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ABSTRACT 

Diabetic ulcers is one of the most common complications in diabetic patients. They are 

considered as a high-risk factor for lower-limb amputation. The present study was conducted to 

evaluate the wound-healing potentials of probiotics isolated from laboratory-produced „kunun-zaki‟ on 

streptozotocin-induced diabetic rats. The „kunun-zaki‟ is a slurry produced from millet and sorghum with a 

thickener (paddy rice and sweet potatoes) at different substitution levels (50:50%, 80:20%) were evaluated for their 

physicochemical, proximate, vitamins, mineral, sensory and microbial parameters. The isolation of probiotics was 

carried out using standard culture and biochemical techniques. These isolates were screened for their 

probiotic properties using different values of pH, temperature and sodium chloride (1-10% concentration). The 

antibacterial activity of the Lactobacillus strains was evaluated using agar well diffusion method 

against three pathogens (Pseudomonas aeruginosa, Staphylococcus haemolyticus and Klebsiella 

pneumoniae) isolated from a chronic ulcer. The Lactobacillus with the highest inhibitory zone 

were molecularly identified using polymerase chain reaction method. Seventy five Wistar female 

rats were divided into 5 groups and each group was sub-divided into 3 of 5 rats each (Group A- 

normal control, B- diabetic control, C- diabetic treated with Lactobacillus casei, D- diabetic treated with 

Lactobacillus plantarum and group E- diabetic treated with gentamicin) assigned to sub-groups is the pathogenic 

organisms to be treated. A full-thickness wound (2.0 cm) was made at the upper paravertebral of each rat 

and infected with the pathogenic organisms. After 24 h of injury, body weight, blood glucose 

level, percentage wound-healing and the total red blood cell and white blood cell counts of rats 

were examined. The pH of the samples ranged from 4.30–5.67 and the total soluble solids 

content ranged from 9.47% - 13.93%. „Kunun-zaki‟ produced using paddy rice prepared at 

50:50% (millet/sorghum) had 86.07% moisture content, 4.45% ash, 0.34% fiber value, 1.90% 

protein and 6.80% carbohydrate. The sweet potatoes based „kunun-zaki‟ had highest vitamin C 

of 32.25 mg/100ml, 18.21mg/100ml vitamin E, 154.67mg/100ml magnesium and 245mg/100ml 

potassium. Furthermore, the sensory quality characteristics (flavour and overall acceptability) of 

the „kunun-zaki‟ processed with paddy rice and paddy rice + sweet potatoes at 50:50% and 

80:20% (millet and sorghum) had the highest scores of 6.35 and significantly different (P<0.05)  

from other samples. A total of eight Lactobacillus strains viz: Lactobacillus acidophilus, Lactobacillus casei, 

Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus delbruekii, Lactobacillus lactis, Lactobacillus 

helveticus and Lactobacillus bulgaricus were isolated from eight „kunun-zaki‟ samples. The Lactobacillus 

plantarum and Lactobacillus casei survived in a wide range of NaCl concentration (1-10%) and 

in pH 2. Lactobacillus plantarum isolated from 50:50 „kunun-zaki‟ with paddy rice had the 

highest inhibitory zone against all the pathogenic organisms and is significantly different (P< 

0.05) from other strains. The molecular identification revealed the Lactobacillus species with 

highest zones of inhibition to be Lactobacillus casei and Lactobacillus plantarum. The body 

weight was slightly increased in group A (control) but decreased in group B on day 7. The 

fasting blood glucose level of untreated diabetic rats (233mg/dL) was significantly higher than 

other groups on day 7. Lactobacillus plantarum significantly decreased all infected wound areas as 

compared to other groups and increased wound healing. The control group had the highest 

haemoglobin of 13.69g/dL on day 15. All the treatment groups showed non-significant change 

(P> 0.05) in the percentage of neutrophil in rats infected with Klebsiella pneumoniae in day 7, 

however, there was a significant increase (P< 0.05) in neutrophils, in diabetic control rats in day 

15.This study has shown that the use of „kunun-zaki‟ can serve as a natural probiotic drink. The 

isolated Lactobacillus plantarum has been shown to be the most effective probiotic which 

promotes diabetic ulcer healing. 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background of the Study 

Diabetic ulcers, one of the most common prevalent complications in diabetic patients, are 

becoming for serious concern worldwide. They are considered major source of morbidity and 

leading cause of hospitalization in patients with diabetes (Aalaa et al., 2012). Diabetic ulcer can 

lead to lower-limb amputation and even death if necessary care is not provided (Snyder and 

Hanft, 2009). Every year, more than a million lower limbs of diabetic patients are amputated as a 

consequence of wound advancement (Jaoa et al., 2012). Development and progression of 

diabetic ulcers are complicated and are different from other chronic wounds that involve the 

convergence of several pathological mechanisms such as neuropathy, foot deformity, gangrene, 

vascular diseases, as well as infections (Shahbazian et al., 2013; Guo and  DiPietro, 2010; Zhao 

et al., 2010).  Diabetic wound infection is one of the main factors disturbing inflammatory 

response and delaying wound healing process. Most diabetic wounds are generally infected with 

complex microorganisms that are composed of both Gram positive and Gram negative bacteria 

(Shaw et al., 2010). In current clinical practice, the treatment of diabetic foot infections includes 

blood sugar control, wound debridement, surgery, systemic antibiotics and advanced dressings 

(Alavi et al., 2014; Tallis et al., 2013; Zhao et al., 2010). 

Diabetes mellitus occurs throughout the world but is more common in developed countries 

(Maria et al., 2013). The dramatic rise in diabetic ulcer is largely due to the rise in type 2 

diabetes and factors driving it include overweight and obesity (Cichosz et al., 2013).   
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Probiotics are defined as live microorganisms which when administered in adequate amounts 

confer health benefits on the host (Gareau et al., 2010). Probiotic organisms are naturally present 

in food and water (Soccol et al., 2010).  Probiotic species belong to the genera Lactobacillus and 

Bifidobacterium (Gupta and Garg, 2009). These bacteria are generally regarded as safe because 

they can reside in the human body causing no harm. They are key microorganisms in milk 

fermentation and food preservation (Patrick, 2012). Several studies have shown that probiotic 

bacteria are not only associated with intestinal health (Durchschein et al., 2016) but they can also 

affect a wide range of other health factors: oral ecology, anticarcinogenic effects, modulation of 

gut immunological mechanisms, mucin production, down-regulation of inflammatory responses, 

inhibition of pathogens, mucosal adherence, stimulation of immunoglobulin A and the 

production of antimicrobial substances such as organic acids, hydrogen peroxide and 

bacteriocins (King et al., 2014; Rijkers et al., 2010; Azizpour et al., 2009). The recent scientific 

investigation has supported the important role of probiotics as a part of a healthy diet for humans 

as well as for animals and may be an avenue to provide a safe, cost-effective, and „natural‟ 

approach to reduce microbial infection (Grimoud et al., 2010). Probiotics adhere and colonize  

human body which may increase their retention time thus facilitating the prolonged probiotic 

activity (Lee and Salminen, 2009). These probiotic preparations may be presented in the form of 

powders, liquid, tablets, capsules, granules, pastes or sprays depending on the animal or human 

receiving the supplement and the condition to be treated (Hoque et al., 2010). 

„Kunun‟, a traditional non-alcoholic beverage made mainly from cereals, is of low viscosity and 

has a sweet-sour taste depending on the level of fermentation, milky-cream in appearance and is 

popular with people of northern Nigeria (Odom et al., 2012; Adebayo et al., 2010).  It is  



 
 

3 
 

produced mainly from Pennisetum americarum (Millet), although Sorghum bicolor (Sorghum), 

Zea mays (Maize), Oryza sativa (Rice) and other cereals can be used. It is normally flavoured 

with a combination of spices which include, Zingiber officinale (Ginger), Eugenia aromatic 

(Cloves), Piper guineense (Black pepper) and Xylopia acthiopica (cinnamon) (Adebayo et al., 

2014; Oluwajoba et al., 2013; Nkama et al., 2010; Amusa and Odunbaku, 2009).  

1.2. Statement of the Research Problem 

Diabetes mellitus is an epidemic chronic disease that is frequently complicated by complex 

wound infections. Diabetic wounds are slow, non-healing wounds that can persist for years 

despite adequate and appropriate care. It causes great physical handicap and psychosocial 

disability. Such wounds are difficult and frustrating to manage. Diabetic wounds do not follow 

the precisely orchestrated course of events observed in normal healing and bacterial colonization. 

This disease has become the leading health challenge globally. Nowadays, the occurrence of 

multidrug-resistant organisms has emerged as a serious and common concern in diabetic 

wounds, leading to a longer hospital stay duration, increased economic burden, morbidity, and in 

some cases may lead to higher mortality (Trivedi et al., 2014). Furthermore, concern has been 

expressed as the degree of microbial resistance to indiscriminately prescribed and misused 

antibiotics increases. To combat these trends directly, the World Health Organization currently 

advocates the implementation of alternative disease control strategies, such as exploiting the 

prophylactic and therapeutic potential of probiotic bacteria (Amirreza et al., 2016). It is, 

therefore, necessary to develop a new non-antibiotics approach for the treatment of infected 

diabetic wounds.                                                                                                  
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1.3. Justification for the Study  

To address the difficulties in treating infected diabetic ulcer, several approaches have been 

undertaken including intensifying research to develop new antibiotics, use of different antibiotic 

combinations and identification of alternative means. However, the scope for the development of 

new antibiotics that will be more effective than the existing antibiotics is very limited. Therefore, 

a lot of research is being carried out to develop non-antibiotics therapeutics against diabetic ulcer 

using probiotic isolated from diary products and traditional medicine but a few exhibit 

antibacterial effects under in-vitro condition but their antibacterial effects under in-vivo 

situations are largely unknown. A main concern with ayurvedic medicine mediated treatment is 

the dosage. Milad, (2016) reported the effects of probiotic on cutaneous wound healing in rats 

but could not elucidate the exact role of probiotics in wound-healing process. Probiotic 

Lactobacillus is also of interest because of its safety for use in humans. Till date, several studies 

have been done on production and nutritional composition of varieties of „kunun-zaki‟ and many 

strains of probiotic bacteria have been isolated. However, not much work has been carried out on 

isolation of probiotic Lactobacillus strains from „kunun-zaki‟ processed with sweet potatoes and 

paddy rice thickener. Thus so there is little or no information on the wound-healing potentials of 

probiotics on streptozotocin-induced diabetic rats. This study investigates the nutritional 

composition of millet and sorghum drinks processed with sweet potatoes and paddy rice 

thickener. Also, it assessed the wound-healing potentials of Lactobacillus. 

1.4. Aim  

The aim of this work was to evaluate wound-healing potentials of probiotics isolated from 

laboratory- produced „kunun-zaki‟ on streptozotocin-induced diabetic rats.   
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1.5. Objectives.                                      

The specific objectives of this work were to:                                           

1. evaluate the physicochemical, proximate, vitamins and mineral components of the „kunun-  

    zaki‟,                                                                                                                                                  

2.  investigate the sensory attributes of the „kunun-zaki‟ samples,                .                                                               

3.  determine the microbial load of the „kunun-zaki‟ samples, 

4.  isolate and identify Lactobacillus species from „kunun-zaki‟ samples, 

5. examine the probiotic potentials of Lactobacillus species isolated from „kunun-zaki‟,                                                                                                                       

6.  determine the antibacterial effects of the Lactobacilli on pathogenic microorganisms isolated    

     from chronic skin ulcer,  

7. classify the Lactobacillus species with the highest inhibitory zone and the pathogenic 

organism using  

    molecular identification, 

8. determine the body weight and blood glucose level of the streptozotocin-induced diabetic rats, 

9. observe behavioural responses of the experimental rats, 

10. assess the percentage wound healing, 

11. estimate the total red blood cell and white blood cell counts of the experimental animals.  

 

 

 

 

 

 



 
 

6 
 

CHAPTER TWO 

LITERATURE REVIEW 

2.1. Probiotics  

Probiotics refer to microorganisms with positive effects on health by assisting with food and 

nutrient digestion and having a direct antagonistic effect against specific groups of 

organisms to decrease their numbers or effect on their metabolism and to stimulate immunity 

(Gareau et al., 2010). They cooperatively maintain a delicate balance between the 

gastrointestinal tract and immune system (Moayyedi et al., 2010) and prebiotics–non 

digestible food ingredients that encourage the growth and activity of favourable intestinal 

bacteria are quickly gaining attention as functional foods. Probiotics may beneficially affect 

the host by augmenting its intestinal microbial population beyond the amount already 

existing, thus possibly inhibiting pathogens (Haller et al., 2010). 

Traditionally, the most popular food delivery systems for these cultures have been freshly 

fermented dairy foods, such as yoghurts and fermented milks, as well as unfermented milks 

with cultures added (Saikali et al., 2008). Potential benefits may result from growth and 

action of the bacteria during the manufacture of cultured foods. Lactose malabsorption may 

compromise their intake of protein and calcium (Saikali et al., 2008) and these microflora 

are capable of providing numerous health benefits beyond basic nutritional value.  
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2.2. Composition of Probiotic Preparation 

The most commonly used organisms in probiotic preparations are the lactic acid bacteria. 

These are found in large numbers in the gut of healthy animals. Organisms other than lactic 

acid bacteria which are currently being used in probiotic preparations include Bacillus 

species, yeasts (Saccharomyces cerevisiae and Saccharomyces boulardii) and filamentous 

fungi (Aspergillus oryzae) (Stanton et al., 2009). Probiotic products are now available in 

different formulations with, Bifidobacterium longum, Bifidobacterium infantis, Enterococcus 

faecium and others with or without probiotic and fructooligosaccharides (FOS). Some of the 

most common probiotic products are Lactobacillus acidophilus and Bifidus longum with 

fructooligosaccharides, and Bifidus infantis (Stanton et al., 2009).                

Probiotics must have good shelf- lives in food or preparations, containing a large number of 

viable cells at the time of consumption, and be nonpathogenic and nontoxic in their 

preparations. The most extensively studied and widely used probiotics are the lactic acid 

bacteria, particularly the Lactobacillus and Bifidobacterium species (Yateem et al., 2008). 

2.3.  Lactobacillus 

The Lactobacillus genus consists of a genetically and physiologically diverse group of rod- 

shaped, gram-positive, non-spore forming, non-pigmented, catalase negative and 

microaerophilic to anaerobic (Yateem et al., 2008). Lactic acid bacteria have widespread use 

in fermented food production and generally recognized as safe (GRAS) organisms and can be 

safely used for medical and veterinary applications (Zago et al., 2011). 

In the food industry, Lactic acid bacteria is widely used as starter cultures and has been cited 

to be part of human microbiota (Lee and Bak, 2011). Ingestion of live cells of certain species 

of lactobacilli in adequate amounts is believed to confer several beneficial physiological 
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effects on the host such as maintaining a healthy and equilibrated intestinal infection. Lactic 

acid bacteria have been used successfully to prevent antibiotic associated diarrhea and 

recurrent Clostridium difficile diseases and to treat various diarrhea illnesses (Peera, 2013).  

2.4. Nutritional and Health Advantages of Lactic Acid Fermentation   

Lactic acid fermentation of sorghum foods by lactic acid bacteria prior to cooking or 

consumption significantly alters their biochemical properties, rendering a food product with 

enhanced nutritional value and flavour (Towo et al., 2008). Lactic acid fermentation has been 

shown to reduce the level of anti-nutritive oligosaccharides, phytate and tannins (Adeyemo et 

al., 2016).  

2.5. Factors Affecting Probiotics Viability in Foods.                    

Some factors, both intrinsic and extrinsic, may influence the survival of probiotics in food 

and so have to be considered in all stages of probiotic food manufacturing: physiological 

state of the added probiotic in the food; physicochemical conditions of food processing; 

physical  conditions of product storage, such as temperature; chemical composition of the 

product, such as content of nutrients, oxygen or pH; interactions with other product 

components, that can  be inhibitory or protective.                        

2.5.1.   Physiological State. 

The physiological state of bacteria when prepared and remaining in a product itself        

are important factors for survival of the probiotics. Dryness in a food product keeps 

the bacteria in a relatively quiescent state during storage, while a wet product 

establishes potentially active metabolism. Different probiotic strains have their own 

intrinsic tolerances to environmental conditions, including how the culture is 

prepared, and some cross- protection can be observed, providing protection against 
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other stresses by the exposure to only one stress. Stress responses can be explored 

to make probiotic strains more resilient and likely to survive in food matrices, with 

significant industrial importance (Takahashi et al., 2007). 

   2.5.2. Temperature 

The temperature at which probiotic organisms grow is an important factor in food 

applications where fermentation is required, is also a critical factor influencing 

probiotic survival during manufacturing and storage (Lee and Salminen, 2009). 

The lower the temperature, the more stable probiotic viability in the food product 

(Rijkers et al., 2010). 

During processing, temperatures over 45-50°C will be detrimental to probiotic 

survival; this means that the higher the temperature, the shorter the time period of  

exposure required to severely decrease the numbers of viable bacteria, ranging 

from  hours or minutes at 45–55°C to seconds at higher temperatures. Therefore, it 

is obvious that probiotics should be added downstream of heating, cooking and 

pasteurization processes in food manufacturing to avoid the high temperatures (Lee 

and Salminen, 2009). Elevated temperature also has a detrimental effect on 

stability during the product‟s process of shipping and storage. Again, the cooler a 

product can be maintained, the better probiotic survival will be, as in vegetative 

probiotic cells in liquid products, where refrigerated storage is usually essential. If 

the product is dried, the bacteria will be in a quiescent state, so acceptable probiotic 

viability can be maintained in dry products stored at ambient temperatures for 12 

months or more. Producing and maintaining low water activities in the foods is the 
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key to maintaining probiotic viability during non-refrigerated storage because there 

is a remarkable interaction between temperature and water activity (Doleyres and 

Lacroix, 2008). 

             2.5.3.   pH 

Some bacteria like Lactobacilli and Bifidobacteria can tolerate lower pH level 

because they produce organic acid and products from carbohydrate metabolism. 

Indeed, numerous in vitro and in vivo studies have demonstrated that in gastric   

transit where the cells are exposed to low pH values and with a time of exposure 

relatively short, some probiotic organisms can survive. In fermented milks and 

yoghurts with pH values between 3.7 and 4.3. Lactobacilli are able to grow and 

survive, while Bifidobacteria tend to be less acid tolerant, with most species 

surviving poorly in fermented products at pH levels below 4.6 (Mortazavian et 

al., 2010; Karna et al., 2007). 

                  2.5.4. Water Activity 

For quiescent probiotic bacteria, water activity is a crucial determinant for the 

survival in food products during storage. The higher moisture levels and water 

activity, the lower survival of probiotics. There is a substantial interaction 

between water activities and temperature with respect to their impact on the 

survival of quiescent probiotics. As the storage temperature is increased, the 

detrimental impact of moisture is magnified. Here, the osmotic stresses appear to 

play a role, with the presence of smaller molecules resulting in poorer bacterial 

survival (Vesterlund, 2012). 
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      2.5.5. Oxygen 

Both Bifidobacteria and Lactobacilli are considered strict anaerobes and oxygen can 

be detrimental to their growth and survival. However, the degree of oxygen 

sensitivity varies considerably between different species and strains; for example, 

lactobacilli, which are mostly microaerophilic, are more tolerant of oxygen than 

bifidobacteria, to the point where oxygen levels are not an important consideration 

in maintaining the survival of lactobacilli (Ravinder et al., 2012). Most probiotic 

Bifidobacteria do not grow well in the presence of oxygen, although, many 

bifidobacteria have enzymatic mechanisms to limit the oxygen toxicity. For oxygen-

sensitive strains, some strategies can be used to prevent oxygen toxicity in food 

products (Amund, 2016). Antioxidant ingredients have been shown to improve 

probiotic survival, as well as the use of oxygen barrier or modified-atmosphere 

packaging (Lee and Salminen, 2009). 

  2.5.6. Toxicity of Ingredients 

 Interactions between probiotics and other ingredients could happen and those 

interactions can be protective, neutral, or detrimental to probiotic ability (Lee and 

Salminen, 2009). Obviously, the inclusion of antimicrobial preservatives can 

inhibit probiotic survival and elevated levels of ingredients such as salt, organic 

acids, and nitrates can inhibit probiotics during storage, while starter cultures can 

sometimes inhibit the growth of probiotics during fermentation through the 

production of specific bacteriocins (Ravinder et al., 2012). 
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               2.5.6.1. Growth Factors, Protective and Synergistic Ingredient. 

Probiotic lactobacilli and bifidobacteria are only weakly proteolytic and grow 

relatively slowly or poorly in milk. The growth of bifidobacteria can be improved 

by the presence of suitable companion cultures, which can aid in protein 

hydrolysis and through the production of growth factors. Some growth substrates 

such as carbon sources, nitrogen sources, and growth factors or antioxidants, 

minerals, and vitamins can be added to improve growth. Finally, the food matrix 

itself can be protective like in the cheese, where the anaerobic environment, high 

fat content and buffering capacity of the matrix helps to protect the probiotic cells 

both in the product and during intestinal transit (Kanmani et al., 2013).     

           2.5.6.2. Freezing and Thawing. 

The damages made to cell membranes by freezing probiotics is detrimental to     

survival, and also can make the cells more vulnerable to environmental stresses. 

To prevent or at least mitigate cell injury, protectants are usually added to cultures 

to be frozen or dried. Once frozen, probiotics can survive well over long shelf 

lives in products such as frozen yogurts and ice-cream. Using alternative methods 

of freezing, such as slow-cooling rates or pre-freezing stress, can significantly 

improve cell survival. Repeated freeze-thawing cycles are highly detrimental to 

cell survival and should be avoided (Akin et al., 2007). 
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                 2.5.6.3. Shear Forces. 

Probiotic lactobacilli and bifidobacteria are gram-positive bacteria with thick cell   

walls that are able to tolerate the shear forces generated in most standard food 

production processes such as high-speed blending or homogenization that may 

result in cell disruption and losses in viability (Yong et al., 2016). 

2.6. Health Benefit of Probiotics. 

        2.6.1. Nutrient Synthesis and Bioavailability 

 Lactic acid bacteria are known to release various enzymes and vitamins into the                        

intestinal lumen. This exert synergistic effects on digestion, alleviating symptoms of 

intestinal malabsorption, and produced lactic acid, which lowers the pH of the intestinal 

content and helps to inhibit the development of invasive pathogens such as Salmonella 

species or strains of Escherichia coli (Azizpour et al., 2009). Bacterial enzymatic 

hydrolysis may enhance the bioavailability of protein and increase the production of free 

amino acids, short chain fatty acids (SCFA). Lactic acid, propionic acid and butyric acid 

are also produced by lactic acid bacteria. When absorbed, these short chain fatty acids 

contribute to the available energy pool of the host (Cencic and Chingwaru, 2010) and 

may protect against pathological changes in the colonic mucosa (Gijs et al., 2013). 

Functional microorganisms transform the chemical constituents of raw materials of 

plant/animal sources during food fermentation thereby enhancing the bio-availability of 

nutrients, enriching sensory quality of the food, imparting bio-preservative effects and 

improvement of food safety, degrading toxic components and anti-nutritive factors, 

producing antioxidant and antimicrobial compounds, stimulating the probiotic functions, 
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and fortifying with some health-promoting bioactive compounds (Bourdichon et al., 

2012). 

 2.6.2. Gastric and Intestinal Tract Effect of Probiotics 

       There are a number of studies in humans that suggest that lactic acid bacteria can       

decrease the incidence, duration and severity of some gastric and intestinal illnesses. 

2.6.2.1. Preventive and Theurapeutic Effects Against Diarrhoea. 

The well-known uses of probiotics are for diarrhoea diseases prevention and 

management of acute viral and bacterial diarrhoea as well as the control of 

antibiotic-associated diarrhoea. A number of specific strains, including 

Lactobacillus reuteri, Saccaromyces boulardii, Bifidobacterium species and 

others, have been shown to have significant benefit for diarrhoea (Guarino et al., 

2015; Walker et al., 2013; Elizabeth, 2010; Brenner et al., 2009). The probiotic 

species that show the most promise in treating diarrhoea diseases in children 

include Lactobacillus reuteri, Lactobacillus casei, Saccaromyces boulardii, 

Bifidobacterium bifidum and Streptococcus thermophilus (Devrese and Marteau, 

2007). Lactic acid bacteria are known to release various enzymes into the 

intestinal lumen that exert synergistic effects on digestion, alleviating symptoms 

of intestinal malabsorption. 

             2.6.2.2. Alleviation of Lactose Intolerance. 

Lactic acid of the yoghurt alleviates the symptoms of lactose intolerance in 

lactase-deficient individuals. Probiotics have been shown to improve lactose 
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digestion by reducing the intolerance symptoms as well as by slowing orocecal 

transit (Oak and Jha, 2018). 

             2.6.2.3   Hepatic Disease. 

Hepatic encephalopathy is a liver disease and its effects can be life threatening. 

The exact pathogenesis of hepatic encephalopathy still remains unknown. The 

probiotics, Streptococcus thermophilus, Bifidobacterium species, Lactobacillus 

acidophilus, Lactobacillus plantarum, Lactobacillus casei, Lactobacillus 

delbrueckii, Lactobacillus bulgaricus, and Enteroccous faecum containing 

therapeutic effect have multiple mechanisms of action that could disrupt the 

pathogenesis of hepatic encephalopathy and may make them superior to 

conventional treatment and lower portal pressure with a reduction in the risk of 

bleeding (Saji et al., 2011; Versalovic, 2007). 

                   2.6.2.4. Inflammation/ Arthritis. 

Probiotic supplementation has both direct and indirect effects. Probiotics exhibit 

direct effects locally in the gastrointestinal tract, including modulation of resident 

bacterial colonies and vitamin production (Roberfroid, et al., 2010). There are also 

indirect effects exerted at sites outside the gastrointestinal tract, including the 

joints, lungs, and skin. Indirect effects most likely result from an impact on 

immunity, via changes in inflammatory mediators such as cytokines. Modulation 

of inflammatory responses may be related to regulating or modulating the 

immune system both locally and in the gastrointestinal tract (Jeong et al., 2010). 
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It is speculated that inflammation associated with rheumatoid arthritis may be 

modulated by the use of probiotics. Modulation or down regulation of the immune 

system and subsequent reduction in gastrointestinal tract permeability can result 

from consuming probiotics (Orel and Trop, 2014).   

              2.6.2.5. Allegy/Eczema 

Probiotic bacteria are important in down regulating inflammation associated with 

hypersensitivity reactions in patients with atopic eczema and food allergy (Cuello-

Garcia, et al., 2015). 

Perinatal administration of Lactobacillus rhamnosus decreased subsequent 

occurrence of eczema in at-risk infants by one-half. In newborn infants, the initial 

bacteria to colonize the sterile gastrointestinal tract may establish a permanent 

niche and have lasting impact on immune regulation and subsequent development 

of atopic disorders (Niers et al., 2009). It was suggested that probiotics may 

enhance endogenous barrier mechanisms of the gut and alleviate intestinal 

inflammation, providing a useful tool for treating food allergy (Boyle et al., 

2009). 

Probiotics may also be helpful in alleviating some of the symptoms of food 

allergies such as those associated with milk protein. Possibly by degrading these 

proteins to smaller peptides and amino acids, added to the diet of infants on a 

hydrolysed whey formula decreased the symptoms of atopic dermatitis (Cuello-

Garcia, et al., 2015). Probiotics have also been found to upregulate anti-



 
 

17 
 

inflammatory cytokines, such as interleukin-10, in atopic children (Pessi et al., 

2009).  

             2.6.2.6. HIV and Immune Response 

Children with HIV infections have episodes of diarrhoea and frequently 

experience malabsorption associated with possible bacterial overgrowth 

(Guandalini, 2011). Administration of Lactobacillus plantarum can be given 

safely to immunocompromised hosts; may have a positive effect on immune 

response, and has the potential to improve growth and development (Chiara et al., 

2017). The immune response may further be enhanced when one or more 

probiotics are consumed together and work synergistically, as seems to be the 

case when Lactobacillus is administered in conjunction with Bifidobacterium 

(Klatt et al., 2013; Yan and Polk, 2011). 

The effect of probiotics on the immune response has been comprehensively 

reviewed (Yan and Polk, 2011; McNaught et al., 2008). The majority of evidence 

from in vitro systems, animal models and humans suggests that probiotics can 

enhance both specific and nonspecific immune responses (Kang and Im, 2015).  

 2.6.3. Hypertension 

Preliminary evidence indicates that probiotic bacteria or their fermented products 

may also play a role in blood pressure control, with animal and clinical studies 

documenting antihypertensive effects of probiotic ingestion (Pablo et al., 2015). 

Elderly hypertensive patients who consumed fermented milk with a starter 

containing Lactobacillus delbrueckii and Saccaromyces cerevisiae experienced 
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reductions in systolic and diastolic blood pressure (Moro et al., 2013). Decreased   

systolic and diastolic blood pressure and heart rate of hypertensive patients were 

altered when administered with powdered probiotic cell extracts (Manuel et al., 

2015). Some studies have indicated that consumption of milk fermented with 

various strains of LAB may result in modest reductions in blood pressure, an 

effect possibly related to the ACE inhibitor-like peptides produced during 

fermentation (Dong et al., 2013). 

                       2.6.4. Cancer 

In general, cancer is caused by mutation or activation of abnormal genes that 

control cell growth and division (De-Moreno and Persigon, 2010). Most of these 

abnormal cells do not result in cancer as normal cells usually out-compete 

abnormal ones. Also, the immune system recognizes and destroys most abnormal 

cells. Many processes or exposures can increase the occurrence of abnormal cells. 

Precautions that minimize these exposures decrease the risk of cancer. Among the 

many potentially risky exposures are chemical exposures. Cancer-causing 

chemicals can be ingested or generated by metabolic activity of microbes that live 

in the gastrointestinal system. It has been hypothesized that probiotic cultures 

might decrease the exposure to chemical carcinogens by: (i) detoxifying ingested 

carcinogens. (ii) altering the environment of the intestine and thereby decreasing 

populations or metabolic activities of bacteria that may generate carcinogenic 

compounds. (iii) producing metabolic products which improve a cell's ability to 

die when it should die (a process known as apoptosis or programmed cell death). 

(iv) producing compounds that inhibit the growth of tumour cells. (v) stimulating 



 
 

19 
 

the immune system to better defend against cancer cell proliferation (Isolauri, 

2009; Murch, 2008). 

 Colorectal cancer (CRC) is a major cause of death from cancer in the western 

world. Approximately 70% of colorectal cancer is associated with environmental 

factors, probably mainly the diet. There is interest in the potential protective role 

of fermented milks containing probiotic cultures against colorectal cancer from 

humans, animal and in vitro studies (Fernandes et al., 2013).  

Lactobacillus rhamnosus and Lactobacillus bulgaricus have demonstrated anti-

mutagenic effects thought to be due to their ability to bind with heterocyclic 

amines, which are carcinogenic substances formed in cooked meat (Vong et al., 

2014). Dietary supplementation with a strain of Lactobacillus acidophilus 

significantly suppressed the total number of colon cancer cells in rats in a dose-

dependent manner (Elahe et al., 2017). Lactic acid bacteria and their fermented 

food products are thought to confer a variety of important nutritional and 

therapeutic benefits on consumers, including antimutagenic and anticarcinogenic 

activity (Lee et al., 2011). 

             2.6.5.   Control of Blood Cholesterol and Hyperlipidaemia. 

Cholesterol is essential for many functions in the human body. It acts as a 

precursor to certain hormones and vitamins and it is a component of cell 

membranes and nerve cells. However, elevated levels of total blood cholesterol or 

other blood lipids are considered risk factors for developing coronary heart 

disease. Hyperlipidaemic patients who were administered Lactobacillus 
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sporogenes experienced a mean 32% reduction in total cholesterol and 35% 

reduction in LDL cholesterol over a 3-month period. Because in-vitro studies 

have shown that bacteria can remove cholesterol from culture media (Parvez et 

al., 2009) much attention has been given to the cholesterol-lowering potential of 

probiotics in humans (Tamime, 2008).  

 2.6.6. Condition of the Genitourinary Tract. 

In a recent study of bacterial cultures isolated from women with recurrent 

episodes of bacterial vaginosis, four different strains of lactobacilli demonstrated 

inhibitory activity against the bacterial species, possibly by producing an acidic 

environment (Martin et al., 2009). In addition, a number of observational studies 

have correlated vaginal health with the presence of lactobacilli (Brotman et al., 

2010; Falagas et al., 2007). The colon might thus be a source of beneficial as well 

as harmful bacteria for the urinary and genital tracts. Both oral probiotics and 

vaginal suppositories of probiotics have been shown to reduce the incidence of 

recurrent urinary tract infection (Oakley et al., 2008; Saunders et al., 2007).  

  2.6.7. Helicobacter pylori Infections. 

There is a preliminary evidence that probiotic bacteria may inhibit the gastric 

colonization and activity of Helicobacter pylori, which is associated with gastritis, 

peptic ulcers and gastric cancer (Zhang et al., 2015). Lactobacillus salivarius was 

found to inhibit Helicobacter pylori colonization in in-vitro studies as well as in 

mice (Nele et al., 2016). The use of probiotics in the field of Helicobacter pylori 

infection has been proposed for improving eradication rate and tolerability and for 
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compliance of multiple antibiotic regimens used for the infection (Zhu and Liu, 

2017; Patel et al., 2014). An inhibition of Helicobacter pylori infection was also 

shown in humans consuming Lactobacillus johnsonii (Zhang et al., 2015; Yang et 

al., 2014). 

               2.6.8. Inflamatory Bowel Disease. 

Studies have shown an improvement in symptoms of inflamatoory bowel disease 

and ulcerative colitis with consumption of certain strains of lactobacilli (Preidis et 

al., 2012; Caplan and Schrezenmeir, 2009). Lactic acid bacteria may improve 

intestinal mobility and relieve constipation possibly through a reduction in gut pH 

(Panigrahi et al., 2007). It has also been reported that probiotic combination 

therapies may benefit patients with inflammatory bowel disease (Sekhon and 

Jairath, 2010). Saccharomyces boulardii in patients with Crohn's disease was 

found to extend remission time and reduce relapse rates.  

 2.6.9. Irritable Bowel Syndrome. 

Probiotics exhibit a direct effect in the gut, in the treatment of inflammatory and 

functional bowel disorders. In one of the most common functional bowel 

disorders, irritable bowel syndrome, Lactobacillus plantarum were shown in 

clinical trials to reduce abdominal pain, bloating, flatulence, and constipation  

(Roberfroid et al., 2010). Randomized controlled trials (RCTs) in healthy adults 

indicated that probiotic intervention or probiotics-fermented products resulted in 

changes in intestinal microbiota composition or diversity (Plaza-Diaz et al., 

2015). 
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2.6.10. Vitamin Production. 

One of the multiple benefits that probiotics have is the capacity to synthesize 

vitamins. In vitro studies and in humans have demonstrates the capacity of some 

probiotic strains to synthesize Vitamin K, folic acid and vitamin B12 (Jones et al., 

2013; Strozzi and Mogna, 2008).  

2.6.11. Oral Health 

        2.6.11.1. Dental Caries 

Dental caries is a multifactorial disease of bacterial origin that is 

characterized by acid demineralization of the tooth enamel. Probiotics 

have a beneficial effect in limiting or preventing dental caries by adhering 

to dental surface and integrating into the bacterial communities making up 

the dental biofilm (Robert et al., 2017; Haukioja, 2010). 

2.6.11.2. Halitosis 

Halitosis or bad breath, is a condition affecting comparatively large 

section of the population. Bad breath in the oral cavity is mainly 

ascribed to the production of volatile sulfur compounds predominantly 

by gram negative anaerobes residing in periodontal pockets and on the 

tongue dorsum. (Bollen and Beikler, 2012). The replacement of bacteria 

implicated in halitosis by colonization with probiotic bacterial strains 

from indigenous oral microbiota of healthy humans may have potential 
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applications as adjuncts for the prevention and treatment of halitosis 

(Iwamoto et al., 2010; Scully and Greenman, 2008). 

2.7. Diabetes Mellitus. 

Diabetes mellitus (DM), commonly referred to as diabetes, is a group of metabolic disorders in 

which there are high blood sugar levels over a prolonged period (Rippe and Richard, 2010). 

Symptoms of high blood sugar include frequent urination, increased thirst, and in creased 

hunger. If left untreated, diabetes can cause many complications. Acute complications can 

include diabetic ketoacidosis, hyperosmolar hyperglycemic state, or death. Serious long-term 

complications include cardiovascular disease, stroke, chronic kidney disease, foot ulcers, and 

damage to the eyes (Tripathy et al., 2012). Diabetes is due to either the pancreas not producing 

enough insulin or the cells of the body not responding properly to the insulin produced (Gardner 

and Shoback, 2017).  

2.7.1. Types of Diabetes                                     

2.7.1.1. Type 1                

Type 1 diabetes mellitus is characterized by loss of the insulin-producing beta cells of the 

pancreatic islets, leading to insulin deficiency. This type can be further classified as 

immune-mediated or idiopathic. The majority of type 1 diabetes is of the immune-

mediated nature, in which a T cell-mediated autoimmune attack leads to the loss of beta 

cells and thus insulin (Kenny, 2014). Most affected people are otherwise healthy and of a 

healthy weight when onset occurs. Sensitivity and responsiveness to insulin are usually 

normal, especially in the early stages. Type 1 diabetes can affect children or adults. 

Type 1 diabetes can be accompanied by irregular and unpredictable high blood sugar 
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levels, frequently with ketosis, and sometimes with serious low blood sugar levels. Other 

complications include an impaired counter regulatory response to low blood sugar, 

infection, gastroparesis (which leads to erratic absorption of dietary carbohydrates), and 

endocrinopathies (Verrotti et al., 2012). 

Type 1 diabetes is partly inherited, with multiple genes, including certain HLA 

genotypes, known to influence the risk of diabetes. The increase of incidence of type 1 

diabetes reflects the modern lifestyle (Butalia et al., 2016).  

     2.7.1.2. Type 2 

Type 2 is characterized by insulin resistance, which may be combined with relatively 

reduced insulin secretion (Vivian and Fonseca, 2009). The defective responsiveness of 

body tissues to insulin is believed to involve the insulin receptor. Type 2 is the most 

common type of diabetes mellitus (Pasquel and Umpierrez, 2014). In the early stage of 

type 2, the predominant abnormality is reduced insulin sensitivity. At this stage, high 

blood sugar can be reversed by a variety of measures and medications that improve 

insulin sensitivity or reduce the liver's glucose production (Ganguly et al., 2015). 

Type 2 is primarily due to lifestyle factors and genetics (Riserus et al., 2009).  A 

number of lifestyle factors are known to be important to the development of type 2 

including obesity, lack of physical activity, poor diet, stress, and urbanization 

(Shoback, 2017). Consumption of sugar-sweetened drinks in excess is associated with 

an increased risk (Malik et al., 2010). Type of fats in the diet is also important, with 

saturated fat and trans fats increasing the risk and polyunsaturated and 
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monounsaturated fat decreasing the risk (Risérus et al., 2009).  Eating lots of white rice 

also may increase the risk of diabetes (Hu et al., 2012). A lack of physical activity is 

believed to cause 7% of cases (Lee et al., 2012).      

2.7.1.3. Gestational Diabetes                 

Gestational diabetes mellitus (GDM) resembles type 2 in several respects, involving a   

combination of relatively inadequate insulin secretion and responsiveness. It occurs in 

about 2–10% of all pregnancies and may improve or disappear after delivery. 

However, after pregnancy approximately 5-10% of women with gestational diabetes 

are found to have diabetes mellitus, most commonly type 2 (De-la Monte, 2014). 

Gestational diabetes is fully treatable, but requires careful medical supervision 

throughout the pregnancy (Eman and Alfadhli, 2015). Management may include 

dietary changes, blood glucose monitoring, and in some cases, insulin may be required. 

Though it may be transient, untreated gestational diabetes can damage the health of the 

fetus or mother. Risks to the baby include macrosomia (high birth weight), congenital 

heart and central nervous system abnormalities, and skeletal muscle malformations. 

Increased levels of insulin in a fetus's blood may inhibit fetal surfactant production and 

cause respiratory distress syndrome (Lee et al., 2012). 

Prediabetes indicates a condition that occurs when a person's blood glucose levels are 

higher than normal but not high enough for a diagnosis of type 2 (Kitabchi et al., 

2009). Many people destined to develop type 2 diabetes mellitus spend many years in a 

state of prediabetes. Some cases of diabetes are caused by the body's tissue receptors 

not responding to insulin (even when insulin levels are normal, which is what separates 
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it from type 2 diabetes); this form is very uncommon. Genetic mutations (autosomal or 

mitochondrial) can lead to defects in beta cell function. Abnormal insulin action may 

also have been genetically determined in some cases. Any disease that causes 

extensive damage to the pancreas may lead to chronic pancreatitis and cystic fibrosis    

(Selvin et al., 2010). Diseases associated with excessive secretion of insulin-

antagonistic hormones can cause diabetes. Many drugs impair insulin secretion and 

some toxins damage pancreatic beta cells (Tuomi et al., 2014).         

Other forms of diabetes mellitus include congenital diabetes, which is due to genetic 

defects of insulin secretion, cystic fibrosis-related diabetes, steroid diabetes induced by 

high doses of glucocorticoids, and several forms of monogenic diabetes. 

2.7.2. Signs and Symptoms 

The classic symptoms of untreated diabetes are weight loss, polyuria (increased 

urination), polydipsia (increased thirst), and polyphagia (increased hunger). Symptoms 

may develop rapidly (weeks or months) in type 1 DM, while they usually develop much 

more slowly and may be subtle or absent in type 2 DM. Several other signs and 

symptoms can mark the onset of diabetes although they are not specific to the disease. In 

addition to the known ones above, they include blurry vision, headache, fatigue, slow 

healing of cuts, and itchy skin. Prolonged high blood glucose can cause glucose 

absorption in the lens of the eye, which leads to changes in its shape, resulting in vision 

changes (De la Monte, 2014). 
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        2.7.3. Diabetic Emergencies 

Low blood sugar is common in persons with type 1 and type 2 diabetes mellitus. Most 

cases are mild and are not considered medical emergencies. Effects can range from 

feelings of unease, sweating, trembling, and increased appetite in mild cases to more 

serious issues such as confusion, changes in behavior such as aggressiveness, seizures, 

unconsciousness, and (rarely) permanent brain damage or death in severe cases (Verrotti 

et al., 2012). Moderate hypoglycemia may easily be mistaken for drunkenness; rapid 

breathing and sweating, cold, pale skin are characteristic of hypoglycemia but not 

definitive (Kitabchi et al., 2009). Mild to moderate cases are self-treated by eating or 

drinking something high in sugar. Severe cases can lead to unconsciousness and must be 

treated with intravenous glucose or injections with glucagon.  

People may also experience episodes of diabetic ketoacidosis, a metabolic disturbance 

characterized by nausea, vomiting and abdominal pain, the smell of acetone on the 

breath, deep breathing known as Kussmaul breathing, and in severe cases a decreased 

level of consciousness (Verrotti et al., 2012). Diabetes mellitus is characterized by 

recurrent or persistent high blood sugar (De-la Monte, 2014). This is diagnosed by 

demonstrating any one of the following: 

i. Fasting plasma glucose level ≥ 7.0 mmol/l (126 mg/dl). 

ii. Plasma glucose ≥ 11.1 mmol/l (200 mg/dl) two hours after a 75 g oral 

glucose load as in a glucose tolerance test 

iii. Symptoms of high blood sugar and casual plasma glucose ≥ 11.1 mmol/l 

(200 mg/dl). 
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iv. Glycated hemoglobin (HbA1C) ≥ 48 mmol/mol (≥ 6.5 DCCT %) (Vijan, 

2010).                      

2.7.4. Complications                   

All forms of diabetes increase the risk of long-term complications. These typically 

develop after many years (10-20) but may be the first symptom in those who have 

otherwise not received a diagnosis before that time. The major long term complications 

relate to damage to blood vessels. Diabetes doubles the risk of cardiovascular disease and 

about 75% of deaths in diabetics are due to coronary artery disease (Sarwar, 2010). Other 

"macrovascular" diseases  are stroke, and peripheral artery disease. 

The primary complications of diabetes due to damage in small blood vessels include 

damage to the eyes, kidneys, and nerves (Kitabchi et al., 2009). Damage to the eyes, 

known as diabetic retinopathy, is caused by damage to the blood vessels in the retina of 

the eye, and can result in gradual vision loss and blindness. Damage to the kidneys, 

known as diabetic nephropathy, can lead to tissue scarring, urine protein loss, and 

eventually chronic kidney disease, sometimes requiring dialysis or kidney 

transplantation. Damage to the nerves of the body, known as diabetic neuropathy, is the 

most common complication of diabetes (Kitabchi et al., 2009).  The symptoms can 

include numbness, tingling, pain, and altered pain sensation, which can lead to damage to 

the skin. Diabetes-related foot problems may occur and can be difficult to treat, 

occasionally requiring amputation. Additionally, proximal diabetic neuropathy causes 

painful muscle atrophy and weakness.    
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       2.7.5. Pathophysiology 

Insulin production is more or less constant within the beta cells. Its release is triggered by 

food, chiefly food containing absorbable glucose. Insulin is the principal hormone that 

regulates the uptake of glucose from the blood into most cells of the body, especially 

liver, adipose tissue and muscle, except smooth muscle, in which insulin acts via the IGF-

1. Therefore, deficiency of insulin or the insensitivity of its receptors plays a central role 

in all forms of diabetes mellitus (Robert, 2012). 

The body obtains glucose from three main places: the intestinal absorption of food; the 

breakdown of glycogen, the storage form of glucose found in the liver; and 

gluconeogenesis, the generation of glucose from non-carbohydrate substrates in the body. 

Insulin plays a critical role in balancing glucose levels in the body. Insulin can inhibit the 

breakdown of glycogen or the process of gluconeogenesis, it can stimulate the transport 

of glucose into fat and muscle cells, and it can stimulate the storage of glucose in the 

form of glycogen (Shoback and David, 2011). 

Insulin is released into the blood by beta cells (β-cells), found in the islets of Langerhans 

in the pancreas, in response to rising levels of blood glucose, typically after eating. 

Insulin is used by about two-thirds of the body's cells to absorb glucose from the blood 

for use as fuel, for conversion to other needed molecules, or for storage. Lower glucose 

levels result in decreased insulin release from the beta cells and in the breakdown of  
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glycogen to glucose. This process is mainly controlled by the hormone glucagon, which 

acts in the opposite manner to insulin (Shoback and David, 2011). 

When the glucose concentration in the blood remains high over time, the kidneys will 

reach a threshold of reabsorption, and glucose will be excreted in the urine (glycosuria) 

(Robert, 2012).  This increases the osmotic pressure of the urine and inhibits reabsorption 

of water by the kidney, resulting in increased urine production (polyuria) and increased 

fluid loss. Lost blood volume will be replaced osmotically from water held in body cells 

and other body compartments, causing dehydration and increased thirst. 

2.7.6. Prevention 

There is no known preventive measure for type 1 diabetes (Ripsin et al., 2009). Type 2 

diabetes which accounts for 85-90% of all cases can often be prevented or delayed by 

maintaining a normal body weight, engaging in physical activity, and consuming a 

healthful diet. Higher levels of physical activity (more than 90 minutes per day) reduce 

the risk of diabetes by 28% (Kyu et al., 2012). Dietary changes known to be effective in 

helping to prevent diabetes include maintaining a diet rich in whole grains and fiber, and 

choosing good fats, such as the polyunsaturated fats found in nuts, vegetable oils, and 

fish.  Limiting sugary beverages and eating less red meat and other sources of saturated 

fat can also help prevent diabetes. Tobacco smoking is also associated with an increased 

risk of diabetes and its complications, so smoking cessation can be an important 

preventive measure as well (Willi et al., 2007). The relationship between type 2 diabetes 

and the main modifiable risk factors (excess weight, unhealthy diet, physical inactivity 

and tobacco use) is similar in all regions of the world. There is growing evidence that the 
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underlying determinants of diabetes are a reflection of the major forces driving social, 

economic and cultural change: globalization, urbanization, population aging, and the 

general health policy environment (Willi et al., 2007). 

2.7.7. Management 

Diabetes mellitus is a chronic disease, for which there is no known cure except in very 

specific situations (Selvin et al., 2010).  Management concentrates on keeping blood 

sugar levels as close to normal, without causing low blood sugar. This can usually be 

accomplished with a healthy diet, exercise, weight loss, and use of appropriate 

medications (insulin in the case of type 1 diabetes; oral medications, as well as possibly 

insulin, in type 2 diabetes). Learning about the disease and actively participating in the 

treatment is important, since complications are far less common and less severe in people 

who have well-managed blood sugar levels (Kitabchi et al., 2009). Attention is also paid 

to other health problems that may accelerate the negative effects of diabetes. These 

include smoking, elevated cholesterol levels, obesity, high blood pressure, and lack of 

regular exercise (Lawlor, 2010). Specialized footwear is widely used to reduce the risk of 

ulceration, or re-ulceration, in at-risk diabetic feet. Evidence for the efficacy of this 

remains equivocal (Cavanagh, 2008). 

2.7.7.1. Lifestyle 

People with diabetes can benefit from education about the disease and treatment, 

good nutrition to achieve a normal body weight, and exercise, with the goal of 

keeping both short-term and long-term blood glucose levels within acceptable 
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bounds. In addition, given the associated higher risks of cardiovascular disease, 

lifestyle modifications are recommended to control blood pressure (Cichosc et al., 

2013; Inzucchi et al., 2012).  

                      2.7.7.2. Medications 

Medications used to treat diabetes do so by lowering blood sugar levels. There are 

a number of different classes of anti-diabetic medications. Some are available by 

mouth, such as metformin, while others are only available by injection such as 

GLP-1 agonists (Garry et al., 2011). Type 1 diabetes can only be treated with 

insulin, typically with a combination of regular and NPH insulin, or synthetic 

insulin analogs (Wu et al., 2017). 

Metformin is generally recommended as a first line treatment for type 2 diabetes. 

It works by decreasing the liver's production of glucose (Roger et al., 2018).  

Several other groups of drugs, mostly given by mouth, may also decrease blood 

sugar in type 2.  

When insulin is used in type 2 diabetes, a long-acting formulation is usually 

added initially, while continuing oral medications (Brunstrom and Carlberg, 

2016). Since cardiovascular disease is a serious complication associated with 

diabetes, some have recommended blood pressure levels below 130/80 mmHg. 

However, evidence supports less than or equal to somewhere between 

140/90 mmHg to 160/100 mmHg; the only additional benefit found for blood 

pressure targets beneath this range was an isolated decrease in  
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stroke risk, and this was accompanied by an increased risk of other serious 

adverse events (Brunstrom and Carlberg, 2016).   

Aspirin is also recommended for people with cardiovascular problems, however 

routine use of aspirin has not been found to improve outcomes in uncomplicated 

diabetes (Pignone et al., 2010). 

       

      2.7.7.3. Surgery 

A pancreas transplant is occasionally considered for people with type 1 diabetes 

who have severe complications of their disease, including end stage kidney 

disease requiring kidney transplantation (Picot et al., 2009). Weight loss surgery 

in those with obesity and type two diabetes is often an effective measure 

(Frachetti and Goldfine, 2009). Many are able to maintain normal blood sugar 

levels with little or no medications following surgery and long-term mortality is 

decreased.  

There is, however, a short-term mortality risk of less than 1% from the surgery. 

The body mass index cutoffs when surgery is appropriate are not yet clear. It is 

recommended that this option be considered in those who are unable to get both 

their weight and blood sugar under control (Schulman et al., 2009). 
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2.8. Streptozotocin      

Streptozotocin is a chemotherapeutic alkylating agent and a cytotoxic glucose analogue         

(Har and Ja, 2007). It is the most prominent diabetogenic agent which is used to experimentally 

induce insulin-dependent diabetes mellitus in laboratory animals. Streptozotocin induced 

diabetes mellitus is caused by extensive, severe necrosis and degeneration of the pancreatic β-

cell islets. This state could lead to an insulinopenia syndrome known as "Streptozotocin-induced 

diabetes mellitus". Streptozotocin and related alkylating chemicals cytotoxic activity depends on 

their cellular appearance (Shafrir, 2010). Because of nitrosoureas high chemical affinity to lipids, 

streptozotocin cellular uptake through the plasma membrane is so swift and it would be 

accumulated in pancreatic β-cells selective. Insulin-producing cells which do not express GLUT2 

glucose transporter on their membrane would be streptozotocin resistant (Damasceno et al., 

2011). Streptozotocin also damages other tissues expressing GLUT2 glucose transporter, 

specifically liver and kidney (Lenzen, 2008). Streptozotocin cytotoxicity is because of its ability 

to have DNA alkylating and methylating activity and also protein glycosylation induced by this 

chemical agent (Scheen, 2010). After DNA damage induced by streptozotocin cellular uptake, 

DNA repair mechanisms will be activated in response to DNA damages (Zafar and Naqvi, 2010). 

2.9. „Kunun‟ 

Fermented cereal foods and drinks have been used from ancient times in Africa as weaning foods 

for infants and refreshing drinks for adults (Adebiyi et al., 2018). Apart from being enjoyed for 

their refreshing and taste-quenching properties, these fermented drinks have been reportedly used 

for medicinal purposes because of the presence of some health-promoting bacteria which have 
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 been reported to contribute to health and wellbeing of the consumers (Lamsal and Faubion, 

2009; Adejuyitan et al., 2008).  In developing countries like Nigeria, alcoholic and non-alcoholic 

fermented beverages play a very important role in the dietary pattern of people serving as after-

meal or refreshing drinks (Akoma et al., 2013). Most of these beverages are often made from 

submerged fermented cereals, mixed with sugar, flavouring agents and sometimes preservatives. 

Some of these drinks include burukutu, pito, „kunun‟ among others (Uvere and Amazikwu, 

2011). The fermentation of these drinks has been reported to involve probiotics which confer 

health benefits to their consumers.  They are regarded as after meal drinks or refreshing drinks 

and   are served at social gatherings. „Kunun‟ is widely accepted as a food drink in some urban 

center especially in the Hausa land and it is consumed anytime by both adult and children as a 

breakfast drink or food complement. The additive that is used, sweet potatoes, contains essential 

amino acids and is a rich source of vitamins (Adebayo et al., 2010).                                                                             

The quality and quantity of the product largely depend on the quality of the ingredients and its 

proper handling in the course of production by the producer (Ayo-Omogie and Okorie, 2016).  

The products could be obtained qualitatively after two days and it could be stored for another 

three days when refrigerated.  

„Kunun‟, however, seems to be highly nutritious with relatively low cost of production. It is a 

considerably cheap beverage drink because the ingredients used for the preparation are cheap 

and available anywhere in the market and stores (Amusa and Odunbaku, 2009). The hydrolytic 

enzyme (amylase) in the malted cereal aids in digesting the thick slurry, thereby converting the 

complex carbohydrate to simple sugars (Agarry et al., 2010). 
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Millet used as a major ingredient in the production is believed to lower cholesterol; phytate on 

the other hand, „kunun-zaki‟ are rich in phytochemical and phytic acid which are cancer 

reductant (Achi and Ukwuru, 2015).  

2.9.1. Types of „Kunun‟         

   2.9.1.1. „Kunun- gyada‟ 

„Kunun-gyada‟ is one of the most important home- prepared weaning foods. The 

main    ingredient for preparing kunun-gyada are  partially roasted groundnuts in 

combination with rice, millet, maize or sorghum flours, sugar and tamarind fruit 

pulp extract. During the preparation of kunun-gyada, the proportion of groundnut 

to cereals by weight varies. 

          2.9.1.2. „Kunun- dawa‟ (from Sorghum bicolor)                                                                 

The major cereal used in the preparation of kunun-dawa is Sorghum bicolor. It is 

a non-alcoholic fermented beverage mostly consumed by the northern people in 

Nigeria. 

            2.9.1.3. „Kunun-tsamiya‟ 

„Kunun-tsamiya‟ is produced from millet (Pennisetum typoidum), sorghum 

(Sorghum bicolor), or maize (Zea mays) with tamarind (Tsamiya) as the main 

ingredient for flavouring (Sengev et al., 2012). Tsamiya is one of the widely used 

spice condiments found in the average northern Nigeria kitchen. It has a delicately 

sweet and sour taste and is mostly used in adding flavor to food. It‟s very similar 

to black velvet tamarind (Icheleku igbo) and taste alike.  
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2.9.1.4. „Kunun-zaki‟ 

„Kunun-zaki‟, a non -alcoholic beverage produced from whole grains of millet, 

sorghum or corn, spiced (ginger, black pepper, clove) and sweetened with 

sugar. It is a highly nutritious drink rich in protein and fibre. It is a popular 

drink especially among the northerners. The variety of the drink made from 

sorghum is a milky light brown colour whilst that which is made from millet 

and maize is whitish in colour (Amusa and Ashaye, 2009). 

  2.9.1.5. „Kunun-aya‟ 

„Kunun-aya‟ is produced from tiger nut also known as Aki Awusa in Igbo, Aya in 

Hausa, Isip in Efik/Ibibio, Ofio in Yoruba. Tiger nuts are actually small tubers 

which are abundant in northern Nigeria. It is milky, nutritious and refreshing. It 

has lots of health benefits and the milk can be used as a substitute for the regular 

cow‟s milk (Rowland et al., 2017). 

     2.9.2. Raw materials used in „Kunun- zaki‟ Production      

 The raw materials used in production of „kunun-zaki‟ include the following:  

            2.9.2.1. Pennisetum glaucum L. R.Br. (Millet) 

                        Millets are a group of small seeded species of cereal crops or grains, widely  

grown around the world especially in east Asia for the last 10,000 years for food 

and fodder (ICAR, 2018; Hariprassana, 2017). The grain colour can be nearly 

white, pale-yellow, brown, grey, stale blue or purple (Saleh et al., 2013). Millet is 

a good source of minerals such as calcium, iron, zinc, copper and manganese. The 

average carbohydrates contents of millets varies from 56.88 to 72.97 g/100g and 
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thus serve as a high energy food (Singh and Raghuvanshi, 2012). It has a high 

percent of indigestible fibre because the seeds are enclosed in hulls, which are not 

removed by ordinary processing methods (Tripathi and Platel, 2011). In Nigeria, 

millet is mostly used in pap making (Omemu et al., 2007). The cracked grains 

may be used and cooked like rice. Beverages like burukutu, fura and „kunun- 

zaki‟ are also made from millet. In addition to their nutritive value, several 

potential health benefits such as preventing cancer and cardiovascular diseases, 

reducing tumor incidence, lowering blood pressure, risk of heart disease, 

cholesterol and rate of fat absorption, delaying gastric emptying, and supplying 

gastrointestinal bulk have been reported for millet (Ashwani et al., 2018).  

Millet grains are usually processed by commonly used traditional processing 

techniques which include decorticating, malting, fermentation, roasting, flaking, 

and grinding to improve their edible, nutritional, and sensory properties (Saleh et 

al., 2013). However, negative changes in these properties during processing are 

not avoidable because industrial methods for processing of millets are not as well 

developed as the methods used for processing of wheat and rice (FAO, 2017; 

FAO, 2012). Therefore, with value-added strategies and appropriate processing 

technologies, the millet grains can find a place in the preparation of several value-

added and health food-products, which may then result in high demand from large 

urban populations and nontraditional millet users (Devi et al., 2014). 

2.9.2.2. Sorghum bicolor L. Moench (Sorghum) 

Sorghum bicolor, native to Africa with many cultivated forms. It is an important 

crop worldwide, used for food (as grain and in sorghum syrup or sorghum 
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molasses), animal fodder, the production of alcoholic beverages, and biofuels 

(Arun et al., 2010). Most varieties are drought and heat-tolerant, and are 

important in arid regions, where the grain is one of the staples for poor and rural 

people. Sorghum bicolor is an important food crop in Africa, Central America, 

and South Asia, and is the fifth-most important cereal crop grown in the world 

(Arun et al., 2010; Mutegi et al., 2010). Sorghum out performs other cereals 

under various environmental stress and is thus generally more economical to 

produce (Valeria et al., 2015). The nutrient composition of sorghum indicates that 

it is a good source of energy, proteins, carbohydrates, vitamins and minerals 

including trace elements particularly iron and zinc. Sorghum grain contains 

minerals such as phosphorus, potassium and magnesium in varying quantities 

(Abe et al., 2012).  

The bran layer of the sorghum grains contain important antioxidants that are not 

found in many other types of food. These antioxidants have been directly 

connected to a reduced chance of developing various types of cancer, including 

esophageal cancer, particularly in comparison to people who regularly eat wheat 

and corn (Imran et al., 2014). Antioxidants are the beneficial compounds that 

neutralize and eliminate free radicals in the body, which often cause healthy cells 

in the body to mutate into cancer cells (Tripathi et al., 2012). 

 

Sorghum is one of the best foods for dietary fiber. A single serving of sorghum 

contains 48% of daily recommended intake of dietary fiber. It‟s more                 
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than 12 g, and prevent things like cramping, bloating, constipation, stomach 

aches, excess gas, and diarrhea (Adetuyi, 2007). 

Magnesium, copper and iron are found in high quantities in sorghum, which 

means that calcium levels will be properly maintained (Caroline and Camila) et 

al., 2017). These two minerals are also integral to the development of bone tissue 

and speeds up the healing of damaged or aging bones. This can prevent conditions 

like osteoporosis and arthritis (Solange et al., 2014). Sorghum contains 28% of 

the recommended niacin intake per day. The use of sorghum as a main constituent 

of the diet is usually associated with under- nourishment.  This is mainly due to it 

lacking some essential amino acids and the presence of anti-nutritional factors 

(Awadalkareem, 2008). However, fermentation, facilitated mainly by lactic acid 

bacteria (LAB), greatly improves the nutritive value and sensory properties of 

sorghum (Kalui, et al., 2010). 

The nutrient composition of millet and sorghum as shown in the Table 1. 
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Table 2.1: Nutritional values of Millet and Sorghum per 100 g 

                                          Milllet                                        Sorghum 

Energy 
1,582 kJ (378 kcal)                        1377KJ 

 Carbohydrates  72.8 g                                           72.1 

Dietary fiber  8.5 g                                             6.7g 

 
Fat 4.2 g                                               3.5g 

 
             Protein 11.0 g                                           10.6g 

 Vitamins  

Thiamine (B1)             0.42 mg                                       0.33mg 

Riboflavin (B2)            0.29 mg                                        0.1mg 

Niacin (B3)             4.72 mg                                         3.7mg 

Pantothenicacid 

(B5) 

           0.85 mg                                        0.4mg 

Vitamin B6             0.38 mg                                       0.44mg 

Folate (B9)             85 µg                                           20µg 

 
                  Minerals 

Calcium              8 mg                                             13mg 

Iron              3.0 mg                                          3.4mg 

Magnesium             114 mg                                          165mg 

Manganese             1.6 mg                                           1.6mg 

Phosphorus            285 mg                                          289mg 

Potassium            195 mg                                          363mg 

Sodium            5 mg                                              2mg 

Zinc            1.7 mg                                           1.7mg 

  

 

Source: Amadou, (2013). 
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https://en.wikipedia.org/wiki/Carbohydrate
https://en.wikipedia.org/wiki/Dietary_fiber
https://en.wikipedia.org/wiki/Fat
https://en.wikipedia.org/wiki/Protein_%28nutrient%29
https://en.wikipedia.org/wiki/Vitamin
https://en.wikipedia.org/wiki/Thiamine
https://en.wikipedia.org/wiki/Riboflavin
https://en.wikipedia.org/wiki/Niacin
https://en.wikipedia.org/wiki/Pantothenic_acid
https://en.wikipedia.org/wiki/Pantothenic_acid
https://en.wikipedia.org/wiki/Vitamin_B6
https://en.wikipedia.org/wiki/Folic_acid
https://en.wikipedia.org/wiki/Dietary_element
https://en.wikipedia.org/wiki/Calcium#Nutrition
https://en.wikipedia.org/wiki/Iron#Biological_role
https://en.wikipedia.org/wiki/Magnesium_in_biology
https://en.wikipedia.org/wiki/Manganese#Biological_role
https://en.wikipedia.org/wiki/Phosphorus#Biological_role
https://en.wikipedia.org/wiki/Potassium#In_diet
https://en.wikipedia.org/wiki/Sodium#Biological_role
https://en.wikipedia.org/wiki/Zinc#Biological_role
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2.9.2.3. Zingiber officinale (Ginger) 

Ginger is an underground stem of the ginger plant Zingiber officinale. The flesh 

of the ginger rhizome can be yellow, white or red in colour, depending on the 

variety. The addition of ginger to kunun-zaki extends shelf life as ginger acts as a 

preservative (Odom et al., 2012). Ginger contains gingerols which increases 

antibacterial, sedative and antipyretic properties (Jalal and Nasroallah, 2014).   

Ginger causes sweating which results to warming on a cold day. It also breaks 

fevers by warming the body and increasing perspiration (Baliga et al., 2011). 

Ginger stimulates blood circulation, removes toxins from the body, cleaning the 

bowels and kidneys and nourishing the skin (White, 2007). Ginger induces cell 

death in ovarian cancer cells by direct colon cancer cell growth suppression and 

inhibition of the tumor via angiogenesis (Shukla and Singh, 2007). 

The chemical composition of ginger is as shown on Table 2.2. 
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Table 2.2: Chemical Composition of Ginger Root per 100g of Raw Edible Portion.  

  

Component                                                                             Quantity  

Energy           20Kcal= 80KJ  

Protein                     1.82g  

Carbohydrate                     17.7g  

Sugar                                            1.7g  

Dietary fiber        2.0g  

Fat                     0.75g  

Vitamin B 1          0.025mg  

Vitamin B 2                    0.034mg  

Vitamin B 3                     0.870mg  

Pantothenic acid                  0.203mg  

Vitamin B 6                    0.16g  

Folate                      11ug  

Vitamin C                   5mg  

Calcium                     16mg  

Phosphorous                            34mg  

Magnesium                    43mg  

Iron                       0.6mg  

Potassium                      415mg  

Zinc                                                                 4.89mg  

 

 

Source: Shirin and Jamuna, (2010). 
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  2.9.3.   Thickeners used in the Production of „Kunun-zaki‟ 

      2.9.3.1. Ipomea batatas (Sweet potatoes) 

The Ipomoea batatas Linn Lam (Sweet potatoes) is a dicotyledonous plant that belongs 

to the family Convolvulaceae. Its large, starchy, sweet-tasting, tuberous roots are a root 

vegetable. Sweet potato is an extremely versatile and delicious vegetable that possesses 

high nutritional value. Sweet potato tubers are mainly an energy source due to their high 

carbohydrate content, which accounts for 80-90% of the dry weight. These carbohydrates 

consist of starch, sugars and small amounts of pectins, hemicelluloses and cellulose 

(Lebot, 2009). Sweet potato is now considered a valuable source of unique natural 

products, including some that can be used in the development of medicines against 

various diseases and in making industrial products (Mohanraj and Sivasankar, 2013).  

Sweet potatoes are cultivated for food in more than 100 countries, sometimes as a staple 

food but usually as an alternative food. Because of their fast growing period and low 

input and work requirements. Sweet potatoes are often planted in Africa as a security 

crop or famine prevention crop (Lebot, 2009). The starchy tubers are used as a vegetable 

and can be boiled, baked, fried (to make chips), dried and ground into flour to make 

biscuits, beer, bread and other pastries (Sandeep et al., 2015; Odebode, 2008). They can 

be cooked and frozen. Leafy tops are eaten as a vegetable. Some sweet potato tubers 

grown in the USA are used as a natural source of dye, or valued as a healthy food due to 

their high beta-carotene content. Their very high-grade starch is appreciated for food and 

by the pharmaceutical industries (Oluwaseyi, 2013). 
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        2.9.3.2. Oryza sativa (Paddy rice) 

 Paddy rice is the individual rice kernels that are in their natural, unprocessed state.     

 Sometimes referred to as rough rice, it is harvested directly from rice fields or paddies 

and transported to a processing site. As part of the process, the protective hull is removed, 

leaving only the actual rice kernel for consumption (Orthoefer, 2008).  

Paddy rice is a dietary staple food and one of the most important cereal crops, especially 

for people in Asia, but the consumption outside Asia has increased, recently (Orthoefer, 

2008). In fact, rice has greater variability of the glycemic index depending on type and 

cooking method. The unique taste of rice provides an easy  way  to  combine rice  with  

the  other  food,  to  achieve  better  taste  and nutritional balance. Some studies revealed 

some health effects of rice and its products (Chaudhari, 2018; Orthoefer, 2008).  The 

pigment of certain rice can inhibit  the formation  of  atherosclerotic  plaque, because  it  

has  anti-oxidative  or  anti-inflammatory effects  (Ruozhi et al., 2018).  Rice  is  also  

one  of the foods which  is  considered  to  be  a  potential  food  vehicle for the 

fortification of micronutrients because of its regular consumption (Thankachan, 2012). 

The germ and bran contain high levels of minerals, protein and vitamins (Verma and 

Srivastav, 2017). Therefore, removal of the germ and bran from the brown rice produces 

will decrease the nutrients compared to brown rice itself (uncooked). Parboiled milled 

rice showed 18% ash enrichment in comparison with milled rice, and has higher contents 

of potassium and phosphorus (Faustina and Cleopatra, 2017).  

As a consequence, rice is fortified with some minerals such as iron (Fe)  

          and zinc (Zn), to prevent diseases associated with mineral deficiencies (Siwaporn et al.,  
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          2013; Sperottoa et al., 2012). 

          2.9.3.2.1. Rice in Diabetes Prevention and Treatment 

Foods with a high glycemic index (GI) have been associated with increased risk 

of type-2 diabetes, because they are rapidly digested and can cause dramatic 

increase in blood sugar levels (Wolever, 2013). Glycemic index is a widely 

accepted measure of the effect of carbohydrate foods including rice on human 

health (Wolever, 2013). The glycemic load value incorporates the amount of rice 

in a serving in order to better gauge the impact of a diet on postprandial glucose 

response (Atkinson et al., 2008). Based on glycemic index, the diets including 

rice are grouped into three categories, namely low glycemic index (55 or less), 

medium (56 - 69), and high (70 or more). Furthermore, based on glycemic load, 

the diets are classified into low glycemic load (10 or less), medium (11 - 19), and 

high (20 or more) (Dodd et al., 2011). Glycemic index predicts the ranking of the 

glycemic potential of different meals in individual subjects. Low-glycemic index 

diets result in modest improvements in overall blood glucose control in patients 

with insulin-dependent diabetes (type I) and non-insulin-dependent diabetes 

(Chen et al., 2015). The high glycemic load of rice has a significantly higher 

glycemic index than medium one (Fatema et al., 2010). Because of this   

atherogenic role of insulin, it is desirable to control the blood glucose of patients 

and keep their insulin level as low as possible (Fatema et al., 2010). 
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Table 2.3: Chemical Composition of Sweet Potatoes and Paddy Rice per 100g. 

Nutrient component                                            Sweet potatoes              Paddy rice 

 

Energy (KJ)      360   1549 

Protein (g)      1.6   1.9 

Fat (g)       0.05   2.92 

Carbohydrate (g)                 20   77 

Fiber (g)      3.0 3.5 

Sugar       4.18 0.85 

Calcium      30 23 

Iron (mg)      0.61 1.47 

Magnesium      25 143 

Phosphorus      47 333 

Potassium      337 223 

Sodium       55 7 

Zinc       0.3 2.02 

Manganese      0.26 3.74 

Vitamin C      2.4 0 

Thiamin B1 (mg)     0.08 0.40 

Riboflavin B2 (mg)     0.06 0.09 

Niacin B3 (mg)      0.56 5.09 

Panthothenic  B5 (mg)    0.80     1.49 

Vitamin B6      0.21 0.51    

Folate       11 20 

Vitamin A (IU)      7 0 

Vitamin E      0.26 0.19 

Saturated fatty acids (g)                 0.02                                 0.58 

Monosaturated fatty acids    0 1.05 

Polyunsaturated fatty acids    0.01 1.04 

 

Source: FAO, (2017). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1. Collection of Raw materials for „Kunun-zaki‟ Production 

Pennisetum glaucum (Millet), Sorghum bicolor (Sorghum), Zingiber officinale (Ginger) 

Capsicum annum (Pepper), Eugina caryophyllata (Clove), Ipomea batatas (Sweet potatoes) and 

Oryza sativa (Paddy rice) were all purchased from Eke Awka market in Awka, Awka South 

Local Government, Anambra State. These grains were sorted, cleaned and stored in plastic 

containers before used. 

3.2. Production of „Kunun-zaki‟ 

    3.2.1. Preparation of Ground Malted Rice Paste. 

 The 250g of paddy rice  used was washed with tap water and soaked in 500 ml of tap 

water  (1:2w/v) for 12 h and then drained. The drained grains were couched by covering 

them with moist cloth for 5 days at ambient temperature (30
0
C) to germinate and then 

dried in the sun for 3 days. The dried malted rice was washed and ground (Agarry et al., 

2010). 

   3.2.2. Preparation of Sweet potatoes 

              Ipomea batatas (Sweet potatoes) were peeled, washed, sliced into 2 cm with knife and 

 sundried for 7 days then grinded into powder. 

   3.2.3. Preparation of „Kunun-zaki‟  

„Kunun-zaki‟ was prepared from a ratio 50:50 and 80:20% mixture of millet and sorghum 

with a modification on ingredients according to Adelekan et al., (2013).  Five hundred  
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grams of  the cereal grains mixture were washed with potable water, drained and steeped 

in 1000 ml of tap water (1:2 w/v) in a bucket for 8 h after which the grain was washed 

and  mixed with 60g of spices (ginger 40g, clove 10g, red pepper 10g); these were 

washed and then grinded to a paste. The slurry was divided into two unequal portions 

(1:3 w/w). The larger portion was gelatinized by the addition of boiling water (1:1w/v) in 

a plastic container, and 100g of the grounded thickner (Paddy rice/sweet potatoes) was 

added, stirred vigorously for  3 minutes and then cooled to about 50
o
C.  The slurry was 

allowed to sediment and ferment for 12 h at 30±2
0
C. The fermented samples were sieved 

using a clean muslin cloth (mesh 350 µm). The supernatant liquid was decanted and the 

filtrate, „Kunun-zaki‟, was packaged inside sterile container for subsequent analysis. The 

paddy rice and sweet potatoes based „kunun-zaki‟ were produced differently by applying 

the above procedures. „Kunun-zaki‟ produced without no thickener served as control.  

            The flow chart for the preparation of „kunun-zaki‟ is shown in Figure 1. 
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   Cereals (Millet 50: Sorghum 50)                                               

Cleaning 

                                                                               Weighing                                                              

                                                                               Washing                                                

 

Steeping in water 8 h  

Addition of spices 

                                                                              Wet milling                                                  

                                                                                                                                       

Slurry divided into two (1:3)                      Slurry divided into two (1:3)         Slurry divided into two (1:3) 

Cooked and Uncooked                          Cooked and Uncooked Slurry            Cooked and Uncooked  

Addition of powdered sweet potatoes (100 g)                                 Addition of ground  malted  rice(100 g)       

                                                                                                                            

Fermentation 12 h (30 ±2
0
C)                     Fermentation 12 h (30 ±2

0
C)          Fermentation 12 h (30 ±2

0
C)             

 

   Sieving (350 µm)                                               Sieving (350 µm)                               Sieving (350 µm) 

   Bottling                                                                 Bottling                                              Bottling 

„Kunun-zaki‟                                                            „Kunun-zaki‟                                     „Kunun-zaki‟       

with sweet potatoes                                                  (Control)                                           with paddy rice                                                           

Figure 3.1: Flow chart for the production of different „kunun-zaki‟ samples at 50:50 millet/     

        sorghum.  

Source: Adelekan et al., (2013). 
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Cereals (Millet 80: Sorghum 20)                                               

Cleaning 

                                                                               Weighing                                                              

                                                                               Washing                                                

 

Steeping in water 8 h  

Addition of spices 

                                                                              Wet milling                                                  

                                                                                                                                       

Slurry divided into two (1:3)                      Slurry divided into two (1:3)                    Slurry divided into 

two (1:3) Cooked and Uncooked            Cooked and Uncooked Slurry                   Cooked and Uncooked  

Addition of powdered sweet potatoes (100 g)                                  Addition of ground  malted  rice(100 g)       

                                                                                                                            

Fermentation 12 h (30 ±2
0
C)                     Fermentation 12 h (30 ±2

0
C)          Fermentation 12 h (30 ±2

0
C)             

 

   Sieving (350 µm)                                               Sieving (350 µm)                               Sieving (350 µm) 

   Bottling                                                                 Bottling                                              Bottling 

                 

„Kunun-zaki‟                                                         „Kunun-zaki‟                                  „Kunun-zaki‟            

with sweet potatoes                                                  (Control)                                      with paddy rice                                                           

Figure 3.2: Flow chart for the production of different „kunun-zaki‟ samples at 80:20 millet/ 

         sorghum. 

Source: Adelekan et al., (2013). 
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3.3. Physicochemical Tests 

    3.3.1. pH Determination 

             The pH values of the „kunun- zaki‟ was monitored by using an electronic pH meter  

(Hanna model 209 Electronic Limited, England) that was initially standardized with  

appropriate buffer of pH 4 and 7. The sample was homogenized and placed into 50 ml 

clean glass beaker and the electrode of a standardized pH meter was inserted. The values 

were read and recorded according to the procedure described by Association of Official 

Analytical Chemists (AOAC, 2010). 

    3.3.2. Determination of Brix 

 The brix value of the sample was determined in triplicates using Abbe (PZO-RL1), 

Warszawa, Poland refractometer. The refractometer was caliberated with deionized water 

(refraction index = 1.3330 and 0
0
 Brix at 20

0
C) and the reading of the sample were 

performed by placing a few drops of the sample on the prism of the refractometer, with 

the prism pointing towards the direction of light. The readings of the various samples 

were automatically taken and recorded (Robert, 2010). 

  3.3.3. Determination of Total Soluble Solid 

Total solid was determined by evaporating 25 ml of „kunun-zaki‟ to dryness in a boiling      

water bath and then dried to constant weight to constant weight in an oven at 130
0
C for 3 h     

(AOAC, 2010). 
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           Calculation: 

            % Total solid =     Dry weight        × 100 

                                     Weight of sample 

3.3.4. Determination of Total Titratable Acidity 

This measures the acidity in samples. It was determined according to the procedure 

described by Association of Official Analytical Chemists, 2010. A 10 ml sample of the 

„kunun-zaki‟ was measured into a dried, weighed conical flask, and 50 ml of distilled water 

was added. A 0.5 ml phenolphthalein indicator was added to the sample and titrated against 

0.1 M NaOH. The end point was reached when a faint pink colour was observed. 

Calculation: 

  Total titratable acidity = TV× lactic acid factor ×0.01 ×100 

                                                Volume of sample 

  Where TV is the titre value. 

   3.3.5. Determination of Specific Gravity 

This was carried out using pyconometer bottle according to AOAC (2010). A 50ml 

pycometer bottle was thoroughly washed, dried and weighed. The bottle was first filled 

with water and weighed. After drying the bottle again, it was filled with the sample and 

weighed. 

               Calculation: 

               Specific gravity = density of object 

                                             density of water 

              Where density =           mass 

                                                  volume. 
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3.4. Proximate Analyses 

            3.4.1. Moisture Determination: 

The Petri dishes were first weighed. A 10 ml of sample was weighed in triplicate 

into each Petri dish using on an analytical balance. The Petri dishes containing the 

sample were then placed in a hot air oven at a temperature of 100
0
C for 2 h. After 

drying, the Petri dishes were retracted from the oven and placed in a desiccator to 

cool after which the Petri dishes containing the dried samples were then weighed 

and average value  recorded (Robert, 2010). 

                 Calculations: 

                         The percentage moisture of a food sample was calculated thus; 

                           % Moisture =   W2-W3   ×100 

                                                     W2-W1 

                            Where: 

                             W1 = Weight of empty Petri dish 

                             W2 = Weight of sample +Petri dish 

                             W3 = Weight of sample +Petri dish after drying. 

                              W2-W1 = Weight of the sample. 

         3.4.2. Ash Determination 

A crucibles was washed, rinsed with water and dried in an oven at 100
0
C. The dried 

crucible was labelled and weighed and their weights was recorded. The crucible 
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containing the sample was placed on a water bath until all its moisture evaporated. The 

crucible that contained the sample was then placed on a hot plate in a fume cupboard 

until no more smoke was given off and the sample turned black. The crucible was then 

placed on a muffle furnace operating at 550
0
C for 3 h until the sample turned light grey in 

colour. The crucible was removed from the furnace and placed in the desiccator to cool. 

Once cooled, the crucibles containing the ash sample was weighed. Other samples were 

similarly treated (AOAC, 2010). 

            Calculation:  

                          %Ash = Weight of Ash ×100 

                                         Weight of Sample 

                                     = W3-W1 ×100 

                                        W2-W1   

                           Where: 

                           W1= Weight of empty crucible 

                           W2=Weight of crucible and sample 

                           W3= Weight of crucible and ash 

                           W2-W1= weight of the sample 

                            W3-W1= Weight of ash. 

            3.4.3. Determination of Crude Fibre 

A 0.5g celite was weighed into a dried crucible and the crucible placed in muffle 

furnace at 550
0
C. The crucible containing celite was then placed in the desiccator 



 
 

56 
 

to cool. The sample was concentrated by weighing 20 ml into crucible and then 

placed on a water bath until all its moisture evaporates.  2g of the evaporated 

sample was then added into the crucible containing the celite. The crucible was 

then placed on a cold extraction unit where acetone was added. After 5 minutes, 

the acetone in each sintered crucible was drained. A 1.25% of sulphuric acid 

(H2SO4) was dispensed into each crucible and boiled under reflux for 30 minutes. 

After 30 minutes, the 1.25% of sulphuric acid was drained off and the sample was 

washed with deionized water. The residue was transferred into a beaker and 

boiled for 30 minutes with a 200 ml solution containing 1.25% of carbonated 

NaOH. The final residue was filtered and dried in a furnace at 450
0
C for 3 h, after 

which the crucibles were cooled in a desiccator and weighed (AOAC, 2010). 

                     Calculation: 

                           % Crude fibre =   W2-W3   × 100 

                                                            W1 

                             Where: 

                              W1 = Weight of sample taken 

                               W2= Weight of crucible after oven drying 

                               W3= Weight of crucible after ashing in furnace 
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     3.4.4. Determination of Protein 

This was carried out using Kjedahl method according to Association of Official                

Analytical Chemists (AOAC, 2010). The sample placed on a water bath until all 

its moisture evaporated.  2g of the sample was weighed into a Kjeldahl flask. 5g 

of anhydrous sodium sulphate was added followed by addition of 1g copper 

sulphate and 1 tablet of kjeldahl catalyst. Into the mixture, 25 ml concentrated 

sulphuric acid and 5 glass bead were added. In the fume cupboard, the mixture 

was heated gently at temperature of 42
0
C for 30 minutes until the solution 

changed colour to green. It was cooled and the particles at the mouth and neck of 

the flask were washed down using distilled water. The mixture was re-heated until 

the green colour disappeared. After cooling, the digest was transferred with 

several washing into a 250 ml markham distillation flask containing 25 ml of 4M 

Sodium hydroxide solution and then distillied. The distillate was collected in the 

receiver containing 10 ml of boric acid indicator solution. A 0.1M Hydrochloric 

acid solution was used to titrate to pale end point. The crude protein was 

calculated using a conversion factor 5.8 for paddy rice and 6.25 for sweet 

potatoes. 

% nitrogen = 0.00014 x titre value x 100                              

                         Weight of sample    

% crude protein = % nitrogen x 5.8  (Paddy rice based samples) 

 % crude protein =% nitrogen x 6.25 (Sweet potatoes based samples)                     
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3.4.5. Determination of Total Carbohydrate 

This was carried out using the method of Association of Official Analytical 

Chemists (AOAC, 2010) by subtracting the total sum of the percentage of fat, 

moisture, ash, crude fibre and protein content from hundred. 

           3.4.6. Determination of Total Lipids  

The total lipid was determined by evaporating 25ml of kunun-zaki on a boiling 

water bath which was followed by drying to constant weight in an oven at 130
0
C 

for 3 h till a constant weight was obtained. The weight of water lost and dried 

solids obtained was determined by subtraction and this was used to calculate the 

total amount of fat on wet weight basis. Two grams (2 g) of the dried sample was 

weighed into each of the two paper thimbles. The thimbles were sealed and placed 

in soxhlet extractors. About 150 ml of petroleum ether was poured into each of 

the two previously dried and weighed round bottom flasks attached to the 

extractor. Extraction took place for 16 h. After this, the petroleum ether was 

recovered from the soxhlet with only a small amount left in the flasks. The flask 

was removed and placed in an oven for ether to completely evaporate. The flasks 

were cooled in the dessicator, weighed and the fat content was calculated on wet 

weight basis. Association of Official Analytical Chemists (AOAC, 2010). 

Calculation: 

                % Fat   =   mf × WD    × 100 

                                              mS × WT 
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  Where: 

                              mf = mass of fat extracted 

                              mS = mass of dried sample  taken for extraction 

                             WD = mass of total dried sample 

                            WT = mass of wet sample originally taken and dried 

3.5. Determination of Vitamins Concentrations 

     3.5.1. Determination of Vitamin C Concentartion 

 Vitamin C was determined based upon the quantitative decolouration of 2, 6-     

dichlolorophenol indophenol by ascorbic acids. The excess dye was extracted with xylene 

and the colour intensity was measured at 500nm and compared with standard ascorbic 

acid (0.80g/mL) (Nielsen, 2010). 

  3.5.2. Determination of Vitamin E Concentration 

This was performed using gas chromatography according to Ronald et al. (2010). Flame 

ionization detection was performed after separation on a fused silica DB5-MS capillary 

column. The heating gradients were 180
0
C for 2 minutes and 280

0
C for 10 minutes. The 

injector temperature was 260
0
C and the detector temperature was 300

0
C. Nitrogen was 

used as carrier gas. A suitable portion (1µl) of the sample preparation was injected into 

suitable gas chromatography. The chromatogram was recorded and the areas under the 

first (alpha tocopherol) and second major (hexadecyl hexadecanoate) peaks. The values 

were recorded as aU and aD respectively. 
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      Calculation: 

            (50CD/F)(aU/aD) 

             Where, 

             CD= Concentration in mg/ml 

              F= the relative response factor 

3.6. Determination of Mineral Contents 

The dry ashing procedure was used for mineral content determination. Five grams of the 

samples was accurately weighed into porcelain crucible and pre-ashed until the sample was 

completely charred on a hot plate. The pre-ashed sample was thereafter ashed in the muffle 

furnace at 500
0
C for 2 h till the ash was white. After ashing, the crucible was transferred 

into the desiccator to cool and be reweighed. The sample was quantitatively transferred into 

volumetric flasks by carefully washing the crucible with 1 ml nitric acid, then with portions 

of dilute nitric acid. The washing was transferred to a volumetric flask, and the procedure 

repeated twice the washing procedure twice. The solution was diluted to volume with 

deionized water, and was used for individual mineral determination using the appropriate 

standards and blank. The content of the minerals; calcium, magnesium, potassium, zinc, 

iron and sodium were determined with the Atomic Absorption Spectrophotometer (AAS, 

Hitachi Z6100, Tokyo, Japan) at different wavelength for each mineral element. All 

determinations were carried out in triplicates (Miller and Rutzke, 2010). 
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 3.7. Sensory Evaluation 

The sensory attributes (taste, colour, mouthfeel, flavour and overall acceptability) of „kunun-

zaki‟ produced were evaluated by 20 member panel, comprising trained in the Department 

of Food Science and Technology, Nnamdi Azikiwe University, Awka, Anambra State, using 

a seven- point hedonic scale where 1= dislike extremely, 2 = dislike very much, 3= dislike 

slightly, 4=neither like nor dislike, 5 =like slightly, 6=like very much and 7= like extremely 

(Amihud, 2009). 

3.8. Isolation of Microorganisms 

    3.8.1. Culture Media Preparation 

 A total of 2.8g of Nutrient agar, 6.5g of Sabouraud dextrose agar, 4.9g of MacConkey 

agar, 6.7g of de Man Rogosa Sharpe agar, 2.4g of yeast extract agar, 1.6g tryptophan 

broth, 4.0g tryticase soy agar, 2.4g of Simmons citrate agar were measured using tripple 

beam balance and each dispensed into clean and dry 250 ml conical flasks. 30 ml of 

distilled water was poured into each flask and heated with continuous agitation to 

dissolve the consituents, more distilled water was added to make the volume 100 ml. 

After the agar had been prepared, the complete dissolution of the agar was then cotton 

plugged and sealed with an aluminium foil. Distilled water was used as diluents and 9ml 

each was dispensed in McCartney bottles and sterilized along with the conical flask in the 

autoclave at 121
o
C for 15 minutes at 15psi. The already prepared agar was allowed to 

cool to 45
0
C before dispensing into sterilized Petri dish and allowed to solidify (Ashraf et 

al., 2009).    
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   3.8.2. Isolation of Microorganisms from „Kunun-zaki‟ 

 Ten-fold dilutions of each „kunun-zaki‟ sample was made using distilled water and 0.1 

mL of 10 5 dilution was cultured by pour plate method was measured from dilution factor 

five and pour plated in triplicate plates on Nutrient agar for viable count, MacConkey 

agar for coliform count, de Man Rogosa and Sharpe agar (MRS) supplemented with 

0.02% Sodium azide for lactic acid bacteria count, Sabouraud dextrose agar, with 

chloramphenicol (250 µg) was used for fungi while yeast agar for yeast count. The yeast 

agar medium was adjusted to pH 3.5 with tartaric acid. All plates were incubated for 48 h 

at 35°C except for Sabouraud dextrose agar and de Man Rogosa and Sharpe agar that 

were incubated at 26°C for 5 days. Colony counts were made using digital illuminated 

colony counter (Gallen kamp model). Pure cultures of each isolates were obtained by 

streaking the specific colonies on suitable media. These were then maintained in agar 

slants in MaCartney bottles. The result was recorded in cfu/ml (Pundir et al., 2013). 

   3.8.3. Collection of Pathogenic Organisms 

        Three pathogens (Staphylococcus haemolyticus, Pseudomonas aeruginosa and Klebsiella  

pneumoniae) were  collected from Department of Microbiology, Chwukwuemeka 

Odumegwu Ojukwu Teaching Hospital, Awka, Anambra State. The isolates were sub-

cultured on Nutrient Agar plates and incubated for 24 h at 28ºC. The colonies were 

picked and stored on slants until when needed. 
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      3.8.4. Identification of Bacterial Species 

            3.8.4.1. Morphological Characteristics 

The appearance of the colony of each isolate on the agar media was studied 

according to Phumudzo et al. (2013). Characteristics observed include shape, 

edge, colour, elevation and texture. 

     3.8.4.2. Gram Staining Technique 

The Gram staining involved the preparation of smear of 24 h culture of an 

organism on clean grease-free glass slide. The smear was heat fixed by passing 

the reverse side of slide slightly over flame three times. The heat fixed smear of 

cells was stained with 0.20% crystal violet staining reagent for 60 seconds. The 

slide was then flooded with Lugols iodine (a mordant) and left for 30 seconds 

before it was washed off with distilled water. The slide was decolorized again 

with 95% (vol/vol) ethanol for 10 seconds and flushed with distilled water to 

prevent excessive discolouration and then counter-stained with 0.25% safranin 

solution for 1 minute, washed off with water and allowed to dry. A drop of 

immersion oil was added to the stained slide and examined under the oil 

immersion objective lens of the microscope as described by Leboffe, (2014). 

           3.8.4.3. Motility  

This was determined by hanging drop preparation using broth culture of the 

bacterium. A loopful of 24 h broth culture of the bacteria was gently placed on a 

clean dried concave glass slide and covered with a coverslip that has its edge 

sealed with vaseline. The concave glass slide was gently turned upside down with 

the oil drop placed over the depression and this preparation was then examined 
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under high power objective lens through the coverslip. Motile organisms show 

unidirectional movements while non-motile have Brownian motion-like 

movement   (Claus, 2007). 

            3.8.4.4. Sugar Fermentation 

The Nutrient broth and 0.01% Phenol red was dissolved in 100 ml distilled water 

and transfered into conical flasks. 1% of desired carbohydrate was added into the 

flask and dispensed in test tubes. Durham tubes were inverted into the test tubes 

and then sterilized in the autoclave at 121
0
C for 15 minutes at 15 psi. The 24 h 

culture of the test organism were inoculated aseptically into the labelled test tubes 

and incubated at 37
0
C for 24 h. This set up was observed for acid and gas 

production. The sugars used were lactose, sucrose, maltose, glucose, fructose and 

mannitol (Tortora et al., 2010). 

          3.8.4.5. Catalase Production 

The test organisms were inoculated on Nutrient agar plates and incubated at 37
0
C 

for 24 h. After incubation, 3 drops of hydrogen peroxide solution were added 

using Pasteur pipette. Effervescence caused by the liberation of oxygen as gas 

bubbles indicated catalase production by the bacteria (Cheesbrough, 2009). 

           3.8.4.6. Starch Hydrolysis 

The soluble starch was dissolved in a small amount of water and was heated 

slowly with constant stirring. Then weighed Agar agar was added into it and 

transferred into a conical flask and sterilized by autoclaving at 121°C for 15 

minutes. The sterilized agar medium was poured into the sterilized Petri plates 

and allowed to solidify. Each plate was inoculated at the center with the bacterial 
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inoculum.  Plates were incubated at 37°C for 48 h. To test for hydrolysis of 

starch, each plate was then flooded with iodine solution and left for 30 seconds. 

The excess iodine solution was poured off and the clear zone around the line of 

bacterial growth was examined (Tille, 2014; Sigmon, 2008). 

        3.8.4.7. Spore Stain   

A smear of 48 h pure culture of the organism was made on a slide, flooded with 

malachite green solution and heated over a beaker of boiling water for 3 minutes. 

The slide was cooled in air for 5 minutes and rinsed with a gentle stream of tap 

water for 5 seconds. The slide was counter stained with safranin for 30 seconds, 

washed off with tap water for 5 seconds and allowed to air dry. The stained slide 

was examined under oil immersion objective lens. The with spores stained green 

and the vegetative cell portion being red (Ammann et al., 2011). 

          3.8.4.8. Indole Production 

Tryptophan broth in test tube was inoculated with the broth culture of bacteria  

and incubated for 48 h at 37
0
C. After the incubation period, Kovac s reagent (0.5 

ml) was added gently to the test tube and allowed to stand for 20 minutes. 

Formation of a red ring at the reagent layer, indicated indole production (Murray 

et al., 2007). 

           3.8.4.9. Oxidase Test 

A single line streak inoculation of a 24 h test organism on the agar surface was 

made on Trypticase Soy agar plates. The plates were incubated in an inverted 

position for 24 h at 37
0
C. N, N-Dimethyl- p- phenylenediamine (DMPD) was 

http://en.wikipedia.org/wiki/DMPD
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added to the surface of the growth of the each organism. For positive test, colour 

change in 20 seconds; negative test, no colour change (Murray et al., 2007). 

             3.8.4.10. Coagulase Test 

From a 24 h culture of the organism, an inoculum was picked using an inoculating 

loop and placed on the clean slide. A drop of human plasma was added to an 

emulsion of the test organism and rocked gently. The production of coagulase 

enzyme was shown by the coagulation of the plasma indicated by granule 

formulation (Leboffe, 2014). 

         3.8.4.11. Urease Production 

The slant containing Christensen‟s urea agar was prepared by dissolving the 

ingredients in 100 ml of distilled water and filtered using sterilized 0.45 mm pore 

size. The agar was suspended in 90 ml of distilled water and boiled to dissolve 

completely. The dissolved agar was autoclave at 121
0
C for 15 minutes at 15 psi. 

The agar was cooled to 50
0
C. A 100 ml of filtered sterilized urea base was added 

aseptically to the cooled agar solution and mixed thoroughly. 5 ml was measured 

into each sterile tube and the tubes were slanted during cooling until solidified. 

The complete media slant was inoculated with each organism and incubated at 

35
0
C for 7 days and observed daily for any colour change. Where there was active 

urease, urea was hydrolyzed to ammonia which increased the pH as indicated by 

colour changes in the medium from yellow to pink (Forbes et al., 2007).     

            3.8.4.12. Citrate Utilization Test 

Simmon‟s citrate agar slants was inoculated with the test organism by streaking. 

The slant was incubated at 37
0
C for 48 h. After incubation, citrate positive test 
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was identified by the presence of growth on the surface of the slant, which was 

accompanied by blue colouration. Citrate negative cultures show no growth and 

the medium remain green (Forbes et al., 2007). 

3.9. Screening of Isolated Lactobacillus species for Probiotic Properties 

     3.9.1. Sodium Chloride Tolerance 

Lactic actic acid bacteria cultures were inoculated into 10 ml sterile de Man Rogosa and 

Sharpe broth in test tubes containing varying concentration of NaCl (1-10) and incubated 

at 37ºC for 48 h. Growth was monitored by visual observation of the test tubes and NaCl 

tolerance was confirmed after 1 ml of broth culture was plated out on using sterile de 

Man Rogosa and Sharpe agar (MRS), allowed to set and incubate  at 37ºC for 48 h. 

Positive control experiments were made of tubes containing lactic acid bacterial cultures 

without NaCl, while negative control experiments were made of tubes with added NaCl 

but without lactic acid bacterial cultures (Tambekar and Bhutada, 2010). 

     3.9.2. Sensitivity to Temperature Test 

Some selected lactic acid bacteria cultures were inoculated into 10 ml sterile de Man 

Rogosa and Sharpe brothin test tubes and incubated anaerobically at varying 

temperatures from 15-45ºC for 48-72 h. Thereafter, 1 ml inoculum was cultured on de 

Man Rogosa and Sharpe agar plates by pour plate method and incubated at 37ºC for 48 h. 

The growth of lactic acid bacteria on de Man Rogosa and Sharpe agar plates was used to 

designate isolates as temperature tolerant (Tambekar and Bhutada, 2010).  
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    3.9.3. Tolerance of Isolated Lactic Acid Bacteria to Acidic pH  

 The tolerance of the probiotic bacteria to acidic pH was tested in vitro as described by 

Pelinescu et al. (2009). 1 ml of each latic acid bacterial culture at 1×10
8 

cfu/ml was 

inoculated into sterile de Man Rogosa and Sharpe broth tubes of pH2 and pH3 (broth was 

adjusted by a pH meter using HCl of NaOH) and incubated anaerobically at 37ºC for 24 

h. After incubation,1 ml inoculum from each tube was  inoculated into de Man Rogosa 

and Sharpe  agar medium using pour plate technique and incubated anaerobically at 37ºC 

for 48 h. Presence or absence of growth of lactic acid bacteria on  agar de Man Rogosa 

and Sharpe agar was used to designate isolate as pH tolerant. 

3.10. Antibiotic Sensitivity Test of the Isolated Pathogenic Organisms  

The Kirby-Bauer test, also known as disc diffusion method was used to determine the 

effect of standard antibiotics on the bacterial isolates as described by Bano et al., (2012). 

This method involved the use of filter paper disc that had been impregnated with 

antibiotics of known concentration. The agar was seeded with 18hour-old pure culture of 

the following bacteria, Pseudomonas aeruginosa, Staphylococcus haemolyticus, and 

Klebsiella pnuemoniae. The discs were applied unto the seeded plates and incubated for 

24 h at 37
0
C.  The plates were observed for clear zones of inhibition. Seeding the agar 

plate with 24 h old pure isolates without antibiotics serve as control experiment. The 

zones of inhibition were measured. Each experiment was prepared in triplicates and the 

results were expressed as average values. The standard antibacterial agents, erythromycin 

(10µg), gentamycin (10µg), ampiclox (30µg), vancomycin (30µg), amoxacillin (30µg), 

ciprofloxacin (10µg), streptomycin (30µg), septrin (30µg), augmentin (30µg), cephalexin 

(30µg) were used as control for bacteria. 
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3.11. Assay for Antimicrobial Activity 

Antimicrobial activities of probiotics were determined by the agar well diffusion method as 

described by Tajehmiri et al., (2014). A 0.2 ml of a 24 h broth culture was aseptically introduced 

into the sterile Petri dishes. The sterilized medium at 45
0
C was poured into petri dishes. The agar 

depth was 4 mm. (26 ml medium was used for plate with 90 mm diameter). Wells were made on 

the agar plates using a sterile cork borer of 5 mm diameter. A 100µl of the supernatants of 

isolated probiotics were placed into each well. A negative control was 100µl of the broth without 

organisms. The cultured plate was incubated at 37
0
C for 48 h and the resulting zones of 

inhibition were measured using a ruler calibrated in millimeter. Each experiment was replicated 

three times and the results were expressed as average values. Isolates which gave an inhibition 

zone bigger than 10 mm was determined to have antimicrobial activity and the isolate was 

further identified using molecular procedure. 

3.12. Molecular Identification  

Five bacterial isolates were sent to Macron Inc, Amsterdam Netherlands for molecular 

identification using sequencing of the internal transcribed spacer (ITS) region of the ribosomal 

DNA.           

   3.12.1. Genomic DNA Isolation  

Pellet was suspended in 100 µl of TE buffer (10% w/v sucrose, 25 mM Tris-HCL pH      

8.0, nM EDTA, 10mg/ml, freshly made lysozyme and 40 µgml RNase A) and 

incubated for 30 minutes at 37
0
C. The protoplast cells were immediately lysed by 

adding 600 µl of lysis buffer (100mM Tris-HCl pH 8.0, 100mM EDTA, 10 mM NaCl 

and 1% w/v SDS) and incubated for 15 minutes at room temperature. The lysates were 
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treated with 10 µl of proteinase K (10 mg/ml) and incubated for 15 minutes at 37
0
C. 

After incubation at 80
0
C for 5 minutes and cooling down to room temperature for 5 -10 

minutes, 200µl of sodium acetate (3 M, pH 5.2) was  added, chilled on ice for 15 

minutes and centrifuged at 6,000 rpm for 10 minutes. The supernatant was decanted 

and 600 µl 0f isopropanol was added to it to precipitate the DNA. Finally, genomic 

DNA was dissolved in distilled water and maintained at 20
0
C for further studies 

(Vanysacker et al., 2010). 

  3.12.2. Polymerase Chain Reaction and Gel Electrophoresis 

The primers were synthesized and provided in a lyophilized form, which were re-

dissolved with TE buffer (pH 8) to a final concentration of 100 pmol/µl and stored at -20
0 

C. The sequence of the primer set Lacto -16S forward – was 5‟…..GGA ATC TTC CAC 

AAT GGA CG…..3‟ and the primer set Lacto -16S reverse – was 5‟….CGC TTT ACG 

CCC AAT AAA TCC GG…. 3‟ (Abdulamir et al., 2010); amplifications were carried out 

in 30 µl volumes containing (10 pmol/µl) of each primer, 2x taq PCR PreMix, and 200 ng 

genomic DNA. Amplification was achieved in 40 cycles according to the manufacturer‟s 

instruction; using a GTC thermal cycler (Cleaver Scientific, UK). Prior to the first cycle, 

DNA was denatured at 95
0 

C for 3 minutes subsequently, and each cycle consisted of 

denaturation at 95
0
C for 30 seconds, followed by annealing at 61

0
C for 40 seconds. 

Elongation was carried out at 72
0
C and the extension time at 1 minute subsequently. A 

final elongation was performed at 72
0
C for 5 minutes, and the holding temperature was 

for 10 seconds. PCR product was separated by electrophoresis on 1.5% (w/v) agarose gel 

containing ethidium bromide (0.5 µg/ml). 12 µl of each PCR product and 4µl of 6x 

loading dye was loaded in to the agarose gel and run in 1 x TBE buffer. A 100 bp plus 
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DNA ladder was used as a molecular weight standard and a positive control was run 

together with the PCR products. The PCR products were separated by electrophoresis at a 

constant voltage of 70V for 40 minutes. Then, DNA bands were visualized by ultraviolet 

(UV) illuminator system, and the photographic pictures were taken for each gel (Tortora, 

et al., 2013). 

 3.12.3. Sequence and Phylogenetic Analyses   

All raw sequence files were inspected and corrected, where necessary, using Chromas 

Lite 2.0 (Technelysium) and BioEdit v. 5.0.9.  To match the sequences obtained for 

individual 16S rRNA V3 fragments excised from DGGE gels with those obtained for 

the complete 16S rRNA gene of the pure cultures, these sequences were compared in 

BioEdit.  All sequences were also compared to those in the nucleotide database of the 

National Centre for Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov/) 

using blastn to obtain preliminary identifications for the isolated bacteria.    

Alignments for the complete 16S rRNA gene and pheS data determined in this study 

were   generated using Multiple sequence Alignment based on Fast Fourier Transform 

(Katoh and Frith, 2012).  These alignments also included the sequence information for 

the relevant type strains of species in the genera Lactobacillus which were obtained 

from GenBank. To determine the best-fit evolutionary models for the datasets, PAUP 

v. 4.0b1 together with Modeltest v. 3.7 were used.  

3.13.   Preparation of Supernatants  

Probiotics were inoculated in de Man Rogosa and Sharpe broth medium and incubated 

under anaerobic condition at 37
0
C for 48 h. The bacteria cells were removed by 
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centrifuging the culture at 5000g for 20 minutes at 4
0
C. The pH values of supernatants 

were adjusted to pH 6.5-7.0 by the addition of 1N NaOH, the supernatants were membrane 

filtered (Millipore, 0.22µm) and store at 4
0
C.            

3.14. In-vivo Study 

       3.14.1. Housing and Maintenance of Rats  

The 75 Female Rattus norvegicus (Wistar albino rats) with an initial weight of 200 ± 50g 

were obtained from the Chris Farm Mgbakwu Village, Anambra State. The animals were 

housed in metabolic cages under controlled environmental conditions (25
0
C, 12 h 

light/dark cycle with controlled humidity of 50% to 70%). They all had free access to 

pulverized standard rat pellet food and water for one week before feeding with 

experiment diet (Hassan et al., 2012).         

  3.14.2. Grouping of Experimental Rats 

The animals were divided into 5 groups of 15 animals each. Each group was further    

divided into three sub groups of 5 rats each. Assigned to each was the pathogenic 

organisms to be treated.  

Group A: Normal control group with wound alone.                    

Group B: Diabetic control group with infected wound         

Group C: Diabetic infected rats treated with Lactobacillus casei.                                 

Group D:  Diabetic infected rats treated with Lactobacillus plantarum                        

Group E:  Diabetic infected rats treated with gentamicin i.p (120 mg/kg). 
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  3.14.3. Induction of Diabetes Mellitus.  

Animals of group B, C, D and E were fasted overnight, their body weight and their blood 

glucose levels were determined. After a 12 h fast, rats received a single intraperitoneal 

injection of streptozotocin (65 mg/kg; Merck Chemical, Darmstadt, Germany) freshly 

prepared in 0.1 M sodium citrate buffer (pH 4.5). At three days after streptozotocin 

injection, blood glucose measurement was performed on tail-vein blood to ensure the 

induction of diabetes by using a glucometer (Accu-Chek Active, Roche Diagnostics, 

Penzberg, Germany). Rats whose blood glucose levels exceeded 200 mg/dL (13.9 

mmol/dL) were considered diabetic. Weights of the rats were monitor throughout the 

study (Somashekar and Sudhakar, 2013). 

    3.14.4. Induction of Wounds  

The 75 female Rattus norvegicus (Wistar albino rats) were anaesthetized; their backs 

were shaved using surgical blade. A 2 cm longitudinal full thickness excision were made 

in the upper paravertebral region of each rat. Wounds were traced on 1 mm 2 graph paper 

on the day of wounding and subsequently on the alternate days, until healing was 

complete. Changes in wound area were calculated, giving an indication of the rate of 

wound contraction. All rats received sterile sodium chloride to prevent dehydration. After 

fully recovering from anesthesia, rats were placed in individual cages (Romana et al., 

2009).        
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    3.14.5. Assessment of Contamination. 

Bacteria collection was performed by using the one-point method with the sterile swab, 

the center surface of each wound was scrubbed carefully by rotating the swab 3 times 

clockwise with enough manual pressure to produce a small amount of exudate. The 

inoculated swab was inserted into a tube and transported to the laboratory for immediate 

processing. The swab collection tube was vortexed (with the swab inside) for 5 seconds, 

and a 100-µL aliquot of the suspension was used for serial dilutions. Quantification of the 

viable bacteria present in the swab was performed by using the 10-fold serial dilution 

method and 100 µL of each dilution was plated onto tryptone soy agar (Biokar 

Diagnostics, Pantin Cedex, France). The plates were incubated under aerobic conditions 

at 37°C for 24 h, after which colony- forming units were counted (Fraccalvieri et al., 

2011). 

        3.14.6. Preparation of Probiotics 

 The probiotics were prepared according to Walencka et al., (2008). The strain was 

cultivated in 1 litre of de Man Rogosa and Sharpe (MRS) broth for three days at 37
0
C at 

static conditions. Medium containing the probiotics was given to animals at a 

concentration of 100 ml/kg food.       

     3.14.7. Administration of Probiotics to Rats  

The probiotics were given daily to the rats orally through the feeding bottles until day 15. 

Changes in wound area were calculated (Mirjana et al., 2017).   
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     3.14.8. Behavioural Observation 

The animals were observed twice daily for clinical signs exhibited by them in different 

groups. The behavioural alterations were observed subjectively by observing alertness, 

attraction to feed and water responsiveness to external stimulus and activity (Lee et al., 

2012). 

3.14.9. Assessment of Wound-Healing                     

 The wound area and percentage wound- healing at different times after treatments were 

 assessed in rats according to the method described by Vinay and Dinesh, (2014) . The    

       length and width of wound (2 mm) were measured in days 1, 3, 7 and 15. The    

  percentage wound- healing was calculated as:    

           %wound closure = (Wound area in first day) - (Wound area in specific day)   × 100 

                                      (Wound area in first day)                   

   3.14.10. Determination of Haematological Parameters. 

3.14.10.1. Collection of Blood Samples 

The rats were anesthetized using chloroform on day 1, 3, 7, and day 15 after the 

initial infection. Blood was collected from each rat into a sterile 2.5 mL tubes 

containing EDTA (anticoagulant) and immediately mixed well to avoid clotting 

and left to stand at room temperature (20
0
C) (Muhammad et al., 2012; 

Cheesbrough, 2009). 
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 3.14.10.2. Determination of Red Blood Cell 

Blood films are made by placing a drop of blood on one end of a slide, and using 

a spreader slide to disperse the blood over the slide's length. The monolayer was 

found in the "feathered edge" created by the spreader slide as it draws the blood 

forward.  The slide was left to air dry, after which the blood was fixed to the slide 

by immersing it briefly in 95% (vol/vol) methanol. The fixed slide was stained  

with giemsa stain to distinguish the cells from each other. These stains were 

allowed for the detection of white blood cell, red blood cell, and platelet 

abnormalities. After staining, the monolayer was viewed under a microscope 

using magnification up to 1000x. Individual cells are examined and their 

morphology was characterized and recorded (Alam, 2015; Peter et al., 2009). 

3.14.10.2.1. Determination of Haemoglobin 

The Hb square tube was filled to 20% with 0.1 N HCl and Hb pipette was filled                                                                                                                                                                                                      

with the blood micro liter. The blood was added into the acid in the square tube 

and the pipette was rinsed three times with water by drawing in and discharging 

into the blood-acid mixture. The blood- acid was mixed with hematin solution in 

the tube with a glass rod and the tube allowed to stand for 20 minutes. The 

solution was diluted by adding distilled water drop by drop and stirring the 

mixture all the time with glass rod. The comparator was held against good day 

light and distilled water was added till the colour of the solution matches perfectly 

with that of standards. The reading was recorded in g/dL and the result was read 

at the bottom of the meniscus (Cheesbrough, 2009). 

https://en.wikipedia.org/wiki/Fixation_(histology)
https://en.wikipedia.org/wiki/Methanol
https://en.wikipedia.org/wiki/Staining_(biology)
https://en.wikipedia.org/wiki/White_blood_cell
https://en.wikipedia.org/wiki/Red_blood_cell
https://en.wikipedia.org/wiki/Platelet
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3.14.10.2.2. Hematocrit (Packed Cell Volume) Determination. 

The capillary tube was filled two-thirds to three quarters full with well-mixed, 

oxalated venous blood.  One end of the tube was sealed with clay and the filled 

tube was placed in the microhematocrit centrifuge with the plugged end away 

from the center of the centrifuge. The tube was centrifuge at a preset speed of 

12,000 rpm for 5 minutes. After centrifuge, the tube was placed in the 

microhematocrit reader and the hematocrit was read by following the 

manufacturer‟s instruction on the microhematocrit reading device (Cheesbrough, 

2009). 

       3.14.10.2.3. Determination of Mean Cell Volume (MCV) 

The mean cell volume (MCV) was calculated by dividing packed cell volume by 

red blood count. The latter was determined by visual counting of cells using an 

impoved Neubauer haemocytometer (Cheesbrough, 2009). 

                         MCV (fL)   = Hematocrit (%) x 10 

                                     RBC (x10
12

/L) 

      3.14.10.2.4. Determination of Mean Cell Haemoglobin (MCH) 

This was calculated as reported by Cheesbrough, (2009).  It involves dividing 

haemoglobin concentration by the value of red blood cell count.  

   MCH (pg) =   Hb (g/dL) x 10 

                                              RBC (x10
12

/ L) 

 

http://navyaviation.tpub.com/14113/Centrifuge-69.html
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3.14.10.2.5. Determination of Mean Cell Haemoglobin Concentration (MCHC) 

The mean cell haemoglobin concentration was calculated by dividing the 

haemoglobin concentration value by that of the packed cell volume 

(Cheesbrough, 2009).   

MCHC (g/dL) = Hb (g/dL) x 100 

                                        Hematocrit (%) 

            3.14.10.3. Determination of White Blood Cell 

 The total white blood cell count was estimated by visual count method 

(Cheesbrough,   2009). The blood sample (0.02 ml) was added to 0.38 ml of 

Turks solution in a plain cuvette and thoroughly mixed. 0.01 ml of the resultant 

mixture was loaded into the counting chamber, covered with the cover slide and 

allowed to settle (2 minutes) before placing it under the microscope and viewed 

using x10 objective lens. The white cells present in the four corners and the 

central 1 mm
2
 areas were counted using hemocytometer counter. From the result, 

the total white blood cell count was deduced by calculation.  

            

             3.14.10.4. Differential White Blood Cell Count/ Cell Morphology  

 

The Leishman staining technique as reported by Cheesbrough, (2009) was 

adopted in the differential count and cell morphology analysis. A drop of the 

EDTA anti-coagulated blood was placed on dry grease-free glass slide. A thin 

film of blood was made on the slide, which was allowed to air dry. The Leishman 

stain was then used to cover the film (drop wise). This was followed 2 minutes 

later by the addition of the sorenscens buffer before mixing and allowed to stand 



 
 

79 
 

for 8 minutes on a flat surface. The stain was gently washed off using tap water 

and the slide was allowed to dry in air The dried slide was then viewed under oil 

immersion with a x100 objective, the various cells were counted and the requisite 

morphological notes taken.  

Neutrophils - When viewed under the microscope appeared spherical in shape 

with a dark stained nucleus that is segmented (2 to 5 lobes).  

Monocytes - monocytes showed a bean or kidney shaped.  

Lymphocytes - lymphocytes is a large round nucleus that takes up much of the 

cell volume. It is of two types small and large. 

Eosinophils - eosinophils showed a bi-lobed (two lobes) nucleus that is shaped 

like a horse-shoe. 

Basophil- when viewed under the microscope appeared spherical in shape with 

granules stained brick red.  

 3.15. Statistical Analysis of Results 

Data were subjected to one way analyses of variance and the differences between means were 

evaluated by Duncan‟s multiple range test using SPSS statistic programme version 23.  

Significant difference was expressed at P < 0.05. 
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CHAPTER FOUR 

                                                                    RESULTS                                                                                                               

4.1.  Physicochemical Composition                                                            

The results of variation in pH, brix, total soluble solids, total titratable acidity, specific gravity 

and viscosity of the „kunun-zaki‟ samples are presented in Table 4.1. The pH values obtained for 

all the samples ranged from 4.30 to 5.67. The pH  values of the controls from at 50:50% and 

80:20% were not significantly different while the pH of other samples 4.40, 4.60, 4.30, 4.45, 

4.60 and 4.35 respectively were significantly different (P<0.05) from those of the control.           

The brix values found in the samples ranged between 5.22±0.08% and 6.65±0.03%. „Kunun-

zaki‟ with sweet potatoes (KS) prepared with 50:50% had the highest brix value of 6.65±0.03% 

and was significantly different from those of other samples (5.65±0.03%, 5.60±0.10%, 

5.86±0.03%, 5.32±0.09%, 5.22±0.08% and 5.93±0.02%).   

The total soluble solids (TSS) content of „kunun-zaki‟ samples ranged from 9.47±0.04 -

13.93±0.03%.  The values obtained is significantly different (P<0.05) from each sample.  The 

control from 80:20% had the lowest value of 9.93±0.07% while the „kunun-zaki‟ with sweet 

potato from 50:50% had the highest total soluble solids of 13.93±0.03%.                         

The total titratable acidity (TTA) found in „kunun-zaki‟ samples varied considerably, ranging 

from 0.53±0.02 to 0.75±0.01%. The samples were not significantly different (P˃0.05) but when 

compared to the control, they were different.  The samples with combination of paddy rice and 

sweet potatoes had the highest value of 0.75±0.01%.                        

The specific gravity of all the samples from 50-50% were not significantly different (P˃0.05) 

except KS. The control from 80:20% had the highest value of 1.02±0.01%. 
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Table 4.1: Physicochemical Composition of „Kunun-zaki‟ Samples. 

SAMPLE           pH              Brix (%)           TSS (%)            TTA (%)             SG (%)                

KO                5.57±0.09
a
     5.65±0.03

c 
        9.93±0.07

e 
       0.53±0.02

b
         0.98±0.00

ab
        

KP                 4.40±0.00
c
    5.60±0.10

c
        13.72±0.09

bc
     0.67±0.03

a 
         0.98±0.00

ab
        

KS                 4.60±0.00
b 
   6.65± 0.03

a
       13.93±0.03

a
       0.67 ±0.04

a
        0.98 ±0.00

b          
  

KA                4.30±0.03
c
    5.86 ±0.03

b 
      12.63±0.07

d
       0.75±0.01

a 
         0.97±0.00

ab
         

KOI               5.67±0.02
a 
   5.32±0.09

d
        9.47±0.04

f 
        0.53±0.02

b 
         1.02±0.01

a
         

KPI                4.45±0.05
c
   5.22±0.08

d 
       13.65±0.03

c
       0.67±0.03

a
          0.92±0.01

c
         

KSI                4.60±0.04
b
    6.53±0.06

a
       13.84± 0.02

ab  
   0.67 ±0.04

a
         0.89± 0.004

c     
    

KAI               4.35±0.05
c    

  5.93±0.02
b          

12.71±0.03
d
       0.75± 0.01

a 
        0.84± 0.06

d       
     

Values are mean scores of three replicated samples. Values in columns with different superscript letters 

are significantly different (P < 0.05).                                   

Keywords:  

TSS-Total Soluble Solids.  

TTA- Total Titrable Acid. 

SG- Specific Gravity. 

KO-„kunun-zaki‟ (Control) at 50:50% Millet and Sorghum.  

KP- „kunun-zaki‟ + Paddy rice at 50:50%. 

KS-„kunun-zaki‟ + Sweet potatoes at 50:50%.  

KA- „kunun-zaki‟ +Paddy rice+ Sweet potatoes at 50:50%.   

KOI- „kunun-zaki‟ (Control) at 80:20% millet and sorghum.               

KPI- „kunun-zaki‟ + paddy rice at 80:20%. 

KSI- „kunun-zaki‟ + sweet potatoes at 80:20%.               

KAI- „kunun-zaki‟ + Paddy rice + Sweet potatoes at 80:20%. 
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4.2. Proximate Analysis  

The proximate composition of „kunun-zaki‟ samples revealed the moisture content of the 

products to be 88±0.06, 86.07±0.03, 83.69±0.16, 86.23±0.03, 88.30±0.31, 87.00±0.00, 

84.17±0.07 and 86.29±0.32% for KA,KP,KS,KA,KOI,KPI,KSI and KAI respectively. The 

moisture contents of the control (88.30±0.31%) was observed to be higher and significantly 

different (P< 0.05) from other samples. (Table 4.2). „Kunun-zaki‟ processed with sweet potatoes 

from 50:50% (KS) had the lowest moisture content of 83.69±0.16% (Appendix VII). 

 The  ash contents of the „kunun-zaki‟ processed with paddy rice from 50:50 and 80:20% 

millet/sorghum ratios were found to be significantly different (P<0.05) and were given as 

4.45±0.08% and 4.34±0.02% respectively. The control sample from 80:20% had the lowest 

value of 0.57±0.09% (Table 4.2). The crude fiber contents ranged from a mean value of 0.24 to 

0.34%.  The crude fibre of the samples from 80:20% differed significantly (P<0.05). The highest 

fiber was obtained from 50:50% „kunun-zaki‟ with paddy rice.   

„Kunun-zaki‟ produced with paddy rice for 50:50% and 80:20% had higher protein value of 

1.90±0.08% compared to the control (1.14±0.01%).                   

The carbohydrate contents of the „kunun-zaki‟ samples obtained in KO, KA, KSI and KAI were 

not significantly different (Table 4.2). The „kunun-zaki‟ with paddy rice for 80:20% had the 

lowest carbohydrate of 5.34±0.08% while the „kunun-zaki‟ processed with sweet potatoes for 

50:50% had the highest carbohydrate value of 9.65±0.27%.                          

The fat contents of the control for 50:50% (KO) was 0.85±0.01% and was significantly different 

(P<0.05) from the other samples. The control for 80:20% had the least fat content of 0.84±0.01% 

(Table 4.2). The „kunun-zaki‟ processed with sweet potatoes for 50:50% had the highest fat 

content of 1.40±0.12%. 
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Table 4.2: Proximate Composition of „Kunun-zaki‟ Samples 

Sample   Moisture (%)   Ash (%)       Fiber (%)       Protein (%)    Carbohydrate (%)     Fat (%) 

KO        88.00±0.06
a
    0.58±0.02

d 
    0.26±0.00

d
      1.23±0.01

cd
       9.08±0.08

ab 
         0.85±0.01

c
 

KP         86.07±0.03
c 
   4.45±0.08

a
    0.34±0.09

a
       1.90±0.04

a
        6.80±0.15

c 
          1.06±0.02

b
 

KS         83.69±0.16
e
    3.43±0.09

b
    0.30±0.00

bc
     1.54±0.09

b 
       9.65±0.27

a
           1.4±0.12

a
 

KA        86.23±0.03
c     

 2.0±0 0.06
c
   0.27±0.01

d
      1.23±0.02

cd
       9.10±0.07

ab
          1.17±0.01

b
 

KOI       88.3±0.31
a
      0.57±0.09

d
    0.24±0.00

e 
     1.14 ±0.01

d 
      8.88 ±0.36

b
           0.84± 0.01

c
 

KPI       87.00±0.00
b
    4.34±0.02

a
     0.32±0.01

ab
    1.90±0.08

a 
       5.34±0.08

d
            1.10±0.04

b
 

KSI       84.17±0.07
d
    3.35±0.08

b 
    0.28±0.01

cd
    1.55±0.02

b
       9.09±0.18

ab
           1.21±0.02

b
 

KAI      86.29±0.32
c
    1.80±0.28

c
     0.26±0.01

d 
     1.34±0.05

c
       9.09±0.18

ab 
          1.21±0.02

b
 

Values are mean scores of three replicated samples.  Values in columns with different superscript 

letters are significantly different (P < 0.05).  

KO-„kunun-zaki‟ (Control) at 50:50% Millet and Sorghum.  

KP- „kunun-zaki‟ + Paddy rice at 50:50%. 

KS-„kunun-zaki‟ + Sweet potatoes at 50:50%.  

KA- „kunun-zaki‟ +Paddy rice+ Sweet potatoes at 50:50%.   

KOI- „kunun-zaki‟ (Control) at 80:20% millet and sorghum.               

KPI- „kunun-zaki‟ + paddy rice at 80:20%. 

KSI- „kunun-zaki‟ + sweet potatoes at 80:20%.  

KAI- „kunun-zaki‟ + Paddy rice + Sweet potatoes at 80:20%. 
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4.3. Vitamin 

The vitamin composition of the eight types of „kunun-zaki‟ evaluated in this study are shown in 

Figure 4.1. The „kunun-zaki‟ processed with sweet potatoes for 50:50% millet and sorghum was 

observed to have the highest vitamin C content (32.25 mg/100ml) and vitamin E contents             

(18.24 mg/100ml).  There were significant differences (P < 0.05) between the ascorbic acids 

contents of all the samples.  

4.4. Minerals  

Analysis of the mineral contents of the „kunun-zaki‟ samples indicated that sample with paddy 

rice and sweet potatoes for 80:20% millet and sorghum had the lowest value (13.11 mg/100ml) 

for calcium while the highest (19.77 mg/100ml) was obtained for a sample containing sweet 

potatoes (Table 4.3). There was no significant difference (P > 0.05) in the calcium contents of 

the control and „kunun-zaki‟ processed with paddy rice and sweet potatoes for 80:20% 

(Appendix VIII). Likewise, no significant differences in the magnesium and potassium 

composition of „kunun-zaki‟ processed with sweet potatoes for 50:50%. The potassium value of 

the control for 50:50% of „kunun-zaki‟ was significantly different (P< 0.05) from those of all the 

samples obtained for 50:50%.  In terms of zinc and iron content, the mean values ranged from 

1.81 to 3.24 and 2.73 to 3.91 mg/100ml respectively.  The „Kunun-zaki‟ processed with paddy 

rice had the highest zinc concentration (3.31 mg/100ml) and iron (3.91 mg/100ml). The zinc and 

iron contents of sweet potatoes for 50:50% were not significantly different (Table 4.3).    

The lowest value for sodium was observed for „kunun-zaki‟ processed with sweet potatoes.  

 



 
 

85 
 

0

5

10

15

20

25

30

35

40

KO KP KS KA KOI KPI KSI KAI

V
it

am
in

 c
o
n
ce

n
tr

at
io

n
 (

m
g
/1

0
0
m

l)

'Kunun-zaki' samples

Vitamin C

Vitamin E

   
     

Figure 4.1: Vitamin Contents of the „Kunun- zaki‟ Samples.                                                                                        

Keywords:  

KO-„kunun-zaki‟ (Control) at 50:50% Millet and Sorghum.  

KP- „kunun-zaki‟ + Paddy rice at 50:50%. 

KS-„kunun-zaki‟ + Sweet potatoes at 50:50%.  

KA- „kunun-zaki‟ +Paddy rice+ Sweet potatoes at 50:50%.   

KOI- „kunun-zaki‟ (Control) at 80:20% millet and sorghum.               

KPI- „kunun-zaki‟ + paddy rice at 80:20%. 

KSI- „kunun-zaki‟ + sweet potatoes at 80:20%.  

KAI- „kunun-zaki‟ + Paddy rice + Sweet potatoes at 80:20%. 
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Table 4.3: Mineral Contents of the „Kunun- zaki‟ Samples 

Samples                                                         Minerals (mg/100ml) 

                 Calcium         Magnessium        Potassium         Zinc              Iron                Sodium 

KO       14.40±0.05
f 
      125.33±1.53

e        
184.00±4.00

d 
    2.25±0.25

b
   2.77±0.59

de
     21.07±0.47

g
 

 

KP        18.13±0.13
d      

  145.67±1.15
b
     220.00±18.03

b
   3.31±0.08

a
   3.91±0.53

a
      22.27±0.09

e
 

 

KS        18.78±0.29
b
     154.67±4.51

a       
 245.00±5.00

a
    1.81±0.32

c
    2.94±0.53

c
      23.67±0.02

b
 

 

KA       15.21±0.36
e
     131.67±2.88

d
      202.00±7.21

c
    1.92±0.25

c
   2.73±0.11

e          
22.64±0.07

c
 

 

KOI       13.2±0.05
g
      110.33±4.51

f       
 189.00±3.6

cd
     1.83±0.12

c
   2.88±0.07

bcd      
21.18±0.03

f 
  

 

KPI        18.28±0.03
c    

141.00±3.61
b
     195.67±3.21

cd
    3.24±0.03

a 
   3.56±0.036

b
    22.49±0.04

d
 

  

KSI        19.77±0.06
a
   140.33±2.52

bc
    226.67±2.89

b
     1.89±0.02

c   
 2.84±0.02

cde
    24.11±0.01

a
  

 

KAI       13.11±0.10
g
   134.33±5.13

cd
   183.33±2.89

d
      1.85±0.62

c     
2.85±0.07

cde
    22.72±0.09

c
 

 

Values are mean scores of three replicated samples.                                                                         

Values in columns with different superscript letters are significantly different (P < 0.05). 

Keyword: 

KO-„kunun-zaki‟ (Control) at 50:50% Millet and Sorghum.  

KP- „kunun-zaki‟ + Paddy rice at 50:50%. 

KS-„kunun-zaki‟ + Sweet potatoes at 50:50%.  

KA- „kunun-zaki‟ +Paddy rice+ Sweet potatoes at 50:50%.   

KOI- „kunun-zaki‟ (Control) at 80:20% millet and sorghum.               

KPI- „kunun-zaki‟ + paddy rice at 80:20%. 

KSI- „kunun-zaki‟ + sweet potatoes at 80:20%.  

KAI- „kunun-zaki‟ + Paddy rice + Sweet potatoes at 80:20%. 
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4.5. Sensory Evaluation Test 

Table 4.4 showed the sensory properties of „kunun-zaki‟ samples. „Kunun-zaki‟ processed with 

paddy rice and sweet potatoes from 50:50% millet and sorghum ratio was significantly different 

(P < 0.05) in taste from other samples. There was no significant difference in the colour of 

„kunun-zaki‟ processed with paddy rice and „kunun-zaki‟ processed with paddy rice and sweet 

potatoes for 50:50%. Also, there was no difference in the colour of the control and the sweet 

potatoes based „kunun-zaki‟ for 80:20%. There was no significant difference in the mouthfeel of 

both control for 50-50% and 80:20% respectively but the controls were significantly different 

from other samples. The „kunun-zaki‟ processed with paddy rice and „kunun-zaki‟ processed 

with paddy rice and sweet potatoes for 50:50% millet had the highest mean scores in flavour and 

acceptability while the control for 50:50% had the least score (Appendix IX). 

4.6. Total Viable Counts 

The total viable counts of the „kunun-zaki‟ samples are reported in Table 4.5. The nutrient agar 

count of „kunun-zaki‟ processed with sweet potatoes for 50:50% millet to sorghum ratio had the 

highest count of 2.26±0.05 CFU/ml and is significantly different (P < 0.05) to other samples in 

50:50%. The control of 80:20% millet and sorghum was significantly higher from other „kunun-

zaki‟ samples processed for 80:20% except sweet potatoes based „kunun-zaki‟. No coliforms 

counts were detected in the beverage samples. The yeast agar count ranged from 1.18 to 1.52 

(Table 4.5). There was no yeast count in the „kunun-zaki‟ processed with paddy rice and sweet 

potatoes both for 50:50 and 80:20%. The least count of yeast was observed in the control for 

80:20% and sweet potatoes based „kunun-zaki‟. The highest fungal count of 1.36±0.05 CFU/ml 

was observed in samples processed with sweet potatoes for 50:50% and 80: 20.   
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Table 4.4: Sensory Attributes of the „Kunun-zaki‟ Samples 

SAMPLE        TASTE        COLOUR       MOUTHFEEL       FLAVOUR   ACCEPTABILITY 

KO                 5.84±0.02
c       

 6.12±0.01
b
        5.09±0.05

f                   
5.09±0.01

d
         5.35±0.06

d
 

KP           6.38±0.01
b
      5.67±0.04

d
        6.77±0.12

a
            6.35± 0.02

a 
        6.35±0.02

a
 

KS                 5.82±0.03
cd

     5.21±0.04
f          

  5.49±0.01
e
            5.7±70.02

b
         5.37±0.01

cd
 

KA                 6.54±0.02
a 
     5.63±0.03

d
        6.57±0.07

b                   
6.47±0.08

a
         6.42±0.01

a
 

KOI                5.84±0.02
c
      6.34±0.02

a
       5.07±0.01

f
             5.19±0.01

d
          5.14±0.09

e
 

KPI                6.34±0.02
b
       5.32±0.05

e
      5.71±0.03

d                    
5.71±0.08

b           
  6.03±0.02

b
 

KSI                5.71±0.09
de 

      6.30±0.03
a
     5.40±0.03

e                    
5.53±0.04

c
          5.48±0.02

c
 

KAI               5.64±0.04
e
       5.86±0.03

c
      6.30 ±0.04

c                
  6.36±0.05

a
          6.07±0.04

b
 

Values are mean scores with standard error of three replicated samples.                               

Values in columns with different superscript letters are significantly different (P < 0.05).                                               

Each value is the mean with standard error of 20- member panelist using 7 point hedonic scale. 

 

Keyword:  

KO-„kunun-zaki‟ (Control) at 50:50% Millet and Sorghum.  

KP- „kunun-zaki‟ + Paddy rice at 50:50%. 

KS-„kunun-zaki‟ + Sweet potatoes at 50:50%.  

KA- „kunun-zaki‟ +Paddy rice+ Sweet potatoes at 50:50%.   

KOI- „kunun-zaki‟ (Control) at 80:20% millet and sorghum.               

KPI- „kunun-zaki‟ + paddy rice at 80:20%. 

KSI- „kunun-zaki‟ + sweet potatoes at 80:20%.  

KAI- „kunun-zaki‟ + Paddy rice + Sweet potatoes at 80:20%. 
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Table 4.5:  Microbial Load of the „Kunun-zaki‟ Samples 

                                                                  x10
5
  CFU/ml                                             

Samples     Nutrient     MacConkey   de Manrogosa sharpe      Yeast        Sabroud Dextrose 

                       Agar            Agar                 Agar                         Agar                Agar                                  

KO               1.46±0.47
b
       ND          6.19±0.08

b
                  1.39±0.04

b  
           1.13±0.15

b
 

KP                1.38±0.03
b 

      ND          8.41±0.05
a 
                 1.52±0.03

a 
            1.01±0.04

d
 

KS                2.26±0.05
a
       ND         7.43±0.03

a                            
1.43±0.09

b
             1.36±0.05

a
 

KA               1.22 ±0.03
c
       ND         6.79±0.04

b                                  
ND                       ND  

KOI              2.05±0.13
a  

      ND         5.89±0.05
c 
                  1.19±0.01

c
             1.06±0.06

c
 

KPI              1.3±8 0.04
b
       ND         6.53±0.01

b
                   1.45±0.03

a
             1.05±0.03

c
 

KSI               2.22±0.35
a
       ND         6.53±0.06

b
                   1.18±0.03

c
             1.35±0.03

a
 

KAI              1.27± 0.56
c
      ND

              
6.11 ±0.01

c 
                     ND                     1.03 ±0.15

d
 

Values are mean scores of three replicated samples. Values in columns with different superscript 

letters are significantly different (P < 0.05). 

Keyword:  

ND = Non Detectable. 

KO-„kunun-zaki‟ (Control) at 50:50% Millet and Sorghum.  

KP- „kunun-zaki‟ + Paddy rice at 50:50%. 

KS-„kunun-zaki‟ + Sweet potatoes at 50:50%.  

KA- „kunun-zaki‟ +Paddy rice+ Sweet potatoes at 50:50%.   

KOI- „kunun-zaki‟ (Control) at 80:20% millet and sorghum.               

KPI- „kunun-zaki‟ + paddy rice at 80:20%. 

KSI- „kunun-zaki‟ + sweet potatoes at 80:20%.  

KAI- „kunun-zaki‟ + Paddy rice + Sweet potatoes at 80:20%. 
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4.7. Morphological and Biochemical Characteristics of Isolated Lactic Acid Bacteria.    

                                                                                                                             

The morphological and biochemical characteristics of the isolated lactic acid bacteria are shown 

in Table 4.6 and Table 4.7. All the lactic acid bacteria isolates were Gram positive rods with 

entire edges, raised elevation, cream in colour and smooth in texture (Table 4.6). Lactobacillus 

acidophilus, Lactobacillus casei, Lactobacillus brevis, plantarum, Lactobacillus plantarum, 

Lactobacillus fermentum, Lactobacillus delbruekii, Lactobacillus lactis, Lactobacillus helveticus 

and Lactobacillus bulgaricus were isolated from „kunun-zaki‟ samples (Table 4.7).    

4.8. Types of Lactic Acid Bacteria in the Samples 

Table 4.8 presents the presence of lactic acid bacteria found in the „kunun-zaki‟ samples. 

Lactobacillus plantarum had the highest occurrence followed by Lactobacillus casei. 
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Table 4.6: Morphological Characteristics of the Isolated Lactic Acid Bacteria. 

ISOLATE        SHAPE          COLOUR         EDGE       ELEVATION            TEXTURE 

L1  Rod  Cream  Entire  Raised         Smooth 

L2  Rod       Cream  Entire  Raised         Smooth 

L3  Rod  Cream  Entire  Flat          Smooth 

L4  Rod  Cream  Entire  Raised         Smooth 

L5  Rod  Cream  Entire  Raised         Smooth 

L6  Rod  Cream  Entire  Raised          Smooth 

L7  Rod  Cream  Entire  Raised                     Smooth 

L8  Rod  Cream              Entire  Raised         Smooth 
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Table 4.7. Biochemical Characteristics of Lactic Acid Bacteria Isolated from “Kunun –zaki” 

Isolate          Gram           Motility 

Identity       reaction 

 

             Sugar fermentation Biochemical test Probable organism 
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L1                         +                     -             +             +       +          -         +          +            -        +         +             -             -            +             -          -             Lactobacillus acidophilus 

                                                                                     

L2                         +                    -             +G          +         -          +        +          +            +        +        +             -             -             -             -           -            Lactobacillus casei 

 

L3                         +                    -            +G           -         +           -        +         -              -         -         +             -              -             -           -            -            Lactobacillus brevis 

 

L4                         +                   -            +G          A+        +         +         +      +AG         +         +        +            -               -             -           -           -             Lactobacillus plantarum 

 

L5                         +                   -              +            +          +         -         +          -            -          +        +           -                -            -            -           -              Lactobacillus fermentum 

                                                                       

L6                         +                   -            +             +          -          -         +          -            -         -          -            -                -            -            -            -               Lactobacillus delbruekii 

                                                          

L7                         +                   -             +             -        +           +         +         -           -          -          -            +               +            -           -             -              Lactobacillus lactis 

 

L8                         +                   +            +             -         +          -         -         +           +          -           -          -                -            -           -           -                 Lactobacillus helveticus                                             

+ = positive reaction,- = negative, G= gas formation. 
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Table 4.8: Types of Lactic Acid Bacteria found in “Kunun-zaki” Samples 

Samples   Lactobacillus         Lactobacillus   Lactobacillus   Lactobacillus   Lactobacillus   Lactobacillus    Lactobacillus   Lactobacillus 

                 acidophilus                 casei               brevis              plantarum        fermentum         delbruece              lactis             helveticus 

KO  -  +  +  +                       -                         -                          +                      - 

KP  +                        +                        +                        +                      +                         +                         +                      - 

KS              +  +  +  +             -  +               +                     + 

KA  +  +  -  +             +  -               +            +  

KOI  -  -  +  +             +              +                -             - 

KPI  +  -  +  +             +  -   +                     + 

KSI  -  +  +  +  -                        +     -                    + 

KAI                    +  +  -  +  -  +      -                      +  

 - =Not present, + = Present.  

KO-„Kunun‟ (Control) at 50:50% Millet and Sorghum.  

KP- „Kunun-zaki‟ + Paddy rice at 50:50%. 

KS- „Kunun-zaki‟ + Sweet potatoes at 50:50%.  

KA- „Kunun-zaki‟ +Paddy rice+ Sweet potatoes at 50:50%. 

KOI-„Kunun- zaki‟ (Control) at 80:20% millet and sorghum.  

KPI- „Kunun-zaki‟ + paddy rice at 80:20%. 

KSI- „Kunun-zaki‟ + sweet potatoes at 80:20%.  

KAI- „Kunun-zaki‟ + Paddy rice + Sweet potatoes at 80:20% 
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4.9. Sodium Chloride Tolerance of Lactic Acid Bacteria 

Sodium chloride tolerance are represented in Table 4.9. All the strains were not able to tolerate 

10% osmotic concentrations of NaCl except control A and Lactobacillus plantarum.  In the 

sodium chloride test, all of the tested isolates exhibited good growth and visible growth in 1% 

and 2% but only Lacobacillus bulgaricus, showed resistance. The control B showed no growth in 

the test while in control A, good growth was observed (Table 4.9).  

4.10. Sensitivity to pH and Temperature Test 

The sensitivity to pH and temperature are shown in Table 4.10. Lactobacillus acidophilus 

showed no tolerance at pH 2 and pH 3. All of the strains consistently showed tolerance at pH 2- 

6 after 2 and 4 hours of incubation except Lactobacillus fermentarum and Lactobacillus lactic 

which showed no growth at pH2.  All  the strains grew at 15 and 45
0
C at 2 h and 4 h of 

incubation except Lactobacillus  delbruekii  and Lactobacillus helveticus which showed 

resistance at 15
0
C (Table 4.10). 
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Table 4.9: Evaluation of Sodium Chloride Tolerance of the Isolates 

LAB                      2 hours                                 4 hours                                 24 hours 

                  1%      2%      3%     4%          5%       6%    7%    8%      9%      10%   

A                |++        +         +         +                +        +         +       +            +        + 

B           -          -         -          -                -         -           -         -            -        - 

L1              |++        +         +         +                +        +         +       +            +        -       

L2              ++        +          +        +                 +        +         +        +           +        -        

L3              ++        +          +        +                 +        +         +        +           +        -                

L4              ++        +         +         +                 +        +         +        +           +        +         

L5              ++        +         +         +                  +        +         +         +          +        -        

L6              ++        +         +         +                   +       +         +         +          +        -        

L7              ++        +         +         +                   +       +         +         +          +        -        

L8                  -        -         +         +                   +        +        +         +          +        -        

Keyword:  

++ = Good growth, 

 + = visible growth, 

 - = no growth. 

A- Positive control (Tubes with lactic acid bacteria cultures without NaCl) 

B- Negative Control (Tubes with NaCl but without cultures) 

LAB- Lactic Acid Bacteria. 
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Table 4.10: Tolerance of Lactic Acid Bacteria to pH and Temperature. 

Probable     pH2                     pH 3                pH4                 pH5                   pH6         15
0
C   45

0
C 

Organisms    2hours 4hours   2hours 4hours 2hours 4hours 2hours 4hours2hours 4hours 

Lactobacillus   -          -          -            -          +         +           +            +          +       +      +         + 

acidophilus 

Lactobacillus   +         +         +          +           +      +           +             +        +       +      +        + 

casei 

Lactobacillus   +         +          +          +          +       +            +            +        +      +      +       + 

plantarum 

Lactobacillus     -         -           +          +          +       +            +            +        +       +      +       + 

fermentum 

Lactobacillus  +         +           +          +          +       +            +            +        +       +        -       + 

delbruekii    

 Lactobacillus   -          -           +           +         +      +             +            +         +       +      +      + 

 lactis 

Lactobacillus  +          +          +           +         +      +              +           +         +       +       -      + 

helveticus  

Lactobacillus  +          +         +           +          +      +              +           +         +       +      +      + 

 bulgaricus 

Keywords:  

+ = Growth present. 

- = Growth absent. 

 

 



 
 

97 
 

4.11. Antibiotics Sensitivity Test Against Pathogenic Organisms 

The sensitivity of pathogenic organisms to different antibiotics are shown in Table 4.11.  

Staphylococcus haemolyticus showed high susceptibility (10.55±0.01) toward gentamicin and 

significantly different (P<0.05) from other antibiotics used. Pseudomonas aeruginosa was 

resistance to ampiclox but sensitive to other antibiotics. There was no significant difference 

(P˃0.05) in the sensitivity of Staphylococcus haemolyticus to vancomycin and amoxacillin. 

Erythromycin and ampiclox had the least zone of inhibition of 5.36±0.05mm and 5.46±0.02mm 

on Klebsiella pneumoniae.   

4.12. Antimicrobial Activity of Lactic Acid Bacteria Isolates against Three Selected     

         Pathogens. 

The results of probiotics antimicrobial effect on selected pathogenic organisms are shown in 

Table 4.12. The comparison of the inhibitory zones caused by the eight strains of probiotics 

(Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus plantarum, Lactobacillus 

fermentum, Lactobacillus delbruekii, Lactobacillus lactis and Lactobacillus helveticus) shows 

that the antimicrobial effects of Lactobacillus plantarum and Lactobacillus casei were 

significantly higher (P< 0.05) from other strains. Lactobacillus plantarum had the highest zone 

of inhibition against all the pathogenic organisms 

Lactobacillus delbruekii exhibited the lowest zones of inhibition on Pseudomonas aeruginosa 

with 5.15±0.02mm (Table 4.12). Antibacterial activity of Lactobacillus lactis and Lactobacillus 

helveticus against Staphylococcus haemolyticus and Klebsiella pneumoniae showed the lowest 

zones of inhibition of 7.57± 0.02mm and 6.82 ±0.03mm respectively. 
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Table 4.11: Zones of Inhibition (in mm) by Antibiotics Against the Pathogenic Organisms. 

 

ISOLATE                    ANTIBIOTICS/ ZONES OF INHIBITION (mm) 

          E                           CN                  APX        VAN                    AM                   CPX                     S                     SXT                  AU                   CEP 

Pseudomonas    7.14±0.04
g
    9.65±0.04

b
         NI

 
         5.26±0.03

j  
   8.50±0.03

e
     7.57±0.02

f 
   8.67±0.04

d
    8.76 ±0.01

c     
8.92 ±0.01

b   
 6.83± 0.03

h
 

aeruginosa 

Staphylococcus 7.24±0.03
d
   10.55±0.01

a
    6.20±0.01

f 
  5.37±0.06

g
   5.34±0.08

g
    6.31±0.03

f
    7.20±0.03

d        
8.54±0.02

b    
 6.59±0.04

e
   8.35±0.07

c
 

haemolyticus 

Klebsiella           5.36±0.05
f
   8.39±0.02

b
     5.46±0.02

f
   6.34±0.03

e     
7.39±0.03

d
   8.44±0.05

b    
  7.66±0.07

c
     8.33±0.06

b
    9.06±0.07

a
    7.43±0.07

d
 

pneumoniae 

Each value is a mean of three replicates with standard deviation.                             

Values in rows with different superscript letters are significantly different (P < 0.05). 

Keywords: 

 NI- No inhibition.  

 E – Erythromycin (10µg).  

CN - Gentamycin (10µg).  

APX - Ampiclox (30µg).   

VAN - Vancomycin (30µg).   

AM- Amoxacillin (30µg). 

CPX- Ciprofloxacin (10µg).  

S- Streptomycin (30µg).   

SXT- Septrin (30µg),AU- Augmentin (30µg), CEP- Cephalexin (30µg). 
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Table 4.12: Zones of Inhibition (in mm) by Lactic Acid Bacteria against the Pathogenic Organisms 

 

Organisms      Lactobacillus Lactobacillus   Lactobacillus   Lactobacillus   Lactobacillus   Lactobacillus    Lactobacillus   Lactobacillus 

                         acidophilus       casei               brevis              plantarum        fermentum        delbruekii           lactis             helveticus 

  

Pseudomonas    9.71 ±0.55
c
      13.57±0.02

b
      8.69± 0.04

e
     13.86± 0.03

a 
        9.46 ±0.04

d 
         5.15 ±0.02

h
            8.43± 0.05

f
        7.63± 0.07

g
 

aeruginosa 

 

Staphylococcus    9.42± 0.06
c
     14.03± 0.03

b
      8.46± 0.06

e
     14.25± 0.03

a
         8.14 ±0.01

f 
          9.23 ±0.01

d
           7.57± 0.02

g
       7.19± 0.02

h
 

haemolyticus 

 

Klebsiella    8.46± 0.02
d
     11.83± 0.02

b
      8.80± 0.04

c
     13.19± 0.03

a
          7.25± 0.04

e
          7.04± 0.06

f 
           6.82 ±0.03

g
        6.98± 0.10

f
 

pneumoniae 

 

Each value is a mean of three replicates with standard deviation. 

Values in the row with different superscript letters are significantly different (P < 0.05). 
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4.13. Genotypic Identification of the Isolated Pathogenic Organisms and Lactobacillus  

           strains 

The isolated pathogenic bacteria and the Lactobacillus strains that had the highest 

antimicrobial were submitted to further biochemical characterization using molecular 

identification. The pathogenic organisms isolated were identified as Pseudomonas 

aeruginosa, Staphylococcus haemolyticus and Klebsiella pneumoniae (Appendix II, 

III and IV). The DNA from the isolated strains were used as a template. The 

Polyacrylamide gel electrophoretic image of the Lactobacillus strains are shown in 

Plate 1. Genotypic methods of identification of pathogenic bacteria and the 

Lactobacillus strains with an alignment of 16S rDNA nucleotide sequences in the 

gene bank database are shown in appendix vi. The method described in this work 

allows the amplification of specific PCR products. This enables direct sequencing of 

unknown regions without the need for DNA cloning but makes use of analysis of 

microbial genetic elements.  
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Plate 1:  Restriction patterns obtained after digestion with 5 units Alu I for amplified 16S  

rDNA of Lactobacillus species after running in 2% agarose gel.  100 bp ladder was 

used as a standard size marker. 
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4.14. Body Weight of the Rats. 

 The body weight of the animals in day 1 ranged from 204 to 218g (Figure 4.2). There was no 

significant difference (P˃0.05) in the weights of the rats infected with Pseudomonas 

aeruginosa and Klebsiella pneumoniae in all the groups in day 3 (Figure 4.3). The body 

weight of rat infected with Staphylococcus haemolyticus in group E on day 3 increased to 

211g. On day 7, the body weight of rat was moderately increased in all the infected rats in 

group A (control) and treated rat groups but in group B, Pseudomonas aeruginosa- infected 

rat decreased to 202g and Klebsiella pneumoniae- infected rat decreased to 214g (Figure 4.4).  

On day 15, all the infected rats in group D had the highest body weight ranging from 218g to 

227g while group B rats had the lowest body weights (Figure 4.5) There was no significant 

difference (P˃0.05) in the body weights of rats infected with Pseudomonas aeruginosa and 

Staphylococcus haemolyticus in the control group and group D in day 15 (Figure 4.5). 

4.15. Blood Glucose Level  

The measurement of blood glucose level in experimental animals are presented in Figure 4.6.  

On day 1, all the groups had normal blood glucose level ranging from 80 mg/dL to 94 mg/dL. 

The fasting blood glucose level in the rats infected with Staphylococcus haemolyticus in 

control C had the highest glucose level of 94 mg/dL compared to other groups. There was no 

significant difference (P˃0.05) in the fasting blood glucose level of all the groups in day 3 

except group A (control). Fasting blood glucose level of untreated diabetic rats in group B 

was significantly higher than other groups in day 7 and it ranged from 219 mg/dL to 224 

mg/dL (Figure 4.6). There was a significant decrease in blood glucose level in rats after 

treatments with  

Lactobacillus plantarum and Lactobacillus casei in group C and gentamicin in group E but 

still in the category of diabetic rats.  
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The treatments showed significant antihyperglycemic activity by bringing down the blood 

glucose level on day 15 in diabetic rats. No hypoglycemic effect was observed in normal 

tested rats (Figure 4.6). The blood glucose level of Pseudomonas aeruginosa and 

Staphylococcus haemolyticus infected rats in group C and group E ranged from 210 mg/dL to 

214 mg/dL.  

4.16. Establishment of Infection in Rats  

The number of colony forming unit recovered from the wounds after application of 

Pseudomonas aeruginosa, Staphylococcus haemolyticus and Klebsiella pneumoniae are 

shown in Figure 4.7. There was significant difference (P<0.05) in the numbers of colony 

forming unit of each organism in group A.  Pseudomonas aeruginosa had the least count of 

6.55±0.12 CFU/ml in group B.  The bacterial colony count of all infected rats in group C 

were significantly different (P<0.05) and the count ranged from 6.93±0.05 CFU/ml to 

7.26±0.02 CFU/ml. The highest colony count of 6.50±0.05 CFU/ml was observed in 

Staphylococcus haemolyticus- infected rats in group E.  

 

 

 

 

 

 

 



 
 

104 
 

190

195

200

205

210

215

220

Group A GroupB GroupC Group D Group E

W
ei

g
h

t 
(g

)

Day 1

Pseudomonas

aeruginosa

Staphylococcus

haemolyticus

Klebsiella

pneumoniae

 

Figure 4.2: Body Weight of the Rats in Day 1 
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Figure 4.3: Body Weight of Rats in Day 3. 
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Figure 4.4: Body Weight of Rats in Day 7. 

 

 

 

 

 

 

 

 



 
 

107 
 

 

Figure 4.5: Body Weight of Rats in Day 15. 
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Figure 4.6: Blood Glucose Measurement 
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Figure 4.7: Bacterial Colony Counts from Swab Culture of Wounds 
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4.17. Behavioural Responses of the Rats 

All the rats in group A were generally healthy throughout the experiment and showed no 

abnormality.  The animals treated with streptozotocin in groups B, C, D and E appeared ill-

looking. There was a decrease in food intake by diabetic control group because of injurious 

effects of streptozotocin. Some of the rats displayed signs of deeper infections with pus (Plate 

2).   

4.18. Percentage Wound Healing 

The percentage wound healing on day 1 is shown in Figure 4.8. There was a significant 

difference (P<0.05) in wound area of rat infected with Pseudomonas aeruginosa in the 

normal control group and treated group on day 3 (Figure 4.9). During the first 3 days after 

infection, the wound area increased to 110.6% of the original size in the Pseudomonas 

aeruginosa infected rat in group B and 102.3% of the original size in the Staphylococcus 

haemolyticus infected rats. The wound healing on day 3 of treatment was not significant in 

either the control or experimental groups. Thereafter, there was a progressed increase in ulcer 

healing on day 7 in normal control group and animals treated with Lactobacillus plantarum 

(Figure 4.10). The rats infected with Klebsiella pneumoniae had 66.7% wound healing and is 

not significantly different (P<0.05) from Pseudomonas aeruginosa-infected rat in control 

group. On day 15, all the wounds were completely healed in the normal control group (Plate 

3) and the rats infected with Pseudomonas aeruginosa and Klebsiella pneumoniae in group D 

and group E (Plate 4).  Throughout the experiment, the percentage wound healing in the 

diabetic control group was significantly lower than those in the treated group. Wounds of 

infected rats (Staphylococcus haemolyticus and Klebsiella pneumoniae) in group C were not 

significantly different (P˃0.05) (Figure 4.11). 
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Plate 2: Image of the wound of diabetic control group infected with Pseudomonas  

  aeruginosa showing pus. 
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Figure 4.8: Percentage Wound Healing of the Rats on Day 1 
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  Figure 4.9: Percentage Wound Healing of the Rats on Day 3 
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  Figure 4.10: Percentage Wound Healing of the Rats on Day 7 
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  Figure 4.11: Percentage Wound Healing of the Rats on Day 15 

 

 

 

 



 
 

116 
 

                                                                         

 

 

 

 

 

 

Day 1                                                                                                                          Day 3 post wound 

 

 

 

                                                                  

 

 

 

 

 

Day 7 post wound                                                                              Day 15 post wound 

 

 

 

Plate 3: Image of the Post Wound of Normal Control Rat 
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Day 1                                                                                                                  Day 3 post wound 

 

 

 

 

                                                              

    

 

 

 

 

Day 7 post wound                                                                                    Day 15 post wound 

 

 

 

Plate 4: Image of the Post Wound of Diabetic Group Treated with Lactobacillus  

              plantarum 
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4.19. Haematology Report                     

  

   4.19.1. Total Red Blood Cell Count 

  The total red blood cell count of  the rats for each treatment day are shown in                                         

Figures 4.12 to 4.15. Red blood cell count of normal control rats, ranged from 7.04µl to 

7.38µl in day 1 (Figure 4.12). The red blood cell count of Staphylococcus haemolyticus 

infected rats in group D and group E were not significant  (P˃0.05) on day 1. There was a 

slight increase in red blood cell count of all groups except the diabetic control group on day 3 

(Figure 4.13). The treatment group with Lactobacillus casei had the  highest red blood cell 

count of 7.21µl in Pseudomonas aeruginosa infected rat and 7.27µl in Klebsiella 

pneumoniae-infected rats on day 7 (Figure 4.14) and significantly different (P<0.05) from 

other treatment groups except for normal control group. The diabetic control rats showed a 

significant decrease (P<0.05) as compared to normal control rats on day 15. Treatment with 

Lactobacillus casei, Lactobacillus plantarum and gentamicin produced a highly significant 

increase in the lowered blood haemoglobin content of all the infected diabetic rats (Figure 

4.15).  

The haemoglobin content of all infected animals ranged from 11.70 g/dL to 12.35 g/dL in day 

1 (Figure 4.16). The recorded values for haemoglobin in animals infected with Klebsiella 

pneumoniae in group B on day 3 was 12.73g/dL and it was significantly different (P<0.05) 

from other groups on day 3 (Figure 4.17). The treatment group with Lactobacillus plantarum 

had the highest haemoglobin of 12.33g/dL in Pseudomonas aeruginosa infected rat as 

compared with the normal control rat on day 7 (Figure 4.18). The diabetic rats infected with 

Staphylococcus haemolyticus in group B on day 15 had the lowest haemoglobin value of 

11.33g/dL compared with the normal control rats. The normal control rats on day 15 had the 

highest haemoglobin value of 12.65g/dL and are significantly higher (P< 0.05) from other 

groups (Figure 4.19). 
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The packed cell volume of  the rats on  day 1 showed that the group A(control) had the 

highest packed cell volume of 36.53% while Pseudomonas aeruginosa infected rats in group 

B had the lowest packed cell volume of 35.08% and it was significantly different (P< 0.05) 

from others (Figure 4.20). There was a gradual decrease in packed cell volume of all the 

groups in day 3 except normal control group (Figure 4.21). The packed cell volume of 

Staphylococcus haemolyticus and Klebsiella pneumoniae infected rats treated with 

Lactobacillus casei was not significantly different (P˃0.05). The normal control had the 

highest packed cell volume of 36.71% and was significantly higher from the diabetic control 

group and the treated group on day 7 (Figure 4.22). The Pseudomonas aeruginosa infected 

rats in group B had the lowest packed cell volume of 32.4% on day 15. The treated group (D 

and E) exhibited no significant difference in packed cell volume of rats infected with 

Pseudomoans aeruginosa (Figure 4.23). 

The mean corpuscular volume (MCV) of the animals showed that the animal infected with 

Pseudomonas aeruginosa in the diabetic control group had the highest volume of 71.4fl on 

day 1 and is significantly different (P<0.05) from Pseudomonas aeruginosa infected rats in 

other groups (Figure 4.24). There was a significant decrease in the levels of mean cell volume 

of all  the infected rats in group B on day 3 (Figure 4.25). The Lactobacillus casei treatment 

group had the highest mean volume of 71.51fl in Klebsiella pneumoniae infected rats on day 

7 (Figure 4.26). There was no significant difference (P<0.05) in the mean cell volume of the 

animal infected with Staphylococcus aureus in group D and E on day 15 (Figure 4.27). 

The values counted for mean cell haemoglobin ranged from 17.46pg to 24.48pg.  The 

Klebsiella pneumoniae infected rats in group D had the highest mean cell haemoglobin of 

21.63pg on day 1 (Figure 4.28). There was no significant difference (P<0.05) in the mean cell 
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 haemoglobin count of Pseudomonas aeruginosa infected rat in group A, C, D and E in day 3 

(Figure 4.29). On day 7, the normal control group had the highest count of 23.37pg while the 

rats infected with Pseudomonas aeruginosa in diabetic control group had the lowest count of 

17.46pg (Figure 4.30). There was no significant difference (P˃0.05) in the mean cell 

haemoglobin count of rats infected with Staphylococcus haemolyticus in all the groups on 

day 15 except group B (Figure 4.31).     

The mean corpuscular haemoglobin concentration (MCHC) are presented in Figure 4.32 to 

Figure 4.35.  The diabetic rat infected with Pseudomonas aeruginosa in group D and E, had 

the highest value of 34.73% on day 1 (Figure 4.32). There was a slight increase in the mean 

cell haemoglobin concentration of all the rats in each group except group B in day 3 (Figure 

4.33). On day 7, treatment group E had the highest haemoglobin concentration of 35.72% in 

Pseudomonas aeruginosa infected rat and is significantly different from others (Figure 4.34). 

There was no significant difference (P<0.05) in mean cell haemoglobin concentration of rats 

infected with Klebsiella pneumoniae following Lactobacillus casei and Lactobacillus 

plantarum administration in group C and D respectively in day 15 (Figure 4.35).  

 

 



 
 

121 
 

6.7

6.8

6.9

7

7.1

7.2

7.3

7.4

7.5

Group A Group B Group C Group D Group E

R
B

C
 (

µ
l)

Pseudomonas aeruginosa

Staphylococcus haemolyticus

Klebsiella pneumoniae

 

Figure 4.12: The Effect of the Lactobacillus  on the Red Blood Cell Count on Day 1 
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Figure 4.13: The Effect of the Lactobacillus on the Red Blood Cell Count on Day 3 
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Figure 4.14: The Effect of the Lactobacillus on the Red Blood Cell Count on Day 7 
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Figure 4.15: The Effect of the Lactobacillus on the Red Blood Cell Count on Day 15 
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Figure 4.16: The Effect of the Lactobacillus on the Haemoglobin Level on Day 1 
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Figure 4.17: The Effect of the Lactobacillus on the Haemoglobin Level on Day 3 
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Figure 4.18: The Effect of the Lactobacillus on the Haemoglobin Level on Day 7 
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Figure 4.19: The Effect of the Lactobacillus on the Haemoglobin Level on Day 15 
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Figure 4.20: The Effect of the Lactobacillus on the Packed Cell Volume Level on Day 1 

 

 

 

 

 

 

 

 

 

 

 



 
 

130 
 

29

30

31

32

33

34

35

36

37

38

Group A Group B Group C Group D Group E

P
C

V
 (

%
)

Rats infected with Pseudomonas

aeruginosa

Rats infected with

Staphylococcus haemolyticus

Rats infected with Klebsiella

pneumoniae

 

Figure 4.21: The Effect of the Lactobacillus on the Packed Cell Volume Level on Day 3 
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Figure 4.22: The Effect of the Lactobacillus on the Packed Cell Volume Level on Day 7 
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Figure 4.23: The Effect of the Lactobacillus Packed Cell Volume Level on Day 15 
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Figure 4.24: The Effect of the Lactobacillus on the Mean Cell Volume Level on Day 1 
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Figure 4.25: The Effect of the Lactobacillus on the Mean Cell Volume Level on Day 3  
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Figure 4.26: The Effect of the Lactobacillus on the Mean Cell Volume Level on Day 7 
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Figure 4.27: The Effect of the Lactobacillus on the Mean Cell Volume Level on Day 15 
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Figure 4.28: The Effect of the Lactobacillus on the Mean Cell Haemoglobin Level on Day 1 
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Figure 4.29: The Effect of the Lactobacillus on the Mean Cell Haemoglobin Level on Day 3  
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Figure 4.30: The Effect of the Lactobacillus on the Mean Cell Haemoglobin Level on Day 7 
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Figure 4.31: The Effect of the Lactobacillus on the Mean Cell Haemoglobin Level on Day 

15 
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Figure 4.32: The Effect of the Lactobacillus on the Mean Corpuscular Haemoglobin  

             Concentration Level on Day 1. 
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Figure 4.33: The Effect of the Lactobacillus on the Mean Corpuscular Haemoglobin  

   Concentration  Level on Day 3. 
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Figure 4.34: The Effect of the Lactobacillus on the Mean Corpuscular Haemoglobin  

                Concentration Level on Day 7. 
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Figure 4.35: The Effect of the Lactobacillus on the Mean Corpuscular Haemoglobin  

    Concentration Level on Day 15. 
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4.19.2. Total White Blood Cell Count                             

The total white blood cell count is presented in Figure 4.15 to Figure 4.19. White 

blood cell count in day 1 ranged from 7.31µl to 7.54µl (Figure 4.15). The Klebsiella 

pneumoniae infected rats in group E had the highest white blood cell count of 7.54µl 

on day 1. The white blood cell count in all the infected rats in diabetic control group 

had count of 7.50, 7.44 and 7.43µl on day 1 and these increased to 10.68, 11.32 and 

10.65µl on day 3.  There was no significant difference (P˃0.05) in the white blood 

cell count of all the infected rats treated with Lactobacillus casei on day 7. The 

normal control had the lowest count of 7.45µl and is significantly different (P< 0.05) 

from all other groups. On day 15, the diabetic rat infected with Staphylococcus 

haemolyticus in group B had the highest white blood count of 11.21µl (Figure 4.15).   

The percentage of neutrophil in rats infected with Staphylococcus haemolyticus in 

group E was 50% and this was significantly different (P< 0.05) from the normal 

control in day 1 (Figure 4.16). There was a significant increase in neutrophil count in 

all the infected rats in diabetic control group on day 3. Treatment group 

(Lactobacillus casei, Lactobacillus plantarum and gentamicin) showed non-

significant change (P>0.05) in the percentage of neutrophil in rats infected with 

Klebsiella pneumoniae on day 7. The Pseudomonas haemolyticus infected rats had the 

highest count of 60% and significantly different (P< 0.05) from other infected groups 

including normal control group on day 15. 

The normal control group had the highest lymphocytes of 50.33% on day 1 (Figure 

4.17). The percentage neutrophil was 50.33% in normal control group on day 1 and 

on day 3. Thereafter, the difference in the number of neutrophils in the treatment 

groups were statistically significant when compared to the control group on day 7. On 
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day 15, the Pseudomonas haemolyticus- infected rats in group B had the lowest 

neutrophil count of 36.6% and it was significantly different (P< 0.05) from normal 

control and other treatment groups.   

On days 1, 3, 7 and 15 of the study, the number of monocyte was 1% in all the 

experimental group and these showed no significant difference (P˃0.05) (Figure 

4.18).  

The eosinophil counts are shown in Figure 4.19. There was no significant difference          

(P˃0.05) in the percentage of eosinophil count throughout the experiment. The 

Staphylococcus haemolyticus-infected rats in diabetic control group had the 

eosinophil count of 2.67% on day 7 and on Day 15. 
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Figure 4.36: The Effect of the Lactobacillus on the White Blood Cell Count 
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Figure 4.37: The Effect of the Lactobacillus on Neutrophil Count 
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Figure 4.38: The Effect of the Lactobacillus on Lymphocyte Count 
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Figure 4.39: The Effect of the Lactobacillus on the Monocyte Count 
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Figure 4.40: The Effect of the Lactobacillus on the Eosinophils Count 
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CHAPTER FIVE 

DISCUSSION 

The traditional processing of „kunun-zaki‟ involves the utilization of millet and sorghum and 

this makes the product non-dairy drink. The Fermented cereal-based foods have been 

reported to offer opportunities to include probiotic, prebiotic and fibers in diet of consumers 

(Martins et al., 2013). The paddy rice and sweet potatoes added increased the quality of the 

products. The production of „kunun-zaki‟ without synthetic sugar makes the drink more 

suitable for diabetic patients. 

The recorded pH in this study (Table 4.1) was found to be the same recorded by Akoma and 

Efiuvwevwere, (2007), while some values recorded were slightly higher than those reported 

in previous studies (Omowaye and Oluwakunmi, 2015), probably due to cereal types as well 

as processing conditions used in the studies. Elmahmood and Doughari, (2007), reported the 

pH value of „kunun-zaki‟ to be within the range of 3.5-3.71. Higher pH value of 6.50 was 

reported in tigernut based „kunun-zaki‟ produced by Belewu and Abodunrin, (2008). The 

acidity of „kunun-zaki‟ beverage has been noted to be as result of lactic acid production by 

some bacteria during fermentation. The low pH values observed in all„kunun-zaki‟ samples 

(Appendix VI) could be due to the decomposition of fermentable substrates and sugars by the 

microorganisms which ferment carbohydrates to produce energy and principally lactic acid. 

This is in line with what was reported by Agarry et al., (2010).   

The highest total solids values obtained in sweet potatoes sample were similar to that of 

Adejuyitan et al., (2008) who reported a total solid of 13.42% for „kunun-zaki‟ processed 

from wet milled sorghum. In a study carried out by Ayo et al., (2013), on the production of          

higher „kunun-zaki‟ values of total solids were recorded than those obtained in the present 

study. The difference may be as a result of the difference in the recipes used during 
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production and the quantity of water added for reconstitution. However, individual 

preferences usually determine the amount of water desirable. The time taken for the 

reconstitution of warm water was shorter than in cold water. This might be because solubility 

increases with increase in temperature. The higher total solid content had an effect on 

consumer acceptability as it imparted taste to the beverage.  

The titratable acidity values were similar to the observations made by Oluwajoba et al., 

(2013). High titratable acidity may have resulted from the effect of lactic acid fermentation. 

They suggested that high what in titratable acidity the sample could be due to the activities of 

microorganisms especially Lactobacillus species, which fermented the carbohydrates to 

produce energy and principally lactic acid and the high moisture content which was 

responsible for the activity of microorganisms. Also, the acidity of the samples can be 

attributed to the added spices and sweetener. The highest specific gravity of the control 

conforms to the findings of Omowaye and Oluwamukomi  (2015), who reported high specific 

gravity of instant „kunun-zaki‟.  

The moisture contents shown in Table 4.2 were slightly higher than the values reported by 

Olosunde et al., (2014) for „kunun-zaki‟ enriched with Moringa seed flour. Ogbonna et al., 

(2013) reported the lower value for „kunun-zaki‟ enriched with soybean. Differences in 

moisture contents may be due to the methods used in preparing the„kunun-zaki‟. „Kunun-

zaki‟had low shelf stability due to high moisture content and they readily undergo microbial 

induced spoilage within two to three days of production (Egbere et al., 2009).  

 

The ash value obtained in this study was higher than the value of ash obtained by Adelekan et 

al.(2013), who reported the ash content of malted soy-„kunun-zaki‟ to range from 0.14 to 
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0.43% respectively.  The increase in ash content of paddy rice based „kunun-zaki‟ was as a 

result of malting process that was involved.          

Pasias et al., (2013) and Agarry et al., (2010) recorded high protein value in „kunun-zaki‟ 

processed from millet and malted rice. Hotz and Gibson, (2007) reported high protein value 

in plant–based diets  as a result of several traditional household food processing and 

preparation methods used and this enhanced the bioavailability of micronutrients. The 

processing includes thermal processing, mechanical processing, soaking, fermentation and 

germination or malting. The paddy rice contains fiber, essential amino acid, lysine, and 

gamma-aminobutyric acid. The phenolic compounds are also reported to be more abundant in 

paddy rice (Tian et al., 2008). These nutrients accelerate the metabolism of brain and prevent 

major diseases such as gastrointestinal cancers, heart disease, high blood pressure, diabetic 

and beriberi, constipation and Alzheimer‟s diseases (Hagiwara et al., 2008). The low protein 

content of the control is attributed to the low protein content of millet and sorghum (Achi and 

Ukwuru, 2015). The nutrient composition of millet and sorghum is influenced by both the 

environmental factors and genetic (Bhullar and Gruissem, 2013). The processing method 

such as parboiling and milling influence the variability of rice nutrient content. The most 

common source of variation is in soil fertility, soil moisture and cultural practices. According 

to Amusa and Odunbaku, (2009) considerable nutrient losses also occur during conventional 

processing of „kunun-zaki‟. The high protein content of „kunun-zaki‟ with paddy rice is an 

indication of their usefulness in human diet and as animal feed (Adebayo et al., 2010).  

Essien et al., (2009) reported highest carbohydrate content in „kunun‟ processed in the 

laboratory. The high carbohydrate values observed in „kunun-zaki‟ sample blends could be 

attributed to the high carbohydrate content of sweet potatoes.  „Kunun- zaki‟ processed with 

sweet potatoes serves as good source of energy.   
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 The Vitamin C and E contents of the control processed 80-20% millet and sorghum were 

significantly different (P< 0.05) from other samples.  This could be as a result of vitamin C 

being lost during heat processing. The high vitamin C contents in sweet potato based „kunun-

zaki‟is in agreement with the findings of Omowaye and Oluwamukomi, (2015) who reported 

that the vitamin C content of the freshly produced „kunun‟ is high. Antia et al., (2008) also 

reported similar results regarding the composition of sweet potatoes. Sweet potatoes are a 

nutritious food, low in fat and protein, but rich in carbohydrate. Tubers and leaves of sweet 

potatoes are good sources of antioxidants, fiber, zinc, potassium, sodium, manganese, 

calcium, magnesium, iron, and vitamin C and E. 

The values of calcium in sweet potatoes based „kunun-zaki‟ in (Table 4.3) were in close 

agreement with the findings of Olosunde et al., (2014) who reported high value in calcium 

components of „kunun-zaki‟. Calcium works in conjunction with magnesium and 

phosphorous for building and maintaining strong bones, teeth and metabolism of vitamin D. 

Calcium also aid in enzyme secretion, fat metabolism, eggshell formation, blood clotting, 

muscle growth and contraction. It also maintains the healthy heart and facilitates the passage 

of nutrients in and out of the cell wall (Kevin, 2007). The high value obtained for potassium 

agreed with the observation of Olufunke and Oluremi, (2015), who observed that potassium 

was the most predominant mineral in Nigeria agricultural products. Akoma et al., (2014) 

reported a high value for zinc. 

 The sodium values recorded for the beverage samples were slightly different from those 

reported by Makinde and Oyeleke, (2012) in kunun zaki and this could be due to the different 

cereals adopted for their production. Calcium and iron contents were, however were similar 

to those reported by Adelekan et al., (2013). The report of Ogbonna et al., (2013) also 

corroborates the values of magnesium and iron recorded in this study. Minerals are of great 

importance in diet, as they play important roles in body metabolism. Calcium helps in the 

http://onlinelibrary.wiley.com/doi/10.1002/fsn3.267/full#fsn3267-bib-0013
http://onlinelibrary.wiley.com/doi/10.1002/fsn3.267/full#fsn3267-bib-0002
http://onlinelibrary.wiley.com/doi/10.1002/fsn3.267/full#fsn3267-bib-0015
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regulation of muscle contractions and transmission of nerve impulses as well as bone and 

teeth development (Kevin, 2007).  Furthermore, potassium is essential for its important role 

in the synthesis of amino acids and proteins. Moreover, magnesium helps in relaxation of the 

muscle and in the formation of strong bones and teeth. It also plays fundamental roles in most 

reactions involving phosphate transfer, believed to be essential in the structural stability of 

nucleic acid and intestinal absorption while its deficiency can cause severe diarrhea, 

hypertension and stroke (Fathizadeh et al., 2010).   

The overall acceptability of taste of „kunun-zaki‟ processed with paddy rice 50:50 blend was 

due to the addition of malted paddy rice. This agrees with the finding of Agarry et al., (2010) 

who reported the production of kunun-zaki with paddy rice to be generally preferred than 

other samples.  The hydrolytic enzymes produced in the grain due to malting aid in digesting 

the thick slurry by converting the complex carbohydrate to simple sugars resulting in a sweet 

final product (Solakunmi et al., 2013), degrading proteins to simple amino acids and 

improves the nutritional quality and density of „kunun zaki‟ (Efiuvwevwere and Akoma, 

2007). It also improves flavour by suppressing the beany flavour of the legumes. Malting 

altered the chemical composition of rice to a small extent but caused noticeable changes in 

the quality characteristics (Mohan et al., 2010). 

The high bacterial counts  observed in the „kunun-zaki‟ produced with sweet potatoes at 50-

50 millet and sorghum (Table 4.5) may be as a result of pH, moisture contents and processing 

which involves sun drying. The lower count observed in the „kunun-zaki‟ samples could be 

as a result of a strict sanitary measure that was put in place during production: hand gloves 

were worn, clean potable water was used and also the production area and utensils were 

properly cleaned and sanitized. 



 
 

157 
 

 The non-detection of coliforms in the samples could be as a result of good manufacturing 

and hygiene practices observed during production. Coliforms are majorly of fecal origin and 

their presence in foods indicates contamination from fecal sources, which is highly 

undesirable. This is because some coliforms such as Escherichia coli can cause diseases such 

as gastroenteritis, diarrhea, and urinary tract infections (Ayazi et al., 2010). Akoma et al., 

(2014) reported the coliform count of laboratory prepared „kunun-zaki‟ to be insignificantly 

low. 

The higher lactic acid count of „kunun-zaki‟ processed with paddy rice could be as a result of 

addition of malted rice and also fermentation processes by the mixed microflora of lactic acid 

bacteria. Lactic acid bacteria and yeast are associated with fermentation of cereal foods given 

them a sour taste (Sade, 2009). The low values of microbial counts recorded in the „kunun-

zaki‟ samples could be due to heat treatment (pasteurization) given to the products during 

production. Similar values were reported by Adeleke et al., (2013). The fungal count for both 

controls was not significantly different (P < 0.05). The high fungal count is as a result of high 

pH value of the sample. The comparably high counts obtained for yeast is an indication of the 

importance of yeasts alongside the lactic acid bacteria in „kunun‟ fermentation as was having 

been previously reported by Nwachukwu et al., (2010). Some yeasts have been reported to be 

probiotic, hence their presence in „kunun‟ will further enhance the status of „kunun‟ as a 

probiotic drink. 

The lactic acid bacteria identified in this work are organisms which are naturally present in 

the human gut. Tthey are the organisms that cause fermentation in „kunun-zaki‟ (Adelekan et 

al., 2013; Oluwajoba et al., 2013). Lactic acid bacteria (LAB) have been described as Gram 

positive, catalase negative, cocci or rods non-spore forming bacteria that are aerotolerant, 

anaerobic or microaerophilic (Endo and Irisawa, 2012). They produce lactic acid as part or 

major by product from the fermentation of a carbohydrate. Adebayo et al., (2010) had earlier 
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reported the presence of Bacillus subtilis, Bacillus pumilus, Lactobacillus plantarum, 

Leuconostos mesenteriodes, Micrococcus spp., Staphyloccus aureus, Streptococcus sp., 

Mucor spp., Rhizopus spp and Saccharomyces cerevisiae in „kunun‟ prepared with a 

combination of sorghum and millet. Adebayo et al., (2010) on the other hand, did not isolate 

lactic acid bacteria and yeast from kunun but other organisms including Bacillus subtilis, 

Micrococcus species, Escherichia coli, Staphyloccus aureus, Streptococcus sp., Mucor, 

Rhizopus stolonifer, Aspergillus niger, Aspergillus flavus and Aspergillus, nidulans.  The 

heavy presence and activities of the lactic acid bacteria are usually responsible for the sour 

taste resulting from lactic acid production from fermentation of sugars.  Probiotics which are 

acceptable for food or medicinal preparations for humans are those which occur naturally in 

the intestinal tract of healthy human and in foods (Arora et al., 2013). In addition, these 

bacteria have traditionally been used in the manufacture of the fermented dairy product and 

generally regarded as safe (Moyane and Jideani, 2013).                                                               

The collected pathogenic organisms are endemic in human populations and are regarded as 

opportunistic bacteria, usually causing infections in children, immunocompromised patients, 

or patients suffering from the effects of medical surgery (Reddy et al., 2012). Staphylococcus 

haemolyticus, can be isolated from the throat or nasal swab samples from approximately one-

third of the population and is also commonly found in the skin flora, together with related 

specie, such as Staphylococcus aureus (Ohara-Nemoto et al., 2008). Topical infections due to 

Staphylococcus haemolyticus and Klebsiella pneumoniae are clinically relevant and cause a 

variety of serious symptoms, including toxic shock syndrome and skin lesions that can 

progress to sepsis and systemic shock if they are left untreated (Micheal, 2010). 

Enteric Lactobacilli are usually able to tolerate pH 3.0 for a few hours, pH 2.0 for several 

minutes, while viable count will be affected at slightly high acidic pH (Tannock, 2008). This 

examination gave an indication of the osmotolerance level of the lactic acid strains. 
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Ibourahema et al., (2008) repooted that thatbacterial cells cultured with high salt 

concentration could show a loss of turgor pressure which would then affect their physiology, 

enzyme activity, water activity and metabolism. According to Mohd and Tan, (2007) high 

osmotolerance would be a requirement of lactic acid bacteria strains to be used as commercial 

strains because when lactic acid is produced by the strain, alkali would be pumped into the 

broth to prevent an excessive reduction in pH and the free acid would be converted to its salt 

form, increasing the osmotic pressure on the bacterial cells. 

 The tolerance of all the isolates to high NaCl concentration (4-9%) further indicates their 

potential to survive the harsh conditions and bile salt of the intestine. The observed variation 

in the inhibition of the test pathogens by the lactic acid bacteria is an indication that the 

organisms possess varying abilities to exert antimicrobial effects on pathogens and this 

corroborates the report of Azcarate-Peril et al., (2008) that antimicrobial activities exerted by 

lactic acid bacteria are strain  specific. In general, tolerance to sodium chloride salts has been 

considered a condition for colonization and metabolic activity of bacteria in the host intestine 

(Anadon et al., 2008).   

The resistance of Lactobacillus delbruekii and Lactobacillus helveticus may be an indication 

of their potential to survive the temperature of the human gut since temperature is an 

important requirement for bacterial growth, and the selected temperature range was chosen to 

simulate the normal human body temperature. This factor is very important in determining 

the effectiveness of probiotics since growth and viability during storage and use is one of the 

important determining factors for the functionality of probiotics. According to Ibourahema et 

al., (2008) the bacterial capability to grow at high temperature is a good characteristic  as it 

could be interpreted as  indicating an increased rate of growth and lactic acid population. 

Lactic acid bacteria are acidophilic which means they are tolerant to low pH. However, this 

needs to be differentiated from a condition of high concentration of free acids because the 
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free acids may cause growth inhibitors (Mohd and Tan, 2007). Probiotics bacteria need to 

survive passage through stomach where the pH can be as low as 1.5 to 2.0 and stay alive for 4 

h or more. 

The resistance of Pseudomonas aeruginosa to ampiclox (Table 4.11) may  be due to the 

synergy between multi-drug efflux system and a type1 AmpC β-lactamase, the production of 

metallo-β-lactamases (MBL), which can be chromosomally encoded or plasmid-mediated and 

low outer membrane permeability (Tambekar et al., 2009). In fact, the irrational and 

inappropriate use of antibiotics is responsible for the development of resistance of 

Pseudomonas species to antibiotic monotherapy. 

The highest zone of inhibition exhibited by Lactobacillus plantarum however, agrees with 

the findings of Anita et al., (2012) who reported Lactobacillus plantarum to be most active 

against Streptococcus mutans. The inhibitory activity of lactic acid bacteria has been 

previously reported and is mainly due to the accumulation of primary metabolites, such as 

lactic acid, ethanol, carbondioxide and the production of other antimicrobial compounds such 

as bacteriocins.  The production levels and proportion among these compounds, depending on 

the biochemical properties of the strains used, and physical and chemical conditions of 

growth (Hoque et al., 2010). Several authors have previously reported that certain probiotic 

bacteria, such as Lactobacillus species exhibit healing and antimicrobial activities (Okereke 

et al., 2012; Sanders, 2008). 

The value of the result obtained for antibacterial effect of Lactobacillus casei on 

Pseudomonas aeruginosa and Klebsiella pneumoniae as shown in Table 4.12, was higher 

compared to the findings of O‟Connor et al. (2015) who reported antibacterial activity of 

Lactobacillus casei against Pseudomonas aeruginosa and Klebsiella pneumoniae to be 8 mm 

and 7 mm respectively. There are many strains among lactobacilli with documented probiotic 
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ability, thus they have a more application in prevention of infection. Their inhibitory action is 

due to the production of lactic acid, bacteriocins or H2O2 and diacetyl.  

Zone of inhibition also depends on the concentration of the target microorganism plated, the 

length of activation of lactc acid bacteria, the type and concentration of agar used. It has been 

demonstrated that interleukin-18, another inflammatory cytokine, inhibits Pseudomonas 

aeruginosa infection (Hoque et al., 2010). Lactic acid bacteria commonly produce 

bacteriocins which are peptides and have bactericidal activity usually against strains of 

closely related species (Ambalam et al., 2009). Although bacteriocins may enhance survival 

of lactic acid bacteria in complex ecological systems and interest has focused on prevention 

of growth of harmful bacteria in the fermentation and preservation of food products. It is 

more important with respect to probiotics that individual strains may inhibit the growth of or 

adhesion of pathogenic microorganisms by secreted products, and not merely an effect of 

acidic pH (Celia et al., 2018).  

Identification of Pseudomonas aeruginosa has traditionally relied on phenotypic methods. 

This still is the most accurate standard when dealing with typical isolates of Pseudomonas 

aeruginosa. Staphylococcus haemolyticus has been associated with septicaemia in neonates 

and various infections in individuals with compromised host defences and implanted foreign 

bodies (Podkowik et al., 2013). Staphylococcus haemolyticus strains have been described 

frequently causing colonization and infection in hospitalized patients (Micheal, 2010).  

In the present study, Lactobacillus species isolated from „kunun-zaki‟ processed with paddy 

rice and sweet potatoes drink were identified according to polyphasic taxonomy and was 

classified as Lactobacillus casei and Lactobacillus plantarum with high Similarity 99.9% 

(Appendix 5). Carbohydrate fermentation patterns across the genus Lactobacillus have also 

been shown to be incongruent with the results of DNA-based studies (Boyd et al., 2008).  In 

addition, the subjective interpretation of similar carbohydrate fermentation patterns obtained 
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using the API 50 CHL system may lead to atypical results (Randazzo et al., 2009).  The lactic 

acid bacteria isolated  are commonly associated with a wide range of African traditional food 

and beverage fermentations including fufu (fermented cassava), iru (fermented African locust 

bean), kenkey and ogi (fermented maize), „kunun-zaki‟ (fermented millet), ugba (fermented 

African oil bean), and wara (fermented skimmed cow‟s milk) (Folarin, 2014).  In fact, 

Lactobacillus plantarum is the species most commonly isolated and has been identified as the 

dominant organism at the end of several natural lactic acid fermentations (Bahrami and 

Golshan, 2014; Nguyen et al., 2013). Adeyemo and Onilude, (2014) noted the accuracy of 

the molecular diagnostic method in the ability to rapidly identify Lactobacillus from paddy 

rice silage from genus level to species level using automated systems.  

The body weight of the animal obtained before induction of streptozotocin conforms to the 

findings of Nuzulul et al., (2015) who reported the same value for non streptozotocin induced 

rats. The slight increase in body weight of animals in group A are consistent with previous 

studies that the streptozotocin induced diabetic rats showed a significant decrease in body 

weight at week 2 after streptozotocin induction (Minaiyan et al., 2014). The loss of body 

weight because of induction of streptozotocin was associated with an increase in muscle 

wasting (gluconeogenesis and glycogenolysis) and the loss of tissue proteins (Emma, 2012; 

Kato et al., 2008). Insulin deficiency can cause a variety of metabolic disorders, including the 

increased blood glucose level, decrease in protein content and increase of cholesterol as well 

as triglyceride levels (Tenpe and Yeole, 2009). The loss of weight and decrease in growth 

rates in the diabetic control rats despite their increased feed intake, is attributed to the fact 

that streptozotocin induced diabetes is characterized by severe loss in body weight. This 

reduction is due to lose or degeneration of structural proteins, as the structural proteins are 

known to be a major contributor to body weights and indicative of the food not being 

transformed into weight gain or growth attainment.  
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The observed normal blood glucose level was in accordance with the findings of Somashekar 

and Sudhakar, (2013) who reported blood glucose level of 71 to 110mg/dL in streptozotocin 

induced rats. The variation in the blood glucose level might be as a result of body weight of 

the animal. (Figure 4.6).  Blood glucose levels were used to diagnose diabetes. 

Hyperglycemia in diabetes was caused by insulin secretion deficiency by pancreatic beta cell 

dysfunction or insulin act resistance in the liver and muscle or combination of both (Simona 

and Minodora, 2013).  Moore et al., (2013) reported blood glucose levels of animal measured 

after 48 h of streptozotocin administration to be above 200 mg/dL. Diabetes-induced by 

streptozotocin was characterized by apoptosis of cells of pancreas, attenuation of gene 

expression of insulin modulating their insulin secretion rate in response to the blood glucose 

concentration of pancreatic cells (Patel et al., 2008).  Amir et al., (2016) reported a decrease 

in streptozotocin- induced rats treated with sodium alginate. 

 Streptozotocin inhibits the biosynthesis and secretion of insulin through interference with the 

glucose metabolism and oxygen consumption (Shaw et al., 2010). Streptozotocin-induced 

diabetes mellitus (STZ-DM) which is caused by the pancreatic beta cell destruction was 

similar to type 1 of diabetes in humans. It was characterized by hyperglycemia, glycosuria, 

polyphagia, hypoinsulinemia, hyperlipidemia and body weight loss. Streptozotocin induced 

diabetes also shows some complications that include increased susceptibility to infection, 

cardiovascular disease, retinopathy, changes in angiogenesis, wound healing disorders, 

decreased expression of growth factors and decreased bone formation (Minaiyan et al., 

2014). 

The colony counts of infected pathogenic organisms show the successful establishment of a 

Pseudomonas aeruginosa, Staphylococcus haemolyticus and Klebsiella pneumoniae in this 

study. 
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Rats with streptozotocin-induced diabetes shared diabetic common symptoms which include 

polyuria, polydipsia and fatigue with increased urination and diarrhea suggesting intestinal 

dysfunction. The observed behavioural response of the rats are in agreement with the findings 

of Lee et al., (2012). 

The beneficial effects of Lactobacillus species on the wound healing (Figure 4.8) are the 

basis of the rationale for their use as probiotics in the treatment of skin ulcers. Wound healing 

is a dynamic process, which has three phases, including inflammation, tissue formation, and 

tissue remodeling that overlap in time. A variety of medical substances can accelerate wound 

healing. The therapeutic role of probiotics is well reported in cases of ulcerative colitis, 

Crohn‟s disease and gastric ulcers (Lam et al., 2007). These probiotics are available as 

pharmaceutical and food preparations in different countries in the world (Angelakis et al., 

2011). Bacteria of this genus are able to produce specific substances such as bacteriocins, 

antibiotics and exopolysaccharide that may accelerate the wound healing process (Liu et al., 

2010). The production of immune cells, such as neutrophil, macrophage and lymphocytes 

have been shown to play an important regulatory role in the wound healing and scar 

formation by initiating an early inflammatory process as well as several other immune 

responses (Thomas and Kevin, 2016; Zahedi et al., 2011).  

The increase in red blood cell following administration of Lactobacillus casei and 

Lactobacillus plantarum gives an indication that both probiotics can stimulate the formation 

or secretion of erythropoietin, which stimulates stem cells in the bone marrow to produce red 

blood cells (Ohlsson and Aher, 2012). The stimulation of this hormone enhances rapid 

synthesis of red blood cell, which is supported by the improved level of mean cell 

haemoglobin and mean cell haemoglobin concentration (Abu-Zaiton, 2010). These 

parameters are used mathematically to define the concentration of haemoglobin and to 

suggest the restoration of oxygen, carrying capacity of the blood. The decrease in mean cell 



 
 

165 
 

haemoglobin values, observed after administration of streptozotocin, is an indication of 

abnormal hemoglobin synthesis, failure of blood osmoregulation and plasma osmolarity. 

The decrease in packed cell volume of all groups except normal control group in day 3 

(Figure 4.21) might be as a result of induction of diabetes using streptozotocin. Abnormally 

low packed cell volume (anemia) may be caused by loss of blood (hemorrhage), the 

breakdown of red blood cells in circulation (haemolysis), or lack of production of red blood 

cells by the bone marrow (hypoplasia or aplasia) (Ramsay et al., 2008). The degree of anemia 

in diabetic patients can be associated with a number of factors, including glomerular filtration 

rate, urinary albumin excretion rate and glycated h (HbA1c) levels (Onat et al., 2010). 

Anemia has been reported to be due to diminished erythropoietin production by failing 

kidneys and increased nonenzymatic glycosylation of red blood cell membrane proteins. 

The  peripheral white blood cell count of diabetic rats  has been shown to be associated with 

insulin resistance, type 2 diabetes (Ohshita et al., 2009), coronary artery disease, stroke and 

diabetes micro and macrovascular complications (Tong et al., 2010). The profile of the white 

blood cell count reflects the balance between the rate of granulocyte production and that of 

white blood cell. Ayman, (2013) reported that diabetes in mice was accompanied by 

moderate neutrophilic leukocytosis and prolonged circulation times of neutrophils and 

monocytes and a shortened circulation time of lymphocytes, which increases the 

susceptibility to infection. The raised leukocyte count may also reflect low-grade 

inflammation.  These immune cells have been shown to play an important regulatory role in 

the wound healing and scar formation by initiating an early inflammatory process as well as 

several other immune responses. Neutrophils have a lobulated nucleus.  They function as 

phagocytes and are important in infectious conditions and in inflammation. Increased 

neutrophil counts (neutrophilia) are caused by inflammation, bacterial infection, acute stress, 

steroid effects and neoplasia of the granulocytic cell line (Wilgus, 2008). Decreased 
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neutrophil counts (neutropenia) are caused by viral infections, toxin exposure (including 

foodborne toxins) and some certain drugs (carbimazole and methimazole). Autoimmune 

destruction of neutrophils, bone marrow neoplasia not involving the granulocytes and bone 

marrow aplasia (Ochuko et al., 2013). 

An increased lymphocyte count (lymphocytosis) may occur for physiologic reasons but 

significant increases usually indicate leukemia (Oyedemi et al., 2011). The reduced levels of 

white blood cell and lymphocytes in diabetic rat indicate a suppression of the immune system 

(Onat et al., 2010). These cells identify and eliminate pathogens, either by attacking larger 

pathogens through contact or by phagocytosis. They form part of the innate immune system, 

which is also an important mediator in the activation of the adaptive immune system. The 

reduced immunity can contribute to the various complications associated with diabetes 

mellitus (Ohshita et al., 2009). 

 Increased eosinophil counts (eosinophilia) are caused by allergic/hypersensitivity reactions, 

parasitism, tissue injury, mast cell tumors and estrus. Decreased eosinophil count 

(eosinopenia) is always caused by the action of glucocorticoids, either endogenous or 

therapeutic (Okonkwo and Okoye, 2014).  

 This lack of cellular proliferation and granulation tissue formation led to delayed wound 

healing process. Tissues of diabetic rat infected with Pseudomonas aeruginosa treated with 

Lactobacillus plantarum showed better wound healing as compared to control. (Lan et al., 

2008), angiogenesis impairment and loss of phagocytic activity (Guo and DiPietro, 2010). 

Previous studies demonstrated that fibroblasts isolated from diabetic wounds had lower 

migratory activity and mitogenic responses, compared with non-diabetic wounds (Xuan et al., 

2014). These cellular abnormalities impede the formation of granulation tissues and 

extracellular matrix molecules, resulting in non-healing wounds. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5527956/#ref-13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5527956/#ref-13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5527956/#ref-10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5527956/#ref-28
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5527956/#ref-28
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The crucial stages of wound repairing are re-epithelialization which involves the activity of 

keratinocytes to move across the wound bed for the restoration of epidermal layers. Due to 

high glucose levels, migration and proliferation of keratinocytes were impaired, resulting in 

inadequate re-epithelialization (Lan et al., 2008).  

5.1. CONCLUSION  

In the present study, „kunun-zaki‟ processed with paddy rice using  a mixture of  millet and 

sorghumin the ratio of 50:50% had the highest fiber, ash, protein zinc and iron contents. 

Secondly, the study has shown that lactic acid bacteria especially Lactobacillus species, may 

be the most important organisms involved in „kunun-zaki‟ fermentation. Furthermore, 

Lactobacillus plantarum isolated from „kunun-zaki‟ has been shown to be the most effective 

probiotic, which exerted the highest antimicrobial effects against the tested pathogens. 

Moreover, the results suggest that both Lactobacillus casei and Lactobacillus plantarum 

isolated from „kunun-zaki‟ processed with sweet potatoes and paddy rice may be used either 

as a monoculture to inoculate dairy or non-dairy products or in co-culture with other 

probiotics for use in the fermentation of sterilized millet and sorghum, thus yielding „kunun-

zaki‟ with better sensory properties than that prepared by natural fermentation. These lactic 

acid bacteria may possibly be exploited to produce different varieties of „kunun-zaki‟ in the 

future. 

The alterations in the red blood cell, haemoglobin and packed cell volume levels of the 

diabetic rats showed the occurrence of anemia. The observed increase in these parameters on 

feeding the rats with the Lactobacillus casei and Lactobacillus plantarum suggests their 

potency in the management of the ailment.  The partial removal of the epidermal layer of 

rat‟s skin allows Pseudomonas aeruginosa, Staphylococcus haemolyticus and Klebsiella 

pneumoniae to colonize the skin and this colonization is associated with an inflammatory host 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5527956/#ref-13
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response. Diabetic wounds displayed impairment in re-epithelialization, cell migration and 

proliferation, as well as granulation tissue formation, leading to deteriorated wound healing 

process. The results of this study provide scientific evidence, supporting the use of probiotics 

in the wound- healing process of infected diabetic ulcers. Therefore, it could be used as a 

novel alternative treatment for diabetic wounds. 

5.2. RECOMMENDATION 

 The studies demonstrated that „kunun-zaki‟ processed with sweet potatoes and paddy rice 

is nutritious and can serves as a potential probiotics drink and that the isolated 

Lactobacillus plantarum was highly effective in enhancing skin ulcer healing. However, 

further studies would be necessary to elucidate the following;                                                    

    1). Effect of different packaging materials on the shelf stability of the 

„kunun-zaki‟ processed     with thickeners.             

2). Effect of different storage conditions (refrigeration, room temperature and freezing) 

on   the shelf stability of the „kunun-zaki‟ processed with thickeners.             

3). The effect of chemical preservatives on the shelf stability of the „kunun-zaki‟ 

processed  with thickeners.           

  4). The use of flavour and colouring agents to enhance marketability.                                      

5). The effect of combining Lactobacillus strains to treat infected wounds in 

streptozotocin-    induced rat. 

6). The histopathological studies of the organs of the streptozotocin-induced diabetic rats 

 treated with Lactobacillus species. 
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APPENDIX I 

EVALUATION  SHEET 

Sample code……………                                                                            Date…………….. 

 

Sex……………………..                                                                             Panelist…………. 

Instruction 

You have been provided with fifteen (15) coded samples, use the score below to rate the 

samples according to your degree of likeness or dislike in the score sheet. The score rate is in 

the following format; 

Like extremely= 7                                            dislike slightly=3 

Like very much = 6                                           dislike very much=2 

Like slightly =5                                                 dislike extremely = 1 

Neither like nor dislike=4  

 

Attributes                                                          Samples 

KAI                               KO           KP         KS           KA         KOI         KPI           KSI          

 

Taste 

Colour 

Flavour 

Mouthfeel 

Overall acceptability 

 

 

 Please comment on any other attributes noticed on any of the samples that is quite pleasing 

or displeasing to you. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………… 

Thank you.  
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APPENDIX II 

 

SEQUENCING 

 

 

P1 (Pseudomonas aeruginosa Sequencing) 

AS 1 2 

 

CO Contig1 1598 2 12 U 

cagattgaacgctggcggcaggcctaacacatgcaagtcgagcggatgaa 

gggagcttgctcctggattcagcggcggacGGGTGAGTAATGCCTAGGAA 

TCTGCCTGATAGTGGGGGATAACGTCCGGAAACGGGCGCTAATACCGCAT 

ACGTCCTGAGGGAGAAAGTGGGGGATCTTCGGACCTCACGCTATCAGATG 

AGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGAC 

GATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACAC 

GGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCG 

AAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTA 

AAGCACTTTAAGTTGGGAGGAAGGGCAGTAAGTTAATACCTTGCTGTTTT 

GACGTTACCAACAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGCGG 

TAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGC 

GTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGAA 

CTGCATCCAAAACTACTGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTC 

CTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAG 

GCGACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGAGCA 

AACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTAGC 

CGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCGATAAGTCGACC 

GCCTGGGGAGTACGGCcGCAAGGTTAAAACTCAAATGAATTGACGGGGGC 

CCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACC 

TTACCTGGCCTTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTT 

CGGGAACTCAGACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGA 

GATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCA 

GCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAA 

GGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACAC 

GTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAA 

TCCCATAAAACCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGT 

GAAGTCGGAATCGCTAGTAATCGTGAATCAGAATGTCACGGTGAATACGT 

TCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCTCC 

AGAAGTAGCTAGTCTAACCGCAAGGGGGACGGTTACCACGGAGTGATTCA 

TGACTGGGGTGAAGTctaaaaggggggggcccaaaaaatggggtggcccc 

cgcacgtttgggggccccaaaagtgggggggggcaggccggggggggggc 

gccccccggggggggggggagcccctcaagaaattaccgcgaattgtc 

 

BQ 

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 55 55 45 52 52 45 45 52 55 52 52 

45 45 52 52 45 52 45 52 

 45 45 52 52 52 55 55 52 52 52 52 45 45 45 52 52 55 55 52 52 52 52 52 45 45 52 55 52 52 52 

55 55 52 52 52 52 52 52 52 52 52 52 52 55 52 55 52 52 52 52 

 55 52 52 45 45 45 45 52 52 45 52 55 45 45 52 55 55 52 52 52 52 55 55 55 52 52 52 52 55 55 

55 55 55 52 52 52 52 55 52 52 52 52 52 45 52 52 52 52 52 55 
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 52 52 52 52 45 52 45 45 45 52 45 55 45 45 52 52 45 52 52 55 55 55 55 52 52 52 55 55 55 55 

55 55 55 55 52 52 52 55 55 52 52 55 52 52 55 55 55 55 55 55 

 52 52 52 55 55 55 55 52 55 55 52 52 52 52 52 52 55 52 52 52 52 52 52 55 52 52 45 52 52 45 

45 45 45 45 52 52 52 55 55 52 55 55 55 55 55 55 55 52 52 52 

 55 55 52 52 55 55 55 45 45 45 52 52 52 52 52 55 55 55 55 55 55 52 45 45 45 52 52 52 55 55 

55 55 52 52 52 52 52 55 55 55 52 52 52 52 52 52 52 52 55 55 

 55 55 55 55 55 55 55 55 55 52 52 52 52 52 52 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 

52 55 52 52 52 52 55 45 45 45 52 55 52 55 52 52 52 55 52 52 

 52 55 55 52 52 52 52 55 55 52 55 52 52 55 55 55 55 52 52 52 52 52 55 55 55 52 52 52 52 55 

55 55 52 55 55 55 55 52 52 55 52 55 52 55 55 55 55 55 55 55 

 55 52 52 52 52 55 52 45 52 52 52 52 52 52 55 55 55 52 55 55 52 40 40 52 55 55 55 55 52 55 

52 52 52 55 52 55 52 52 55 52 52 52 40 40 52 55 55 55 55 55 

 55 55 55 55 52 52 52 52 55 52 52 52 52 55 55 52 55 52 52 52 52 52 52 52 55 55 52 55 52 55 

52 55 52 52 52 52 52 55 55 55 55 52 55 55 52 52 55 55 55 55 

 55 55 52 52 52 52 55 55 52 55 52 52 52 40 40 40 52 52 55 55 55 55 55 52 55 55 55 55 55 40 

40 45 55 55 55 55 55 52 35 35 35 35 40 45 52 55 55 55 40 55 

 40 40 52 52 52 52 52 52 52 55 55 55 45 45 45 45 52 52 35 35 45 46 45 35 35 35 45 40 40 45 

55 55 45 45 40 40 45 52 52 52 55 52 52 52 52 52 45 55 55 40 

 45 52 52 52 55 52 35 35 52 52 55 52 55 52 52 55 55 55 52 52 55 45 45 45 40 40 40 35 35 40 

40 44 35 45 35 43 20 20 20 20 20 20 40 45 52 45 45 40 52 52 

 52 52 52 35 20 35 20 20 45 52 52 52 40 40 40 52 46 46 35 35 40 45 35 35 20 20 35 44 40 40 

45 55 52 45 40 40 40 52 52 40 45 55 52 55 55 55 35 35 35 43 

 45 44 35 35 40 45 52 45 52 40 40 40 46 20 20 45 52 45 52 52 40 35 35 40 35 40 20 20 35 44 

46 44 40 35 35 45 35 35 52 52 45 45 45 45 24 20 20 50 45 62 

 65 62 62 65 59 58 62 57 45 55 49 59 56 62 49 62 62 50 63 56 52 57 64 64 66 51 56 62 62 55 

66 72 58 72 42 57 69 69 72 69 72 72 72 72 72 72 72 69 72 59 

 62 62 62 62 62 62 62 49 59 59 62 59 59 62 62 62 15 52 52 55 52 52 35 30 20 47 46 45 40 40 

40 55 52 52 52 45 45 55 52 52 45 45 45 52 55 52 52 52 52 55 

 52 52 52 52 55 52 52 52 52 52 45 35 35 35 35 23 40 43 44 35 35 35 44 35 46 40 40 52 35 52 

52 52 52 52 52 52 52 55 55 52 52 52 52 52 45 52 52 40 52 35 

 52 45 55 52 35 35 55 40 48 46 35 30 35 45 44 44 40 35 35 35 35 35 35 40 35 40 55 52 52 52 

52 40 52 45 45 35 52 45 35 45 52 40 52 40 52 52 55 52 52 52 

 52 52 52 52 35 35 35 52 55 52 52 52 55 55 55 52 40 20 20 35 40 40 52 55 52 52 52 40 35 35 

40 40 35 35 35 52 52 52 52 52 52 40 40 40 46 46 40 40 40 40 

 40 40 40 40 52 52 52 52 52 52 40 52 52 40 40 55 52 52 45 45 55 55 52 52 52 52 55 55 55 52 

52 52 52 52 40 35 35 35 46 40 52 40 40 52 52 40 55 55 55 52 

 52 52 55 52 52 52 52 55 52 40 40 55 55 52 52 40 40 52 52 52 55 55 52 40 40 52 52 52 52 52 

55 55 52 40 40 40 40 52 55 55 55 55 55 52 40 40 52 40 52 40 

 52 52 52 55 55 52 52 52 52 52 52 52 52 52 55 55 52 52 52 55 55 55 55 55 52 55 52 52 52 52 

55 52 55 52 55 52 55 55 55 55 55 55 52 52 52 52 55 55 55 52 

 52 52 52 52 52 52 52 45 45 52 52 52 52 55 55 52 52 55 55 55 55 55 55 55 55 52 52 55 55 55 

55 52 52 55 55 55 55 52 52 52 52 52 52 52 52 40 52 52 55 55 

 55 55 55 55 55 55 55 55 55 55 52 52 52 55 55 55 52 52 52 52 45 52 52 55 55 52 55 52 52 55 

55 52 45 45 45 55 55 55 52 52 52 45 45 52 52 52 52 52 52 52 

 52 52 52 52 52 52 55 52 55 52 55 52 52 52 55 55 52 52 55 55 55 55 52 52 52 55 55 45 45 52 

55 55 55 55 52 52 52 52 52 52 52 52 52 52 52 52 52 45 45 52 

 52 55 52 52 55 55 55 55 55 55 55 55 52 45 52 52 52 52 55 52 55 55 55 55 55 52 52 52 52 45 

55 45 52 52 52 52 45 45 52 52 55 52 52 55 52 52 45 45 52 52 

 52 52 55 55 55 55 55 45 45 52 52 52 45 52 52 55 55 55 55 52 52 52 52 55 55 55 52 52 45 45 

55 52 55 55 52 55 52 55 45 45 45 52 52 52 45 45 45 45 52 52 
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 45 45 35 45 52 55 55 55 52 45 52 44 22 22 22 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

AF P1_R U 1 

AF P1_F U 792 

BS 1 794 P1_R 

BS 795 795 P1_F 

BS 796 804 P1_R 

BS 805 806 P1_F 

BS 807 809 P1_R 

BS 810 812 P1_F 

BS 813 814 P1_R 

BS 815 815 P1_F 

BS 816 818 P1_R 

BS 819 826 P1_F 

BS 827 830 P1_R 

BS 831 1598 P1_F 

 

RD P1_R 851 0 0 

cagattgaacgctggcggcaggcctaacacatgcaagtcgagcggatgaa 

gggagcttgctcctggattcagcggcggacGGGTGAGTAATGCCTAGGAA 

TCTGCCTGATAGTGGGGGATAACGTCCGGAAACGGGCGCTAATACCGCAT 

ACGTCCTGAGGGAGAAAGTGGGGGATCTTCGGACCTCACGCTATCAGATG 

AGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGAC 

GATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACAC 

GGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCG 

AAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTA 

AAGCACTTTAAGTTGGGAGGAAGGGCAGTAAGTTAATACCTTGCTGTTTT 

GACGTTACCAACAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGCGG 

TAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGC 

GTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGAA 

CTGCATCCAAAACTACTGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTC 

CTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAG 

GCGACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGAGCA 

AACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTAGC 

CGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCGATAAGTCGACC 

g 

 

QA 81 851 1 851 

 

RD P1_F 1052 0 0 

tcGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCGAT 

AAGTCGACCGCCTGGGGAGTACGGCcGCAAGGTTAAAACTCAAATGAATT 

GACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACG 

CGAAGAACCTTACCTGGCCTTGACATGCTGAGAACTTTCCAGAGATGGAT 

TGGTGCCTTCGGGAACTCAGACACAGGTGCTGCATGGCTGTCGTCAGCTC 

GTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCT 

TAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACAAA 
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CCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGG 

GCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGG 

TGGAGCTAATCCCATAAAACCGATCGTAGTCCGGATCGCAGTCTGCAACT 

CGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGAATCAGAATGTCACGG 

TGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTG 

GGTTGCTCCAGAAGTAGCTAGTCTAACCGCAAGGGGGACGGTTACCACGG 

AGTGATTCATGACTGGGGTGAAGTctaaaaggggggggcccaaaaaatgg 

ggtggcccccgcacgtttgggggccccaaaagtgggggggggcaggccgg 

ggggggggcgccccccggggggggggggagcccctcaagaaattaccgcg 

aattgtcnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nn 

 

QA 7 675 1 807 

 

 

WA{phrap_params phrap 170302:135023 

phrap /data01/bi_result/170302/BI170302-005/FRContig/P1.seq -new_ace  

phrap version 0.990319}. 
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P2 (Staphylococcus haemolyticus Sequencing) 

 

AS 1 2 

 

CO Contig1 1516 2 14 U 

cgtcggatgaacgctggcggcgtgcctaatacatgcaagtcgagcgaaca 

gacaaggagcttgctcctttgacgttagcgGCGGACGGGTGAGTAACACG 

TGGGTAACCTACCTATAAGACTGGGATAACTTCGGGAAACCGGAGCTAAT 

ACCGGATAATATTTCGAACCGCATGGTTCGATAGTGAAAGATGGTTTTGC 

TATCACTTATAGATGGACCCGCGCCGTATTAGCTAGTTGGTAAGGTAACG 

GCTTACCAAGGCGACGATACGTAGCCGACCTGAGAGGGTGATCGGCCACA 

CTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTAGGGAAT 

CTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGAGTGATGAA 

GGTCTTCGGATCGTAAAACTCTGTTATTAGGGAAGAACATACGTGTAAGT 

AACTATGCACGTCTTGACGGTACCTAATCAGAAAGCCACGGCTAACTACG 

TGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATT 

GGGCGTAAAGCGCGCGTAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCAC 

GGCTCAACCGTGGAGGGTCATTGGAAACTgGAAAACTTGAGTGCAGAAGA 

GGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGCAGAGATATGGAGGA 

ACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACGCTGATGTGCG 

AAAGCGTGGGGATCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA 

ACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTT*AGTGCTGCAGCT 

AACGCATTAAGCACTCCGCCTGGGGAgtACGACCGCAAGGTTGAAACTCA 

AAGGAATTGACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAATTCG 

AAGCAACGCGAAGAACCTTACCAAATCTTGACATCCTTTGACAACTCTAG 

AGATAGAGCCTTCCCCTTCGGGGGACAAAGTGACAGGTGGTGCATGGTTG 

TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA 

CCCTTAAGCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGTTGACTGCC 

GGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTT 

ATGATTTGGGCTACACACGTGCTACAATGGACAATACAAAGGGCAGCGAA 

ACCGCGAGGTCAAGCAAATCCCATAAAGTTGTTCTCAGTTCGGATTGTAG 

TCTGCAACTCGACTACATGAAGCTGGAATCGCTAGTAATCGTAGATCAGC 

ATGCTACGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACC 

ACGAGAGTTTGTAACACCCGAAGCCGGTGGAGTAACCATTTGGAGCTAGC 

CGTCGAAGGTGGGACAAATGATTGGGGTGAatcaaaaggggggggcaaaa 

aaaagggggttttccc 

 

BQ 

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 52 52 55 55 55 52 55 55 52 52 55 

52 52 52 55 52 52 52 55 

 55 55 55 55 55 55 55 55 55 52 52 52 55 55 52 52 52 52 45 45 52 55 55 55 55 52 52 52 55 55 

55 55 55 52 52 55 52 55 55 55 55 55 55 55 55 55 55 55 55 55 

 52 52 55 55 55 55 55 55 55 55 55 55 55 55 52 52 55 55 55 55 55 52 52 52 55 55 55 55 55 55 

55 55 55 52 45 55 52 55 55 55 55 55 55 55 52 52 55 55 55 55 

 55 55 52 52 52 52 55 55 55 55 55 52 45 52 45 52 45 52 52 55 55 55 55 55 55 55 55 55 55 55 

52 52 55 52 52 52 52 55 55 55 55 55 55 52 55 55 55 55 55 55 

 55 52 52 55 52 52 52 52 52 55 55 55 52 52 52 55 55 55 52 52 55 55 52 52 55 55 55 55 55 55 

55 55 52 52 52 52 52 55 55 55 55 52 55 55 55 52 55 52 52 52 
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 52 52 55 55 52 55 52 52 55 52 52 52 52 52 52 55 55 52 52 52 52 52 52 52 52 52 52 52 52 52 

55 55 55 52 52 55 55 52 52 52 52 52 52 52 52 55 55 55 55 55 

 55 52 55 55 55 55 55 52 55 52 52 55 55 55 55 55 55 55 55 52 55 55 55 52 52 52 55 52 52 52 

40 52 52 52 55 55 55 55 52 55 55 52 52 52 55 55 55 55 55 55 

 52 55 45 52 52 52 55 55 55 55 55 55 52 55 55 55 55 55 55 55 55 52 55 55 55 55 55 55 52 52 

55 55 52 55 52 52 52 40 40 52 52 40 40 52 55 55 52 55 52 52 

 52 55 52 52 55 55 55 52 40 40 52 52 52 52 55 55 52 52 52 55 55 52 52 52 52 55 55 55 52 52 

52 52 55 55 55 52 55 40 40 52 55 52 52 45 55 45 45 52 52 52 

 55 52 52 55 52 52 52 40 40 52 55 52 52 52 55 52 55 55 55 45 45 45 52 40 40 52 52 45 52 52 

40 52 52 52 52 55 55 55 52 55 55 55 55 55 55 52 55 52 52 52 

 52 55 55 55 55 52 52 52 52 52 52 55 55 55 55 52 55 52 52 55 55 55 55 55 55 55 55 55 55 52 

55 52 40 40 40 52 52 52 52 55 55 52 52 55 55 52 55 55 40 40 

 52 55 52 52 40 35 40 35 40 52 55 55 55 45 45 52 52 45 35 35 40 52 55 55 52 52 55 52 52 16 

25 25 45 46 48 40 40 55 48 45 35 35 46 43 35 35 35 35 45 45 

 40 52 40 40 52 52 52 55 55 52 52 40 55 35 40 40 40 52 52 55 55 45 45 52 52 52 52 52 52 52 

55 52 52 52 52 40 35 35 45 45 45 52 52 52 52 55 45 45 45 35 

 47 35 35 20 35 20 20 40 52 52 52 52 40 52 52 52 55 40 35 35 40 40 46 40 40 55 55 45 45 45 

55 55 35 52 35 35 45 35 35 35 45 45 55 45 45 45 55 52 52 52 

 52 52 52 52 40 45 55 55 55 55 55 55 52 35 35 40 45 35 35 40 40 40 35 40 35 35 45 44 20 20 

45 52 45 52 52 40 35 35 35 20 35 20 20 45 52 52 45 40 35 35 

 52 45 35 45 40 40 35 35 35 50 55 35 35 35 45 40 58 62 62 45 68 68 60 62 58 57 50 55 46 62 

62 61 62 65 55 51 40 45 52 64 57 45 64 57 66 57 72 72 57 72 

 61 64 64 72 62 62 62 62 62 62 62 62 59 62 62 62 62 62 62 62 62 62 62 62 49 15 15 20 20 20 

52 52 45 45 45 52 52 46 35 35 20 35 46 45 40 40 40 55 55 55 

 52 52 52 52 52 52 45 45 52 52 55 55 45 20 20 55 52 52 52 45 52 55 55 45 45 45 40 20 20 45 

35 45 52 52 52 40 35 35 52 35 52 52 52 52 40 52 52 52 52 52 

 52 52 52 55 55 45 45 52 52 35 35 35 48 45 45 40 52 40 52 52 52 52 52 52 45 45 35 35 35 45 

52 52 52 52 45 52 40 35 35 45 55 55 45 45 45 45 45 45 35 35 

 35 35 46 35 45 45 52 52 52 52 45 55 55 52 52 52 45 52 55 52 52 52 40 40 52 48 48 45 35 35 

40 52 48 52 45 35 35 40 35 40 52 55 52 52 45 35 35 35 35 35 

 35 35 35 52 55 45 45 45 45 35 35 40 40 40 40 40 40 40 40 40 52 52 52 52 52 52 52 52 40 52 

52 52 52 55 55 55 55 55 55 55 52 40 40 40 52 55 55 55 55 55 

 52 52 52 52 55 55 52 52 52 52 40 40 55 52 55 55 55 55 55 52 55 55 52 55 52 52 52 52 55 55 

52 52 40 40 52 40 40 52 52 52 52 52 52 52 52 52 55 55 55 52 

 40 40 40 40 52 55 55 55 55 55 55 52 52 52 52 55 52 52 52 52 55 55 55 55 52 40 40 40 52 55 

52 55 55 52 52 52 52 52 52 55 55 52 52 55 55 52 52 55 52 55 

 52 52 52 55 55 52 55 55 52 52 52 52 52 55 55 55 52 52 52 52 52 52 55 55 52 52 52 52 52 52 

55 52 52 52 55 55 55 55 55 55 55 55 52 52 52 52 52 55 52 45 

 52 45 55 52 52 52 52 52 52 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 52 52 52 52 52 

52 52 52 52 55 52 55 52 52 52 55 55 55 55 52 52 52 52 55 55 

 52 52 55 55 55 55 55 55 55 52 52 52 52 55 45 45 52 52 55 52 52 52 52 55 52 55 55 52 52 52 

52 52 52 52 52 55 52 55 52 52 52 35 52 35 55 52 55 55 55 52 

 52 52 52 55 55 55 52 52 52 52 52 52 52 52 52 52 52 52 52 52 52 55 52 52 45 52 55 52 55 52 

45 45 45 45 55 55 55 55 55 55 52 45 40 45 45 55 55 55 52 52 

 45 45 45 45 45 52 55 55 52 55 55 52 52 52 55 55 55 52 52 55 52 55 55 52 55 45 52 52 52 45 

45 45 55 55 55 55 55 55 55 55 55 55 55 55 55 52 52 52 55 45 

 40 40 52 52 52 52 52 52 52 55 55 52 52 52 55 55 52 52 45 45 52 52 55 52 52 45 52 44 30 14 

14 13 14 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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AF P2_R U 1 

AF P2_F U 807 

BS 1 820 P2_R 

BS 821 823 P2_F 

BS 824 825 P2_R 

BS 826 826 P2_F 

BS 827 828 P2_R 

BS 829 829 P2_F 

BS 830 831 P2_R 

BS 832 832 P2_F 

BS 833 835 P2_R 

BS 836 836 P2_F 

BS 837 839 P2_R 

BS 840 842 P2_F 

BS 843 843 P2_R 

BS 844 1516 P2_F 

 

RD P2_R 865 0 0 

cgtcggatgaacgctggcggcgtgcctaatacatgcaagtcgagcgaaca 

gacaaggagcttgctcctttgacgttagcgGCGGACGGGTGAGTAACACG 

TGGGTAACCTACCTATAAGACTGGGATAACTTCGGGAAACCGGAGCTAAT 

ACCGGATAATATTTCGAACCGCATGGTTCGATAGTGAAAGATGGTTTTGC 

TATCACTTATAGATGGACCCGCGCCGTATTAGCTAGTTGGTAAGGTAACG 

GCTTACCAAGGCGACGATACGTAGCCGACCTGAGAGGGTGATCGGCCACA 

CTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTAGGGAAT 

CTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGAGTGATGAA 

GGTCTTCGGATCGTAAAACTCTGTTATTAGGGAAGAACATACGTGTAAGT 

AACTATGCACGTCTTGACGGTACCTAATCAGAAAGCCACGGCTAACTACG 

TGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATT 

GGGCGTAAAGCGCGCGTAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCAC 

GGCTCAACCGTGGAGGGTCATTGGAAACTgGAAAACTTGAGTGCAGAAGA 

GGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGCAGAGATATGGAGGA 

ACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACGCTGATGTGCG 

AAAGCGTGGGGATCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA 

ACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTT*AGTGCTGCAGCT 

AACGCA*TAAgCAct 

 

QA 81 863 1 865 

 

RD P2_F 923 0 0 

agTGCt*AGTGTTAGGGGGTTTCCGCCCCTttAGTGCTGCAGCTAACGCA 

TTAAGCACTCCGCCTGGGGAgtACGACCGCAAGGTTGAAACTCAAAGGAA 

TTGACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAA 

CGCGAAGAACCTTACCAAATCTTGACATCCTTTGACAACTCTAGAGATAG 

AGCCTTCCCCTTCGGGGGACAAAGTGACAGGTGGTGCATGGTTGTCGTCA 

GCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTA 

AGCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGTTGACTGCCGGTGAC 

AAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGATT 

TGGGCTACACACGTGCTACAATGGACAATACAAAGGGCAGCGAAACCGCG 

AGGTCAAGCAAATCCCATAAAGTTGTTCTCAGTTCGGATTGTAGTCTGCA 
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ACTCGACTACATGAAGCTGGAATCGCTAGTAATCGTAGATCAGCATGCTA 

CGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCACGAGA 

GTTTGTAACACCCGAAGCCGGTGGAGTAACCATTTGGAGCTAGCCGTCGA 

AGGTGGGACAAATGATTGGGGTGAatcaaaaggggggggcaaaaaaaagg 

gggttttcccnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnn 

 

QA 4 679 1 710 

 

 

WA{phrap_params phrap 170302:135023 

phrap /data01/bi_result/170302/BI170302-005/FRContig/P2.seq -new_ace  

phrap version 0.990319} 
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P3 (Klebsiella pnemoniae Sequencing) 

 

AS 1 2 

 

CO Contig1 1599 2 10 U 

attgaacgctggcggcaggcctaacacatgcaagtcgagcggtagcacag 

agagcttgctctcgggtgacgagcggcggaCGGGTGAGTAATGTCTGGGA 

AtcTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCA 

TAATGTCtCAAGACCAAAGtgGGGGACCTTCGGtCCTCATGCCATCAGAT 

GTgCCCAgATGGGATTAGCTAGTAGGTGGGGTAAcGGCTCACCTAGGCGA 

CGATCCCTAGCTGGTCTGAGAGGATGAcCAGCCACACTGGAACTGAGACA 

CGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGC 

GCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGT 

AAAGcACTTTCAGtgGGGAGGAAGGCGTTgAgGTTAATAtCCTCaGCGAT 

TGACGTTACCCgCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCG 

GTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCA 

CGCAGGCGGTCTgTcAAGTcGGATGTGAAATCCCCGGGCTCAACCTGGGA 

ActGCAtTTGAAACTGGcagGCTAGAGTCTTGTAGAGGGGGGTAGAATTC 

CAgGTGTAGCGGTGAAATGCGTAGAGATcTGGAGGAATACCGGTGGCGAA 

GGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGC 

AAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGATTTg 

GAGGTTGTGCCCT*TGAGG*CGTGGCTTCCGGAGCTAACGCGTTAAATCG 

ACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGG 

GGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGA 

ACCTTACCTGGTCTTGACATCCACAGAACTTTCCAGAGATGGATTGGTGC 

CTTCGGGAACTGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTG 

TGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTG 

CCAGCGgTTCGGCCGGGAACTCAAAGGAGACTGCCaGTGATAAACTGGAG 

GAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGACCAGGGCTACA 

CACGTGCTACAATGGCATATACAAAGAGAAGCGACCTCGCGAGAGCAAGC 

GGACCTCATAAAGTATGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTC 

CATGAAGTCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATA 

CGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGgggAGTGGGTTG 

CAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTGA 

TTCATGACTGGGGTGaatcacaagggggggacaaaaaaaacgggggaaac 

aaggggggtttaagcggggggagagcgtgtgggggggagaggggggggcc 

cccctcccccggggggtgttttccccagaaagtttagcggggggtgttt 

 

BQ 

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 55 52 52 55 52 52 52 45 35 35 35 45 

45 22 22 22 42 44 46 20 

 52 11 13 40 52 52 52 52 52 55 35 35 35 52 52 52 55 55 55 52 52 52 52 52 52 55 55 55 52 52 

52 55 55 55 55 55 55 55 52 52 52 52 52 52 45 45 55 55 55 52 

 52 52 52 30 30 30 20 10 20 30 35 30 28 28 35 41 42 43 20 10 10 20 42 46 47 45 35 35 45 55 

47 20 55 15 20 42 35 35 30 35 38 25 25 25 45 45 45 45 52 55 

 45 20 14 25 37 38 20 15 20 55 52 55 55 55 55 55 52 45 52 45 45 45 52 52 45 52 45 20 25 25 

43 38 20 45 14 25 52 45 45 45 52 45 52 45 45 52 52 52 45 45 

 52 52 52 45 52 55 55 52 52 52 55 55 52 52 52 52 52 55 45 45 45 52 52 55 55 52 20 10 20 52 

52 52 55 52 52 52 52 52 52 55 28 52 52 52 55 52 52 52 52 52 
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 52 52 52 45 45 55 52 52 45 45 45 45 45 45 52 52 55 55 55 55 55 55 52 52 52 52 52 52 52 55 

55 55 55 55 55 55 55 55 55 55 55 52 52 52 55 55 52 55 55 55 

 55 55 52 55 55 55 55 55 55 55 55 55 55 52 52 52 55 55 55 55 55 55 55 55 55 55 55 35 30 30 

55 52 55 52 52 52 55 55 52 55 35 52 35 35 55 55 55 55 55 55 

 55 55 55 21 16 20 52 52 52 55 52 52 20 12 12 40 55 55 52 52 52 52 55 55 55 55 45 25 43 14 

20 15 20 44 52 55 55 55 20 14 20 25 25 25 14 20 35 52 52 55 

 55 55 52 55 52 52 52 55 25 35 49 16 25 52 52 52 52 52 52 52 55 52 52 52 55 55 55 55 52 40 

52 40 40 40 52 55 55 55 52 55 52 52 52 40 40 52 55 55 55 55 

 55 55 55 55 55 52 52 52 55 52 52 52 55 55 55 55 52 55 52 52 55 52 55 52 52 55 55 55 55 55 

55 55 55 45 45 45 55 55 55 55 52 52 52 52 55 52 52 55 52 40 

 40 52 52 40 40 52 55 52 55 28 20 20 15 22 14 20 30 30 20 16 21 45 52 52 52 55 52 52 52 55 

40 40 45 55 55 55 55 55 52 30 30 30 35 45 52 52 55 55 55 20 

 48 15 15 30 42 39 15 22 35 22 20 21 28 32 32 20 38 6 6 11 30 42 43 45 35 35 35 35 35 45 

47 46 52 35 35 45 45 52 52 55 55 55 52 52 40 40 52 45 48 35 

 45 20 14 28 52 55 55 45 45 52 52 52 55 55 52 52 55 52 52 52 52 52 35 35 35 35 45 22 12 20 

52 55 45 45 45 52 52 52 35 35 40 52 55 55 52 52 52 52 40 52 

 52 52 52 52 52 52 52 55 55 55 52 52 52 35 35 35 43 46 45 35 35 35 47 40 40 40 40 40 35 35 

35 45 52 52 52 52 52 52 52 52 45 45 55 52 52 55 55 45 45 35 

 40 40 46 35 35 40 45 44 35 46 35 35 40 43 20 20 35 52 52 55 55 52 35 35 45 20 40 20 20 38 

43 46 25 40 30 30 44 45 35 52 52 52 45 45 52 52 52 52 52 14 

 20 30 45 52 45 52 55 52 45 30 40 52 20 40 52 52 52 52 30 30 62 55 56 50 50 50 45 30 46 54 

48 50 40 40 62 62 62 62 62 62 50 50 65 62 55 62 55 55 45 52 

 52 52 55 35 35 45 43 35 35 23 23 23 40 30 55 52 45 45 45 52 52 40 52 35 30 20 46 46 40 40 

40 40 52 52 45 45 45 45 55 52 52 52 52 52 52 55 55 52 52 52 

 55 52 45 45 45 55 55 55 52 52 52 45 20 20 35 20 30 45 44 52 40 35 35 52 35 52 52 45 52 40 

52 52 52 55 40 40 40 52 55 55 52 52 55 55 40 30 35 44 35 45 

 35 52 40 48 45 45 20 20 20 40 43 40 35 35 35 52 52 52 52 52 52 52 45 45 52 45 52 55 40 30 

55 35 52 52 52 52 40 40 30 20 30 52 52 52 52 52 55 52 52 55 

 45 52 52 52 45 40 35 40 20 20 20 40 46 40 40 52 46 46 40 40 40 40 40 52 55 52 52 52 40 40 

35 35 35 40 52 52 55 52 52 52 52 52 40 40 40 40 40 40 52 52 

55 52 55 52 52 55 55 55 55 55 55 55 52 45 52 52 52 52 52 52 45 45 52 52 45 55 52 52 52 52 

45 52 45 52 52 43 15 15 5 23 52 52 55 52 52 55 55 52 52 55 

 52 52 52 52 55 52 55 55 55 55 52 52 52 45 45 55 52 55 55 55 52 52 45 52 55 52 45 40 52 45 

45 45 45 52 55 52 52 52 52 52 52 55 55 55 52 52 52 52 52 52 

 52 52 45 45 45 52 52 35 46 30 30 38 34 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

AF P3_R U 1 

AF P3_F U 801 

BS 1 806 P3_R 

BS 807 807 P3_F 

BS 808 826 P3_R 

BS 827 827 P3_F 

BS 828 828 P3_R 

BS 829 831 P3_F 

BS 832 836 P3_R 

BS 837 843 P3_F 

BS 844 844 P3_R 
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BS 845 1599 P3_F 

 

RD P3_R 853 0 0 

attgaacgctggcggcaggcctaacacatgcaagtcgagcggtagcacag 

agagcttgctctcgggtgacgagcggcggaCGGGTGAGTAATGTCTGGGA 

AtcTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCA 

TAATGTCtCAAGACCAAAGtgGGGGACCTTCGGtCCTCATGCCATCAGAT 

GTgCCCAgATGGGATTAGCTAGTAGGTGGGGTAAcGGCTCACCTAGGCGA 

CGATCCCTAGCTGGTCTGAGAGGATGAcCAGCCACACTGGAACTGAGACA 

CGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGC 

GCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGT 

AAAGcACTTTCAGtgGGGAGGAAGGCGTTgAgGTTAATAtCCTCaGCGAT 

TGACGTTACCCgCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCG 

GTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCA 

CGCAGGCGGTCTgTcAAGTcGGATGTGAAATCCCCGGGCTCAACCTGGGA 

ActGCAtTTGAAACTGGcagGCTAGAGTCTTGTAGAGGGGGGTAGAATTC 

CAgGTGTAGCGGTGAAATGCGTAGAGATcTGGAGGAATACCGGTGGCGAA 

GGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGC 

AAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGATTTg 

GAGGTTGTGCCCT*TGAGG*CGTGGCTTCCGGAGCTAACGCGTTAAATCG 

aCC 

 

QA 81 853 1 853 

 

RD P3_F 964 0 0 

gAGGTTGTGCCctatGAggacgTGGCTTCCGGAGCTAACGCGTTAAATCG 

ACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGG 

GGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGA 

ACCTTACCTGGTCTTGACATCCACAGAACTTTCCAGAGATGGATTGGTGC 

CTTCGGGAACTGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTG 

TGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTG 

CCAGCGgTTCGGCCGGGAACTCAAAGGAGACTGCCaGTGATAAACTGGAG 

GAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGACCAGGGCTACA 

CACGTGCTACAATGGCATATACAAAGAGAAGCGACCTCGCGAGAGCAAGC 

GGACCTCATAAAGTATGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTC 

CATGAAGTCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATA 

CGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGgggAGTGGGTTG 

CAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTGA 

TTCATGACTGGGGTGaatcacaagggggggacaaaaaaaacgggggaaac 

aaggggggtttaagcggggggagagcgtgtgggggggagaggggggggcc 

cccctcccccggggggtgttttccccagaaagtttagcggggggtgtttn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

nnnnnnnnnnnnnn 

 

QA 15 666 1 799 

 

WA{phrap_params phrap 170302:134812 phrap /data01/bi_result/170302/BI170302-

004/FRContig/P3.seq -new_ace phrap version 0.990319} 
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APPENDIX III 

BLASTING 

  

 

APPENDIX 111

P1 (Pseudomonas aeruginosa  blast)

Query Subject Score Identities Strand

Name Length Start End DescriptionLink AC Length Start End Bit Raw E-value Match Total Pct(%)

P1_contig_1 1598 1 1473 Pseudomonas aeruginosa DSM 50071, complete genomehttp://www.ncbi.nlm.nih.gov/nucleotide/861670927?report=genbank&log$=nuclalign&blast_rank=1&RID=0CP012001.1 1705 20 1843 2706 1465 0 1472 1475 99 Plus/Plus

P1_contig_1 1598 1 1473 Pseudomonas aeruginosa genome assembly NCTC10332, chromosome : 1http://www.ncbi.nlm.nih.gov/nucleotide/777183107?report=genbank&log$=nuclalign&blast_rank=2&RID=0LN831024.1 1697 17 1941 2706 1465 0 1472 1475 99 Plus/Plus

P1_contig_1 1598 1 1473 Pseudomonas aeruginosa strain DSM 50071 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/645320483?report=genbank&log$=nuclalign&blast_rank=3&RID=0NR_117678.11527 16 1490 2706 1465 0 1472 1475 99 Plus/Plus

P1_contig_1 1598 1 1469 Pseudomonas aeruginosa strain ATCC 10145 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/636558415?report=genbank&log$=nuclalign&blast_rank=4&RID=0NR_114471.11489 17 1486 2702 1463 0 1468 1470 99 Plus/Plus

P1_contig_1 1598 4 1473 Pseudomonas aeruginosa partial 16S rRNA gene, type strain DSM 50071Thttp://www.ncbi.nlm.nih.gov/nucleotide/732170056?report=genbank&log$=nuclalign&blast_rank=5&RID=0LN681564.1 1488 1 1472 2700 1462 0 1469 1472 99 Plus/Plus

P1_contig_1 1598 4 1464 Pseudomonas aeruginosa strain NBRC 12689 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/631252401?report=genbank&log$=nuclalign&blast_rank=6&RID=0NR_113599.11461 1 1461 2693 1458 0 1460 1461 99 Plus/Plus

P1_contig_1 1598 4 1461 Pseudomonas aeruginosa gene for 16S ribosomal RNA, partial sequence, strain: JCM 5962http://www.ncbi.nlm.nih.gov/nucleotide/914226236?report=genbank&log$=nuclalign&blast_rank=7&RID=0LC069033.1 1458 1 1458 2687 1455 0 1457 1458 99 Plus/Plus

P1_contig_1 1598 1 1437 Pseudomonas aeruginosa strain DSM 50071 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/932249971?report=genbank&log$=nuclalign&blast_rank=8&RID=0KT825518.1 1457 20 1457 2643 1431 0 1436 1438 99 Plus/Plus

P1_contig_1 1598 1 1473 Pseudomonas otitidis strain MCC10330 16S ribosomal RNA gene, complete sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/343202811?report=genbank&log$=nuclalign&blast_rank=9&RID=0NR_043289.11531 21 1495 2595 1405 0 1452 1475 98 Plus/Plus

P1_contig_1 1598 1 1473 Pseudomonas aeruginosa strain DSM 50071 16S ribosomal RNA gene, complete sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/219846486?report=genbank&log$=nuclalign&blast_rank=10&RID=0NR_026078.11537 25 1500 2556 1384 0 1450 1480 98 Plus/Plus
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P2  (Staphylococcus aeruginosa  blast)

Subject Score Identities Strand

Query Length Start End DescriptionLink AC Length Start End Bit Raw E-value Match Total Pct(%)

Name 1515 6 1478 Staphylococcus haemolyticus strain JCM 2416 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/631252147?report=genbank&log$=nuclalign&blast_rank=1&RID=0NR_113345.11473 1 1473 2717 1471 0 1472 1473 99 Plus/Plus

P2_contig_1 1515 5 1480 Staphylococcus haemolyticus strain SM 131 16S ribosomal RNA gene, complete sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/310975091?report=genbank&log$=nuclalign&blast_rank=2&RID=0NR_036955.11544 20 1493 2686 1454 0 1470 1477 99 Plus/Plus

P2_contig_1 1515 5 1480 Staphylococcus petrasii subsp. pragensis strain CCM 8529 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/756108372?report=genbank&log$=nuclalign&blast_rank=3&RID=0KM873669.1 1480 4 1479 2667 1444 0 1465 1476 99 Plus/Plus

P2_contig_1 1515 5 1480 Staphylococcus petrasii strain CCM 8418 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/645321498?report=genbank&log$=nuclalign&blast_rank=4&RID=0NR_118450.11477 1 1476 2665 1443 0 1465 1476 99 Plus/Plus

P2_contig_1 1515 5 1480 Staphylococcus petrasii subsp. croceilyticus strain MCC10046 16S ribosomal RNA, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/922788119?report=genbank&log$=nuclalign&blast_rank=5&RID=0NR_132590.11546 23 1498 2662 1441 0 1464 1476 99 Plus/Plus

P2_contig_1 1515 5 1480 Staphylococcus petrasii subsp. croceilyticus strain MCC10046 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/61967930?report=genbank&log$=nuclalign&blast_rank=6&RID=0AY953148.1 1546 23 1498 2662 1441 0 1464 1476 99 Plus/Plus

P2_contig_1 1515 5 1480 Staphylococcus devriesei strain KS-SP_60 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/636560567?report=genbank&log$=nuclalign&blast_rank=7&RID=0NR_116627.11537 21 1497 2660 1440 0 1465 1477 99 Plus/Plus

P2_contig_1 1515 5 1480 Staphylococcus hominis strain DM 122 16S ribosomal RNA gene, complete sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/310975092?report=genbank&log$=nuclalign&blast_rank=8&RID=0NR_036956.11544 20 1493 2641 1430 0 1461 1476 99 Plus/Plus

P2_contig_1 1515 5 1477 Staphylococcus lugdunensis strain ATCC 43809 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/219856849?report=genbank&log$=nuclalign&blast_rank=9&RID=0NR_024668.11492 20 1492 2638 1428 0 1458 1473 99 Plus/Plus

P2_contig_1 1515 5 1480 Staphylococcus saprophyticus subsp. saprophyticus ATCC 15305 DNA, complete genomehttp://www.ncbi.nlm.nih.gov/nucleotide/72493824?report=genbank&log$=nuclalign&blast_rank=10&RID=0AP008934.1 1657 23 1470 2628 1423 0 1460 1478 99 Plus/Minus
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P3  (Klebsiella pneumoniae blast)

Query Subject Score Identities Strand

Name Length Start End DescriptionLink AC Length Start End Bit Raw E-value Match Total Pct(%)

P3_contig_1 1597 1 1465 Klebsiella pneumoniae strain DSM 30104 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/645320493?report=genbank&log$=nuclalign&blast_rank=1&RID=0NR_117686.11530 18 1481 2649 1434 0 1455 1465 99 Plus/Plus

P3_contig_1 1597 1 1465 Klebsiella pneumoniae strain DSM 30104 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/645320491?report=genbank&log$=nuclalign&blast_rank=2&RID=0NR_117684.11530 18 1481 2643 1431 0 1454 1465 99 Plus/Plus

P3_contig_1 1597 1 1465 Klebsiella pneumoniae strain DSM 30104 16S ribosomal RNA gene, complete sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/310974930?report=genbank&log$=nuclalign&blast_rank=3&RID=0NR_036794.11534 21 1485 2639 1429 0 1454 1466 99 Plus/Plus

P3_contig_1 1597 1 1465 Klebsiella pneumoniae strain DSM 30104 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/645320492?report=genbank&log$=nuclalign&blast_rank=4&RID=0NR_117685.11530 18 1481 2638 1428 0 1453 1465 99 Plus/Plus

P3_contig_1 1597 1 1465 Klebsiella pneumoniae strain DSM 30104 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/645320488?report=genbank&log$=nuclalign&blast_rank=5&RID=0NR_117682.11524 12 1475 2638 1428 0 1453 1465 99 Plus/Plus

P3_contig_1 1597 1 1465 Klebsiella pneumoniae strain NBRC 14940 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/631252504?report=genbank&log$=nuclalign&blast_rank=6&RID=0NR_113702.11465 1 1464 2634 1426 0 1451 1465 99 Plus/Plus

P3_contig_1 1597 1 1463 Klebsiella pneumoniae strain JCM 1662 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/631252042?report=genbank&log$=nuclalign&blast_rank=7&RID=0NR_113240.11462 1 1462 2630 1424 0 1449 1463 99 Plus/Plus

P3_contig_1 1597 1 1465 Klebsiella pneumoniae strain DSM 30104 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/645320489?report=genbank&log$=nuclalign&blast_rank=8&RID=0NR_117683.11530 18 1481 2627 1422 0 1451 1465 99 Plus/Plus

P3_contig_1 1597 3 1455 Klebsiella pneumoniae strain ATCC 13883 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/645322555?report=genbank&log$=nuclalign&blast_rank=9&RID=0NR_119278.11452 1 1452 2619 1418 0 1441 1453 99 Plus/Plus

P3_contig_1 1597 6 1455 Klebsiella pneumoniae strain JCM1662 16S ribosomal RNA gene, partial sequencehttp://www.ncbi.nlm.nih.gov/nucleotide/631250813?report=genbank&log$=nuclalign&blast_rank=10&RID=0NR_112009.11449 1 1449 2617 1417 0 1439 1450 99 Plus/Plus
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APPENDIX IV 
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APPENDIX V 

 

                 Origin and identification of Lactobacilli isolates using API system.   

 

Isolates         Origin of the isolates                                                  API 5O CH identification (% 

similarity)                             

L2                    Kunun-zaki processed with paddy rice                        Lactobacillus plantarum (99.9%)     

 

L4                    Kunun-zaki processed with sweet potatoes                 Lactobacillus casei(99.9%)                                                                                                                     

  

 The percentages following the scientific names of strains represent the similarities from the 

computer-aided database of the ApiwebTM API 50 CH V5.1 software.   
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APPENDIX VI 

 

DESCRIPTIVES AND ANOVA FOR THE PHYSICOCHEMICAL PROPERTIES OF KUNUN-ZAKI SAMPLES 

 
 

 N Mean Std. Deviation Std. Error 

95% Confidence Interval for 

Mean 

Minimum Maximum Lower Bound Upper Bound 

pH KO 3 5.5700 .14731 .08505 5.2041 5.9359 5.40 5.66 

KP 3 4.4000 .00000 .00000 4.4000 4.4000 4.40 4.40 

KS 3 4.5967 .00577 .00333 4.5823 4.6110 4.59 4.60 

KA 3 4.3333 .05774 .03333 4.1899 4.4768 4.30 4.40 

KOI 3 5.6700 .02646 .01528 5.6043 5.7357 5.65 5.70 

KPI 3 4.4533 .08505 .04910 4.2421 4.6646 4.39 4.55 

KSI 3 4.6033 .06807 .03930 4.4342 4.7724 4.55 4.68 

KAI 3 4.3500 .08660 .05000 4.1349 4.5651 4.30 4.45 

Total 24 4.7471 .52808 .10779 4.5241 4.9701 4.30 5.70 

BRIX KO 3 5.6500 .05000 .02887 5.5258 5.7742 5.60 5.70 

KP 3 5.6000 .17321 .10000 5.1697 6.0303 5.50 5.80 

KS 3 6.6500 .05000 .02887 6.5258 6.7742 6.60 6.70 

KA 3 5.8600 .05292 .03055 5.7286 5.9914 5.80 5.90 

KOI 3 5.3167 .16073 .09280 4.9174 5.7159 5.20 5.50 

KPI 3 5.2167 .07638 .04410 5.0269 5.4064 5.15 5.30 

KSI 3 6.5333 .10408 .06009 6.2748 6.7919 6.45 6.65 

KAI 3 5.9300 .03464 .02000 5.8439 6.0161 5.89 5.95 

Total 24 5.8446 .50505 .10309 5.6313 6.0578 5.15 6.70 

TITRABLEACIDI KO 3 .5267 .03055 .01764 .4508 .6026 .50 .56 
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TY KP 3 .6700 .04583 .02646 .5562 .7838 .62 .71 

KS 3 .6667 .07638 .04410 .4769 .8564 .60 .75 

KA 3 .7500 .01000 .00577 .7252 .7748 .74 .76 

KOI 3 .5267 .03055 .01764 .4508 .6026 .50 .56 

KPI 3 .6700 .04583 .02646 .5562 .7838 .62 .71 

KSI 3 .6667 .07638 .04410 .4769 .8564 .60 .75 

KAI 3 .7500 .01000 .00577 .7252 .7748 .74 .76 

Total 24 .6533 .09111 .01860 .6149 .6918 .50 .76 

SPECIFICGRAVI

TY 

KO 
3 .9800 .00000 .00000 .9800 .9800 .98 .98 

SPECIFICGRAVI

TY 

KO 3 .9800 .00000 .00000 .9800 .9800 .98 .98 

KP 3 .9800 .00000 .00000 .9800 .9800 .98 .98 

KS 3 .9700 .00000 .00000 .9700 .9700 .97 .97 

KA 3 .9867 .00577 .00333 .9723 1.0010 .98 .99 

KOI 3 1.0200 .01000 .00577 .9952 1.0448 1.01 1.03 

KPI 3 .9200 .02000 .01155 .8703 .9697 .90 .94 

KSI 3 .8967 .06807 .03930 .7276 1.0658 .82 .95 

KAI 3 .8400 .01000 .00577 .8152 .8648 .83 .85 

Total 24 .9492 .06021 .01229 .9237 .9746 .82 1.03 
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ANOVA 

 

Sum of 

Squares Df 

Mean 

Square F Sig. 

pH Between 

Groups 
6.324 7 .903 160.126 .000 

Within Groups .090 16 .006   

Total 6.414 23    

BRIX Between 

Groups 
5.704 7 .815 79.983 .000 

Within Groups .163 16 .010   

Total 5.867 23    

TITRABLEACID

ITY 

Between 

Groups 
.155 7 .022 9.882 .000 

Within Groups .036 16 .002   

Total .191 23    

SPECIFICGRAV

ITY 

Between 

Groups 
.073 7 .010 15.808 .000 

Within Groups .011 16 .001   

Total .083 23    

VISCOSITY Between 

Groups 
.840 7 .120 48.576 .000 

Within Groups .040 16 .002   

Total .880 23    
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APPENDIX VII 

 

DESCRIPTIVES AND ANOVA FOR PROXIMATE COMPOSITION OF KUNUN-ZAKI SAMPLES 

 

 N Mean Std. Deviation Std. Error 

95% Confidence Interval for 

Mean 

Minimum Maximum Lower Bound Upper Bound 

MOISTURE KO 3 88.0000 .10000 .05774 87.7516 88.2484 87.90 88.10 

KP 3 86.0667 .05774 .03333 85.9232 86.2101 86.00 86.10 

KS 3 83.6867 .27209 .15709 83.0108 84.3626 83.51 84.00 

KA 3 86.2333 .05774 .03333 86.0899 86.3768 86.20 86.30 

KOI 3 88.3333 .53463 .30867 87.0052 89.6614 88.00 88.95 

KPI 3 87.0000 .00000 .00000 87.0000 87.0000 87.00 87.00 

KSI 3 84.1733 .06807 .03930 84.0042 84.3424 84.12 84.25 

KAI 3 86.2933 .10504 .06064 86.0324 86.5543 86.19 86.40 

Total 24 86.2233 1.58004 .32252 85.5561 86.8905 83.51 88.95 

ASH KO 3 .5833 .02887 .01667 .5116 .6550 .55 .60 

KP 3 4.4500 .13229 .07638 4.1214 4.7786 4.35 4.60 

KS 3 3.4333 .15275 .08819 3.0539 3.8128 3.30 3.60 

KA 3 2.0000 .10000 .05774 1.7516 2.2484 1.90 2.10 

KOI 3 .5700 .14799 .08544 .2024 .9376 .40 .67 

KPI 3 4.3433 .03215 .01856 4.2635 4.4232 4.32 4.38 

KSI 3 3.3467 .13429 .07753 3.0131 3.6803 3.25 3.50 

KAI 3 1.8000 .49244 .28431 .5767 3.0233 1.25 2.20 

Total 24 2.5658 1.49414 .30499 1.9349 3.1968 .40 4.60 

 

FIBER 

KO 3 .2600 .00000 .00000 .2600 .2600 .26 .26 
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KP 3 .3433 .01528 .00882 .3054 .3813 .33 .36 

KS 3 .2967 .00577 .00333 .2823 .3110 .29 .30 

KA 3 .2667 .01528 .00882 .2287 .3046 .25 .28 

KOI 3 .2367 .00577 .00333 .2223 .2510 .23 .24 

KPI 3 .3200 .02646 .01528 .2543 .3857 .30 .35 

KSI 3 .2833 .01528 .00882 .2454 .3213 .27 .30 

KAI 3 .2600 .02000 .01155 .2103 .3097 .24 .28 

Total 24 .2833 .03595 .00734 .2682 .2985 .23 .36 

PROTEIN KO 3 1.2333 .01528 .00882 1.1954 1.2713 1.22 1.25 

KP 3 1.9000 .13229 .07638 1.5714 2.2286 1.75 1.75 

KS 3 1.5367 .01528 .00882 1.4987 1.5746 1.52 1.55 

KA 3 1.2300 .02646 .01528 1.1643 1.2957 1.20 1.25 

KOI 3 1.1400 .01000 .00577 1.1152 1.1648 1.13 1.15 

KPI 3 1.9000 .13229 .07638 1.5714 2.2286 1.75 2.00 

KSI 3 1.5467 .03055 .01764 1.4708 1.6226 1.52 1.58 

KAI 3 1.3433 .09452 .05457 1.1085 1.5781 1.27 1.45 

Total 24 1.4021 .24306 .04961 1.2994 1.5047 1.13 2.00 

CARBOHYDRATE 

 

 

 

 

 

 

 

 

KO 3 9.0767 .13317 .07688 8.7459 9.4075 8.93 9.19 

KP 3 6.7967 .25716 .14847 6.1578 7.4355 6.61 7.09 

KS 3 9.6467 .47543 .27449 8.4656 10.8277 9.16 10.11 

KA 3 9.1033 .12055 .06960 8.8039 9.4028 8.99 9.23 

KOI 3 8.8833 .62581 .36131 7.3287 10.4379 8.17 9.34 

KPI 3 5.3367 .13317 .07688 5.0059 5.6675 5.19 5.45 

KSI 3 9.1967 .30925 .17854 8.4285 9.9649 8.84 9.39 

KAI 3 9.0933 .31501 .18187 8.3108 9.8759 8.78 9.41 
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Total 

24 8.3917 1.46387 .29881 7.7735 9.0098 5.19 10.11 

FAT KO 3 .8467 .02309 .01333 .7893 .9040 .82 .86 

KP 3 1.0567 .04041 .02333 .9563 1.1571 1.02 1.10 

KS 3 1.4000 .20000 .11547 .9032 1.8968 1.20 1.60 

KA 3 1.1667 .01155 .00667 1.1380 1.1954 1.16 1.18 

KOI 3 .8367 .01528 .00882 .7987 .8746 .82 .85 

KPI 3 1.1000 .07211 .04163 .9209 1.2791 1.04 1.18 

KSI 3 1.4533 .08505 .04910 1.2421 1.6646 1.39 1.55 

KAI 3 1.2100 .03606 .02082 1.1204 1.2996 1.18 1.25 

Total 24 1.1337 .22704 .04634 1.0379 1.2296 .82 1.60 
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ANOVA 

 

 

 

Sum of 

Squares Df 

Mean 

Square F Sig. 

MOISTURE Between Groups 56.636 7 8.091 165.035 .000 

Within Groups .784 16 .049   

Total 57.420 23    

ASH Between Groups 50.677 7 7.240 172.815 .000 

Within Groups .670 16 .042   

Total 51.347 23    

FIBER Between Groups .026 7 .004 15.918 .000 

Within Groups .004 16 .000   

Total .030 23    

PROTEIN Between Groups 1.291 7 .184 43.840 .000 

Within Groups .067 16 .004   

Total 1.359 23    

CARBOHYDRATE Between Groups 47.430 7 6.776 58.369 .000 

Within Groups 1.857 16 .116   

Total 49.287 23    

FAT Between Groups 1.073 7 .153 21.795 .000 

Within Groups .113 16 .007   

Total 1.186 23    
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APPENDIX VIII 

 

DESCRIPTIVE AND ANOVA FOR MINERAL COMPOSITION OF KUNUN-ZAKI SAMPLES. 

 

 

 N Mean Std. Deviation Std. Error 

95% Confidence Interval for Mean 

Minimum Maximum Lower Bound Upper Bound 

VAR00002 KO 3 14.4000 .05000 .02887 14.2758 14.5242 14.35 14.45 

KP 3 18.1333 .12583 .07265 17.8208 18.4459 18.00 18.25 

KS 3 18.7833 .02887 .01667 18.7116 18.8550 18.75 18.80 

KA 3 15.2100 .03606 .02082 15.1204 15.2996 15.18 15.25 

KOI 3 13.2000 .05000 .02887 13.0758 13.3242 13.15 13.25 

KPI 3 18.2767 .02517 .01453 18.2142 18.3392 18.25 18.30 

KSI 3 19.7733 .06429 .03712 19.6136 19.9330 19.70 19.82 

KAI 3 13.1167 .10408 .06009 12.8581 13.3752 13.00 13.20 

Total 24 16.3617 2.55470 .52148 15.2829 17.4404 13.00 19.82 

VAR00003 KO 3 125.3333 1.52753 .88192 121.5388 129.1279 124.00 127.00 

KP 3 145.6667 1.15470 .66667 142.7982 148.5351 145.00 147.00 

KS 3 154.6667 4.50925 2.60342 143.4651 165.8683 150.00 159.00 

KA 3 131.6667 2.88675 1.66667 124.4956 138.8378 130.00 135.00 

KOI 3 110.3333 4.50925 2.60342 99.1317 121.5349 106.00 115.00 

KPI 3 141.0000 3.60555 2.08167 132.0433 149.9567 138.00 145.00 

KSI 3 140.3333 2.51661 1.45297 134.0817 146.5849 138.00 143.00 

KAI 3 134.3333 5.13160 2.96273 121.5857 147.0809 130.00 140.00 

Total 24 135.4167 13.23341 2.70126 129.8287 141.0046 106.00 159.00 

VAR00004 KO 3 184.0000 4.00000 2.30940 174.0634 193.9366 180.00 188.00 

KP 3 220.0000 18.02776 10.40833 175.2166 264.7834 205.00 240.00 

KS 3 245.0000 5.00000 2.88675 232.5793 257.4207 240.00 250.00 

KA 3 202.0000 7.21110 4.16333 184.0866 219.9134 196.00 210.00 

KOI 3 189.0000 3.60555 2.08167 180.0433 197.9567 185.00 192.00 

KPI 3 195.6667 3.21455 1.85592 187.6813 203.6521 192.00 198.00 

KSI 3 226.6667 2.88675 1.66667 219.4956 233.8378 225.00 230.00 

KAI 3 183.3333 2.88675 1.66667 176.1622 190.5044 180.00 185.00 

Total 24 205.7083 22.43344 4.57921 196.2355 215.1811 180.00 250.00 

VAR00005 KO 3 2.2500 .25000 .14434 1.6290 2.8710 2.00 2.50 

KP 3 3.3167 .07638 .04410 3.1269 3.5064 3.25 3.40 

KS 3 1.8133 .03215 .01856 1.7335 1.8932 1.79 1.85 
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KA 3 1.9233 .02517 .01453 1.8608 1.9858 1.90 1.95 

KOI 3 1.8267 .11676 .06741 1.5366 2.1167 1.70 1.93 

KPI 3 3.2367 .10263 .05925 2.9817 3.4916 3.15 3.35 

KSI 3 1.8867 .02309 .01333 1.8293 1.9440 1.86 1.90 

KAI 3 1.8500 .06083 .03512 1.6989 2.0011 1.78 1.89 

Total 24 2.2629 .61969 .12649 2.0012 2.5246 1.70 3.40 

VAR00006 KO 3 2.7733 .05859 .03383 2.6278 2.9189 2.73 2.84 

KP 3 3.9100 .05292 .03055 3.7786 4.0414 3.85 3.95 

KS 3 2.9400 .11136 .06429 2.6634 3.2166 2.82 3.04 

KA 3 2.7333 .10408 .06009 2.4748 2.9919 2.65 2.85 

KOI 3 1.9167 1.66158 .95931 -2.2109 6.0442 .00 2.95 

KPI 3 3.5600 .03606 .02082 3.4704 3.6496 3.53 3.60 

KSI 3 2.8433 .02082 .01202 2.7916 2.8950 2.82 2.86 

KAI 3 2.8500 .07000 .04041 2.6761 3.0239 2.80 2.93 

Total 24 2.9408 .75109 .15332 2.6237 3.2580 .00 3.95 

VAR00007 KO 3 21.0667 .04726 .02728 20.9493 21.1841 21.03 21.12 

KP 3 22.2667 .08505 .04910 22.0554 22.4779 22.18 22.35 

KS 3 23.6733 .01528 .00882 23.6354 23.7113 23.66 23.69 

KA 3 22.6400 .06557 .03786 22.4771 22.8029 22.57 22.70 

KOI 3 21.1767 .02517 .01453 21.1142 21.2392 21.15 21.20 

KPI 3 22.4900 .03606 .02082 22.4004 22.5796 22.45 22.52 

KSI 3 24.1100 .01000 .00577 24.0852 24.1348 24.10 24.12 

KAI 3 22.7233 .09292 .05364 22.4925 22.9541 22.62 22.80 

Total 24 22.5183 1.01589 .20737 22.0894 22.9473 21.03 24.12 
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ANOVA 

 

 

 Sum of Squares df Mean Square F Sig. 

VAR00002 Between Groups 150.032 7 21.433 4445.936 .000 

Within Groups .077 16 .005   

Total 150.109 23    

VAR00003 Between Groups 3831.167 7 547.310 44.527 .000 

Within Groups 196.667 16 12.292   

Total 4027.833 23    

VAR00004 Between Groups 10658.958 7 1522.708 26.598 .000 

Within Groups 916.000 16 57.250   

Total 11574.958 23    

VAR00005 Between Groups 8.636 7 1.234 100.298 .000 

Within Groups .197 16 .012   

Total 8.832 23    

VAR00006 Between Groups 7.381 7 1.054 3.016 .032 

Within Groups 5.594 16 .350   

Total 12.975 23    

VAR00007 Between Groups 23.687 7 3.384 1097.486 .000 

Within Groups .049 16 .003   

Total 23.737 23    

 



 
 

226 
 

APPENDIX IX 

 

DESCRIPTIVE  AND ANOVA FOR SENSORY ATTRIBUTES OF KUNUN-ZAKI SAMPLES 

 

 N Mean Std. Deviation Std. Error 

95% Confidence Interval for 

Mean 

Minimum Maximum Lower Bound Upper Bound 

TASTE KO 3 5.8400 .03606 .02082 5.7504 5.9296 5.80 5.87 

KP 3 6.3833 .01528 .00882 6.3454 6.4213 6.37 6.40 

KS 3 5.8167 .04726 .02728 5.6993 5.9341 5.78 5.87 

KA 3 6.5367 .04041 .02333 6.4363 6.6371 6.50 6.58 

KOI 3 5.8433 .03512 .02028 5.7561 5.9306 5.81 5.88 

KPI 3 6.3433 .04041 .02333 6.2429 6.4437 6.30 6.38 

KSI 3 5.7067 .16010 .09244 5.3089 6.1044 5.55 5.87 

KAI 3 5.6433 .04041 .02333 5.5429 5.7437 5.60 5.68 

Total 24 6.0142 .33724 .06884 5.8718 6.1566 5.55 6.58 

COLOUR KO 3 6.1200 .01000 .00577 6.0952 6.1448 6.11 6.13 

KP 3 5.6667 .06506 .03756 5.5050 5.8283 5.60 5.73 

KS 3 5.2067 .06028 .03480 5.0569 5.3564 5.15 5.27 

KA 3 5.6267 .04933 .02848 5.5041 5.7492 5.57 5.66 

KOI 3 6.3433 .04041 .02333 6.2429 6.4437 6.30 6.38 

KPI 3 5.3167 .07767 .04485 5.1237 5.5096 5.23 5.38 

KSI 3 6.3000 .05000 .02887 6.1758 6.4242 6.25 6.35 

KAI 3 5.8567 .04933 .02848 5.7341 5.9792 5.80 5.89 

Total 24 5.8046 .41170 .08404 5.6307 5.9784 5.15 6.38 

 

MOUTHFEEL 

KO 3 5.0933 .08327 .04807 4.8865 5.3002 5.00 5.16 

         

KP 3 6.7700 .19975 .11533 6.2738 7.2662 6.54 6.90 

KS 3 5.4867 .01528 .00882 5.4487 5.5246 5.47 5.50 

KA 3 6.5700 .12124 .07000 6.2688 6.8712 6.46 6.70 

KOI 3 5.0767 .02517 .01453 5.0142 5.1392 5.05 5.10 

KPI 3 5.7133 .05859 .03383 5.5678 5.8589 5.67 5.78 

KSI 3 5.4033 .04509 .02603 5.2913 5.5153 5.36 5.45 

KAI 3 6.3000 .07000 .04041 6.1261 6.4739 6.23 6.37 

Total 24 5.8017 .63772 .13017 5.5324 6.0710 5.00 6.90 

FLAVOUR KO 3 5.0967 .01528 .00882 5.0587 5.1346 5.08 5.11 

KP 3 6.3533 .02517 .01453 6.2908 6.4158 6.33 6.38 
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KS 3 5.7733 .03055 .01764 5.6974 5.8492 5.74 5.80 

KA 3 6.4567 .13577 .07839 6.1194 6.7939 6.33 6.60 

KOI 3 5.1867 .02082 .01202 5.1350 5.2384 5.17 5.21 

KPI 3 5.7100 .13892 .08021 5.3649 6.0551 5.55 5.80 

KSI 3 5.5333 .07638 .04410 5.3436 5.7231 5.45 5.60 

KAI 3 6.3633 .07767 .04485 6.1704 6.5563 6.30 6.45 

Total 24 5.8092 .51576 .10528 5.5914 6.0270 5.08 6.60 

ACCEPTABILITY KO 3 5.3500 .10440 .06028 5.0906 5.6094 5.23 5.42 

KP 3 6.3533 .04163 .02404 6.2499 6.4568 6.32 6.40 

KS 3 5.3700 .01000 .00577 5.3452 5.3948 5.36 5.38 

KA 3 6.4200 .02000 .01155 6.3703 6.4697 6.40 6.44 

KOI 3 5.1400 .16462 .09504 4.7311 5.5489 5.04 5.33 

KPI 3 6.0300 .02646 .01528 5.9643 6.0957 6.00 6.05 

KSI 3 5.4833 .01528 .00882 5.4454 5.5213 5.47 5.50 

KAI 3 6.0700 .04000 .02309 5.9706 6.1694 6.03 6.11 

Total 24 5.7771 .47967 .09791 5.5745 5.9796 5.04 6.44 
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ANOVA 

 

 

Sum of 

Squares df 

Mean 

Square F Sig. 

TASTE Between Groups 2.545 7 .364 81.846 .000 

Within Groups .071 16 .004   

Total 2.616 23    

COLOUR Between Groups 3.852 7 .550 191.423 .000 

Within Groups .046 16 .003   

Total 3.898 23    

MOUTHFEEL Between Groups 9.208 7 1.315 144.622 .000 

Within Groups .146 16 .009   

Total 9.354 23    

FLAVOUR Between Groups 6.015 7 .859 132.612 .000 

Within Groups .104 16 .006   

Total 6.118 23    

ACCEPTABILITY Between Groups 5.206 7 .744 139.130 .000 

Within Groups .086 16 .005   

Total 5.292 23    
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APPENDIX X 

 

DESCRIPTIVE AND ANOVA FOR ANTIMICROBIAL ASSAY 

 

 N Mean Std. Deviation Std. Error 

95% Confidence Interval for 

Mean 

Minimum Maximum Lower Bound Upper Bound 

Pseudomonas L1 3 9.7133 .05508 .03180 9.5765 9.8501 9.65 9.75 

L2 3 13.5667 .07638 .04410 13.3769 13.7564 13.50 13.65 

L3 3 8.6900 .03606 .02082 8.6004 8.7796 8.65 8.72 

L4 3 13.8633 .03215 .01856 13.7835 13.9432 13.84 13.90 

L5 3 9.4567 .04041 .02333 9.3563 9.5571 9.42 9.50 

L6 3 5.1467 .02082 .01202 5.0950 5.1984 5.13 5.17 

L7 3 8.4533 .04933 .02848 8.3308 8.5759 8.42 8.51 

L8 3 7.6333 .06658 .03844 7.4679 7.7987 7.56 7.69 

Total 24 9.5654 2.79263 .57004 8.3862 10.7446 5.13 13.90 

Staphylococcus L1 3 9.4233 .06429 .03712 9.2636 9.5830 9.35 9.47 

L2 3 14.0267 .02517 .01453 13.9642 14.0892 14.00 14.05 

L3 3 8.4567 .05508 .03180 8.3199 8.5935 8.42 8.52 

L4 3 14.2500 .03000 .01732 14.1755 14.3245 14.22 14.28 

L5 3 8.1400 .01000 .00577 8.1152 8.1648 8.13 8.15 

L6 3 9.2267 .01155 .00667 9.1980 9.2554 9.22 9.24 

L7 3 7.5733 .07572 .04372 7.3852 7.7614 7.52 7.66 

L8 3 7.1933 .01528 .00882 7.1554 7.2313 7.18 7.21 

Total 24 9.7863 2.66521 .54403 8.6608 10.9117 7.18 14.28 

Klebsiella L1 3 8.4600 .02000 .01155 8.4103 8.5097 8.44 8.48 

L2 3 11.8333 .02309 .01333 11.7760 11.8907 11.82 11.86 

L3 3 8.7967 .03512 .02028 8.7094 8.8839 8.76 8.83 

L4 3 13.1900 .02646 .01528 13.1243 13.2557 13.16 13.21 

L5 3 7.2467 .03512 .02028 7.1594 7.3339 7.21 7.28 

L6 3 7.0433 .06028 .03480 6.8936 7.1931 6.98 7.10 

L7 3 6.8167 .03512 .02028 6.7294 6.9039 6.78 6.85 

L8 3 6.9833 .10408 .06009 6.7248 7.2419 6.90 7.10 

Total 24 8.7963 2.32195 .47397 7.8158 9.7767 6.78 13.21 

 



 
 

230 
 

ANOVA 

 

Sum of 

Squares Df 

Mean 

Square F Sig. 

Pseudomonas Between 

Groups 
179.332 7 25.619 10179.652 .000 

Within Groups .040 16 .003   

Total 179.372 23    

Staphylococcu

s 

Between 

Groups 
163.348 7 23.335 12529.056 .000 

Within Groups .030 16 .002   

Total 163.377 23    

Klebsiella Between 

Groups 
123.964 7 17.709 7155.207 .000 

Within Groups .040 16 .002   

Total 124.004 23    

 
 


