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ABSTRACT 

The roots and seeds of Moringa oleifera were analysed for their nutritional, 
antinutritional and antimicrobial activities on Pseudomonas aeruginosa, 
Staphylococcus aureus, Proteus mirabilis, Streptococcus fecalis, 
Escherichia coli and Candida albicans. Quantitative phytochemical analysis 
showed the presence of 0.57% and 1.17% oxalates, 4.02% and 2.66% phytic 
acid, 1.92% and 3.99% alkaloid, 65.47 mg/100 g and 109.12 mg/100 g 
tanins for the roots and seeds respectively. Proximate analysis of Moringa 
root showed 14% crude protein, 2% fat, 5% ash, 23% crude fibre, 7% 
moisture, and 49% nitrogen free extract while the seed comprised 47% 
crude protein, 34% fat, 3% ash, 5% crude fibre, 7% moisture, and 2% 
carbohydrate. Chromatogram peaks of the technicon sequential Multi-
sample amino acid Analyzer were used to obtain the amino acid profile of 
the roots and seeds of the plant material. Four extracts (ethanolic, 
methanolic, hot water and cold water extracts) each of the plant material 
were screened against the test isolates. The minimum bactericidal 
concentration, minimum bacteristatic concentration, concentrations of the 
plant extract that could inhibit 50% and 100% of the bacterial suspension 
(IC50 and IC100), of each extract was obtained for each test isolate. From the 
results, methanolic root extract had higher activity than most other extracts 
with its best and overall highest activity on Proteus mirabilis with a 
diameter of zone of inhibition of 22 mm, 18 mm, 14 mm, and 10  mm for 
500 mg/ml, 250 mg/ml, 125 mg/ml and 62.5 mg/ml respectively. 
Comparatively, the root extracts performed higher than the seed extracts. 
The overall least activity was generally observed in the cold water seed 
extract and therefore had the least antimicrobial activity on the test isolates. 
Methanolic root extracts showed a higher activity than the control drugs on 
Escherichia coli with a zone of inhibition of 18 mm compared to the control 
drug (Gentamicin) with a diameter of zone of inhibition of 14mm. All the 
extracts showed no activity at 31.25mg/ml. It can be deduced that Moringa 
oleifera has both nutritional and antimicrobial properties and thus could 
have practical applications in the fight against diseases caused by 
microorganisms. 

 
 
 
Keywords:  Moringa Oleifera, Antimicrobial, Phytochemical Constituent, Proximate 
Analysis, Amino Acid Analysis, Methanolic Root Extract 
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CHAPTER ONE 

INTRODUCTION 
 

1.0. Overview 

The quest for medicinal plants is unending due to the rapid and continuous 

increase in resistance to conventional antibiotics by microorganisms. 

Medicinal plants contain active variables which are responsible for 

conferring its bioactive functionalities (Okorondu et al., 2015). Due to this 

varied composition of phytochemicals in plants they are regarded as a 

blessing from nature, plant extracts have been widely used for therapeutic 

purposes including combating antibiotic resistance. Moringa oleifera, one of 

the most widely cultivated species of a monogeneric family, is a type of 

local medicinal Indian herb which has turn out to be familiar in the tropical 

and subtropical countries (Khawaja et al., 2010). Moringa oleifera is shown 

in scientific division to become from Kingdom: Plantae, Division: 

Magnoliphyta, Class: Magnoliopsida, Order: Brassicales, Family: 

Moringaceae, Genus: Moringa, Species: M. oleifera (Fahey, 2005). All parts 

of the Moringa tree are edible and have long been consumed by humans.  

Extracts from different parts of the plant have been widely used for 

therapeutic purposes. Extracts have been proven to be antimicrobial, 

antimicrobial, anti-asthma, and aids cancer therapy/protection, 

circulatory/endocrine disorders, detoxification, digestive disorders, 

inflammation, immunity, nervous disorders, nutritional, reproductive health, 

skin disorders, general disorders/conditions (Fuglie, 1999; Fahey, 2005). 

Despite the many available applications of the plant, more research is 

ongoing to ascertain its effect on selective functionality or physiology. More 

so, mode of extraction, solvent for extraction and part of the plant analysed 

play a role in determining the amount of each phytochemical extracted 
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(Okorondu et al., 2015). In the present research solvents such as methanol, 

ethanol, hot water and cold water were used to obtain extracts from seeds 

and roots of Moringa oleifera which were subsequently tested against 

selected bacterial and fungal isolates from wound infections. 

 

1.1 Aim and objectives 

The aim:  

1. To determine the phytochemical, nutritional and antimicrobial 

properties of M. oleifera roots and seeds against selected wound 

isolates.  

 

Objectives of this work include:  

1. To evaluate the phytochemical constituents of M. oleifera root and 

seed.  

2. To determine the susceptibility of bacterial and fungal isolates from 

wound to the extracts of M. oleifera root and seed. 

3. To determine the amino acid profile of the root and seed of Moringa. 

4. To determine the nutritional value (proximate composition) of the 

root and seed of Moringa.  

 

1.2 Scope of study 

1. The test isolates used in this study included Pseudomonas 

aeruginosa, Staphylococcus aureus, Proteus mirabilis, Escherichia 

coli and Enterococcus fecalis while Candida albicans.  

2. The seed and root extracts of M. oleifera were prepared using ethanol, 

methanol, hot water and cold water as solvent/extractant. 

3. Susceptibility test was done using the Kirby Bauer (Agar well 

diffusion test) with water as negative control, gentamycin and 
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tetracycline as bacterial positive control and Nystatin as fungal 

positive control. 

4. The MIC, MBC, IC50  and IC100 were determined for each extract 

against the test isolates 

5. Proximate analysis, phytochemical analysis and amino acid 

analysis of the two plant materials were done in order to 

determine the nutritional and antinutritional profile for the plant 

material. 

 

1.3 Statement of problem 

Antibiotic resistance in bacteria and the emergence of newer forms of 

bacterial diseases is a global concern. Alternatives to the conventional 

antibiotics are therefore required so as to combat the ever increasing 

antibiotic resistance. Of such alternatives, plants occupy a large percentage 

due to their vast abundance and their different bioactive compositions. 

Despite this, information is limited as only a fraction of plants have been 

assayed for their antimicrobial activity. Amongst others, plants used in 

phytomedicine are preferred if they can confer both antimicrobial and 

nutritional values. These can play roles in disease treatment, prevention and 

revitalization of diseased patients. This project work centres on the 

evaluation of the bioactive composition, Nutritional and antimicrobial 

composition of Moringa oleifera roots and seeds for their possible 

application in phytomedicine.
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CHAPTER TWO 
LITERATURE REVIEW 

 

2.0 Moringa oleifera 

The fact that Ancient medicinal system relies on several plant products used 

by traditionally human communities in many parts of the world for different 

therapy and prevention of diseases cannot be over emphasized (Okorondu et 

al., 2015). Moringa oleifera is simply one of the numerous plants with 

outstanding therapeutic and preventive characteristics and therefore, has 

been of great contribution from ancient times (Fozia et al., 2012). Moringa 

oleifera is easily cultivated even within adverse environmental condition 

and it is widely available. It had therefore attracted attention for economic 

and health related potential in resource limited developing countries. 

Moringa oleifera is an aboriginal of Indian subcontinent and has become 

naturalized in the tropical and subtropical areas around the world. Nearly 

thirteen species of Moringa are included in the family Moringaceae 

(Nadkarni, 1976). Indians have been using it as a regular component of 

conventional eatables for nearly 5000 years and also people in the northern  

Nigeria consume it as a local food and tea (Anwar et al., 2005; Anwar and 

Bhanger, 2003; D'Souza and Kulkarni, 1993).  
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Figure 2. 1 Moringa oleifera leaves and seeds. 

Source: Eman, 2014; Moringa Tree, 2011. 

 

Moringa tree can grow well in the humid tropic or hot dry land with average 

height that ranges from 5 to 10 m. It can survive in harsh climatic condition 

including destitute soil and is drought resistant (Morton, 1991). It can 

tolerate wide range of rainfall requirements estimated at 250  mm and 

maximum at over 3000  mm and a pH of 5.0 to 9.0 (Palada and Chang, 

2003). Its trunk is soft, white corky and branches bearing a gummy bark. 

Each tripinnately compound leaves bear several small leaf legs. The flowers 

are white and the three wings seeds are scattered by the winds. The flowers, 

tenders leaves and pods are eaten as vegetables. The leaves are rich in iron 

and therefore highly recommended for expected mothers. In some part of 

the world, Moringa oleifera  is referred to as the ‘drum stick tree’ or the 

‘horse radish tree’, whereas in others,  it is known as the Zogale, kelor, 

marango, mlonge, moonga, mulangay, nebeday, saijhan, sajna or Ben oil 

tree  (Anwar and Bhanger, 2003; Prabhu et al., 2011).  

 

2.1 Historical background 
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Moringa is considered to have its origin in Agra and Oudh, in the northwest 

region of India, south of the Himalaya Mountains. There is evidence that the 

tree has been cultivated in India for many thousands of years. Moringa is 

cultivated in the tropics for various purposes i.e as a food crop, medicinal 

and industrial uses. The Indian people knew that the seeds contain an edible 

oil and they used it for medicinal purposes (Foidl et al., 2001). Many 

African countries use Moringa leaf powder as a food supplement to fight 

malnutrition and to assist people suffering from micronutrient deficiency. 

The leaf powder is rich in proteins and micronutrients such as vitamins, 

minerals and all essential amino acids. Moringa has many names due to its 

remarkable, multipurpose uses. In english it is commonly known as 

horseradish, drumstick, never die, mother’s best friend, western Indian Ben 

and radish tree (Ramachandran et al., 1980). Moringa has many other 

names, depending on anecdotal evidence in different countries. In African 

countries, Moringa is called the “Miracle Tree”. Moringa has also been 

receiving increasing attention from food processing industries. According to 

the Global Facilitation Unit (GFU 2008), African companies manufacturing 

cereals are interested in adding Moringa leaf powder to enrich their products 

with a low cost, local source of vitamins and minerals. Moringa has the 

potential to save millions of lives in poor countries where malnutrition is 

prevalent because of its high nutritional value. According to Moringa 

(2011), 80% of the production and processing costs is in manpower. This 

means that production of Moringa for leaves and for other uses has the 

potential to create more job opportunities. 

 

2.2 Phytochemistry of Moringa oleifera 

Phytochemicals are, in the strictest sense of the word, chemicals produced 

by plants. However, they are commonly referred to only those chemicals 

which may have an impact on health, or on flavor, texture, smell, or color of 
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the plants, but are not required by humans as essential nutrients (Okorondu 

et al., 2015). Moringa oleifera is rich in compounds containing the simple 

sugar, rhamnose called glucosinolates and isothiocyanates (Fahey et al., 

2001; Bennett et al., 2003). 

The stem bark contains two alkaloids, namely Moringine and moringinine 

(Kerharo, 1969). Vanillin, sitosterol, β-sitostenone, 4-hydroxymellin and 

octacosanoic acid have been isolated from the stem of M. oleifera (Faizi et 

al., 1994a).Purified, gum exudate from M. oleifera has been found to 

contain Larabinose, galactose, -glucuronic acid, and L rhamnose, mannose, 

xylose and degraded-gum polysaccharide consisting of L-galactose, -

glucuronic acid and Lmannose has been obtained on mild hydrolysis of the 

whole gum with acid (Bhattacharya et al., 1982). Flowers contain nine 

amino acids, sucrose, Dglucose, traces of alkaloids, wax, quercetin and 

kaempferat; the ash is rich in potassium and calcium (Ruckmani et al., 

1998). They have also been reported to contain some flavonoid pigments 

such as alkaloids, kaempherol, rhamnetin, isoquercitrin and kaempferitrin 

(Faizi et al., 1994a; Siddhuraju and Becker, 2003). Thiocarbamate and 

isothiocyanate glycosides have been isolated from the acetate phase of the 

ethanol extract of Moringa pods (Faizi et al., 1998).  

Moringa leaves act as a good source of natural antioxidant due to the 

presence of various types of antioxidant compounds such as ascorbic acid, 

flavonoids, phenolics and carotinoids (Anwar et al., 2005; Makkar and 

Becker, 1996). The high concentrations of ascorbic acid, oestrogenic 

substances and β-sitosterol, iron, calcium, phosphorus, copper, vitamins A, 

B and C, α-tocopherol, riboflavin, nicotinic acid, folic acid, pyridoxine, β-

carotene, protein, and in particular essential amino acids such as methionine, 

cystine, tryptophan and lysine present in Moringa leaves and pods make it a 

virtually ideal dietary supplement (Makkar and Becker, 1996). The 

composition of the sterols of Moringa seed oil mainly consists of 
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campesterol, stigmasterol, β-sitosterol, Δ5-avenasterol and clerosterol 

accompanied by minute amounts of 24-methylenecholesterol, Δ7-

campestanol, stigmastanol and 28-isoavenasterol (Tsaknis et al., 1999; 

Anwar and Bhanger, 2003; Anwar et al., 2005). 

An examination of the phytochemicals of Moringa species affords the 

opportunity to examine a range of fairly unique compounds. In particular, 

this plant family is rich in compounds containing the simple sugar, 

rhamnose, and it is rich in a fairly unique group of compounds called 

glucosinolates and isothiocyanates (Benneth et al., 2003; Fahey et al., 

2001). For example, specific components of Moringa preparations that have 

been reported to have hypo-tensive, anticancer, and antibacterial activity 

include 4-(4'-O-acetyl-α-L-rhamnopyranosyloxy) benzylisothiocy-

anate[1],4-(α-L-rhamnopyranosyloxy) benzyl isothiocy-anate [2], 

niazimicin [3], pterygospermin [4], benzyl isothiocyanate [5], and 4-(α-L-

rhamnopyranosyloxy). benzyl glucosinolate [6]. While these compounds are 

relatively unique to the Moringa family, which is also rich in a number of 

vitamins and minerals as well as other more commonly recognized 

phytochemicals such as the carotenoids (including β-carotene or pro-vitamin 

A). the functions and bioactivity of the phytochemicals of Moringa oleifera 

have been reviewed(Fahey, 2005, Fuglie, 1999). 
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Figure 2. 2  Structures of selected phytochemicals from Moringa  

spp.: 4 - (4'-O-acetyl-α-L-rhamnopyranosyloxy) benzylisothiocyanate [1], 4 - (-L-

rhamnopyranosyloxy) benzyl isothiocyanate [2], niazimicin [3], pterygospermin [4], 

benzyl isothiocyanate [5], and 4-(α-L-rhamnopyranosyloxy)benzyl glucosinolate [6] 

Source: Fahey, 2005 

 
2.3 Uses of Moringa oleifera 

Moringa oleifera have found a wide range of application. It is applied 

industrially and domestically. Every component of the plant is useful. No 

wonder it is refered to as the wonder plant. Some of its applications are 

discussed in this review as related to this work. Figure 2.3 represents an 

overview of applications of different components of Moringa oleifera. 
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Figure 2. 3: Uses of different parts of Moringa 

Source: Foidl et al. (2001) 
 

2.3.1 Human consumption 

Moringa leaf powder is used as a 100% natural food supplement and can be 

consumed in different ways. The leaf powder can be mixed with juices or 

beverages using a teaspoon. One teaspoon of Moringa will provide a full 

range of nutrients required by the body. Moringa leaf powder can also be 

mixed with vegetables or soup that is prepared for consumption. In Africa, 

25 g of Moringa powder is administered to pregnant women daily to 

improve prenatal nutrition (Diatta, 2001). Apart from plain leaf powder, 

Moringa powder is also sold in capsules. The daily intake is about two 

capsules a day (one capsule in the morning and one at lunch time). 

According to Marcu (2005), no negative effects from daily consumption of 
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Moringa leaves and seeds have ever been reported. Marcu (2005) further 

indicated that Moringa has the following health benefits: 

1. Reduces cholesterol levels and triglycerides (“bad” fats); 

2. Controls blood sugar and helps normal sugar and energy balance; 

3. Offers vitamins and minerals vital for maintaining normal physiology 

and 

4. Offers powerful anti-aging and anti-inflammatory natural substances, 

many with anti-cancer properties. 

The young leaves can be eaten raw or cooked like spinach. The leaves are a 

good source of vitamins A, B, and C and minerals, particularly iron and 

sulphur containing amino acids. The immature green pods are widely 

consumed in India. They can be boiled and eaten like green beans and are 

rich in free leucine. The dry seeds can be ground to a powder and used for 

seasoning. The seed of the Moringa tree also provides oil that can be used as 

a vegetable cooking oil with many essential fatty acids. The oil is best used 

raw and not heated to prevent damaging the molecular structure of the fat. 

Apart from the oil, the seeds are eaten like peanuts, as is the case in 

Malaysia (Duke, 1983). Flowers of Moringa can also be eaten raw in salads 

or cooked, or can be used to make tea (Zaku et al., 2015). 

 

2.3.2 Water purification 

The properties of the natural polypeptides produced from Moringa seeds 

have been employed with particular effectiveness in both Egypt and Sudan 

for cleaning water from the Nile, specifically for human consumption (Foidl 

et al., 2001). Figure 2.4 shows the dried seeds of Moringa stenopetala 

which were used to purify unsafe water. By leaving the dried seeds in a 

bottle of unclean water overnight, between 90-95% of the bacteria can be 

purified (Goodwater, 2011). 
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Figure 2. 4: Treating dirty water with Moringa stenopetala 

Source: Goodwater, 2011 
Moringa seeds can therefore be used as detoxifier for dirty water especially 

in African countries where there is little clean running tap water. When 

Moringa seeds are mixed with dirty water, the seeds absorb all the 

impurities. In terms of requirements for cleaning the water, only one seed is 

required for 1 litre bottle for slightly contaminated water and two seeds for 

very dirty water. 

 

2.3.3 Antimicrobial and antihelmintic effects   

Antimicrobial components of M. oleifera have been validated after the 

discovery of inhibitory activity against several microorganisms. In a recent 

study, aqueous extracts of M. oleifera was found to be inhibitory against 

many pathogenic bacteria, including Staphylococcus aureus, Bacillus 

subtilis, Escherichia coli, and Pseudomonas aeruginosa in dose dependent 

manner (Saadabi and Abu Z.A.I, 2011). Moringa oleifera extracts was also 

found to be inhibitory against Mycobacterium phlei and B. subtilis (Eilert et 
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al., 1981). Leaf extract of M. oleifera was found to be effective in checking 

growth of fungi Basidiobolus haptosporus and Basidiobolus ranarums 

(Nwosu and Okafor, 1995).  

Another study involving aqueous methanolic extract and fixed oil against 

microorganisms was performed using Scenedesmus obliquus (green algae), 

E. coli ATCC 13706, P. aeruginosa ATCC10145, S. aureus NAMRU 

325923, Bacillus stearothermophilus (bacterial strains) and Herpes Simplex 

virus type 1 (HSV 1) and Polio virus type 1 (sabin vaccine). Varying degree 

of antimicrobial activity was observed ranging from sensitive for B. 

stearothermophilus to resistant for  P.  aeruginosa  (Ali  et  al., 2004). 

Beside antibacterial activity of M. oleifera oils, it also possess anti-fungal 

activity (Chuang et al., 2007). Study comparing relative antimicrobial 

activity of seed extracts against bacteria (Pasturella multocida, E. coli, B. 

subtilis and S. aureus) and fungi (Fusarium solani and Rhizopus solani) 

showed that P. multocida and B. subtilis were the most sensitive strains, and 

their activity was influenced by cations (Na+, K+, Mg2+ and Ca2+) (Jabeen et 

al., 2008). Another relative comparison of antibacterial and antifungal 

efficacy of M. oleifera steam distillate observed more inhibition for E. coli 

followed by S. aureus, Klebsiella pneumoniae, P. aeruginosa and B. 

subtilis. In case of fungi, Aspergillus niger was strongly inhibited followed 

by Aspergillus oryzae, Aspergillus terreus and Aspergillus nidulans 

(Prashith  et al., 2010). Contrary to resistance against P. aeruginosa and 

Candida albicans for M. oleifera in other studies, one study using ethanolic 

extract of leaves, seeds and flowers showed the antimicrobial activity 

against E. coli, K. pneumoniae, Enterobacter species, Proteus mirabilis, P. 

aeruginosa, Salmonella typhi A, S. aureus, Streptococcus and Candida 

albicans (Nepolean et al., 2009). Moringa contains pterygospermin 

(originally found in Moringa pterygosperma) which has powerful 

antibacterial and fungicidal effects (Rao et al., 2008). Several other specific 
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components of Moringa have been reported with antibacterial activity, 

including 4-(4'-O-acetyl-a-L-rhamnopyranosyloxy) benzyl isothiocyanate, 

4-(a-L-rhamnopyranosyloxy) benzyl isothiocyanate, niazimicin, benzyl 

isothiocyanate, and 4(a-L-rhamnopyranosyloxy) benzyl glucosinolate 

(Fahey, 2005). Other bioactive compounds, such as Spirochin and 

Anthonine are found in root and are active against several bacteria. 

Anthonine has potent inhibitory activity against Vibrio cholerae (Nwosu and 

Okafor, 1995). M. oleifera flower and leaves are also capable of controlling 

parasitic worms, their antihelmintic activity has been demonstrated during 

several studies (Bhattacharya et al., 1982). Moreover, it has also been 

reported to inhibit Indian earthworm Pheritima posthuma with M. oleifera 

leaves ethanolic extracts (Rastogi et al., 2009). 

 

2.4 Microbiology of wound infections 

Skin is the major organ of the human body. It collects sensory information 

from the environment and functions as a protective barrier to the human 

body organs. It helps in maintaining the proper body temperature. Bacterial 

infections on skin are the common ailment for generation of other diseases 

in the body. Specially, the wound on skin caused by bacteria produces very 

chronic results, if it is not properly treated on time.  The wound on skin can 

occur in all ages of persons and can causes harm in number of ways. 

Therefore for correct antimicrobial therapy for the treatment of wound, 

proper identification of microorganism is necessary so that wound healing 

activity can be accelerated in less period of time(Cogen et al., 2008). 

Wound is a break in the integrity of the skin and tissues. It may be a 

superficial cut, scrap or scratch. It may also include puncture, burn or may 

be the result of surgical or dental procedures. The microorganisms which 

are likely to icarbohydratect the skin and tissues depend on the wound 
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extent, its depth, the environment in which it occurs and the types of 

microorganisms present on the person skin.   

The skin consists of three layers: the outer epidermis, the dermis where 

many hair follicles and sweat glands are found and the fatty subcutaneous 

layer. Below these layers are membranes that protect connective tissues, 

muscles and bones. Wound can penetrate any of these layers and can cause 

skin infections (Falanga et al., 1994; Collier 2003.Wound and skin 

infections represent the invasion of tissues by one or more species of 

microorganisms. This infection disturbs the body immune system and 

causes   

Inflammation, tissue damage thus resulting in delayed wound healing 

process. Many infections remain confined to a small area like an 

icarbohydratected scratch or hair follicle which usually heals on their own.  

Others may persist and if kept untreated may increase in severity and may 

become cause of other chronic diseases. Wound healing itself is a complex 

process which involves many related systems, chemicals and cells working 

together so as to clean the wound, heal its edges and to produce new tissues 

and blood vessels (Calvin, 1998; Ayton, 1985). 

 
2.4.1 Types of wound infections and types of microorganisms 

responsible for wound infection:  

Wounds may be typed according to their cause, their extent, the 

environment in which they occur and whether they are clean or 

contaminated. The microorganisms that icarbohydratects skin and wound 

generally depends on immune system of the person, depth of the wound and 

the conditions of the surrounding environment.   Bacteria, virus and fungi 

can cause wound infections on skin (table 2.1 and 2.2). Bacteria can be 

classified as per the environment in which they grow: aerobic (grow in air), 

microaerophilic (grow in reduced oxygen environment) and anaerobic 
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(grow in little to no oxygen). Microaerophilic and anaerobic bacterias are 

generally found in deeper wounds and abscesses (Harsh, 2005; Baker, 

2006).   

 

a) Wound infections on superficial skin areas:  

Superficial infections occur in the outer layer of the skin but may also 

extend deeper into the subcutaneous layer. They are caused by aerobic 

microorganisms; deeper wounds may also be icarbohydratected with 

anaerobic microbes. Bacterial infections are typically caused by bacteria 

like Staphylococcus (Staph) and Streptococcus (Strep). They may also be 

caused by antibiotic resistant bacteria like MRSA (Methicillin Resistant 

Staphylococcus aureus). Brackish water wound infection occurs due to 

waterborne Vibrio or Aeromonas species. Hot tub-associated infection 

occurs by Pseudomonas aeruginosa. When wounds are deeper, the possible 

pathogens would be anaerobes like Bacteroides and Clostridium species. 

Necrotizing fasciitis a serious but uncommon type of infection often 

involves Group A Streptococci, which are sometimes called as “flesh-eating 

bacteria. Other common skin infections such as ringworm and athlete’s foot 

are not caused by bacteria but by fungi. Yeast infections occur by Candida 

species which is generally found in the mouth (thrush) or on other moist 

areas of the skin (Purohit and Solanki, 2013).   

 

b) Wound infections through bites:  

A wound infection due to animal bites tends to reflect the microorganisms 

which are generally present in oral cavity of animal which created the bite 

wound. They may involve aerobic, anaerobic and microaerophilic 

microorganisms. The most of the animal bites are from dogs and cats. The 



17 
 

common bacteria found in these animals oral cavity is Pasteurella 

multocida (Purohit and Solanki, 2013).   

 

c) Wound infections through trauma:   

Trauma is a type of injury which occurs by the physical force applied on the 

skin. It includes injuries from motor vehicle accidents, cuts from knives or 

other sharp instruments and gunshot wounds etc. The type of wound 

infections that trauma victims acquires depend basically on the environment 

in which the injury occurred, the extent of the injury, the microorganisms 

present on the affected person skin and the immune status of the 

icarbohydratected person. A deep puncture wound occurs mostly by 

anaerobic bacteria such as Clostridium tetani ( Purohit and Solanki, 2013). 

 

d) Wound infections through burns:  

Burns are generally caused by flammable liquids, fires, chemicals and 

electricity. First-degree burns involve the epidermis. Second-degree burns 

involve the dermis. Third degree burns involve all the layers of the skin and 

thus damages the tissues below it. Initial infections tend to bacterial. Fungal 

infections due to Candida, Aspergillus, Fusarium, and other species may 

arise later since they are not inhibited by antibacterial treatment. Viral 

infections, such as those caused by the herpes simplex virus, may also occur 

(Lawrence, 1994, Steer et al., 2008) 

e) Wound infections after surgery:   

Surgical sites are most commonly icarbohydratected by exposure to 

microorganisms in the hospital environment. Hospital acquired bacteria like 

MRSA. Deep surgical wounds become icarbohydratected both superficially 

with aerobic microorganisms and deep within the body by anaerobes.  
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Table 2. 1 Microorganisms related with wound infections and their 
frequency of occurrence on skin 

   
Pathogens   Frequency (%)   
  Staphylococcus aureus  20   
  Coagulase-negative staphylococci  14   
  Enterococci  12   
  Escherichia coli  8   
  Pseudomonas aeruginosa  8   
  Enterobacter species  7   
  Klebsiella pneumoniae  3   
  Streptococci  3   
  Candida albicans  3   
  Other gram-positive aerobes  2   

Source: Purohit and Solanki, 2013 

 
Table 2. 2  Some potential wound pathogens category re sponsible for 
wound infection 

   
Pathogen Category  Name of pathogen  
Gram-positive cocci   Beta Haemolytic Streptococci  

(Streptococcus pyogenes)*   
Enterococci (Enterococcus faecalis)   
Staphylococci (Staphylococcus aureus/MRSA)*  

Gram-negative aerobic rods   Pseudomonas aeruginosa*  
Gram-negative facultative 
rods   

Enterobacter species Escherichia coli  
Klebsiella species  

Anaerobes   Bacteroides  
Fungi   Yeasts (Candida)  

Aspergillus  
*Most common causative microorganisms related with wound infections   

Source: Purohit and Solanki, 2013 
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CHAPTER THREE 
MATERIALS AND METHODS 

 

3.1 Collection of plant materials 
Fresh roots and seeds of M. oleifera were collected from Uncle Ray 

Botanical Garden, Okigwe Road, Owerri Town, Owerri Municipal Local 

Government Area of Imo State. This was subsequently authenticated and 

identified in the Department of Plant Sciences, School of Sciences, Imo 

State University, Owerri, Imo State. 
 

3.2 Preparation of Plant materials 

The freshly collected roots and seeds were washed with clean tap water, air-

dried under shade at ambient temperature (25oC) for 2-3 weeks. After the 

drying, the plant materials were pounded into powder separately using 

mortar and pestle and laboratory blender. The powered samples were stored 

in nylon bags labeled adequately, and kept at room temperature (25oC) until 

required. 

3.3 Extraction of Plant materials 

The active components of the plant parts were extracted with ethanol, 

methanol and hot and cold sterile distilled water. 
 

a. Ethanol Extraction 

Ten grams (10g) of the dried powdered sample was soaked in 100ml of 

ethanol, contained in 500ml flask. The flask was covered with a cotton plug 

and then wrapped with an aluminum foil and shaken vigorously at 3hr 

intervals for 24hours at room temperature (El-Mahmoud, 2009). After 24 

hours, it was shaken vigorously and then filtered using Whatman’s No 1 

filter paper. It was then oven dried to evaporate to dryness under reduced 
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pressure. Each extract was transferred to a glass vial and kept at 4°C until 

needed. 
 

b. Methanol extraction 

Ten grams (10g) of the dried powdered sample was soaked in 100ml of 

methanol, contained in 500ml flask. The flask was covered with a cotton 

plug and then wrapped with an aluminum foil and shaken vigorously at 3hr 

intervals for 24hours at ambient temperature (El-Mahmoud, 2009). After 24 

hours, it was shaken vigorously and then filtered using Whatman’s No 1 

filter paper. The filtrate was oven dried for 5hrs at 400C to evaporate to 

dryness under reduced pressure. Each extract were transferred to a glass vial 

and kept at 4°C until needed. 

 

c. Hot Water Extraction 

10g of grinded roots and seeds of the moringa were weighed using a digital 

weighing balance and poured into two different 500ml conical flask. 

Hundred milliliters of hot water was boiled to 1000C and poured into the 

two different 500ml Erlenmeyer flask containing the plant material. The 

conical flasks were stirred by vigorous shaking for 30-60 minutes on a 

mechanical shaker and allowed to stand for 18-24hrs. The extracts were 

filtered using filter paper and filtrates were oven dried at temperature of 

400C in a hot air oven for 4-5hrs for water to evaporate and kept for further 

analysis. 

 

d. Cold Water Extraction 

Ten grams of ground roots and seeds were weighed and poured into 

different 500ml Erlenmeyer flasks. Hundred milliliters of cold water was 

added to the content in each Erlenmeyer flask. Each Erlenmeyer flask was 
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stirred vigorously for 30-60 minutes and allowed to extract for 18-24hrs. 

The extracts were filtered with a filter paper and each extract was oven dried 

at a temperature of 40°C for water to evaporate, and kept for further 

analysis. 

 

3.3 Qualitative and Quantitative Determination of Phytochemical 

Components of the Extracts of Moringa oleifera Roots and Seeds. 

 

3.3.1 Qualitative phytochemical Analysis of the Plant material. 

The qualitative methods already established to test for classes of compounds 

in plant extracts by Ciulei (1964) and Chitravadivu et al. (2009) were used. 

The substances that were tested included: carbohydrate, tanins, saponins, 

and flavonoids, cardiac glycosides, oxalate, alkaloids, anthraquinone, 

steroids and phytic acid which are reported to have biological activities.  

 

a) Test for Anthraquinones 
The determination of Anthraquinones was carried out by the titration 

method of AOAC (2010). To 1ml of solution, 5ml of 10% HCL was added 

and allowed to stay for 5 minutes. The solution was filtered. The filtrate was 

decanted into a test tube and shaken with 5ml of benzene. The upper 

benzene layer was pipette off and transferred into test tube containing 5ml 

of 10% ammonium hydroxide. Production of pink, red or violet colouration 

shows the presence of anthraquinones. 

 
 

b) Test for Glycosides 
The determination of Glycosides was carried out according to the titration 

method of AOAC (2010). To 1ml of the test solution, 2 drops of conc. 

sulphuric acid was added and placed in a water bath for about 15 minutes. 
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KOH will be added to make the solution alkaline. To this solution, a few 

drops of FeCl2 were added. The formation of a brick red precipitate would 

indicate the presence of glycosides. 

 

c) Test for alkaloids 
One milligram of dried extract was dissolved in 6 drops of 2% hydrochloric 

acid. The solution was divided into 3 aliquots; to the first portion which 

acted as a reference, 2 ml of distilled water was added. To the second test 

tube, 2 drops of Dragendorff’s reagent were added. A precipitate indicated 

the presence of alkaloids. To the third portion, 2 drops of Mayer’s reagent 

wass added and a yellowish white precipitate indicated the presence of 

alkaloids (Raffauf, 1962). 

 

d) Test for steroids and triterpenoids 
One milligram of dried extracts was dissolved in 0.5 ml of acetic anhydride; 

0.5 ml of chloroform was added. The solution was pipetted into a dry test 

tube and 1 ml of concentrated sulphuric acid was added at the bottom of the 

tube. A brown-red ring at the interface between the two liquids and a green 

supernatant indicated the presence of steroids and triterpenoids 

AOAC(2010). 

 

e) Test for tannins 
One milligram of plant extracts was dissolved in 1.5 ml of water; 3 drops of 

dilute ferric chloride were added to the extract. A blackish blue colour 

indicated the presence of Gallic tannins and green blackish colour indicated 

catechol tannins. AOAC(2010). 
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f) Test for saponins 
Three drops of dimethylsulfoxide were added to 1 mg of plant extract; 5 ml 

of distilled water was added and the mixture shaken. The presence of foam 

which persisted for more than 15 min indicated the presence of saponins. 

AOAC(2010). 

 

g) Test for flavones aglycones 
One milligram of dry plant extract was dissolved in 1 ml of methanol at 

50°C. Metallic magnesium and 5 drops of concentrated hydrochloric acid 

were added. A red or orange colour indicated the presence of flavones 

aglycones (Shibata’s reaction or Cyanidin test).AOAC(2010). 

 

h) Test for reducing sugars (Carbohydrates) 
One milligram of the extract was dissolved in 2 ml of water and 1 ml of 

Fehling’s reagent which contained a mixture of Fehlings solution I and II 

was added and the mixture heated. A brick red precipitate denoted the 

presence of reducing sugars.AOAC(2010). 

 

3.3.2 Quantitative phytochemical screening of plant materials 

a) Tannin 
Tannin was determined using methods described by AOAC (1980). This 

method was however slightly modified. About 2g of ground plant material 

was defatted for 2 hours using Soxhlet extraction apparatus. The residue 

was dried in an oven for 12 hours at 100°C, boiled with 30ml of distilled 

water, diluted to 500ml in standard volumetric flask and filtered through 

non-absorbent cotton wool. A volume of 25ml of the infusion was measured 

into 2 liter porcelain dish and titrated with 0.1N potassium permanganate 

(0.1N potassium permanganate was standardized against 0.1N oxalic acid) 

until the blue solution changed to green; then few drops of 0.1N potassium 
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permanganate were added. The difference between the two titration were 

multiplied by 0.006235 to obtain the amount of tannin in the sample using 

equation: 0.1N oxalic acid =0.0006235g tannin (constant). 

 

b) Phytic Acid 

Phytic acid (inositol hexaphosphate) content of each sample was determined 

by the modified method of McCance and Widdowson (1935). Ten grams 

aliquot of the powdered sample was extracted overnight at room 

temperature with vigorous shaking in an MSE orbital shaker at 200rpm for 1 

hour to ensure homogeneity and then neutralized by adding about 20ml of 

20% sodium hydroxide: 50m1 of 1% ferric chloride on 1N hydrochloric 

acid and the mixture brought just to boil. The resultant mixture was filtered 

through an ashless whatman No 40 filter paper. The resultant residue was 

dissolved in about 10ml of 20% sodium hydroxide. This procedure dissolves 

phytic acid while precipitating ferric hydroxide which was removed by 

filtration. The filtrate (containing phytic acid) was digested with a mixture 

of concentrated sulphuric acid and perchioric acid in the ratio 5:1 in a 

Kjedahl flask. The pH of the digest was adjusted to 4 and phosphate 

determined colorimnetricahly at 710nm. 

 

Total Oxalate:  

One gram of the sample was weighed into 100ml Erlenmeyer flask and 

75ml 3N H2SO4 was added and stirred intermittently with a negative stirrer 

for 1hr. It was then filtered using whatmann filter paper. From the filtrate, 

25ml was taken and titrated while hot 80-900 against 0.1N KMnO4 solution 

until a faint pink colour persisted for at least 30secs. The overall reaction is:  
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where T is the titer value of KMnO4 (ml), Vme is the volume mass 

equivalent. DF is the dilution factor (Vt /A) where Vt is the total volume of 

titrate (filtrate) and A is the aliquot used, Me is the molar equivalent of 

KMnO4 in oxalate. 

 

c) Alkaloid Determination 

The gravimetric method of Harbone (1973) was adopted. Five grams of the 

sample was weighed into a 250 ml beaker and 200 ml of 10% acetic acid in 

ethanol was added and covered and allowed to stand for 4 h. This was 

filtered and the extract was concentrated on a water bath to one-quarter of 

the original volume. Concentrated ammonium hydroxide was added drop 

wise to the extract until the precipitation was complete. The whole solution 

was allowed to settle and the precipitated was collected and washed with 

dilute ammonium hydroxide and then filtered. The residue is the alkaloid, 

which was dried and weighed. By weight difference, the weight of alkaloid 

is determined and expressed as a percentage of the sample weight analyzed. 

Given by the formula  

 
 

 
 

 

3.4 Test Organism and Sources of Isolates 

The test organisms used were multidrug resistant species of Pseudomonas 

aeruginosa, Staphylococcus aureus, Proteus mirabilis, Streptococcus 

fecalis, Escherichia coli and Candida albicans .They were all clinical 

(obtained from stool, urine, wound and vaginal swabs) isolates obtained 

from the Department of Microbiology, Federal Medical Center, Owerri, Imo 

State. 
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3.5 Identification of the test organisms 

The biochemical screening and identification of the isolates were carried out 

according to microbiological guidelines and standards (Cheesbrough, 2000; 

Buchannan and Gibbons, 2000). 

 

3.6 Standardization of Inoculum 

The bacterial test organisms were sub-cultured onto a fresh plate of nutrient 

agar medium and incubated aerobically at 37°C for 24hrs. After incubation, 

a wireloop was used to transfer a little portion to a tube containing 5ml of 

nutrient broth. The broth culture was incubated and serially diluted until it 

achieved a turbidity matching McFarland standard 0.5 (1.5 x 108 CFU/ml) 

(Ulusyolu et al., 2001). 

 

3.7 Antimicrobial activity determination 

3.7.1 Assay for antibacterial activity 

Agar well diffusion was used in the antimicrobial activity tests. Mueller-

Hinton agar was used as the medium for bacteria and Potato Dextrose Agar 

for the Candida albicans. The bacterial and yeast suspensions were prepared 

equal to the turbulence McFarland standard and 0.1ml 0.5 (1.5 x 108 

CFU/ml) was uniformly seeded on freshly prepared surface dried Mueller 

Hinton agar and spread using a sterile spreader on the agar medium. One 

gram (1g) of each plant extract was reconstituted into 1ml of sterile distilled 

water and two-fold serial dilutions were performed to obtain dilutions of 

different concentrations (500mg/ml, 250mg/ml, 125mg/ml, 62.5mg/ml and 

31.25mg/ml). Wells were made on the Mueller Hinton agar using sterile 

cork borer of 6 mm diameter. Ranging aliquots of 0.1ml of reconstituted 

extracts were dropped in each labeled well ditch and then incubated at 37°C 
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for 24hrs. Tips were discarded such that each well has the test material in 

serially descending concentrations. Positive control (tetracycline 100mg/ml 

and Gentamycin 80mg/ml) and negative control (distilled water) were also 

set up. The plates were observed for zones of inhibition and measured in 

millimeter with a transparent meter rule after 24hrs incubation period at 

37°C (Ulusyoluer et al., 2001).  

 

3.7.2 Assay for antifungal activity: 

For Candida albicans, the antimicrobial assay was similar to that of the 

bacteria but incubation was done at 28°C for 72hrs on a PDA medium. 

Clotrimazole (30µg/ml) and distilled water were used as positive and 

negative control, respectively. Following incubation at 28°C for 72hrs, 

diameters of the zone of inhibition were measured in millimeter (Ulusyoluer 

et al., 2001). 

 

3.7.3 Determination of Minimum inhibitory Concentration (MIC) 

The estimation of MIC of the plant extracts were carried out using the 

method of Akinpelu and Kolawole (2004). Two milliliters (2ml) of nutrient 

broth was pipetted into several test tubes and sterilized by autoclaving at 

121°C for 20 minutes at a pressure of 15psi. One gram (1g) of each extract 

was added into 2m1 of the nutrient broth and diluted in two-fold to obtain 

different concentrations. The dose levels of 500mg/ml, 250mg/ml, 

125mg/ml, and 62.5mg/ml and 31.25mg/ml concentrations each of the 

extracts were used for MIC determination. One tenth milliliter (0.1ml) of 

standardized inoculum of overnight broth culture was inoculated into the 

dilutions and incubated at 37°C for 24hrs. The MIC was taken as the least 

concentration that inhibited the growth of the test organism using 

spectrophotometer at wavelength (λ) =340nm to measure turbidity for 
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bacterial isolates. Similar exercise was carried out for the Candida albicans 

culture and incubated at 28°C for 48hrs. After incubation, the absorbance of 

suspension was also determined using a spectrophotometer at wavelength 

(λ) = 340nm. The least concentration of the extract that did not permit any 

visible growth in the broth was taken as the MIC. 

 

3.7.4 Determination of Minimum Bactericidal and Fungicidal 

Concentration (MBC/MFC) 

The MBC and MFC of the plant extract were determined by the method of 

Spencer and Spencer (2004). To determine the MBC for each set of well in 

the MIC determination, a loopful of broth was collected from those plates, 

which did not show any visible sign of growth and streaked on sterile 

nutrient agar. The plates were then incubated at 37°C for 24 h. After 

incubation the concentration at which no visible growth was seen was noted 

as the minimum bactericidal concentration in mg/ml. The same procedure 

was adopted to determine the MFC. Potato Dextrose agar was used in place 

of nutrient agar. The plates were then incubated at 27°C for 48hr. After 

incubation the concentration at which no visible growth was seen was noted 

as the minimum fungicidal concentration in mg/ml. 

 

3.7.5 Statistical analysis:  

The data were expressed as mean ±S.D. Biochemical parameters were 

analyzed statistically using one way analysis of variance (ANOVA) 

followed by Tukey’s multiple comparison test for comparison with control 

group. P<0.05 was considered as significant. The data from the MIC and 

MBC experiment was used to produce linear curves so as to obtain linear 

equations that was used to obtain the IC50 and IC100 which are concentrations 
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of the plant extract that could inhibit 50% and 100% of the bacterial 

suspension (cland’s standard 0.5). 
 

3.8 Proximate analysis 

The moisture, crude protein, crude fat, total ash and crude fibre contents of 

the sample was determined using Standard methods of the Association of 

Official Analytical Chemists (AOAC, 2006). Moisture content was 

determined by heating 2.0g of each fresh sample to a constant weight in a 

crucible placed in an oven maintained at 1050C. The dry matter was used in 

the determination of the other parameters. Crude protein (% total nitrogen x 

6.25) was determined by the Kjeldahl method, using 2.0g samples; crude fat 

was obtained by exhaustively extracting 5.0g of each sample in a Soxhlet 

apparatus using petroleum ether (boiling point range 40-60°C) as the 

extractant. Ash was determined by the incineration of 10.0g samples placed 

in a muffle furnace maintained at 550°C for 5h. Crude fibre was obtained by 

digesting 2.0g of sample with H2SO4 and NaOH and incinerating the residue 

in a muffle furnace maintained at 550°C for 5h. Moisture content was 

determined by heating 2.0g of each sample to a constant weight in a crucible 

placed in an oven maintained at 105°C. Each analysis was carried out in 

duplicates. 
 

3.9 Determination of amino acid profile 

The amino acid profile in the known sample was determined using methods 

described by Benitez (1989). The sample was dried to constant weight, 

defatted, hydrolysed, evaporated in a rotary evaporator and loaded into the 

technicon sequential Multi-sample amino acid Analyser (TSM). 
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3.9.1 Defatting the sample 

The sample was defatted using chloroform methanol mixture of ratio 2:1. 

About 4g of the sample was put in extraction thimble and extracted for 15 

hours in the soxhlet extraction apparatus. (AOAC, 2006). 

 

3.9.2 Nitrogen determination 

A small amount, (200mg) of ground sample was weighed, wrapped in 

whatman filter paper (No. 1) and put in the Kjeldhal digestion flask. 

Concentrated sulfuric acid 10ml was added. Catalyst mixture (0.5g) 

containing sodium sulphate (Na2SO4), Copper sulphate (CuSO4) and 

selenium sulphate (SeO2) in the ratio of 10:5:1 was added into the flask to 

facilitate digestion. Four pieces of anti-bumping granules were added.  The 

flask was then put into the Kjeldhal digestion apparatus for 3 hours until the 

liquid turned light green. The digested sample was cooled and diluted with 

distilled water to 100ml in standard volumetric flask. Aliquot (100ml) of the 

diluted solution with 10ml of 45% sodium hydroxide was put into the 

Markham distillation apparatus and distilled into 10ml of 2% boric acid 

containing 4 drops of bromocresol green/methyl red indicator until about 

70ml of distillate was collected. The distillate was then treated with 

standardized 0.01N HCl to grey coloured. 

 
 

 
 

. 

(AOAC, 2006). 
 

 

3.9.3 Hydrolysis of the sample 
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A known weight of the defatted sample was weighed into glass ampoule. 

Seven millilitres of 6NHCl was added and Oxygen was expelled by passing 

nitrogen into the ampoule (this is to avoid possible oxidation of some amino 

acids during hydrolysis e.g. methionine and cystine). The glass ampoule was 

then sealed with Bunsen burner flame and put in an oven preset at 1050C ± 

50C for 22 hours. The ampoule was allowed to cool before broken open at 

the tip and the content was filtered to remove the humus. It should be noted 

that tryptophan is destroyed by 6NHCl during hydrolysis. The filtrate was 

then evaporated to dryness at 400C under vacuum in a rotary evaporator. 

The residue was dissolved with 5ml of acetate buffer (pH 2.0) and stored in 

plastic specimen bottles, which are kept in the freezer. (AOAC, 2006). 

 

3.9.4 Loading of the hydrolysate into TSM analyzer 

The amount loaded was between 5 and 10 microlitre. This was dispended 

into the cartridge of the analyzer. The TSM analyzer is designed to separate 

and analyze free acidic, neutral and basic amino acids of the hydrolysate. 

The period of an analysis lasted for 76 minutes. (AOAC, 2006). 

 

3.9.5 Method of calculating amino acid values from the chromatogram 

peak  

An integrator attached to the analyzer calculates the peak area proportion to 

the concentration of each of the amino acids. Alternatively, the net height of 

each peak produced by the chart recorder of TSM (each representing an 

amino acid) was measured. The half-height of the peak on the chart was 

found and width of the peak on the half height was accurately measured and 

recorded. Approximate area of each peak was then obtained by multiplying 

the height with the width at half height. 
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The Norleucine Equivalence (NE) for each amino acid in the standard 

mixture was calculated using the formula 

 

A constant Sstd was calculated for each amino acid in the standard mixture: 

 

Finally, the amount of each amino acid present in the sample was calculated in g/16gN 

or g/100g protein using the formula 

 

 

 

(AOAC, 2006). 
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CHAPTER FOUR 
RESULTS 

 
 

4.1 Colonial, microscopic, biochemical characteristics of test isolates 

The test isolates were subjected to preliminary identification to ascertain 

that they are pure cultures. Five isolates were bacterial isolates which 

included Pseudomonas aeruginosa, Staphylococcus aureus, Proteus 

mirabilis, Escherechia coli and Estreptococcus fecalis while Candida 

albicans was the only fungal isolate. These isolates were observed for their 

colonial characteristics, Gram morphology and motility. Table 4.1 shows 

the colonial and microscopic characteristics of test isolates using the criteria 

above. P. aeruginosa grew on nutrient agar producing greenish colonies 

which were moist and shiny. They were motile gram negative slender rods 

(predominantly singles but a few in short chains). Staphylococcus aureus 

appeared as gram positive non-motile cocci (in singles, pairs and tetrads). 

They appeared as smooth circular moist and shiny colonies on nutrient agar 

and mannitol salt agar. P. mirabilis appeared as non-motile gram negative 

small rods in singles and in short chains. It appeared on nutrient agar with a 

mucoid cream colonies swarming over the surface of the medium. E. coli 

was a motile small short slender gram negative rods that grew with a purple 

metallic sheen on Eosin methylene blue (EMB) agar. E. fecalis is a gram 

positive non-motile cocci. It appeared as a characteristic small smooth low 

convex moist and shiny cream colonies on nutrient agar. C. albicans is a 

non-motile fungi. It was identified as gram positive rods with form of tubes 

and budding. They also appeared dome shaped colonies on potato dextrose 

agar. Subsequently, the test isolates were characterized using biochemical 

tests as shown in the figure 4.2. 
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Table 4. 1  Colonial and microscopic characteristics of test isolates 

Colonial characteristics Microscopic characteristics Motility Identity of isolates 
Bluish green colonies, moist and 
slimy on nutrient agar 

Gram negative slender rods predominantly 
singles, few in short chains. 

+ Pseudomonas aeruginosa 

Smooth circular moist and shiny 
colonies on nutrient agar and 
mannitol salt agar 

Gram positive cocci in clusters, few in 
pairs and tetrads. 

- Staphylococcus aureus 

Mucoid cream colonies swarming 
out over the medium. 

Gram negative small rods in singles and in 
short chains. 

- Proteus mirabilis 

Small pink circular low convex 
colonies on MacConkey agar and 
purple metallic sheen on EMB agar 

Small short slender gram negative rods 
predominantly single, few in pairs. 

+ Escherichia coli 

Small smooth low convex moist 
and shiny cream colonies on 
nutrient agar. 

Gram positive cocci in long chains, few in 
pairs and tetrads. 

- Enterococcus fecalis 

Circular, dome shaped on potato 
dextrose agar. 

Large gram positive rods with form of 
tubes and budding.  

- Candida albicans 
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Table 4. 2  Biochemical and sugar characterization 

 
Cat Oxi Coa Ind Met Vog Cit Ure NO3 Glu Suc Lac Mal Man H2S Identity of isolates 
+ - + - - + - + + + + + + + - Staphylococcus aureus 
+ + - - + - + + + + - - - + + Pseudomonas aeruginosa 
+ - - + + - - - + + + + + + - Escherichia coli 
+ - - - + - - + + + + - - + + Proteus mirabilis 
- - - - + - + - - + + + - + - Staphylococcus aureus 
+ - - - Nd nd nd nd nd  + + + + nd Candida albicans 

 
Cat=catalase, Cit= Citrate, Coa=coagulase, Glu=glucose, H2S=Sulfide reduction, Ind=Indole, Lac= Lactose, 
Mal=Maltose, Man=Mannose, Met=Methyl Red, NO3=Nitrate reduction, Oxi=oxidase, Suc= Sucrose, Ure=Urease, 
Vog=Voges Proskeur. 
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4.2 Antimicrobial property of ethanolic root and seed extracts of 

Moringa oleifera. 

4.2.1 The antimicrobial activity of ethanolic extract of roots of Moringa 

oleifera against the test isolates 

 Figure 4.1 shows the antimicrobial activity of ethanolic extract of roots of 

M. oleifera against the test isolates. Gentamycin, tetracycline and nystatin 

served as positive control while water served as the negative control. The 

isolates were resistant extracts at concentrations ≤62.5mg/ml except in the 

moderate activity exhibited on P. mirabilis with a zone of inhibition of 

8mm. Moderate activity was observed at a concentration of 125mg/ml with 

a zone of inhibition of 8 mm on P. aeruginosa, Staph. aureus, P. mirabilis 

and E. coli. On the other hand, a higher activity was observed on 

Streptococcus fecalis and C. albicans with zones of inhibition of 10 mm and 

12 mm respectively. At concentrations ≥250mg/ml, the ethanolic root 

extract had the highest observed activity. Strep. fecalis was the most 

susceptible species at 500mg/ml with a diameter of zone of inhibition of 20 

mm while Staph. aureus was the least susceptible species at that 

concentration with a diameter of zone of inhibition of 14mm. At the same 

concentration (500mg/ml), P. mirabilis, C. albicans and E. coli were also 

susceptible with a diameter of zone of inhibition of 16 mm while it had a 

diameter of 18 mm on P. aeruginosa.  At a concentration of 500mg/ml, the 

plant extract had lower activity on bacterial isolates compared to the control 

(Gentamycin and Tetracycline) as seen in P. aeruginosa (22 mm and 

18mm), S. aureus (26 mm and 24mm), P. mirabilis (22 mm and 22mm), 

Streptococcus fecalis (20 mm and 22mm) and E. coli (14 mm and 20mm). 

However, these antibiotics had no activity on C. albicans. Nystatin, 

Moreover, had a high activity on C. albicans with a zone of inhibition of 24 

mm but had no activity on the bacterial isolates. The activity of the plant 
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extract increased with increase in concentration of the extract. The 

minimum Bactericidal concentration of the extract is shown in table 4.3a. 

The test isolates, P. aeruginosa, S. aureus, P. mirabilis, Streptococcus 

fecalis, E. coli and C. albicans had minimum bactericidal concentration 

(MBC) of 250mg/ml, 250mg/ml, 250mg/ml, 125mg/ml, 250mg/ml and 

125mg/ml respectively. 

 

4.2.2 The antimicrobial activity of ethanolic extracts of Moringa seeds 

tested against the selected test isolates 

 Figure 4.2 shows the antimicrobial activity of ethanolic extracts of Moringa 

seeds tested against the selected test isolates. As seen in the root extracts, 

the isolates were also resistant to the seed extracts at concentration ≤ 

62.5mg/ml. This resistance was also seen at a concentration of 125mg/ml 

except in Streptococcus fecalis where it produced an activity with a zone of 

inhibition of 10mm. At 250mg/ml, the isolates were considerably 

susceptible to the plant extracts except P. aeruginosa with moderate 

susceptibility with a zone of inhibition of 8mm. At that concentration, zones 

of inhibition of 10 mm was observed in S. aureus, P. mirabilis and E. coli 

while it had a zone of inhibition of 12 mm and 14 mm on Streptococcus 

fecalis and C. albicans respectively. As also observed in the root extracts, at 

a concentration of 500mg/ml, the plant extract had lower activity on the 

bacterial isolates compared to the control (Gentamycin and Tetracycline) as 

seen in P. aeruginosa (22 mm and 18mm), S. aureus (26 mm and 24mm), P. 

mirabilis (22 mm and 22mm), Streptococcus fecalis (20 mm and 22mm) 

and E. coli (14 mm and 20mm); these antibiotics had no activity on C. 

albicans. Nystatin, however, had a high activity on C. albicans with a zone 

of inhibition of 24 mm but had no activity on the bacterial isolates. At 

500mg/ml, S. aureus, P. mirabilis, Streptococcus fecalis and C. albicans 
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were the most susceptible isolate with a diameter of zone of inhibition of 16 

mm while the least susceptible was P. aeruginosa with a diameter of zone 

of inhibition of 12mm. E. coli had a zone of inhibition of 14 mm at that 

concentration. In figure 4.3a, the MBC of the ethanolic seed extracts is 

500mg/ml on P. aeruginosa while it was 250mg/ml on S. aureus, P. 

mirabilis, Streptococcus fecalis, E. coli and C. albicans. 

 

4.2.3 Comparison of activity of ethanolic root extract and ethanolic 

seed extract of Moringa. 

The ethanolic root extracts had a higher activity on some test isolates than 

the ethanolic seed extracts.  For instance, the diameter of zones of inhibition 

were 20 mm and 16 mm on Streptococcus fecalis, 16 mm and 14 mm on E. 

coli, 18 mm and 12 mm on P. aeruginosa for the ethanolic root extracts and 

ethanolic seed extracts respectively. The same activity were observed on 

some test isolates such as P. mirabilis (16mm) and C. albicans (16mm). 

However, the ethanolic seed extracts had a higher activity than the ethanolic 

root extract with a diameter of zone of inhibition of 14 mm and 16 mm on S. 

aureus. The MBC results (ethanolic root extracts and ethanolic seed 

extracts) per isolates are P. aeruginosa (250mg/ml and 500mg/ml), S. 

aureus (250mg/ml and 20mg/ml), P. mirabilis (250mg/ml and 250mg/ml) 

E. coli (250mg/ml and 250mn/ml), Streptococcus fecalis (125mg/ml and 

250mg/ml) and C. albicans (125mg/ml and 250mg/ml). 
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Figure 4. 1: Antimicrobial activity of ethanolic extracts of Moringa root against selected isolates 

Gen=Gentamycin; tet=Tetracyclin; Nys=Nystatin.  
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Figure 4. 2: Antimicrobial activity of ethanolic extracts of Moringa seeds against selected isolates 
Gen=Gentamycin; tet=Tetracyclin; Nys=Nystatin
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4.3 Antimicrobial property of methanolic root and seed extracts of 

Moringa oleifera. 

4.3.1 Antimicrobial property of methanolic root extracts of Moringa 

oleifera on selected test isolates. 

Figure 4.3 represents the antimicrobial activity of methanolic extracts of 

Moringa root against selected isolates. The isolates were resistant to the 

extract at a concentration of 31.25mg/ml. antimicrobial activity was 

observed in Streptococcus fecalis, P. mirabilis and C. albicans with 

diameter of zones of inhibitions of 10mm, 10 mm and 8 mm respectively at 

a concentration of 62.5mg/ml. other isolates were resistant to the activity at 

this concentration. The extract had highest activity on the test isolates at 

concentrations ≥125mg/ml. At 500 mg/ml concentration of extract, the 

highest activity was observed on Streptococcus fecalis and C. albicans with 

a diameter of zone of inhibition of 22 mm while the least activity was 

observed on other isolates with a diameter of zone of inhibition of 18mm. 

The extract had a lower activity on some isolates when compared to the 

control drugs. For instance,  the activity observed by gentamycin (22mm) 

and tetracycline(18mm) compared to the 500mg/ml of the extract (18mm) 

on P. aeruginosa, gentamycin (26mm) and tetracycline(24mm) compared to 

the 500mg/ml of the extract (18mm) on S. aureus, Nystatin (24mm) 

compared to 500mg/ml of the extract (22mm) . On the other hand, equal 

activity was observed by gentamycin (22mm) and tetracycline (22mm) 

compared to the 500mg/ml of the extract (22mm) on P. mirabilis. More so, 

the extract had a higher activity than one of the control drugs on E. coli with 

a diameter of zone of inhibition of 18 mm compared to the control 

(gentamycin) which have a diameter of zone of inhibition of 14mm; and 

Streptococcus fecalis with a diameter of zone of inhibition of 22 mm 

compared to gentamycin which have a diameter of zone of inhibition of 
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20mm. the MBC was observed to be 250mg/ml of the extract on P. 

aeruginosa and  Streptococcus fecalis as well as 125mg/ml on S. aureus, P. 

mirabilis and E. coli. 

4.3.2 Antimicrobial property of methanolic seed extracts of Moringa 

oleifera on selected test isolates 

Figure 4.4 represents the Antimicrobial property of methanolic seed extracts 

of M. oleifera on selected test isolates. At concentrations ≤62.5mg/ml, the 

isolates were resistant to the activity of the extract. At 500mg/ml the highest 

activity was observed on P. aeruginosa, S. aureus, Streptococcus fecalis, 

and C. albicans, all with a diameter of zone of inhibition of 16mm. on the 

other hand, the least activity was observed on P. mirabilis and E. coli with a 

diameter of zone of inhibition of 14mm. The control drugs had higher 

activity compared to the plant extract except in the case of 500mg/ml of the 

extract having equal activity with Gentamycin on E. coli with a diameter of 

zone of inhibition of 14mm. apart from P. aeruginosa, S. aureus and C. 

albicans which were moderately susceptible to the extract at 125mg/ml, 

other isolates were resistant at the same concentration. The MBC of 

methanolic seed extract of Moringa on P. aeruginosa Streptococcus fecalis 

E. coli and C. albicans is 250mg/ml while S. aureus and P. mirabilis  is 

500mg/ml. 

 

4.3.3 Comparison of activity of methanolic root extract and methanolic 

seed extract of Moringa oleifera. 

The ethanolic root extracts had higher activities on the test isolates than the 

ethanolic seed extracts.  At 500 mg/ml concentration of extract, the highest 

activity was observed on Streptococcus fecalis and C. albicans with a 

diameter of zone of inhibition of 22 mm compared to the 16 mm in the 

methanolic seed extract while the least activity was observed on other 
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isolates (P. aeruginosa, S. aureus, P. mirabilis and E. coli) with a diameter 

of zone of inhibition of 18 mm compared to the activity of the methanolic 

seed extract on P. aeruginosa(16mm), S. aureus(16mm), P. 

mirabilis(14mm) and E. coli(14mm). The MBC was observed to be 

250mg/ml of the extract on P. aeruginosa and Streptococcus fecalis as well 

as 125mg/ml on S. aureus, P. mirabilis and E. coli compared to the 

methanolic extract which had a MBC of 250mg/ml on P. aeruginosa 

Streptococcus fecalis E. coli and C. albicans as well as 500mg/ml on S. 

aureus and P. mirabilis. Based in the overall activity, the methanolic root 

extract had higher activity than the methanolic seed extracts of M. oleifera. 
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Figure 4. 3: Antimicrobial activity of methanolic extracts of Moringa root against selected isolates 
Gen=Gentamycin; tet=Tetracyclin; Nys=Nystatin 
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Figure 4. 4: Antimicrobial activity of methanolic extracts of Moringa seeds against selected isolates 
Gen=Gentamycin; tet=Tetracyclin; Nys=Nystatin 
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4.4 Antimicrobial property of hot water root and seed extracts of 

Moringa oleifera. 

4.4.1 Antimicrobial property of hot water root extracts of Moringa 

oleifera. 

Figure 4.5 represents the antimicrobial activity of hot water root extracts of 

M. oleifera. The results showed that the test isolates were resistant to 

31.25mg/ml of the extract. Moderate activity was observed in some isolates 

at concentration of 62.5mg/ml such as P. aeruginosa (8mm), S. aureus 

(8mm) and Streptococcus fecalis (8mm) while the remaining isolates were 

still resistant to the activity of the extract at that concentration.  Good 

antimicrobial activity was first observed at a concentration of 125mg/ml on 

all isolates except E. coli which was resistant to activity of the extract at that 

concentration. A moderate activity was first observed on E. coli at a 

concentration of 250mg/ml with a diameter of zone of inhibition of 8mm.the 

figure also showed that S. aureus was the most susceptible isolate at a 

concentration of 500mg/ml of the extract with a diameter of zone of 

inhibition of 20 mm while the least activity was observed on E. coli with a 

diameter of zone of inhibition of 14 mm at that concentration. The extract 

had an activity on the other isolates at that concentration with a diameter of 

zone of inhibition of 18 mm on P. aeruginosa and C. albicans and 16 mm 

on P. mirabilis and Streptococcus fecalis.  Compared to the control drugs, 

the extract had a lower activity on the isolates except on P. aeruginosa 

where the extract had the same activity with one of the control drug, 

tetracycline. The minimum bactericidal concentration of the extract was 

125mg/ml on P. aeruginosa, S. aureus, P. mirabilis, and Streptococcus 

fecalis while it was 500mg/ml for E. coli and 250mg/ml for C. albicans. 
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4.4.2 Antimicrobial property of hot water seed extracts of Moringa 

oleifera. 

Figure 4.6 represents the antimicrobial activity of hot water seed extracts of 

M. oleifera against the selected test isolates. The result showed that the 

isolates were resistant to the activity of the extracts at concentrations 

125mg/ml, 62.5mg/ml and 31.25mg/ml. At concentration of 250mg/ml, 

moderate activity was only observed on Streptococcus fecalis and C. 

albicans. At concentrations of 500mg/ml of the extract, the most susceptible 

isolates was observed to be S. aureus, P. mirabilis, Streptococcus fecalis 

and C. albicans. This susceptibility was demonstrated by having zones of 

inhibition of 12 mm at that concentration. On the other hand, the extract had 

a diameter of zone of inhibition of 10 mm on P. aeruginosa and E. coli and 

therefore, they represented the least susceptible isolates. The activity of the 

extract was generally low compared to the control drugs. The MBC of the 

extracts on the test isolates (P. aeruginosa, S. aureus, P. mirabilis, 

Streptococcus fecalis, E. coli and C. albicans) was observed to be 

500mg/ml. 

 

4.4.3 Comparison of activity of hot water root extract and hot water 

extract of Moringa oleifera. 

The least activity of the hot water root extracts on the test isolates still 

demonstrated higher activity than the highest activity of the seed extract at a 

concentration of 500mg/ml. This is clearly an indication that the root extract 

had higher activity than the seed extract. While the root extract had a MBC 

of 500mg/ml on all isolates, lower concentrations of the root extract was the 

MBCs except the MBC on E. coli which was also 500mg/ml. 
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Figure 4. 5: Antimicrobial activity of Hot water extracts of Moringa root against selected isolates  
Gen=Gentamycin; tet=Tetracyclin; Nys=Nystatin 
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Figure 4. 6: Antimicrobial activity of Hot water extracts of Moringa seeds against selected isolates  
Gen=Gentamycin; tet=Tetracyclin; Nys=Nystatin
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4.5 Antimicrobial property of cold water root and seed extracts of 

Moringa oleifera. 

4.5.1 Antimicrobial property of cold water root extracts of Moringa 

oleifera. 

Figure 4.7 represents the antimicrobial activity of cold water extracts of 

Moringa root against selected isolates. The results showed that the isolates 

were resistant to the activity of the extract at concentrations of 125mg/ml, 

62.5mg/ml and 31.25mg/ml except in the case of S. aureus which was the 

only activity of the extract observed at a concentration of 125mg/ml with a 

diameter of zone of inhibition of 8mm. activity was observed at 250mg/ml 

concentration of the extract only on P. aeruginosa (10mm), S. aureus 

(10mm) and C. albicans (8mm). These three isolates were the most 

susceptible isolates at 500mg/ml with a diameter of zone of inhibition of 14 

mm while the least activity was observed on Streptococcus fecalis and E. 

coli with a diameter of zone of inhibition of 8mm. at that concentration the 

extract had an activity on P. mirabilis with a diameter of zone of inhibition 

of 12mm. Compared to the control drugs, the extract had lower activity. The 

MBC of the extract was 250mg/ml on P. aeruginosa and S. aureus while it 

was observed to be 500mg/ml on P. mirabilis, Streptococcus fecalis and E. 

coli. 

 

4.5.2 Antimicrobial property of cold water root extracts of Moringa 

oleifera. 

Figure 4.8 represents the Antimicrobial activity of cold water extracts of 

Moringa seeds against the selected test isolates.   From the results, no 

activity was observed by the extracts at concentrations ≤ 250mg/ml. In other 

words, the isolates were resistant to concentrations of the extract at ≤ 

250mg/ml. However, activity was observed at a concentration of 500mg/ml.  
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At this concentration, the most susceptible isolate was C. albicans (12mm) 

followed by S. aureus (10mm). The least activity was observed on P. 

aeruginosa, P. mirabilis, Streptococcus fecalis and E. coli with a diameter 

of zone of inhibition of 8mm. compared with the control drugs, the extracts 

had lower activity on the test isolates. The MBC of the extract on the 

isolates was observed to be 500 mg/ml. 

 

4.5.3 Comparison of activity of cold water root extract and cold water 

seed extract of Moringa oleifera. 

The cold water seed extract had a lower activity on the test isolates than the 

cold water root extract. It was characterised by an activity only at a 

concentration of 500mg/ml compared to the root extract that had activity at 

250mg/ml. Also, compared to the root extract which had some MBC 

concentration at 250mg/ml, The MBC of seed extract was generally 

500mg/ml.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



52 
 

 

Figure 4. 7: Antimicrobial activity of cold water extracts of Moringa root against selected isolates  
Gen=Gentamycin; tet=Tetracyclin; Nys=Nystatin 
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Figure 4. 8: Antimicrobial activity of cold water extracts of Moringa seeds against selected isolates  
Gen=Gentamycin; tet=Tetracyclin; Nys=Nystatin



54 
 

4.6 Overall Antimicrobial activity and Potencies of extracts. 

Hot water root extract, methanolic root extract and ethanolic root extract 

had the highest activity on P. aeruginosa at a concentration of 500mg/ml 

with a diameter of zone of inhibition of 18mm. Hot water root extract had 

the highest activity on P. aeruginosa at every other concentration with a 

diameter of zone of inhibition of 16mm, 12mm, and 8 mm for 250mg/ml, 

125mg/ml and 62.5mg/ml respectively. 

 

The hot water root extract had the highest activity on S. aureus at all 

concentrations with diameter of zone of inhibition of 20mm(500mg/ml), 

16mm(250mg/ml), 12mm(125mg/ml) and 8mm(62.5mg/ml). The highest 

activity on P. mirabilis was observed in Methanolic root extract with a 

diameter of zone of inhibition of 22mm, 18mm, 14mm, and 10 mm for 

500mg/ml, 250mg/ml, 125mg/ml and 62.5mg/ml respectively. 

 

The Methanolic root extract also had the highest activity on Streptococcus 

fecalis and E. coli at all concentrations with diameter of zones of inhibition 

of 22mm(500mg/ml), 16mm(250mg/ml),14mm(125mg/ml) and 

10mm(62.5mg/ml) on Streptococcus fecalis and 18mm(500mg/ml), 12 mm 

(250mg/ml) and 8  mm (125mg/ml)  on E. coli respectively. 

 

The Methanolic root extract had the highest activity on C. albicans at a 

concentration of 500mg/ml with a diameter of zone of inhibition of 22 mm. 

At a concentration of 250mg/ml, the methanolic seed extract, the ethanolic 

seed extract and hot water extract had the highest activity with a diameter of 

zone of inhibition of 14mm. the ethanolic and Methanolic root extracts had 

the highest activity at 125mg/ml with a diameter of zone of inhibition of 12 
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mm a while the Methanolic root extract and ethanolic seed extract had the 

highest activity on C. albicans with a diameter of zone of inhibition of 8mm 

 

Considering all extracts and their activity on the selected test isolates, one 

could conclude that the methanolic root extract had higher activity than 

most other extract with its highest and overall highest activity on P. 

mirabilis with a diameter of zone of inhibition of 22mm, 18mm, 14mm, and 

10 mm for 500mg/ml, 250mg/ml, 125mg/ml and 62.5mg/ml respectively. 

More so, the root extracts performed higher than the seed extracts. The 

overall least activity was generally observed in the cold water seed extract 

and therefore has the least antimicrobial activity on the test isolates. All the 

extracts recorded no activity at 31.25mg/ml. 
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Table 4.3 a Minimum bactericidal concentration of plant extracts 

Extracts Plant materials Isolates Concentration of 
plant extracts 

E
th

an
ol

 

Moringa root 
extracts  

Pseudomonas aeruginosa 250 
Staphylococcus aureus 250 
Proteus mirabilis 250 
Streptococcus fecalis 125 
Escherichia coli 250 
Candida albicans 125 

Moringa seed 
extracts 

Pseudomonas aeruginosa 500 
Staphylococcus aureus 250 
Proteus mirabilis 250 
Streptococcus fecalis 250 
Escherichia coli 250 
Candida albicans 250 

M
et

ha
no

l  

Moringa root 
extracts  

Pseudomonas aeruginosa 250 
Staphylococcus aureus 125 
Proteus mirabilis 125 
Streptococcus fecalis 250 
Escherichia coli 125 
Candida albicans 250 

Moringa seed 
extracts 

Pseudomonas aeruginosa 250 
Staphylococcus aureus 500 
Proteus mirabilis 500 
Streptococcus fecalis 250 
Escherichia coli 250 
Candida albicans 250 
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Table 4.3 b Minimum bactericidal concentration of plant extracts 

Extracts Plant materials Isolates Concentration 
of plant extracts 

H
ot

 w
at

er
 

Moringa root 
extracts  

Pseudomonas aeruginosa 125 
Staphylococcus aureus 125 
Proteus mirabilis 125 
Streptococcus fecalis 125 
Escherichia coli 500 
Candida albicans 250 

Moringa seed 
extracts 

Pseudomonas aeruginosa 500 
Staphylococcus aureus 500 
Proteus mirabilis 500 
Streptococcus fecalis 500 
Escherichia coli 500 
Candida albicans 500 

C
ol

d 
w

at
er

 

Moringa root 
extracts  

Pseudomonas aeruginosa 250 
Staphylococcus aureus 250 
Proteus mirabilis 500 
Streptococcus fecalis 500 
Escherichia coli 500 
Candida albicans 500 

Moringa seed 
extracts 

Pseudomonas aeruginosa 500 
Staphylococcus aureus 500 
Proteus mirabilis 500 
Streptococcus fecalis 500 
Escherichia coli 500 
Candida albicans 500 
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4.7 The amino acid composition of root and seeds of Moringa oleifera  

Figure 4.9 represents the amino acid analysis of the roots and seeds of M. 

oleifera. amino acid Concentrations are expressed in g/100g protein. amino 

acid analysis of the roots showed the presence of Lysine (3.48), Histidine 

(1.7), Arginine (1.81), Aspartic acid (6.02), Threonine (3.84), Serine (3.58), 

Glutamic acid (13.18), Glycine (4.61), Alanine (3.34), Cystine (2.51), 

Valine (3.04), Methionine (0.63), Isoleucine (1.9), Leucine (5.08), Tyrosine 

(2.38) and Phenylalanine (3.88) while the analysis of the seeds showed the 

presence of Lysine (3.24), Histidine (2.08), Arginine (8.55), Aspartic acid 

(7.66), Threonine (3.2), Serine (4.21), Glutamic acid (15), Glycine (5.19), 

Alanine (3.27),  Cystine (2.12), Valine (3.07), Methionine (1.07), Isoleucine 

(4.28), Leucine (5.54), Tyrosine(2.54) and Phenylalanine (4.56). From the 

results, the root extract only composed of Lysine, threonine, and alanine in 

quantities more than the seed extract. With these exceptions, the seed extract 

had more amino acids than the root extract. 
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Figure 4. 9: amino acid analysis of the root and seeds of Moringa oliefera 
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4.8 Proximate composition of roots and seeds of Moringa oleifera. 

Figure 4.10 and figure 4.11 represents the proximate composition of roots 
and seeds of M. oleifera. The proximate analysis of Moringa root showed 
14% crude protein, 2% fat, 5% ash, 23% crude fibre, 7% moisture, and 49% 
Nitrogen Free Extract (NFE) while the seeds comprises 47% crude protein, 
34% fat, 3% ash, 5% crude fibre, 7% moisture, and 2% Nitrogen Free 
Extract (NFE). 
 

 

Figure 4. 10: Percentage proximate composition of moringa seeds (dry 
matter) 
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Figure 4. 11: Percentage proximate composition of moringa seeds (dry 
matter) 
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4.9 Phytochemical analysis of the roots and seeds of Moringa oleifera. 
4.9.1 Qualitative phytochemical analysis 

Preliminary phytochemical analysis of the plant carbohydrate, tanins, 

saponins, cardiac glycosides, alkaloids and phytic acid while flavonoids, 

anthraquinone and steroids appeared negative. 

 

Table 4. 3  Preliminary phytochemical analysis of Moringa oleifera 

Phytochemicals Results 
 seed root 
carbohydrate + + 
Tanins  +++ ++ 
Saponins  + + 
Flavonoids - - 
Cardiac glycosides  + + 
Oxalate + + 
Alkaloids  ++ + 
Anthraquinone - - 
Steroids - - 
Phytic acid + ++ 

 
Key:  + available 

++ Very available 
+++ Readily available 

- Absent  

 

4.9.2 Quantitative phytochemical analysis  

The phytochemicals in the phytochemical qualitative analysis that ++ were 

assayed for quantitative analysis. The quantitative phytochemical analysis 

showed the presence of 0.57% and 1.17% oxalates, 4.02% and 2.66% phytic 

acid, 1.92% and 3.99% alkaloid, 65.47mg/100g and 109.12mg/100g tanins 

for the roots and seeds respectively. 
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Table 4. 4 Anti-nutritional factors of Moringa seeds and roots 

SAMPLE OXALATE 
(%) 

PHYTIC 
ACID (%) 

ALKALOID 
(%) 

TANNIN 
(mg/100g) 

MORINGA 
ROOT 

0.59 4.12 1.83 68.59 

0.55 3.91 2 62.35 

average 0.57 4.015 1.915 65.47 

MORINGA 
SEED 

1.18 2.68 4.2 112.23 

1.16 2.63 3.78 106 

average 1.17 2.655 3.99 109.12 

 

4.10 IC50 and IC100 of extracts of Moringa oliefera 

The dilution susceptibility testing results were linearized to produce 

equations which were used to compute the IC50 and IC100 of the extracts of 

M. oleifera. Table 4.6a and 4.6b represent the computed results showing the 

linear equations, corresponding R2 values and the values of IC50 and IC100. 

 
 
 
 



64 
 

Table 4.6 a: IC10, IC50 and IC100 of ethanolic and methanolic extracts of Moringa oliefera 

Extracts Plant materials Isolates Linear equation R2 IC50, IC100 

E
T

H
A

N
O

L
IC

 

Moringa root extracts  Pseudomonas aeruginosa y = 0.1125x + 10.795 0.9827 348.49, 792.93 
Staphylococcus aureus y = 0.096x + 1.8637 0.9882 501.42, 1022.25 
Proteus mirabilis y = 0.0475x + 47.257 0.9527 57.75, 110.379 
Streptococcus fecalis y = 0.1271x + 26.32 0.9054 186.31, 579.70 
Escherichia coli y = 0.0712x + 33.338 0.9435 234.02, 936.26 
Candida albicans y = 0.0978x + 18.679 0.9897 320.26, 831.50 

Moringa seed extracts Pseudomonas aeruginosa y = 0.0687x + 9.2007 0.986 593.88, 1321.68 
Staphylococcus aureus y = 0.0573x + 18.616 0.98 547.71, 1420.31 
Proteus mirabilis y = 0.0746x + 28.615 0.9412 286.66, 956.90 
Streptococcus fecalis y = 0.0153x + 46.971 0.9712 197.97, 3465.95 
Escherichia coli y = 0.0697x + 26.911 0.968 331.26, 1048.62 
Candida albicans y = 0.0084x + 50.746 0.8253 -8.88, 586.36 

M
E

T
H

A
N

O
L

IC
 

Moringa root extracts  Pseudomonas aeruginosa y = 0.1276x + 19.508 0.9629 238.97, 630.82 
Staphylococcus aureus y = 0.1016x + 20.567 0.958 289.69, 781.82 
Proteus mirabilis y = 0.0636x + 49.588 0.9888 6.468, 791.40 
Streptococcus fecalis y = 0.0637x + 39.809 0.981 159.98, 944.91 
Escherichia coli y = 0.0772x + 23.75 0.942 340.03, 987.69 
Candida albicans y = 0.0626x + 49.971 0.9734 0.46,  799.19 

Moringa seed extracts Pseudomonas aeruginosa y = 0.075x + 43.419 0.9563 87.75, 754.41 
Staphylococcus aureus y = 0.0467x + 43.436 0.9591 140.56, 1211.22 
Proteus mirabilis y = 0.0968x + 6.9904 0.9853 444.31, 960.84 
Streptococcus fecalis y = 0.0713x + 23.485 0.9568 371.88, 1073.14 
Escherichia coli y = 0.07x + 11.534 0.9624 549.51, 1263.8 
Candida albicans y = 0.0765x + 41.992 0.924 104.68, 758.27 
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Table 4.6 b: IC10, IC50 and IC100 of hot and cold water extracts of Moringa oliefera 

Extracts Plant materials Isolates Linear equation R2 IC50, IC100 

H
ot

 w
at

er
 

Moringa root extracts  Pseudomonas aeruginosa y = 0.0907x + 31.525 0.9369 203.69, 754.96  
Staphylococcus aureus y = 0.0387x + 48.116 0.9424 45.18,  1244.22 
Proteus mirabilis y = 0.0417x + 51.599 0.9163 -38.35, 1160.70 
Streptococcus fecalis y = 0.0102x + 56.342 0.9729 -62.18, 428.02 
Escherichia coli y = 0.0785x + 18.978 0.9188 395.18, 1032.13  
Candida albicans y = 0.0714x + 37.196 0.9017 179.33, 879.61 

Moringa seed extracts Pseudomonas aeruginosa y = 0.0692x + 16.681 0.9461 481.49, 1204.03  
Staphylococcus aureus y = 0.0593x + 21.865 0.9267 474.45, 1317.62  
Proteus mirabilis y = 0.053x + 43.653 0.9938 119.75, 1063.15  
Streptococcus fecalis y = 0.0703x + 26.48 0.9771 334.57, 1045.80  
Escherichia coli y = 0.0533x + 19.773 0.9926 567.11, 1505.20 
Candida albicans y = 0.0194x + 56.177 0.9249 -313.55, 2224.52 

C
ol

d 
w

at
er

 

Moringa root extracts  Pseudomonas aeruginosa y = 0.0606x + 28.761 0.9537 350.48, 1175.56 
Staphylococcus aureus y = 0.09x + 23.733 0.9674 291.86, 847.41  
Proteus mirabilis y = 0.0341x + 38.269 0.9766 344.02, 1810.29  
Streptococcus fecalis y = 0.0366x + 29.673 0.9455 555.38, 1921.50  
Escherichia coli y = 0.0488x + 23.514 0.9465 542.75, 1567.34 
Candida albicans y = 0.1223x + 8.0792 0.9876 342.77,  751.60 

Moringa seed extracts Pseudomonas aeruginosa y = 0.041x + 36.112 0.9935 338.73, 1558.24  
Staphylococcus aureus y = 0.0788x + 22.376 0.9872 350.56, 985.08 
Proteus mirabilis y = 0.0617x + 24.598 0.9831 411.70, 1222.07 
Streptococcus fecalis y = 0.0542x + 0.8202 0.9931 769.64, 1552.11 
Escherichia coli y = 0.0639x + 21.265 0.9811 449.69,  1232.16 
Candida albicans y = 0.0517x + 35.538 0.9814 279.73, 1246.85 
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CHAPTER FIVE 

DISCUSSION AND CONCLUSION 

5.1 DISCUSSION 

The phytochemical residues in plants are responsible for most of its 

bioactivity (Okorondu et al., 2015). In this regard, the phytochemicals of the 

plant were analysed which showed the presence of 0.57% and 1.17% 

oxalates, 4.02% and 2.66% phytic acid, 1.92% and 3.99% alkaloid, 

65.47mg/100g and 109.12mg/100g tanins were observed for the roots and 

seeds respectively. Nweze and Nwafor (2014), had reported that aqueous 

extracts had higher anthraquinone (11.68 ± 0.04), alkaloid (3.07 ± 0.00), 

steroids (3.21 ± 0.00), terpenoids (4.84 ± 0.05), cardiac glycoside (0.36 ± 

0.03), tannins (9.36 ± 0.04) and carotenoids (1.16 ± 0.05); while ethanolic 

extract had higher flavonoid (3.56 ± 0.03) and saponins (1.46 ± 0.03). These 

results also confirm that the plant contains useful phytochemicals that can 

be explored for phytomedicine (Okorondu et al., 2015). These antimicrobial 

phytochemicals (especially, alkaloids, tannins, anthraquinone and 

anthocyanin) act by binding with the cell walls and inactivate the enzymes 

(Tiwari et al., 2011). Leaves, seeds and roots of M. oleifera are rich in 

tannins. This explains why it is used in the treatment of urinary tract 

infection, diarrhoea, healing of wounds and dysentery (Fahey, 2005; 

Akaneme, 2008).   

 

It has been reported that climatic factors and stages of maturity could cause 

variations in distribution of these phytochemicals in leaves of M. oleifera 

(Bamishaiye et al., 2011) as well as the choice of solvent as different 

solvents have different extraction capabilities and spectrum of solubility for 

phytoconstituents (Handa et. al., 2008). Therefore, the choice of the solvent 

of extraction, the time of harvest of plant material and climatic factors need 
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to be explored so as to confirm the best period of plant harvest for 

phytomedicine. 

 

The proximate analysis of Moringa root showed 14% crude protein, 2% fat, 

5% ash, 23% crude fibre, 7% moisture, and 49% Nitrogen Free Extract 

(NFE) while the seeds comprise 47% crude protein, 34% fat, 3% ash, 5% 

crude fibre, 7% moisture, and 2% Nitrogen Free Extract (NFE). Also, 

Nweze and Nwafor (2014), had reported that proximate analysis of the root 

of the plant having carbohydrate (57.01%), protein (18.92%), fats (2.74%), 

fibre (9.31%), moisture (4.09%) and ash (7.95%). This result corresponds 

with the result from the present research since the proximate analysis is 

affected by the stage of maturity of the plant just like the 

phytochemicals(Bamishaiye et al., 2011). 

 

Amino acids have been reported in the leaves, pods and seeds (Foild et al., 

2001; Ogbe and Afikku, 2011; Oluduro, 2012) of M. oleifera. The amino 

acid concentrations are expressed in g/100g protein. In the present research, 

amino acid analysis of the roots showed the presence of lysine (3.48), 

histidine (1.7), arginine (1.81), aspartic acid (6.02), threonine (3.84), serine 

(3.58), glutamic acid (13.18), glycine (4.61), alanine (3.34), cystine (2.51), 

valine (3.04), methionine (0.63), isoleucine (1.9), leucine (5.08), tyrosine 

(2.38) and phenylalanine (3.88) while the analysis of the seeds showed the 

presence of lysine (3.24), histidine (2.08), arginine (8.55), aspartic acid 

(7.66), threonine (3.2), serine (4.21), glutamic acid (15), glycine (5.19), 

alanine (3.27),  cystine (2.12), valine (3.07), methionine (1.07), isoleucine 

(4.28), leucine (5.54), tyrosine (2.54) and phenylalanine (4.56). The 

composition of the amino acids in the Plant is well balanced (Foild et al., 

2001; Ogbe and Afikku, 2011). The leaves and pods have been reported to 
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be helpful in increasing breast milk in nursing mothers during breast feeding 

due to the its rich composition of amino acids (Oluduro, 2012). 

 

The antimicrobial activity of the plant was well demonstrated in the results. 

Hot water root extract, methanolic root extract and ethanolic root extract 

had the highest activity on Pseudomonas aeruginosa at a concentration of 

500mg/ml with a diameter of zone of inhibition of 18mm. Hot water root 

extract had the highest activity on Pseudomonas aeruginosa at every other 

concentration with a diameter of zone of inhibition of 16mm, 12mm, and 8 

mm for 250mg/ml, 125mg/ml and 62.5mg/ml respectively. The hot water 

root extract had the highest activity on Staphylococcus aureus at all 

concentrations with diameter of zone of inhibition of 20mm(500mg/ml), 

16mm(250mg/ml), 12mm(125mg/ml) and 8mm(62.5mg/ml). The highest 

activity on Proteus mirabilis was observed in Methanolic root extract with a 

diameter of zone of inhibition of 22mm, 18mm, 14mm, and 10 mm for 

500mg/ml, 250mg/ml, 125mg/ml and 62.5mg/ml respectively. The 

Methanolic root extract also had the highest activity on Streptococcus 

fecalis and Escherichia coli at all concentrations with diameter of zones of 

inhibition of 22mm(500mg/ml), 16mm(250mg/ml),14mm(125mg/ml) and 

10mm(62.5mg/ml) on Streptococcus fecalis and 18mm(500mg/ml), 12 mm 

(250mg/ml) and 8  mm (125mg/ml)  on Escherichia coli respectively. The 

methanolic root extract had the highest activity on C. albicans at a 

concentration of 500mg/ml with a diameter of zone of inhibition of 22 mm. 

At a concentration of 250mg/ml, the methanolic seed extract, the ethanolic 

seed extract and hot water extract had the highest activity with a diameter of 

zone of inhibition of 14mm. the ethanolic and Methanolic root extracts had 

the highest activity at 125mg/ml with a diameter of zone of inhibition of 12 

mm a while the methanolic root extract and ethanolic seed extract had the 

highest activity on C. albicans with a diameter of zone of inhibition of 8 
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mm Considering all extracts and their activity on the selected test isolates, 

one could conclude that the methanolic root extract had higher activity than 

most other extract with its best and overall highest activity on Proteus 

mirabilis with a diameter of zone of inhibition of 22mm, 18mm, 14mm, and 

10 mm for 500mg/ml, 250mg/ml, 125mg/ml and 62.5mg/ml respectively. 

More so, the root extracts performed higher than the seed extracts. The 

overall least activity was generally observed in the cold water seed extract 

and therefore has the least antimicrobial activity on the test isolates. All the 

extracts recorded no activity at 31.25mg/ml. The results agrees with the 

findings of Napolean et al., (2009),  Mashiar et al, (2009),  Vikash et al., 

(2012) and  Mohammed et al., (2012).  

 

Oluduro et al, (2011) used methanolic and aqueous extracts of the Moringa 

seeds and found appreciable inhibitory effect against bacterial isolates from 

wound infections, including Escherichia coli. They reported that the extracts 

had broad spectrum of activity. Khesorn (2006) had also found that 

methanolic and purified dichloromethane extracts of the seeds had 

antibacterial action against both Gram positive and Gram negative 

organisms. Jabeen et al, (2008) reported that the seed extracts of Moringa 

were more effective against Pasteurella multocida and Bacillus subtilis than 

against Escherichia coli.  

 

The antibiotic nature of moringa seeds is attributed to the oil contained in it, 

which on consumption forms a thin film over the intestinal wall, thus 

reducing or preventing pathogens from penetrating the intestinal walls 

(Nwosu and Okafor, 1995). Other studies have also shown that the 

antibacterial activity of M. oleifera seeds is linked with a gum produced in 

the seed (Fuglie, 1999; Harristoy et al., 2005).  
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Although, the leaves of the plant were not evaluated for their antimicrobial 

activity in the present research, previous research reported that cold water 

extract of fresh leaves displayed antibacterial effect against Shigella shinga, 

Pseudomonas aeruginosa, Shigella sonnei, Pseudomonas spp, S. aureus, 

Bacillus cereus, S.-β-hemolytica, Bacillus subtilis, Shigella lutea, and 

Bacillus megaterium with their individual diameter zones of inhibition 

recorded 7.75±0.56, 15.00±034, 13.45±0.04, 27.5±0.21 and 12.0±0.12, 

8.00±0.42, 10.75±0.24, 17.25±0.14, 8.50±0.09, 14.75±0.04 mm, 

respectively. However, they reported that hot water extract of fresh leaves 

and cold and hot water extracts of dried leaves did not show any inhibitory 

action against the tested bacteria. Also, Ethanol extract of fresh leaves also 

showed the extensive antibacterial effect against all the tested Gram-

negative bacteria (S. shinga, P. aeruginosa, S. sonnei, Pseudomonas 

aeroginosa.) and some Gram-positive bacteria (B. cereus, B. subtilis, S. 

lutea, B. megaterium) and their respective diameter zones of inhibition were 

17.5±0.34, 21.21±0.05, 21.50±0.08, 21.25±0.1.3 and 16.25±0.04, 

20.23±0.56, 19.50±0.21, 20.50±0.04 mm, respectively. More so, no 

inhibitory effect of ethanol extracts of dried leaves was noticed. 

 

Other extracts have been explored on the plant. Chloroform (Devendra et 

al., 2011) has been reported to have activity against Pseudomonas 

aeruginosa (9.5±0.5mm), Escherichia coli (8.8±1.0 mm), S. aureus (6.2±0.7 

mm), Streptococcus pyogenes (7.0±0.5mm), Aspergillus niger (7.3±0.5 mm) 

and C. albicans (6.2±0.5 mm). Napoleon et al. (2009) also reported 

Enterobacter spp, S. aureus, Pseudomonas aeruginosa, Salmonella typhi 

and Escherichia coli to be sensitive to ethanol, chloroform and aqueous 

extract of M. oleifera leaf at concentration of 200 mg/1. 
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Although the methanolic extract seems to have good antimicrobial activity, 

its use in phytomedicine is discouraged due to methanol toxicity (Keith et 

al., 1975). 

 

5.2 CONCLUSION 

The plant has been proven to be a good choice in phytomedicine. It has 

several advantages which span from possessing useful phytochemicals that 

confer antimicrobial activity but also contains amino acids and a good 

dietary proximate composition. Although the methanolic extract 

demonstrated high activity on the test isolates, hot water extract and 

ethanolic extracts should be preferred due to methanol toxicity to primates. 

With hot water, the roots could serve as a good source of medicinal tea. The 

seeds have also been shown to contain oils which confer antibacterial 

activity. 

 



72 
 

 



73 
 

REFERENCES 

 

Akaneme, F.I. (2008). Identification and preliminary phytochemical 

analysis of herbs that can arrest threatened miscarriage in Orba and 

Nsukka towns of Enugu State, AFR J BIOTECHNOL, 7(1): 006-011. 

Akinpelu DA, Kolawole DO (2004). Phytochemical and antimicrobial 

activity of leaf extract of Piliostigma thonningii (Schum.). Sci. Focus 

J. 7:64-70. 

Ali, G.H., El-Taweel, G.E. and Ali, M.A (2004). The cytotoxicity and 

antimicrobial efficiency of Moringa oleifera seeds extracts. Int. J. 

Environ. Stud. 61:699-708. 

Anwar, F. and Bhanger, M.I. (2003). Analytical characterization of Moringa 

oleifera seed oil grown in temperate regions of Pakistan. J. Agric. 

Food Chem. 51:6558-6563. 

Anwar, F., Ashraf, M. and Bhanger, M.I. (2005). Interprovenance variation 

in the composition of Moringa oleifera oilseeds from Pakistan. J. Am. 

Oil Chem. Soc. 82:45-51. 

AOAC, (2010). Official Methods of Analysis. Association of Official 

Analytical Chemists, 15th Edn. Washington D.C., USA. 184pp 

AOAC.(1980).Official Method of Analysis 13th ed. Washington D.C., 

Association of Official Analytical Chemists. 

Ayton, M.(1985) Wound care: wounds that won't heal. Nurs Times. 

81(16):46-50.   

Baker, B.S.(2006) The role of microorganisms in wound. Clin Exp 

Immunol. 144 (1): 1-9.  

Bamishaiye, E.I., Olayemi, F.F., Awagu, E.F and Bamishaiye, O.M.(2011) 

Proximate and phytochemical composition of Moringa oleifera leaves 

at three stages of maturation, Adv J Food Sci Technol 3(4): 233-237. 



74 
 

Benitez LV (1989). Amino Acid and fatty acid profiles in aquaculture 

nutrition studies. pp. 23- 35. In S.S. De Silva (ed.) Fish Nutrition 

Research in Asia. Proceedings, of the Third Asian Fish Nutrition 

Network Meeting. Asian fish. Society Special Publication. 4:166. 

Asian Fisheries Society, Manila Philippines 

Bennett RN, Mellon FA, Foidl N 2003 Profiling glucosinolates and 

phenolics in vegetative and reproductive tissues of the multi-purpose 

trees Moringa oleifera L. (Horseradish tree) and Moringa stenopetala 

L. J Agric Food Chem 51: 3546–3553. 

Bhattacharya, S.B., Das, A.K. and Banerji, N. (1982). Chemical 

investigations on the gum exudate from sajna (Moringa oleifera). 

Carbohydr. Res. 102:253-262. 

Buchanan, R.C. and Gibbons. (2000). Bergey’s Manual of Determinative 

Bacteriology. 8th Edition. Williams and Wilkins, Baltimore, Pp 1246. 

Calvin, M. (1998) Cutaneous wound repair. J Invest Dermatol. 10 (1):12-32.   

Cheesbrough, M. (2000). Microbiological test: District Laboratory Practice 

in Tropical Countries. In: Cremer, A. and Evan, G. (eds). Cambridge 

University Press, UK. Pp: 1-226. 

Chitravadivu C, Manian S, Kalachelvi K, (2009) Qualitative analysis of 

Selected Medicinal Plants, Tamilnadu, India. Middle East J. Sci. Res., 

4: 144-146. 

Chuang, P.H., Lee, C.W., Chou, C.Y., Murugan, M., Shieh, B.J., Chen, 

H.M. (2007). Anti-fungal activity of crude extracts and essential oil 

of Moringa oleifera Lam. Bioresour. Technol. 98:232-236. 

Ciulei I, (1964) Practical Manuals on the Industrial Utilization of Medicinal 

and Aromatic plants, University of Bucharest, Romania. 

Cogen, A.L., Nizet, V., Gallo, R.L.(2008) Skin microbiota: a source of 

disease or defence. Br J Dermatol. 158 (3): 442-55.   



75 
 

Collier, M.(2003) Understanding wound inflammation. Nurs Times. 99 (25); 

2003: 63-64.   

Devendra, B.N., Srinivas, N., Prasad, V.S., Talluri, S.L and Swarna-latha P. 

(2011) Antimicrobial activity of Moringa oleifera lam., leaf extract, 

against selected bacterial and fungal strains. Int.J.Pharm. Biol.Sci. 

2(3):13-18 

Diatta, S. (2001) Supplementation for pregnant and breast-feeding women 

with Moringa oleifera powder. In: Developmental potential for 

Moringa products. Workshop proceedings. October 29–November 2, 

2001, Dar Es Salaam, Tanzania. 

D'Souza, J. and Kulkarni, A.R. (1993). Comparative studies on nutritive 

values of tender foliage of seedlings and mature plants of Moringa 

oleifera Lam. J. Econ. Taxon Bot. 17:479-485. 

Duke, J. A. (1983). Handbook of energy crops (Moringa oleifera). Center 

for New Crops and Plant Products, Purdue University, Indiana, US. 

Duke, J.A. 1983. Ricinus communis L. Handbook of Energy Crops 1-6. (on 

line) 

http://www.hort.purdue.edu/newcrop/duke_energy/Ricinus_communi

s.html. (March 3, 2006). 

Eilert, U., Wolters, B. and Nahrstedt, A. (1981). The antibiotic principle of 

seeds of Moringa oleifera and Moringa stenopetala. Planta Med. 

42:55-61.  

El-Mahmood Muhammad. Efficacy of crude extracts of garlic (Allium 

sativum Linn.) against nosocomial Escherichia coli, Staphylococcus 

aureus, Streptococcus pneumoniea and Pseudomonas aeruginosa. 

J.Med. Plant Res. 2009; Vol. 3(4), pp. 179-185 

Eman, N. A. (2014) Moringa oleifera leaves: Possible uses as 

environmentally friendly material: A review. Int. J.Chem. Environ. 

Biol. Sci (IJCEBS), 2(2): 141-145 



76 
 

Fahey, J.W.(2005) Moringa oleifera: A review of the medical evidence for 

its nutritional, therapeutic and prophylactic properties, Trees Life 

Journal, 15(1): 1-15. 

Fahey, J.W., Zalcmann, A.T. and Talalay, P., (2001) The chemical diversity 

and distribution of glucosinolates and isothiocyanates among plants. 

Phytochemistry 56(1): 5-51.  

Faizi S, Siddiqui B, Saleem R, Saddiqui S, Aftab K. 1994a. Isolation and 

structure elucidation of new nitrile and mustard oil glycosides from 

Moringa oleifera and their effect on blood pressure. J Nat Prod 57: 

1256–1261. 

Faizi S, Siddiqui B, Saleem R, Siddiqui S, Aftab K, Gilani A. 1994b. Novel 

hypotensive agents, niazimin A, niazimin B, niazicin A and niazicin 

B from Moringa oleifera; Isolation of first naturally occurring 

carbamates. J Chem Soc Perkin Trans I: 3035–3640. 

Faizi, S., Siddiqui, B., Saleem, R., Saddiqui, S. and Aftab, K(1994). 

Isolation and structure elucidation of new nitrile and mustard oil 

glycosides from Moringa oleifera and their effect on blood pressure. 

J Nat Prod. 57: 1256-1261. 

Faizi, S., Siddiqui, B.S., Saleem, R., Aftab, K., Shaheen, F. and Gilani, 

A.H.(1998). Hypotensive constituents from the pods of Moringa 

oleifera. Planta Med. 64:225-228. 

Falanga, V., Grinnell, F., Gilchrest, B., Maddox, Y.T. and Moshell, A 

(1994). Workshop on the pathogenesis of chronic wounds. J Invest 

Dermatol. 102 (1): 125-27.  

Foidl N., Makkar H.P.S. and Becker K. (2001) The potential of Moringa 

oleifera for agricultural and industrial uses, in Lowell (Ed.), The 

Miracle Tree, (CTA, USA. Pp 10-30. 



77 
 

Foidl, N., Makkar, H.P.S. and Becker, K. (2001). The potential of Moringa 

oleifera for agricultural and industrial uses, in Lowell (Ed.), The 

Miracle Tree, (CTA, USA) Pp 10-30. 

Fozia, F., Meenu, R., Avinash, T., Abdul, A. K. and Shaila, F. (2012). 

Medicinal properties of Moringa oleifera: An overview of promising 

healer. Journal of Medicinal Plants Research. 6(27): 4368-4374. 

Fuglie, L.J. (1999) The Miracle Tree: Moringa oleifera: Natural nutrition 

for the Tropics.   Church World Service, Dakar. 68 pp.; revised in 

2001 and published as The Miracle Tree: The Multiple Attributes of 

Moringa, 172 pp. 

Global Facilitation Unit, (GFU, 2008). Standardisation and legislation of 

Moringa Leaf Powder Trade in Ghana. Feature March source: 

http://www.underutilized-species.org/features/moringa/moringa.pdf 

(Accessed 26 October 2015). 

Goodwater. (2011). Good water, every drops helps. Available at: 

http://www.goodwaterfund.org /index.html (Accessed 25 October 

2011). 

Handa, S.S. (2008) An overview of extraction techniques for medicinal and 

aromatic plants, in Handa. (eds), Extraction technologies for 

medicinal and aromatic plants, (International Centre for Science and 

High Technology, Trieste, Italy. Pp 21-54. 

Handa, S.S., Khanuja, S.P.S., Longo, G. and Rakesh, D.D. (2008). 

Extraction technologies for medicinal and aromatic plants, (United 

Nations Industrial Development Organization and the International 

Centre for Science and High Technology, 2008. 

Harborne, J. B. (1973). Phytochemical methods. Chapman and Hall Ltd., 

London. 278pp. 



78 
 

Harristoy, X., Fahey, J., Scholtus, L. and Lozniewski, A. (2005). Evaluation 

of antimicrobial effects of several isothiocyanates on Helicobacter 

pylori. Planta medica. 71: 326- 330. 

Harsh, M. A(2005) Text book of pathology. Jaypee Brothers Medical 

Publishers, New Delhi.  

Hydrolysis of the sample,…..( Penke et al, 1974)……page 31 

Jabeen, R., Shahid, M., Jamil and Ashraf. M. (2008). Microscopic 

Evaluation of the antimicrobial activity of seed extracts of Moringa 

oleifera. Pak. J.Bot. 40: (4): 1349-1358. 

Keith, L., Clay, R.C., Murphy and David-Watrins W. (1975) Experimental 

methanol toxicity in the primate: Analysis of metabolic acidosis. 

Toxicology and Applied Pharmacology 34 (1): 49-61 

Kerharo PJ. 1969. Un remede populaire Sengalais: Le ‘Nebreday’ (Moringa 

oleifera lann.) employs therapeutiques en milieu Africain chimie et 

pharmacologie. Plantes Med Phytother 3: 14–219. 

Khawaja, T.M., Tahira, M. and Ikram, U.K. (2010). Moringa oleifera: a 

natural gift - A review. J Pharm Sci Res, 2: 775-81. 

Khesorn, N. (2009). Antibacterial activity of the capsules of Moringa 

oleifera Lam. (Moringaceae). J.Ethnopharmacol, 36: 233-237. 

Lawrence, C. (1994). The bacteriology of burns. J Hosp Aquired Infection. 

102 (1); 1994: 132-34.  

Makkar, H.P.S. and Becker, K. (1996). Nutritional value and antinutritional 

components of whole and ethanol extracted Moringa oleifera leaves. 

Anim Feed Sci Technol. 63: 211–228. 

Marcu, M.G. (2005). “Miracle Tree” KOS Health Publication, 466 Foothill 

Blvd. #251, La Canada, CA. 91011. 

Mashiar, R.M., Mominul, I. S. M., Shamima, A. S. M., Soriful, I., Atikur, R. 

M., Mizanur, R.M. and Alam, M. F.(2009). Antibacterial activity of 



79 
 

leaf juice and extracts of Moringa oleifera Lam. against some human 

pathogenic bacteria. CMU. J. Nat. Sci. 8(2): 219-227 

McCance, R. A., and Widdowson, E. M. 1935. Phytin in human nutrition. 

Biochem. J. 29:2694. 

Method of calculating amino acid values from the chromatogram peak 

(Simpson et al., 1976)….page 32 

Mohammed, A. S., Mohammad, S. H., Mohammad, E. H. C. and Mohsinul, 

H. (2012). In vitro antimicrobial activity of methanolic extract of 

Moringa oleifera Lam. fruits. J. Pharmacogyn Phytochem 1(4): 94-98  

Moringa Tree. (2011). Moringa seeds. 

http://www.moringatree.co.za/analysis. html (Accessed on 5 August 

2015). 

Moringa, S.A. (2011). A Resource for Farmers, Plantations, Industry and 

BioFuel Companies. Available at: 

http://www.moringasouthafrica.co.za/ (Accessed on 4 August 2015). 

Morton, J.F. (1991). The horseradish tree, Moringa pterygosperma 

(Moringaceae) - A boon to arid lands? Econ. Bot. 45:318-333. 

Nadkarni, A.K. (1976). Indian Materia Medica. Popular Prakashan Pvt. Ltd., 

Bombay. Pp. 810-816. 

Napolean, P., Anitha, J. and Emilin, R.R. (2009) Isolation, analysis and 

identification of phytochemicals of antimicrobial activity of Moringa 

oleifera Lam. Current Biotica, 3(1), 33 – 37. 

Napolean, P., Anitha, J. and Emilin, R.R. (2009): Isolation, analysis and 

identification of phytochemicals of antimicrobial activity of Moringa 

oleifera Lam. Current Biotica. 3(1): 33 – 37. 

Nepolean, P., Anitha, J. and Emilin, R.R. (2009). Isolation, analysis and 

identification of phytochemicals of antimicrobial activity of Moringa 

oleifera Lam. Curr. Biotica 3:33-39.  



80 
 

Nweze, N. O. and Nwafor, F I.(2014) Phytochemical, proximate and 

mineral composition of leaf extracts of Moringa oleifera Lam. from 

Nsukka, South-Eastern Nigeria. IOSR J.Pharm Biol.Sci (IOSR-JPBS). 

9(1):99-103 

Nwosu, M.O. and Okafor, J.L. (1995). Preliminary studies of the antifungal 

activities of some medicinal plants against Basidiobolus and some 

other pathogenic fungi. Mycoses 38:191-195. 

Ogbe A.O. and Affiku J.P. (2011). Proximate study, mineral and 

antinutrient composition of Moringa oleifera leaves harvested from 

Lafia, Nigeria: Potential benefits in poultry nutrition and health. J. 

Microb biotech food Sci. 1(3), 2011, 296-308. 

Ogbe, A.O. and Affiku, J.P. (2011). Proximate study, mineral and 

antinutrient composition of Moringa oleifera leaves harvested from 

Lafia, Nigeria: Potential benefits in poultry nutrition and health, 

Journal of Microbiology, Biotechnology and Food Science, 1(3): 296-

308. 

Okorondu S. I., Adeleye, S. A. Okorondu, M. M. O. (2015) Review on 

medicinal plants. Niger.J. Microbiol. 29:3167-3183. 

Oluduro, A. O., Ubani, E. K. & Ofoezie, I. E.(2011), “ Bacterial assessment 

of electronic hardware user interfaces in Ile-Ife, Nigeria”, J. Basic 

Appl. Pharmaceutical Sci. 32(3),323-334. 

Oluduro, A.O. (2012). Evaluation of antimicrobial properties and nutritional 

potentials of Moringa oleifera Lam. leaf in South Western Nigeria, 

Malajs J Microbiol. 8(2): 59-67. 

Oluduro, O. A., Idowu, T. O., Aderiye, B. I., Famurewa, O. and Omoboye, 

O.O. (2012). Evaluation of Antibacterial Potential of Crude Extract of 

Moringa oleifera seed on Orthopaedics Wound Isolates and 

Characterization of Phenylmethanamine and Benzyl Isothiocyanate 

Derivatives. Research J. Med. Plants Res. 6: 383-394. 



81 
 

Palada, M.C., Changl, L.C. (2003). Suggested cultural practices for 

Moringa. International Cooperators’ Guide AVRDC. AVRDC pub # 

03–545 www.avrdc.org. 

Penke, B.; Ferenezi, R.; Kovacs, K. (1974) “A New Acid Hydrolysis 

Method for Determining Tryptophan in Peptides and Proteins.” Anal. 

Biochem., 60, 45–50. 

Pinal, P., Nivedita, P., Dhara, P., Sharav, D. and Dhananjay, M. (2014). 

Phytochemical analysis and antifungal activity of Moringa oleifera. 

Int J Pharm Pharm Sci, 6(5):144-147. 

 Prabhu, K., Murugan, K., Nareshkumar, A. and Ramasubramanian, N., 

Bragadeeswaran, S. (2011). Larvicidal and repellent potential of 

Moringa oleifera against malarial vector, Anopheles stephensi Liston 

(Insecta: Diptera: Culicidae). Asian Pacif. J. Trop. Biomed., 124-129. 

Prashith, K.T.R., Mallikarjun, N., Swathi, D., Nayana, K.V., Aiyar, M.B. 

and Rohini, T.R. (2010). Antibacterial and antifungal efficacy of 

steam distillate of Moringa oleifera Lam. J. Pharm. Sci. Res. 2:34-37. 

Purohit, S.K. and Solanki, R. (2013). Microorganisms responsible for 

wound infection on human skin. Asian J. Res. Pharm. Sci.   3(2):68-

71. 

Raffauf R (1962). A simple field test for alkaloid- containing plants. Econ. 

Bot. 16: 171-172 

Ramachandran, C., Peter, K.V. and Gopalakrishnan, P.K. (1980). Drumstick 

(Moringa oleifera): A multipurpose Indian vegetable. Economic 

Botany. 34: 276–283. 

Rao RR, George M, Pandalai KM (1946). Pterygospermin: the Antibacterial 

Principle of Moringa pterygosperma, Gaertn. Nature 158:745-746. 

Rao, C.H., Hussain, M.T., Verma, A.R., Kumar, N., Vijayakumar, M., 

Reddy, G.D. (2008). Evaluation of the analgesic and anti-



82 
 

inflammatory activity of Moringa concanensis tender fruits. Tradit. 

Med. 3:95-103.  

Rastogi, T., Bhutda, V., Moon, K., Aswar, K.B. and Khadabadi, S.S. (2009). 

Comparative studies on anthelmintic activity of Moringa oleifera and 

Vitex Negundo. Asian J. Res. Chem. 2:181-182. 

Ruckmani, K., Kavimani, S., Anandan, R. and Jaykar, B. (1998). Effect of 

Moringa oleifera Lam on paracetamol induced hepatoxicity. Indian J 

Pharm Sci. 1998; 60:33-35. 

Saadabi AM, Abu ZAI (2011). An in vitro antimicrobial activity of Moringa 

oleifera L. seed extracts against different groups of microorganisms. 

Asian J. Basic Appl. Sci. 5:129-134. 

Saadabi, A.M. and Abu, Z.A.I (2011). An in vitro ant-microbial activity of 

Moringa oleifera L. seed extracts against different groups of 

microorganisms. Asian J. Basic Appl. Sci. 5:129-134. 

Siddhuraja, P. and Becker, K (2003). Antioxidant properties of various 

solvent extracts of total phenolic constituents from three different 

agro climatic origins of drumstick tree (Moringa oleifera lam) leaves. 

J Agric Food Chem. 51(8):2144-2155. 

Simpson, R.J.; Neuberger, M.R.; Liu, T.Y. “Com-plete Amino Acid 

Analysis of Proteins from a Single Hydrolysate.” J. Biol. Chem. 1976, 

251, 1936–1940. 

Spencer ALR, Spencer JFT (2004). Public Health Microbiology: Methods 

and Protocols. Human Press Inc. New Jersey pp.325-327. 

Steer, J.A., Papini, R.P., Wilson, A.P., McGrouther, D.A., Parkhouse, 

N.(2008). Quantitative microbiology in the  management of burn 

patients. Br J Dermatol. 158 (3): 422-25.   

Tiwari, P., Kumar, B., Kaur, M., Kaur ,G. and Kaur (2011) Phytochemical 

screening and extraction: A review, Internationale Pharmaceutica 

Sciencia, 1(1):98-106. 



83 
 

Tsaknis, J., Lalas, S., Gergis, V., Dourtoglou, V. and Spiliotis, V. (1999). 

Characterization of Moringa oleifera variety Mbololo seed oil of 

Kenya. J Agric Food Chem. 47: 4495–4499. 

Vikash, K., Nishtha, P., Nitin, M. and Ram, P. S. (2012) Antibacterial & 

antioxidant activity of different extract of Moringa oleifera leaves – 

an in-vitro study. Int. J.Pharma. Sci Res. 12 (1):89-94. 

Zaku S. G., Emmanuel S., Tukur A. A. and A. Kabir (2015) Moringa 

oleifera: An underutilized tree in Nigeria with amazing versatility: A 

review. 9(9): 456-46. 



84 
 

 
 

APPENDIX A  

MICROSCOPIC IDENTIFICATION OF BACTERIA ISOLATES 

 

GRAM STAINING 

This was done as described by Cheesbrough (2005). A smear of the isolates 

were made on a clean slides and fixed with crystal violet stain for 30-60 

seconds, washed off with clean water, and covered with 1ugol’s iodine for 

50 seconds, the iodine was washed off with clean water and decolourized 

with acetone alcohol for few seconds before washing off with water. The 

smear was then covered with the neutral red stain for 2 minutes and washed 

off with water. The back of the slide was wiped clean and the slide placed in 

a draining rack for the smear to air dry. The smear was examined 

microscopically, first with the x40 objective to check the staining and to see 

the distribution of material, and then with the oil immersion objective to 

report the bacteria and cells. 

 

MOTILITY TEST 

A single colony of each of the organisms was inoculated into labeled test 

tubes containing peptone water (5ml) and the tubes incubated at 37oc 

overnight. A drop of the incubated organism culture was placed on a 

coverslip and the edges surrounded with oil immersion. A microscope slide 

was placed over the coverslip, taking care that the slide does not touch the 

drop on the coverslip that suspended by the oil immersion. The slide was 

then turned over quickly but gently (Cheesbrough, 2002). This preparation 

was then observed under the microscope (x100 objective) for motility of the 

bacteria. 
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CATALASE TEST 

A drop of 3% hydrogen peroxide was placed on a glass slide. A sample of 

each isolate was collected in the medium using a wire loop and emulsified 

in the drop. A positive test was indicated by bubbling. 

 

COAGULASE TEST 

The slide method test was used for this study. A drop of saline on two 

separate spots was placed on a grease free slide, speck of the test organism 

culture was picked and emulsified in both spots. To one spot, a drop of 

plasma was added and to the other, a drop of saline was added. A positive 

test indicated coagulation in the emulsion in the spot to which plasma was 

added. 

 

INDOLE TEST 

The test organism was grown in peptone water and incubated at 37oc for 

24hr to give optimum accumulation of indole. A positive result of this test 

was indicated when a red colouration was observed in the uppermost layer 

of the tube, after adding 0.5ml of Korac’s reagent to 5ml of peptone water 

culture. 

 

CITRATE UTILIZATION TEST 

For each isolate, 10ml of citrate medium was dispensed into each five test 

tubes and sterilized by autoclaving at 121oc for 15 minutes. The test 

organism was then inoculated into citrate medium and incubated at 37oc for 

48hr. A royal blue colour indicated a positive result. One test tube 

containing only the citrate medium served as a control. 

 

OXIDASE TEST 
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A piece of filter paper was soaked with a few drops of oxidase reagent. A 

colony of the test organism was then smeared on the filter paper. An oxidase 

producing organism oxidizes phenylenediamine in the reagent to a deep 

purple colour. 

 

UREASE TEST 

Inoculate heavily the test organism in a bigou bottle containing 3ml sterile 

Christensen’s modified urea broth. Incubate at 35-37oc for 3-12hr in a water 

bath. Pink colour in the medium indicated a positive urease test. 



87 
 

APPENDIX B 
% PROXIMATE COMPOSITION OF MORINGA ROOT AND SEED 

(DRY MATTER) 
 

SAMPLE CRUDE 
PROTEI
N 

FAT AS
H 

CRUD
E 
FIBRE 

MOISTU
RE 

*CARBOHYDR
ATE 

MORING
A ROOT 

15.91 
14.68 

2.56 
1.96 

5.7
1 
5.2
6 

25.00 
23.41 

8.09 
7.83 

 

MORING
A SEED 

52.08 
51.39 

37.6
1 
38.0
2 

4.0
1 
3.3
5 

5.21 
4.93 

9.91 
9.58 

 

 
*NFE = 100 – (crude protein + fat + ash + crude fibre) 
 
 

 

 

 

ANTI-NUTRITIONAL FACTORS 
SAMPLE OXALATE 

(%) 
PHYTIC 
ACID 
(%) 

ALKALOID 
(%) 

TANNIN 
(mg/100g) 

CYANOGENIC 
GLYCOSIDES 
(mg/100g) 

MORINGA 
ROOT 

0.59 
0.55 

4.12 
3.91 

1.83 
2.00 

68.59 
62.35 

 

MORINGA 
SEED 

1.18 
1.16 

2.68 
2.63 

4.20 
3.78 

112.23 
106.00 
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AMINO ACID SEEDS 

MODEL DNA 0209                                                                                   %N(Fat Free) = 
5.44 
 
Wt. of sample hydrolysed = 0.3676g                                                     Volume loaded: 
basis 10µL 
 
Dilution = x5                                                                                               Acid/Neutral - 
5µL 
 
Concentration (g/100g protein)=NH x width@NH x Sstd x C   Cbasis = 0.001039094 
 
Where Sstd = N Estd x Mol. weight x µ AAstd CAcid C/Neutral = 0.002078188 
                                                                                                                   ÷ NH x W (nleu)   
 
C =  

 
 

1 2 3 4 5 6 = (2x4x5xC) 
Amino acid Net height NH/2 

(mm) 
Width@NH/2(MM) Sstd  Concentration: 

g/100g protein 
Lysine  60.0 30.0 4 13.00 3.24 
Histidine 33.0 16.5 4 15.18 2.08 
Ammonia      
Arginine 49.5 24.75 18 9.23 8.55 
Aspartic acid 123.5 61.75 3.5 8.53 7.66 
Threonine 58.0 29.0 3.5 7.59 3.20 
Serine 77.5 38.75 3.5 7.46 4.21 
Glutamic acid 99.0 49.5 6 12.15 15.00 
Proline   7 13.99  
Glycine 108.0 54.0 4 5.78 5.19 
Alanine 43.0 21.5 4 9.14 3.27 
Cystine 16.0 8.0 7 9.10 2.12 
Valine 53.0 26.5 3 9.29 3.07 
Methionine 20.5 10.25 2.5 10.03 1.07 
Isoleucine 67.5 33.75 3.5 8.72 4.28 
Leucine 101.5 50.75 3.5 7.51 5.54 
Norleucine 70.0 35.0 5.5   
Tyrosine 8.0 4.0 10 15.28 2.54 
Phenylalanine 27.0 13.5 8 10.15 4.56 
 

 
 
 

Dilution x 16 

Sample Wt. (g) x N% x 10 x Vol. 
loaded 
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AMINO ACID ROOT 
MODEL DNA 0209                                                                                     %N(Fat Free) 
= 1.35 
 
Wt. of sample hydrolysed = 0.4815g                                                     Volume loaded: 
basis 10µL 
 
Dilution = x5                                                                                               Acid/Neutral - 
5µL 
 
Concentration (g/100g protein)=NH x width@ NH x Sstd x C            Cbasis = 
0.001038948 
 
Where Sstd = N Estd x Mol. weight x µ AAstd                           CAcid C/Neutral = 
0.002077896 
                                                                                                                     ÷ NH x W 
(nleu)   
 
C =  

 
 

1 2 3 4 5 6 = (2x4x5xC) 
Amino acid Net height NH/2 

(mm) 
Width@NH/2(MM) Sstd  Concentration: 

g/100g protein 
Lysine  64.5 32.25 4 13.00 3.48 
Histidine 27.0 13.5 4 15.18 1.70 
Ammonia      
Arginine 10.5 5.25 18 9.23 1.81 
Aspartic acid 97.0 48.5 3.5 8.53 6.02 
Threonine 69.5 34.75 3.5 7.59 3.84 
Serine 66.0 33.0 3.5 7.46 3.58 
Glutamic acid 87.0 43.5 6 12.15 13.18 
Proline   7 13.99  
Glycine 96.0 48.0 4 5.78 4.61 
Alanine 44.0 22.0 4 9.14 3.34 
Cystine 19.0 9.5 7 9.10 2.51 
Valine 52.5 26.25 3 9.29 3.04 
Methionine 12.0 6.0 2.5 10.03 0.63 
Isoleucine 30.0 15.0 3.5 8.72 1.90 
Leucine 93.0 46.5 3.5 7.51 5.08 
Norleucine 70.0 35.0 5.5   
Tyrosine 7.5 3.75 10 15.28 2.38 
Phenylalanine 23.0 11.5 8 10.15 3.88 
 

 
 

Dilution x 16 

Sample Wt. (g) x N% x 10 x Vol. loaded 
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