seeds are
transferred to a large hollowed out log that is fashioned into a mortar.
During the process, whenever the seeds are transferred any distance, a sprig
of | ocal herb called Anuha nuao and
Is dore to avoid spirits and ghosts from partaking of the seeds. Campbell
Platt 1980) observed that a piece of charcoal was planemto prevent

witches from eating the beans.
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The seeds are now placed in the mortar will wood ash, which acts as
abrasive to &lp remove the testa from the cotyledons. After several minutes

of pounding, the seeds are collected and laid out in a single layer to dry in

the sun. After drying, the seeds are poured from one calabash to another at
armés | ength t o wWhenboiledwotdedoms/ aretwashedt e s t
several times to remove the wood ash and testa leaving the clean cotyledons.
The exposed cotyledons are nbuiled foran additional one or two hours to

further soften the cotyledons. The seeds are drained again then packed into a
nylon or jute bag. The cotyledons are packed tightly in the bag with a sprig

of Anuha nuao, pl aced in a basket, é
press out excess water. The leaiet, Bacillus subtilisis naturally occurring

microbe that attachdse the softened cotyledons and begins the fermentation
process. The cotyledons are left for 72hours (3days), until the dawadawa has

fully fermented.

When fermentation period is now stoppéhe temperature and pH of the
dawadawa has increased over the three days. The jute bag is opened and the
dawadawas deemed ready by taste ait&lpungentsweetly rancid aroma.

The post fermentation dawadawa can now be further processed in various
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ways depending on regional or personal preferences. In Gambia, the
fermented beans are used or sold directly as loose individual beans called
Anet et ou o-Plaft,Cl880y rel method is to simply form the
fermented cotyledons into various sized #hat ae then left to air dry. The
drying yields a brown or black product that is a result of polyphenol
oxidation. In some regions of West Africa, salt or wood ash is added as a
preservative before the dawadawa is formed into balls. The proper salt
concentratia of 5% weight to 95% dawadawa inhibits both the growth of

Bacillus subtilisand its proteolytic activity (Odunfa, 1985).

2.7. MICROBIOLOGY OF DAWADAWA FERMENTATION

The main microorganisms involved dawadawa fermentation aBacillus

subtilisandBacillus licheniformis

Microbial fermentation of dawadawa have been founihtmlve on only
bacteria since fungi found have been regarded as incidental and does not
play any notable role in its fermentation (Ikenebbnga Ingram, 1986).

Most bacteria imptated are facultative anaerobes, while approximately
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10% are aerobic after 36hours of fermentation. Odunfa (1985) first reported
that predominanfiermenting organisrwas a lacillus spp possiblf. subtilis

and other specieddowever, recently in 1986, Odia and ceworkers
confirmed the presence 8f pumilis, B. licheniformigndB. subtilisin the
fermenting mash. They also observed that in Nigerian fermented samples,
Pediococcus and twovarieties of Staphylococcus saprophyticusere
detected.Several dter workers have also implicatdgl. subtilis in the
alkaline fermentation of locust beans (Adewuyi, 1982; Camyiiett,
1980; Diawareet al 1992; Ouobeet al 2002) CampbelPlatt (1980) also
mentioned lactic acid bacteria especially speciesLattobacillus and
Pediococcusas partakers in the fermentation of dawadawa that give

characteristipropertieso the final product.

During fermentation, biochemical changes occur. One of the most important
biochemical changes thabccur during fermentatino is the extensive

hydrolysis of proteins of the African locust bean. Other biochemical changes
that occur include the hydrolysis of indigestible oligosaccharides present in
African locust bean, notably stachyose and raffinose, to simple sugars by

alpha and betagalactosidases, the synthesis of batamins (thiamin and
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riboflavin) and the reduction of antinutritional factors (oxalate and phylate)

and vitamin C (Eka, 1980; Odunfa, 1985)

2.8. BACILLUS SPECIES IN DAWADAWA

Organisms of tb genus, &cillus are aerobic, spore forming, usually gram
positive rods which with the exception &acillus anthracis have been
implicated in frequently in human disease. Thesganismsare ubiquitous
and commonly occur asontaminantsin cultures of clinical mierial.
Recently, we observed fatal case of pneumonia and bacteremia due to
Bacillus cereusn a patient with sub acute lymphocyte leukemia. Lack of
information on the susceptibility ofagillus species to antimicrobial agents

was a handicap in treatimatients.

In the other wg round, in food fermentation,alillus species, mainl.
subtilis are responsible of the fermentation (OdugfaOyewole, 1986;
Diawaraet al 1 9 9 2 ; etNab IP97r Ouobaet al 2004) and degrade

proteins, lipids and carbohydes from African locust bean in a strain
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dependent way leading to variable profiles of amino acids, unsaturated fatty

acid and residual sugars (Ouaiaal.2003a, b, 2005, 2006).

The production of dawadawa depends on the spontaneous and uncontrolled
fermentation with sometimes inherent hygienic nutritional and organoleptic
defects. To improve and bmize the production of dawadawa, it is
therefore necessary to control the fermentation by developing starter
cultures. The safety of the fermented product lsanmproved byselecting
bacillus starter cultures with antimicrobial properities. StrainBa€illus
subtilis from dawadawa were reported to be able produce an antimicrobial

| i popeptide, which indialOb4) s pat hogen

2.9. ANTIMICROBIAL ACTIVITY OF BACILLUS SPECIES

Members of the #&cillus group are considered good producers of
antimicrobial substances, including peptide and lipopeptide antibiotics and
bacteriocins (Stein, 2005). The production of antimicrobial substamzks a
sporulation capacity confembillus strains with a double advantage in terms

of their survivalin different habitats. The presence dcblus species in

31



food does not always imply spoilage or fopdisoning some species or
strains are even used in humand animal food production, for example,
Bacillus subtilisstrains that are used in Natto, an East Asian fermented food
(Hosoi & Kiuchi, 2003) production. Furthermore, speciic subtilisstrains

are also used as a starter culture for fermenting Aflmeust beansRarkia
biglobosg into traditional We s t Af ri can
Terlabieet al 2006) or fermenting African mesquite seeds in production of

t he Nigerian food coinbbetat@00%). HfOkpeheo

Bacillus genus has beaeported to produce more than 45 antimicrobial
molecules, some of these compounds are of clinical value, others are assayed
in vitro to control food microbes and the remaining ones control plant
diseases (Stein, 2005). Despite all measures, food bormasds by
pathogen bacteria do occur frequently (Addkal 2002). Biopreservative
offers the possibility of extending storage life of high quality food stuffs
without the use of artificial chemical preservatives (Oguntoyiebaal

2007). According to the biosynthetic pathway, these antimicrobial
metabolites can be grouped into two different classes; Class 1 comprises of

ribosomally synthesized peptides including bacteriocins whereas Class 2
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comprises of small microbial peptides synthesized enzymatibgllgon

ribosomal pathways (Urda& Pinchuk, 2004).

Bacteriocins are antimicrobial substances which are ribosomal synthesized,
antimicrobial compounds, proteinaceous in nature and mostly have an
antimicrobial activity against closely related producing aoigms
(Klaenhammen, 1988) and could be used as a natural fogutdservative
(Cleverlandet al 2001) due its antimicrobial activity against food spoilage
and pathogenic bacteria (Stoyanataal 2007). Bacteriocins produced by
strains of lacillus species demonstrate a distinct diversity in their inhibitory
activities They inhibit target cells by forming pores in the membyane
depleting the transmembrane potential and/or the pH gradient resulting in
the leakage of cellular materials (Clelagd et al 2001). Bacteriocins also
indicates lantibiotic which are sub classified into group A, which exhibits a
more linear secondary structure and kills Gram positive targetfoaifsng
voltagedependent pores into the cytoplasmic membrane and gBoup

includes globular and uncharged lantibiotics (J2@§1)
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Recently, a large variety of amticrobial peptides produced byadillus
species are active against Gram positive bacteria (Mligpperson, 2002).
Some of these peptides can play a role in ceempe and in the depression
of various stationary phase genewolved in sporulation (Sonenshein,
2000). Peptideantibiotics such as Mersacidin anceréin were found to
inhibit food spoilage and severphthogensncluding nethicillin resistant
Staphylococcuaureus(Chatterjeeet al 1992). Other antimicrobials include
Sublancin produced bgacillus subtilisexhibits bactericidal activity mainly
against Gram positive bacteria including important pathogen such as
Streptococcus pyogenemd Staphyococcus aureugPark et al 1998)
Mersacidin exertdts antibacterial activity by the inhibition of cell wall
biosynthesis; Subtilosin produced bBacillus subtilis retains strong
bactericidal activity againdtisteria monocytogene€oagulin produced by
Bacillus coagulangroved bactericidal activity against pathogens and food
spoilage bacteria as Leuconostoc, Listeria and Enterococcus (Le rearree
al. 2000); Cerexin produced bBacillus cereus Bacitracin produced by
Bacillus licheniformisis very effective topically and its action is especially

on Gram positive cell walls (Berdy, 1974); Megacin producedéayillus
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megaterium inhibits strains closely related tdacillus megaterium

(lvanovies& Alfoldi, 1954).

Bacteriocins produced by Bacillus exhibit distinct diversity in their
inhibitory activities (Cordovilla et al. 1993. For example, several
bacteriocins of Bacillus shoarrather wide antimicrobial spectrum covering
Gram positive and Gram negatiw@croorganisms(Zheng & Slavik, 1999;
Bizani & Brandelli, 2002). Althoughmany studies on bacteriocins from
Bacillus have exhibited their important aspects of food safety (Hyrongnus
al. 1998), few haveaddressed thgotential application of these antimicrobial

properties to be used in animal clinical studies (Barlmazanaet al 2007).

2.10. EFFECT OF DIFFERENT CARBON SOURCES ON

ANTIMICROBIAL PRODUCING BACILLUS SPECIES

Carbon as a part of an ingredient in the mediumeauired for bacterial
growth and to enhance the productiorof antimicrobial substances.
Antimicrobial substancegariation of carbon sources (Bannaet al 2006).

Galactose and glucose strongly enhanced the antimicraloiality of
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Corynebacterium kutscheand C. xerosisrespectively, whe ribose and
lactose repressed their activii§gebreelet al 2008). P. fluorescensn the
liguid mediumwith the addition of glucose and sucrose produced more
antimicrobial substances like 2sdacetylphloroglucinol(Duffy & Defago,
1999). Balanced inmgdient in medium aautrition for bacterial growth and
production ofantimicrobial substances is important. Hence, the objeabives
this study were to identify thbacillus species that exhibit antimicrobial
activities and to study the effect of different carbon sources on the
antimicrobial producing &cillus speciesagainst selected pathogenic

bacteria
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CHAPTER THREE

MATERIALS AND METHODS

3.1. MATERIALS

Materials used in the work includes; weighing balance, stegle dishes,
autoclave, incubatoryire loops microscope, slides, sterile syringe, conical
flask, beakers, test tubes and Bunsen buiffee. media used are Nutrient
agar and Nutrient broth. Their method of preparation and composition are

present in the appendix.

3.2. SAMPLE COLLECTION

Dawadawa samples used in this work wigoeight from four sellers in four

different markets in Enugu stat€éhe samples were labeled according to the
markets from which it was purchaséd@mnple Abwas purchased from Orie
market,6 &nple B was purchased from Ogbete market 6 Sa mpl e C6
purchased from Artisan mar ket and 0 S

market.
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3.3. PREPARATION OF SAMPLES

Dawadawa samples were taken aseptically from traditionally fermented
African locust bean seedPdrkia biglobosq 1g of each sample collected
was thoroughly mashed with laboratory pestle and mortar, and then was
mixedwith 9ml of sterile distilled water as diluents in a conical flask and the
content was thoroughly shaken. After homogenization, subsequent serial
dilutions (10%, 10% 10° 10* 10° 10° and 10') were made from this
solution by adding serially 1mlif solution from preceding concentration to
9ml of the diluents using sterile syringe into the test tubkis. was done to
reduce the microbial populaticufficiently to obtain separate colonies when

plating

3.4. ISOLATION TECHNIQUES

The technique useth the isolation of micrarganisms present in the
mashed samples was the pour plate method of Harrigan and McCance
(1976) which is used to determine the number of microbes in a sample.

Nutrient agar was prepared amwmsclToa di
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plates were labeled appropriately according to the dilutions made. 0.1ml of
inoculum was poured in an empty sterile plate. Then 10ml sterile warm
(45°C) nutrient agar was poured into the plates containing the inoculum and
was mixed gently. The pkes were allowed to solidify and then were

inverted and incubated at%®7for 24hrs in an incubator.

Colonies obtained after incubation were suittured on fresh nutrient agar
using the streak plate method to obtain pamd discrete colonies for easy
identification. Each of similar coloniesof the pour plate culture was
transferred to the edge of an agar plate (with an inoculating loop) containing
nutrient agar , It i's called nApoint
inoculating loop, it was staked out over the surface. After the first sector
was streaked, the inoculating loop was sterilized and an inoculum for the
second sector is obtained from the first sedtois thenincubated aB87°C

for 24hrs.The pure cultures of the organisms isallaéee preserved on agar

slants at refrigeration temperaturéQ@.
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3.5. IDENTIFICATION OF THE ISOLATES

The identification of the isolates were done using the cultural characteristics,
colony morphology, Gram staining and different biochemical reactions

according to Bergeyds manual of deter

The biochemical reactions include: Catalase test, Methyl Red test,-Voger
Proskaver test, Starch hydrolysis, Citrate utilization, methyl red test, Sugar

tests, and Oxidase enzyme activity.

3.5.1.GRAM STAINING

The method used was that described by Baekeal. (1976) and Thomas,
(1973).1t was used to differentiate bacterial species into (Gpasitive and

Gramnegative based on their physical properties of their cell walls.

Smears of the isolates were prepared and heat bredlean greaskee
slidesby passing the slide over the flame about 3 times and was allowed to
air dry. Thesmears were stained for one minute with crystal violet (primary
stain) and were gently washedt with running tap water. These slides were

fl ooded with dimodantesoluBan.almdveas washdd off e
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with water and the smears were decolorized withh @tcohol (decolourizer)
till the blue colour was no more and driped out (aldOet5 seconds). The
smears were countstained wih saffranin (counter stain) solutioarfabout

30 seconds. Finally the slides were washed withwager; air dried and
observed under oil immersidqr100)objective lensThe presence of purple
colour indicates Grarpositive while the presence of pink colour indicates

Gramnegative.
3.5.2.CATALASE TEST

This test was used to demonstrate which of the isolates could produce the
enzyme MANcatalaseo that releases o0xyg
of pure colony was transferred into a plane clean glass slide. The sample
mixed with a drop 08%’/, hydrogen peroxide. The reaction was observed
immediately. Gas produced was indicated by the production of gas bubbles

which confirmed the presence of catalase.
3.5.3.CITRATE UTILIZATION TEST

This test was used to identify which of the isolates can utilize as the sole

sources of carbon for met abol i sm. S|
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inoculated with young culture of the isolates, the inoculation was done by
stabbing the medium in the &% using sterile straight inoculating wire loop
containing the culture. The tubes were then incubated %t 87 abou
24hours. A changen colour from green to blue after 24hours incubation

indicates a positive result.
3.5.4.STARCH HYDROLYSIS

tisusedt o det ect the enzyme, ftaam@ | as e o
polysaccride) into maltose and glucose. Using aseptic technique, an
inoculum from pure culture was inoculated on sterile plate of starch agar
(nutrient agar). The inoculated plate was incubate87& for 24-48hours.
Then, a small amount of Grambés i odi

growth. A clear zone around the bacterial growth was observed.
3.5.5.METHYL RED TEST

This test was used to detect which of the isolates could produce and maintain
sufficiently a stable product from glucose fermentation. Tubes of buffered
glucosepeptone broth were lightly inoculated with the isolates. The tubes

were incubated at 87 for not less than 48hours. About 5 dragsmethyl
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red reagent was added into Smitie¢ culture. The production of a bright red

colour immediately on the addition of the reagent showed a positive result.
3.5.6.VOGE&G-PROSKAUER TEST

This test is used to detect which of the isolates could utilize the butylenes
glycol pathway and thproduction of noracidic or neutral and acetion at the

end of the glucose fermentation.

The VP broth was prepared, dispensed into the test tubes and was inoculated
with the inoculum. The test tubes were incubated &t &% 2448 hours.

Then 10 dropsofBar ri tt 6s reagents A and B w
catalystwere added to the broth after incubation. The cultures were shaken

for 15mins. Then the colour appearance was observed.

The presence of a deep rose colour indicates the presence of acetion

(positive VP) while the absence of acetion (negative VP).
3.5.7.0XIDASE ENZYME ACTIVITY

Using aseptic technique, Tryptic Soy (TS) agar plates were inoculated with

the inoculum. The inoculated plates were incubated 3t 3@r24-48hrs.
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Then 23drops of P-aminodimethylanineoxidate were added to the
inoculated plates after incubation. Presence or absence of colour change was

observed within 1€B0secs after adding the reagent.

Presence of colour change from pink to purple indicates positive while

absence ofolour change indicates negative.
3.58. SUGAR TESTS

Each test of thésolates was tested for its ability to ferment a given sugar

with the production of acid and gas or acid only.

The growth medium, peptone water was prepardtrgeconicalflasks for

the three sugars (glucose, lactemed sucroge t he i1 ndicator,
p ur mhdel® solution of each difie sugas was addedlhe mixture was
asepticallydispensedn 5ml aliquant volumeinto the test tubes. The tubes

with their contents wersterilized by autoclaving at 11 for 15 minutes

The tubes were incubated at®87 Acid production was observed and

indicated by the change of the medium from light green to yellow colour.
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3.6. SCREENING OF THE ANTIMICROBIAL ACTIVITES OF

ISOLATES

The sceening of the antimicrobial activity of the isolates was done using the

agar well diffusion method (Ruizt al, 2009).

The nutrient agar was prepared in a steRkri dish according to the
manufacturero6s i nstructi onsgeakedvith | ef t
the indicator organism or pathogelVith the help of sterilized borer wells

were made in theagar plates and culture filtrate of thmeitrient broth
containing the isolates (Bacillus sppaspoured in the well and incubated

for 24 hours, zonef inhibition around the spowvas measuredsing a slide

caliper for the activity ofantimicrobial compoundand the results were

reported in millimeters.

3.7. EFFECT OF DIFFERENT CARBON SOURCES
The ratos, 5% and 10% of glucose, xylose and lactose were added into
nutrient broth medium as carbon sources. 5ml of the mixed solution were

dispensed into different test tubes and were autoclaved & ft®115mins.
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The isolates were inoculated into the tegietls containing the mixed solution
and incubated at 8@ for 48hrsThetubes were read with spectrophotometer

at 540nm.
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CHAPTER FOUR

RESULTS
Seventeen bacillustrains were isolated from Nigerian food condiment,
fidawadawa. The isolateswere identified based onheir morphological
appearancand biochemical tests which include Grataining, catalase
Starch hydrolysis,o x i das e, citrate wutilizati on
proskauer test argligar fermentatiotest. The antimicrobiahctivities of the
isolates were determined using the agar well diffusion medhddhe effect
of different carbon sources on antimicrobial producing isolates was also

determined. The results of these tests are represented in the tables below.
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Table 3: Colony Characteristics of the isolates

Isolate | Colony morphology
code
Al Cream, irregular, opaque, flat, rough, large, entire
A2 Cream, irregular, opaque, flat, wavy, large, undulating
A3 white, circular, blistering, flat, rough, smalindulating
Bl White, irregular, opaque, small, slightly elevated, rough
B2 Cream, entire, circular, smooth, slightly elevated, transparent
B3 Cream, irregular, small, flat, smooth, entire, transparent
B4 Cream, irregular, large, flat, smooth, undulgtidull
B5 Cream, circular, smooth, small, slightly raised, entire, transparent
Cl Cream, irregular, large, flat, rough, undulating, opaque
C2 Cream, circular, small, smooth, entire, opaque, slightly raised
C3 Gray, circular, small, raised, smoo#mntire, blistering
C4 Cream, circular, small, flat, rough, entire, transparent
D1 Cream, circular, small, flat, rough, entire, opaque
D2 Cream, circular, small, smooth, slightly raised, entire, transparent
D3 Cream, circular, small, wavy, undulatingansparent, raised
D4 Cream, circular, small raised, smooth, entire, transparent
D5 Cream, circular, small, flat, smooth, entire, transparent
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Table 4: Biochemical Characteristics of Isolated Organisms

Isolate | Gram Sugar tests Probable
code |staining| CA| OX | SH | CU| MR | VP |GL | LA | SU organisms
Al G +ve | + - + + + - . + + B. subtilis
A2 G +ve | + + + |+ | + - - | + | + | B.licheniformis
A3 G+ve | + + + + - - + | + + B. subtilis
Bl G+ve | + + + + + - + | + + | B. licheniformis
B2 G+ve | + + - + + - + |+ + B. pumilis
B3 G +ve | + + + |+ | + - + | + | + | B.licheniformis
B4 G +ve | + + + |+ | + - + | + | + | B.licheniformis
B5 G+ve | + + - + + - + | + + B. pumilis
C1l G+ve | + + + + + - + | + + B. pumilis
C2 G +ve | + + + + + - + | + + | B. licheniformis
C3 G+ve | + - - + - - + | - + B. pumilis
C4 G +ve | + + - + - - + | - + B. subtilis
D1 G +ve | + + + |+ | + - + | + | + B. subtilis
D2 G+ve | + - - + - - + | + + B. pumilis
D3 G+ve | + + - + + - + | + + B. subtilis
D4 G+ve | + + - + - - + | + | + B. pumilis
D5 G+ve | + - - + - - + | + + B. pumilis
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Note: G= gram,+ve=positive -=negative CA = catalase tesQX= Oxidase
test, SH=Starchhydrolysis test, CU=citrate utilization test, MR=methyl red,
VP=voge o0 s teql, Glo=gllkcasa, A=lactose, SU=sucrose.

Table 5: Percentagg%) occurrence of the isolates

Isolates Number of isolates | Percentage occurrence
B. subtilis 5 29.%%
B. pumilis 7 41.1%
B. licheniformis 5 29.4%
TOTAL 17 100%
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Table 6: Antimicrobial Activities of the isolatesusing Agar well

diffusion method

Isolate code Zone of Inhibition (mm) on indicator organisms

E. coli Staph. aureus

Al

A2

A3

Bl

B2

B3

B4

B5

C1

C2

C3

C4

D1

D2

D3

D4

oooooggoooooooooo
ol ol ol ol ol ol o] o] o o]l o o] o o] o] o] o

D5
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Figure 1: Antimicrobial activity of Bacillus subtilisagainstEscherichia

coli, showing0.8mm zone of inhibition
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Figure 2: Antimicrobial activity of Bacillus pumilis againstEscherichia

coli, showing 0.6mm zone of inhibition
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