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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 three species of Bacillus isolates were 

isolated based on their colony and biochemical characteristics. The isolate of 

highest occurrence is the Bacillus pumilis. The antimicrobial activities of the 

isolates were determined with the use of agar well diffusion method against 

two pathogenic organisms, Escherichia coli and Staphylococcus aureus. 

Two of the isolates, B. subtilis and B. pumilis acted as an antimicrobial agent 

against E. coli with 0.8mm and 0.6mm zone of inhibition respectively. The 

two antimicrobial producing isolates, B. pumilis and B. subtilis were 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 two antimicrobial producing 

Bacillus species. B. pumilis (C3) and B. 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 sources on both the B. pumilis (C3) and B. 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 the B. pumilis (C3) and B. 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 certain bacteria acts upon a substrate such as glucose, 

carbohydrates or proteins by enzymatic activity. Many familiar foods and 

beverages are fermented; yogurt, cheese, beer, wine and soy sauce. Often the 

fermentation, not only imparts a pleasing taste, but can also increase 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 in Africa are processed by natural fermentation (Haard, 

1999). Many common foods in Ghana are fermented. Kenkey, a rich 

carbohydrate staple is a fermented product of maize (Zea mays). Pito, a local 

beer, is a popular beverage made from sorghum (Sorghum bicolor). 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 
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used as flavoring agent and as a protein additive to most stews and soups, is 

a fermented product of African locust bean (Parkia biglobosa). 

 African locust bean (Parkia 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 species 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 with dawadawa are preferred in some 

regions in African because they produce better taste and aroma. They are 

also important protein supplement (Ogunbunmi & Busher, 1980). 

Many fermented foods and beverages are based on carbohydrate utilization 

acting on starchy foods or foods high in sugar. The major constituents of raw 

seeds of P. biglobosa are proteins, lipids or fats and carbohydrates. Konlani 

et al. (1999) found that seeds of P. biglobosa contained 34% protein, 35% 

carbohydrates and 19% lipids. The microorganisms responsible for the 

fermentation must be capable of utilizing these three constituents. 
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Microorganisms associated with the fermentation of dawadawa have been 

identified in several published studies (Antai & Ibrahim, 1986; Ikenebomah 

et al. 1986; Konlani et 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 was Bacillus subtilis. Other microorganisms present after 

fermentation were Leuconostoc mesenteroides and Staphylococcus spp. 

Antai and Ibrahim (1986) and Konlani et 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 of Bacillus subtilis during fermentation process does not imply 

food spoilage or poisoning, its strains are also used as a starter culture for 

fermenting African locust bean (Parkia biglobosa) into traditional 

condiment, ódawadawaô (Narkie Terlabie et al. 2006). Bacillus group are 

considered good producers of antimicrobial substances, including peptide 

and lipopeptide antibiotics and bacteriocins (Stein, 2005). For instance, 

bacteriocins produced by strains of Bacillus species inhibit target cells by 
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forming pores in the membrane, depleting the transmembrane potential and 

the pH gradient resulting in the leakage of cellular material (Cleverland et al. 

2001). Antimicrobial peptides produced by Bacillus species also act against 

Gram positive bacteria (Ming & Epperson, 2002). Pathogen they fight 

against includes; Staphylococcus aureus, Streptococcus pyogenes, Listeria 

monocytogenes, Leuconostoc spp and Enterococcus spp. 

 

1.1. OBJECTIVES OF THE STUDY  

The objectives of the study are:- 

 To isolate Bacillus species from dawadawa. 

 To determine the antimicrobial activities of the Bacillus species 

isolated from dawadawa. 

 To determine the effect of different carbon sources on the 

antimicrobial producing Bacillus species isolated. 

 

 



15 

 

1.2. SIGNIFIANCE OF THE STUDY  

The Bacillus species present in dawadawa have pro-biotic 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. 
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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, taste, digestibility, safety (Jakobsen, 2007). Fermentation is a 

form of energy-yielding microbial metabolism in which an organic substrate, 

usually a carbohydrate, is incompletely oxidized, and an organic 

carbohydrate acts as the electron acceptor (Adams, 1990). Fermentation is 

one of the oldest, classic and economical methods of preserving 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 development of diverse 

flavor and aroma compounds. 
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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 acid, easily digested 

sugars and essential fatty acids. Furthermore, brings 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 as palatable 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 since in Africa is a vast 

continent grappling with the problem of feeding its teeming population, 

fermented foods and beverages constitute a major portion of peopleôs diet. 
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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 (Sarker et al. 1993). They also have great potential as key 

protein and fatty acid sources and are good sources of gross energy. 

Therefore, condiments are basic ingredients for food supplementation and 

their socio-economic importance cannot be over-emphasized. In Africa, 

many proteinaceous oily seeds are fermented to produce food condiments 

(Odunfa, 1985; Sanni & Ogbonna, 1991; Baird-parker, 1994; 

Leejerajumnean et al. 2000; Azokpota et al. 2006; Ogunshe et al. 2006; 

Folarin et al. 2007). 
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Table 1:- Nigerian Fermented Condiments, Source and Area of 

Consumption 

Fermented 

Condiments 

Source Area of Consumption 

Dawadawa (also known 

as ñIruò) 

Product of African 

locust bean (Parkia 

biglobosa) 

West and central Africa 

including Nigeria. 

Ogiri Melon (Citrullus 

vulgaris) 

Common in West 

Africa; mostly 

consumed by Ijebu and 

Ondo tribes in the forest 

zone of South-Western 

Nigeria. 

Ugba African oil bean 

(Pentaclethra 

macrophyla) 

Popularly consumed in 

the eastern parts of 

Nigeria (Obeta, 1982; 

Ejiofor et al. 1987). 

Okpehe (also known as 

ñAfiyoò) 

Prosopis africana Highly consumed in the 

middle belt of Nigeria 

(Ogunshe et al. 2006). 
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2.3. DAWADAWA  

Dawadawa is a Nigerian fermented condiment produced from African locust 

bean (Parkia biglobosa). Dawadawa is added to soups and stews as 

condiments to enhance their flavor and nutritional values. It is commonly 

consumed in Ghana, Nigeria, Sierra-Leone and Togo (Odunfa, 1981). In 

Nigeria, it is called ñIruò in Yoruba, ñDawadawaò in Hausa and ñOgiri-

igalaò in Igbo. It is referred to as ñKindaò in Sierra-Leone and ñKpaluguò in 

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 surgeon ñMongo Parkò who explored West 

Africa in 1790ôs following the course of Niger River. Park had mentioned 

these trees by the local name ñNittaò, in his ñTravels in the interior district of 

Africaò published in 1799, middle of the traditional ñhungry seasonò 

(Campbell-Platt, 1980). Campbell-Platt (1980) in his analysis has shown that 

the trees are widely spread (Gambia, Sierra-Leone, Nigeria and Cameroun) 
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and provide valuable food in that Parkia biglobosa contains up to 60% 

carbohydrate, 10-24% of which sucrose and 291mg of vitamin C per 100g of 

the seeds. Because of its nutritive value, P. biglobosa is used as food source 

to feed livestock (Campbell-Platt, 1980).  

Parkia biglobosa belongs in the family ñLeguminosaeò and the subfamily 

ñMimosoideaeò (Hopkins, 1983). Some major synonyms for P. biglobosa 

are:- P. africana, P. intermedia, P. oliveri, P. clappertoniana. Common 

names are locust bean, fern leaf, arbre a farine, monkey cutlass tree, and two 

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

ulele, seou and ouli (Booth, 1988). In Kandiga, the tree is called ñduaò. P. 

biglobosa is a perennial, deciduous tree reaching 7-20m in height. The 

crown or canopy is large and wide spreading with low braches on a stout 

bole. 

 

2.5. USES OF Parkia biglobosa 

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

tree, Vitelloria paradoxa (Gaertn, 2001). The traditional uses of P. biglobosa 
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can be defined as non-timber forest products (NTFP), which includes wood 

energy (fuel wood and charcoal) and all other tangible products other than 

timber (Chandrasekharan, 1993). Non-timber forest products derived from 

P. biglobosa are food, medicine, glazes, animal fodder, soil amendments, 

charcoal and firewood. 

The most significant product from P. biglobosa is food. The food products 

collected from P. biglobosa are 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 Mertz et al (2001) 

surveying families in Burkina Faso on vegetables consumption and 

seasonality and found that in two villages, ñdawadawaò was consumed in 

78% and 85% of all meals. ñDobulongò, the yellow starchy pulp that 

surrounds the seed, is an important food supplement rich in vitamin C and 

carbohydrates. The dried powder is often mixed with water to produce a 

drink called ñdozimò by the Dagbani tribe and Bololo in Hausa (Hall et al. 

1997) 
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Medicines derived from P. biglobosa are of value to a rural community that 

cannot afford nor have access to ñmodern medicineò. The importance of the 

tree and its products as medicine perhaps is the origin for its name. The 

foremost use of P. biglobosa is for medicine. To relieve diarrhea, the bark is 

boiled to make a tea. For infections, wounds and fever, the bark is boiled and 

applied topically. Several authors have reported on the medicinal uses and 

treatments summarized in table below (Hall et al. 1997; Booth, 1988; 

Abbiw, 1990) 
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Table 2:- Medicinal uses of Parkia biglobosa 

Source Material  Preparation  Medicinal Use 

Bark  Gum extract Toothache, Diarrhea, ear 

complaints, mouth wash. 

Macerated in bath Leprosy, skin infections, 

sores, ulcers, bronchitis, 

Pneumonia colic. 

Decoction Schistosomiasis, 

Rheumatism, circumsion 

wounds, general 

wounds. 

Leaves Lotion preparation Sore eyes, burns. 

Crushed Hemmorhoids, 

toothache, bronchitis. 

Flowers Grilled and macerated 

infusion 

Hypertension, lumbago 

Flower bud  Leprosy prophylactic. 

Pulp  Diuretic, purgative, 

fever. 

Seeds Pounded with salt Tension, mouth ulcers. 

Fermented Skin infections. 

Decoction Wasp and bee stings. 

Roots Decoction Infections, guinea worm 
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P. biglobosaôs seeds are fermented to produce ñdawadawaò, which serves as 

a condiment for seasoning sauces and soups. Its roasted seeds are used as 

coffee substitute known as ñSudan coffeeò or ñcaf® negreò. Ground seeds are 

mixed with Maringa oleifera lam. Its leaves are used to prepare a sauce and 

are also used to make doughnuts. It is sometimes used or eaten as vegetable 

usually after boiling and then mixed with other foods such as cereal flour. 

The mealy pulp from the fruits is eaten or is mixed with water to make a 

sweet and refreshing drink rich in carbohydrate. Boiled puds are used to dye 

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 from Parkia biglobosa is 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 
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pods with long sticks. The husks are removed and the seeds and pulp are 

deposited into a wooden mortar. The pulp is pounded with a large pestle 

until the seeds are separated from the endocarp. The seeds are laid out to dry 

in the sun for a day. They can be used immediately or stored for future use. 

For dawadawa preparation, the seeds are first sorted, removing small stones 

or small unusable seeds. 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 12-14hours. The seed are boiled, adding water as necessary to 

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 poured off. 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 local herb called ñnuha nuaò and a red chili pepper is placed on top. This 

is done to avoid spirits and ghosts from partaking of the seeds. Campbell-

Platt (1980) observed that a piece of charcoal was placed on top to 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 help 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 

armôs length to winnow away the testa. The boiled cotyledons are washed 

several times to remove the wood ash and testa leaving the clean cotyledons. 

The exposed cotyledons are now boiled for an 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 ñnuha nuaò, placed in a basket, and weighted down with large stones to 

press out excess water. The bacteria, Bacillus subtilis is naturally occurring 

microbe that attaches to 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 stopped, the temperature and pH of the 

dawadawa has increased over the three days. The jute bag is opened and the 

dawadawa is deemed ready by taste and its pungent sweetly 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 

ñnetetouò (Campbell-Platt, 1980). One method is to simply form the 

fermented cotyledons into various sized balls that are 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 

concentration of 5% weight to 95% dawadawa inhibits both the growth of 

Bacillus subtilis and its proteolytic activity (Odunfa, 1985). 

 

2.7. MICROBIOLOGY OF DAWADAWA FERMENTATION  

The main microorganisms involved in dawadawa fermentation are Bacillus 

subtilis and Bacillus licheniformis. 

Microbial fermentation of dawadawa have been found to involve on only 

bacteria since fungi found have been regarded as incidental and does not 

play any notable role in its fermentation (Ikenebomah & Ingram, 1986). 

Most bacteria implicated are facultative anaerobes, while approximately 
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10% are aerobic after 36hours of fermentation. Odunfa (1985) first reported 

that predominant fermenting organism was a bacillus spp possibly B. subtilis 

and other species. However, recently in 1986, Odunfa and co-workers 

confirmed the presence of B. pumilis, B. licheniformis and B. subtilis in the 

fermenting mash. They also observed that in Nigerian fermented samples, 

Pediococcus and two varieties of Staphylococcus saprophyticus were 

detected. Several other workers have also implicated B. subtilis in the 

alkaline fermentation of locust beans (Adewuyi, 1982; Campbell-Platt, 

1980; Diawara et al. 1992; Ouoba et al. 2002). Campbell-Platt (1980) also 

mentioned lactic acid bacteria especially species of Lactobacillus and 

Pediococcus as partakers in the fermentation of dawadawa that give 

characteristic properties to the final product. 

During fermentation, biochemical changes occur. One of the most important 

biochemical changes that occur during fermentation 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 beta-galactosidases, the synthesis of beta-vitamins (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 the genus, bacillus are aerobic, spore forming, usually gram 

positive rods which with the exception of Bacillus anthracis, have been 

implicated in frequently in human disease. These organisms are ubiquitous 

and commonly occur as contaminants in cultures of clinical material. 

Recently, we observed a fatal case of pneumonia and bacteremia due to 

Bacillus cereus in a patient with sub acute lymphocyte leukemia. Lack of 

information on the susceptibility of bacillus species to antimicrobial agents 

was a handicap in treating patients. 

In the other way round, in food fermentation, bacillus species, mainly B. 

subtilis are responsible of the fermentation (Odunfa & Oyewole, 1986; 

Diawara et al. 1992; Nôdir et al. 1997; Ouoba et al. 2004) and degrade 

proteins, lipids and carbohydrates 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 (Ouoba et al. 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 optimize the production of dawadawa, it is 

therefore necessary to control the fermentation by developing starter 

cultures. The safety of the fermented product can be improved by selecting 

bacillus starter cultures with antimicrobial properities. Strains of Bacillus 

subtilis from dawadawa were reported to be able produce an antimicrobial 

lipopeptide, which inhibits pathogenic fungi (Nôdir et al. 1994) 

 

2.9. ANTIMICROBIAL ACTIVITY OF BACILLUS SPECIES  

Members of the bacillus group are considered good producers of 

antimicrobial substances, including peptide and lipopeptide antibiotics and 

bacteriocins (Stein, 2005). The production of antimicrobial substances and 

sporulation capacity confer bacillus strains with a double advantage in terms 

of their survival in different habitats. The presence of bacillus species in 
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food does not always imply spoilage or food poisoning, some species or 

strains are even used in human and animal food production, for example, 

Bacillus subtilis strains that are used in Natto, an East Asian fermented food 

(Hosoi & Kiuchi, 2003) production. Furthermore, specific B. subtilis strains 

are also used as a starter culture for fermenting African locust beans (Parkia 

biglobosa) into traditional West African condiment, ñDawadawaò (Narkie 

Terlabie et al. 2006) or fermenting African mesquite seeds in production of 

the Nigerian food condiment ñOkpeheò (Oguntoyinbo et al. 2007). 

Bacillus genus has been reported 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 borne diseases by 

pathogen bacteria do occur frequently (Adak et al. 2002). Biopreservative 

offers the possibility of extending storage life of high quality food stuffs 

without the use of artificial chemical preservatives (Oguntoyinbo et al. 

2007). According to their 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 enzymatically by non-

ribosomal pathways (Urdaci & 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 organisms 

(Klaenhammen, 1988) and could be used as a natural food bio-preservative 

(Cleverland et al. 2001) due its antimicrobial activity against food spoilage 

and pathogenic bacteria (Stoyanova et al. 2007). Bacteriocins produced by 

strains of bacillus species demonstrate a distinct diversity in their inhibitory 

activities. They inhibit target cells by forming pores in the membrane, 

depleting the transmembrane potential and/or the pH gradient resulting in 

the leakage of cellular materials (Cleverland 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 target cells forming 

voltage-dependent pores into the cytoplasmic membrane and group B 

includes globular and uncharged lantibiotics (Jung, 2001)  
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Recently, a large variety of antimicrobial peptides produced by bacillus 

species are active against Gram positive bacteria (Ming & Epperson, 2002). 

Some of these peptides can play a role in competence and in the depression 

of various stationary phase genes involved in sporulation (Sonenshein, 

2000). Peptide antibiotics such as Mersacidin and Cerexin were found to 

inhibit food spoilage and several pathogens including methicillin resistant 

Staphylococcus aureus (Chatterjee et al. 1992). Other antimicrobials include 

Sublancin produced by Bacillus subtilis exhibits bactericidal activity mainly 

against Gram positive bacteria including important pathogen such as 

Streptococcus pyogenes and Staphylococcus aureus (Park et al. 1998); 

Mersacidin exerts its antibacterial activity by the inhibition of cell wall 

biosynthesis; Subtilosin produced by Bacillus subtilis retains strong 

bactericidal activity against Listeria monocytogenes; Coagulin produced by 

Bacillus coagulans proved bactericidal activity against pathogens and food 

spoilage bacteria as Leuconostoc, Listeria and Enterococcus (Le marree et 

al. 2000); Cerexin produced by Bacillus cereus; Bacitracin produced by 

Bacillus licheniformis is very effective topically and its action is especially 

on Gram positive cell walls (Berdy, 1974); Megacin produced by Bacillus 
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megaterium inhibits strains closely related to Bacillus megaterium 

(Ivanovies & Alfoldi, 1954). 

Bacteriocins produced by 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 microorganisms (Zheng & Slavik, 1999; 

Bizani & Brandelli, 2002). Although, many studies on bacteriocins from 

Bacillus have exhibited their important aspects of food safety (Hyronimus et 

al. 1998), few have addressed the potential application of these antimicrobial 

properties to be used in animal clinical studies (Barboza-corona et al. 2007). 

 

2.10. EFFECT OF DIFFERENT CARBON SOURCES ON 

ANTIMICROBIAL PRODUCING BACILLUS SPECIES  

Carbon as a part of an ingredient in the medium is required for bacterial 

growth and to enhance the production of antimicrobial substances. 

Antimicrobial substances variation of carbon sources (El-Banna et al. 2006). 

Galactose and glucose strongly enhanced the antimicrobial activity of 
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Corynebacterium kutscheri and C. xerosis respectively, while ribose and 

lactose repressed their activity (Gebreel et al. 2008). P. fluorescens in the 

liquid medium with the addition of glucose and sucrose produced more 

antimicrobial substances like 2, 4-diacetylphloroglucinol (Duffy & Defago, 

1999). Balanced ingredient in medium as nutrition for bacterial growth and 

production of antimicrobial substances is important. Hence, the objectives of 

this study were to identify the bacillus species that exhibit antimicrobial 

activities and to study the effect of different carbon sources on the 

antimicrobial producing bacillus species against selected pathogenic 

bacteria. 
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CHAPTER THREE  

MATERIALS AND METHODS  

3.1. MATERIALS  

Materials used in the work includes; weighing balance, sterile Petri dishes, 

autoclave, incubator, wire loops, microscope, slides, sterile syringe, conical 

flask, beakers, test tubes and Bunsen burner. The 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 were bought from four sellers in four 

different markets in Enugu state. The samples were labeled according to the 

markets from which it was purchased; óSample Aô was purchased from Orie 

market, óSample Bô was purchased from Ogbete market, óSample Cô was 

purchased from Artisan market and óSample Dô was purchased from Garki 

market. 
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3.3. PREPARATION OF SAMPLES 

Dawadawa samples were taken aseptically from traditionally fermented 

African locust bean seeds (Parkia biglobosa). 1g of each sample collected 

was thoroughly mashed with laboratory pestle and mortar, and then was 

mixed with 9ml of sterile distilled water as diluents in a conical flask and the 

content was thoroughly shaken. After homogenization, subsequent serial 

dilutions (10
-1
, 10

-2
, 10

-3
, 10

-4
, 10

-5
, 10

-6
, and 10

-7
) were made from this 

solution by adding serially 1ml of solution from preceding concentration to 

9ml of the diluents using sterile syringe into the test tubes. This was done to 

reduce the microbial population sufficiently to obtain separate colonies when 

plating. 

 

3.4. ISOLATION TECHNIQUES   

The technique used in the isolation of micro-organisms 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 according to the manufacturerôs instructions. The 
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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
o
C) nutrient agar was poured into the plates containing the inoculum and 

was mixed gently. The plates were allowed to solidify and then were 

inverted and incubated at 37
o
C for 24hrs in an incubator. 

Colonies obtained after incubation were sub-cultured on fresh nutrient agar 

using the streak plate method to obtain pure and discrete colonies for easy 

identification.  Each of similar colonies of the pour plate culture was 

transferred to the edge of an agar plate (with an inoculating loop) containing 

nutrient agar, it is called ñpoint inoculationò at this point. Then with the 

inoculating loop, it was streaked 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 sector. It is then incubated at 37
o
C 

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

slants at refrigeration temperature (4
o
C). 
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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 Bergeyôs manual of determinative bacteriology (Sneath, 1986).  

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 Barker et al. (1976) and Thomas, 

(1973). It was used to differentiate bacterial species into Gram-positive and 

Gram-negative based on their physical properties of their cell walls. 

Smears of the isolates were prepared and heat fixed on clean grease-free 

slides by passing the slide over the flame about 3 times and was allowed to 

air dry. The smears were stained for one minute with crystal violet (primary 

stain) and were gently washed out with running tap water. These slides were 

flooded with dilute Gramôs iodine (mordant) solution. This was washed off 
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with water and the smears were decolorized with 95% alcohol (decolourizer) 

till  the blue colour was no more and driped out (about 10-15 seconds). The 

smears were counter-stained with saffranin (counter stain) solution for about 

30 seconds. Finally the slides were washed with tap water; air dried and 

observed under oil immersion (x100) objective lens. The presence of purple 

colour indicates Gram-positive while the presence of pink colour indicates 

Gram-negative. 

3.5.2. CATALASE TEST  

This test was used to demonstrate which of the isolates could produce the 

enzyme ñcatalaseò that releases oxygen from hydrogen peroxide. A loopful 

of pure colony was transferred into a plane clean glass slide. The sample 

mixed with a drop of 3%
v
/v 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 metabolism. Slant tubes of Simonôs citrate agar was 
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inoculated with young culture of the isolates, the inoculation was done by 

stabbing the medium in the tubes using sterile straight inoculating wire loop 

containing the culture. The tubes were then incubated at 37
0
c for about 

24hours. A change in colour from green to blue after 24hours incubation 

indicates a positive result. 

3.5.4. STARCH HYDROLYSIS  

It is used to detect the enzyme, ñamylaseò which breaks down starch (a 

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 incubated at 37
0
c for 24-48hours. 

Then, a small amount of Gramôs iodine was added to flood the starch 

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 

glucose-peptone broth were lightly inoculated with the isolates. The tubes 

were incubated at 37
0
c for not less than 48hours. About 5 drops of methyl 
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red reagent was added into 5ml of the culture. The production of a bright red 

colour immediately on the addition of the reagent showed a positive result. 

3.5.6. VOGEôS-PROSKAUER TEST 

This test is used to detect which of the isolates could utilize the butylenes 

glycol pathway and the production of non-acidic 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 at 37
0
c for 24-48 hours. 

Then, 10 drops of Barrittôs reagents A and B which contains creatine as a 

catalyst were 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. OXIDASE ENZYME ACTIVITY   

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

the inoculum. The inoculated plates were incubated at 37
o
C for24-48hrs. 
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Then 2-3drops of P-aminodimethylanineoxidate were added to the 

inoculated plates after incubation. Presence or absence of colour change was 

observed within 10-30secs after adding the reagent. 

Presence of colour change from pink to purple indicates positive while 

absence of colour change indicates negative. 

3.5.8. SUGAR TESTS 

Each test of the isolates 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 prepared in three conical flasks for 

the three sugars (glucose, lactose and sucrose), the indicator, ñbromocresol 

purpleò and 1% solution of each of the sugars was added. The mixture was 

aseptically dispensed in 5ml aliquant volume into the test tubes. The tubes 

with their contents were sterilized by autoclaving at 121
0
c for 15 minutes. 

The tubes were incubated at 37
0
c. 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 screening of the antimicrobial activity of the isolates was done using the 

agar well diffusion method (Ruiz et al., 2009). 

The nutrient agar was prepared in a sterile Petri dish according to the 

manufacturerôs instructions and left to solidify. The media was streaked with 

the indicator organism or pathogen.  With the help of sterilized borer wells 

were made in the agar plates and culture filtrate of the nutrient broth 

containing the isolates (Bacillus spp) was poured in the well and incubated 

for 24 hours, zone of inhibition around the spot was measured using a slide 

caliper for the activity of antimicrobial compounds and the results were 

reported in millimeters. 

 

3.7. EFFECT OF DIFFERENT CARBON SOURCES 

The ratios, 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 at 121
0
c for 15mins. 
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The isolates were inoculated into the test tubes containing the mixed solution 

and incubated at 37
0
c for 48hrs. The tubes were read with spectrophotometer 

at 540nm. 
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CHAPTER FOUR 

RESULTS 

Seventeen bacillus strains were isolated from a Nigerian food condiment, 

ñdawadawaò. The isolates were identified based on their morphological 

appearance and biochemical tests which include Gram staining, catalase, 

Starch hydrolysis, oxidase, citrate utilization test, methyl red test, vogeôs 

proskauer test and sugar fermentation test. The antimicrobial activities of the 

isolates were determined using the agar well diffusion method and the 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 

code 

Colony morphology  

A1 Cream, irregular, opaque, flat, rough, large, entire 

A2 Cream, irregular, opaque, flat, wavy, large, undulating 

A3 white, circular, blistering, flat, rough, small, undulating 

B1 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, undulating, dull 

B5 Cream, circular, smooth, small, slightly raised, entire, transparent 

C1 Cream, irregular, large, flat, rough, undulating, opaque 

C2 Cream, circular, small, smooth, entire, opaque, slightly raised 

C3 Gray, circular, small, raised, smooth, entire, 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, undulating, transparent, 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 

code 

Gram 

staining 

 

 

CA 

 

OX 

 

SH 

 

CU 

 

MR 

 

VP 

 

Sugar tests Probable 

organisms GL LA  SU 

A1 G +ve + - + + + - - + + B. subtilis 

A2 G +ve + + + + + - - + + B. licheniformis 

A3 G +ve + + + + - - + + + B. subtilis 

B1 G +ve + + + + + - + + + B. licheniformis 

B2 G +ve + + - + + - + + + B. pumilis 

B3 G +ve + + + + + - + + + B. licheniformis 

B4 G +ve + + + + + - + + + B. licheniformis 

B5 G +ve + + - + + - + + + B. pumilis 

C1 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 test, OX= Oxidase 

test, SH= Starch hydrolysis test, CU=citrate utilization test, MR=methyl red, 

VP=vogeôs proskauer test, GL=glucose, LA=lactose, SU=sucrose. 

 

 

Table 5: Percentage (%) occurrence of the isolates 

Isolates  Number of isolates Percentage occurrence 

B. subtilis 5 29.4% 

B. pumilis 7 41.1% 

B. licheniformis 5 29.4% 

TOTAL  17 100% 
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Table 6: Antimicrobial Activities of the isolates using Agar well 

diffusion method 

 

 

Isolate code Zone of Inhibition (mm) on indicator organisms 

E. coli Staph. aureus 

A1 0 0 

A2 0 0 

A3 0 0 

B1 0 0 

B2 0 0 

B3 0 0 

B4 0 0 

B5 0 0 

C1 0 0 

C2 0 0 

C3 0.6 0 

C4 0.8 0 

D1 0 0 

D2 0 0 

D3 0 0 

D4 0 0 

D5 0 0 
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Figure 1: Antimicrobial activity of Bacillus subtilis against Escherichia 

coli, showing 0.8mm zone of inhibition 
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Figure 2: Antimicrobial activity of Bacillus pumilis against Escherichia 

coli, showing 0.6mm zone of inhibition 

 

 

 

 

 

 

 


