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ABSTRACT 

Medicinal plants contain active ingredients with therapeutic values. Helianthus annuus L 

(Asteraceae) commonly referred to as “sunflower” has been reportedly used in managing and 

treating some ailments over the years. This study investigated the in vitro and in vivo 

antibacterial effects of the crude extracts of Helianthus annuus seeds on Salmonella spp and 

Eschericha coli. The phytochemical screening of the methanolic and ethanolic crude extracts 

revealed the presence of alkaloids, saponins, tannins, flavonoids and phenols. The effect of the 

crude extracts against the test organisms ranges from 7.33±0.67 mm to 25.67±0.33 mm at 

concentrations ranging from 60 mg/ml to 480 mg/ml. The minimum inhibitory concentration of 

the extracts ranges from 0.07±0.03 mg/ml to 2.40±0.06 mg/ml. The minimum bactericidal 

concentration of the extracts ranges from 0.48±0.01 mg/ml to 2.40±0.12 mg/ml. The acute 

toxicity study revealed LD50>2000 mg/kg. The sub acute toxicity study showed that there was a 

significant decrease in Alanine transaminase, Aspartate transaminase and Alanine phosphatase 

levels in most of the treated groups compared to the control group. Total cholesterol, 

triglyceride and low density lipoprotein cholesterol were significantly reduced compared to the 

control while a significant increase in high density lipoprotein was observed in the treatment 

groups. The serum biochemical protein components were comparable to the control. The result 

of the haematological study revealed that mean cell volume, haemoglobin and packed cell 

volume levels were significantly increased in most of the treated groups compared to the control 

group. There were no features of acute or chronic damage by the extracts on the hepatic and 

renal tissues. The in vivo antibacterial effect of the extracts revealed decrease in total bacteria 

load in treated rats. Therefore, H. annus seeds extracts possess antibacterial effects against 

Salmonella spp and E.coli and is considered to be relatively safe. Further studies should be 

carried out to identify the exact active compound or compounds that possess bactericidal 

activity. There is need to establish the validity and mechanism of action of the hepato-protective 

effect of H.annuus seed extracts inferred in this study. 
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CHAPTER ONE 

1.0    INTRODUCTION   

1.1 Background to the Study 

Medicinal plants contain active ingredients in one or more of its parts with therapeutic 

value or play the role of precursors for chemo-pharmaceutical synthesis (Bassam, 2012). 

Over the years, several medicinal plant parts have been utilized in managing and treating 

certain disease conditions, however only a few have been successfully evaluated and 

scientifically validated for the claimed effects (Saravanakumar et al., 2010). Among the 

plants used in traditional medicine is Helianthus annuus. 

Sunflower (Helianthus annuus L) is majorly cultivated in certain areas in the world for 

its seed, which is an important source of edible oil (Eze et al., 2015). It is a carrier oil 

and also used in the production of biodiesel and margarine, as it is less expensive 

compared to olive oil. Sunflowersx havex thex potentialx tox playx vitalx rolex inx 

phytoremediationx asx itx canx bex usedx tox extractx toxicx chemicalsx likex heavyx metals,x suchx asx 

lead,x arsenicx andx uranium fromx soil,x asx wellx asx engagedx inx rhizofiltrationx tox neutralizex 

radionuclidesx andx otherx toxicx compoundsx andx materialsx asx wellx asx harmfulx bacteriax fromx 

water (Adler,x 1996).x Extractsx fromx thex leavex asx wellx asx otherx preparationsx madex fromx 

differentx partsx ofx plant,x arex usedx inx thex treatmentx ofx highx fevers,x asx ax poulticex onx sores,x 

swellings,x snakebitesx andx spiderx bites,x in thex treatmentx ofx malaria,x lungx ailments,x diabetesx 

(Sainix andx Sharma,x 2011). 

Helianthusx annuusx seedx oil,x andx herbalx tincturex havex beenx reportedx tox havex anti-

inflammatory,x antioxidant,x antitumor,x antipyretic,x antihypoglycemic,x cathartic,x diureticx 

andx antimicrobialx activityx (Abokix etx al.,x 2012).x Itx hasx shownx antimicrobialx propertiesx 

againstx diversex microorganismx suchx asx Staphylococcusx aureus,x Escherichiax coli,x Bacillusx 

subtilisx amongx others. Thex effectx ofx polarx oilx extractx fromx thex seedsx ofx sunflowerx 
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(Helianthusx annuus)x inx Napkinx dermatitis andx itsx antimicrobialx activityx againstx 

Staphylococcusx aureus,x Staphylococcusx epidermidis,x Pseudomonasx aeruginosa,x 

Escherichiax colix andx Proteusx vulgarisx werex studiedx (Ahmadx etx al.,x 2015).x Sunflowerx oilx isx 

highlyx absorbablex throughx thex dermalx tissues,x providingx significantx nourishmentx andx 

moisturizingx effects.x Asx ax resultx ofx this,x itx isx therefore,x famousx asx anx over-the-counterx 

ingredientx asx wellx asx ingredientsx usedx inx thex manufacturingx ofx homemadex beautyx productsx 

suchx asx lotions,x creamsx andx massagex oils.x Oilx extractedx fromx sunflowerx plantsx mayx alsox 

possessx ax protectivex barrierx propertyx whichx resistsx infectionsx inx developingx infants.x 

Infantsx administeredx thisx oilx subcutaneouslyx onx ax dailyx basisx werex 69x %x morex likelyx notx tox 

developx infectionsx inx thex hospitalx (Ahmadx etx al.,x 2015). 

1.2 Statementx ofx thex Researchx Problem 

Antimicrobialx resistancex (AMR)x isx ax complexx andx growingx internationalx publicx healthx 

problemx (WHO,x 2015).x Antimicrobialx resistancex isx estimatedx tox accountx forx morex thanx 

700,000x deathsx annually.xAntimicrobialx resistance isx projectedx tox increasex tox 10x millionx 

deathsx withx estimatedx costx ofx aboutx US$100x trillionx byx thex yearx 2050x (O’Neill,x 2016).x 

Antimicrobialx resistancex x affectsx everyx countryx irrespectivex ofx incomex andx developmentx 

(O’Neill,x 2016).x Thex rapidx spreadx ofx multidrugx resistantx pathogensx isx ofx globalx threat.x 

Drug-resistantx pathogensx accountsx forx 214,000x neonatalx sepsisx leadingx tox deathsx annuallyx 

(Laxminarayan,x 2016).x Antimicrobialx resistancex x isx notx restrictedx tox communicablex 

diseases,x itx alsox hasx potentialx consequencesx onx non-communicablex diseasesx (NCDs).x 

Antimicrobialx resistancexx posesx threatx tox surgicalx interventions,x cancerx treatmentx andx 

organx transplantx (Laxminarayan,x 2013).x Aboutx 50 %x ofx pathogensx implicatedx inx surgicalx 

sitex infectionsx arex resistantx tox standardx prophylacticx antibioticsx (Teillantx etx al.,x 2015).x 

Cancerx patientsx whox havex undergonex chemotherapyx alsox sufferx infectionsx causedx byx 

pathogensx whichx arex resistantx tox commonlyx usedx antibioticsx (Teillantx etx al.,x 2015).x  
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Treatingx drug-resistantx infectionsx isx expensivex andx takesx longerx periodx andx hasx lowerx 

successx ratex thanx treatingx drug-susceptiblex infections.x Therefore,x AMRx negativelyx 

impactsx onx nationalx economicx performancex (Smithx etx al.,x 2015).x Thex challengesx ofx AMRx 

andx itsx magnitudex withinx thex Africanx Regionx includingx Nigeriax havex beenx monitoredx byx 

surveillancex ofx drugx resistance.x Inx thex pastx decades,x thex widespreadx ofx antibioticx usedx 

againstx microbialx pathogensx ofx humanx andx animalx originx hasx ledx tox resistancex tox manyx 

antimicrobialx agentsx whichx constitutex ax majorx healthx threatx aroundx thex globex (WHO,x 

2013).x x  

Onex ofx thex factorsx contributingx tox AMRx isx misusex ofx antibiotics.x However,x lackx ofx testsx 

forx otherx infectionsx inx patientsx whox testx negativex forx malariax hasx ledx tox indiscriminatex usex 

ofx antibioticsx (Dox etx al.,x 2016).x Accordingx tox Leopoldx etx al.x (2014),x therex isx highx levelx ofx 

resistancex tox commonlyx usedx antibioticsx inx thex sub-Saharanx Africanx region.x Forx example,x 

90%x ofx Gramx negativesx werex resistantx tox chloramphenicol,x ax commonlyx usedx antibioticx 

whilex resistancex tox third-generationx cephalosporinsx (ceftriaxone)x wasx lessx commonx 

(Leopoldx etx al.,x 2014). 

Inx Nigeria,x resistancex tox Ampicillinx increasedx fromx 70x tox 90x %,x Co-trimoxazolex fromx 77x 

tox 85x %,x Chloramphenicolx fromx 71x tox 77x %x andx Streptomycinx fromx 71x tox 79 %x betweenx 

1990x andx 2000x inx findingx thex rootx causex ofx antimicrobialx resistancex (Ifeanyi,x 2012).x 

Methicillinx resistantx Staphylococcusx aureusx (MRSA),x Vancomycinx Resistantx 

Staphylococcusx aureusx (VRSA),x carbapenemx resistantx Enterobacteriaceae,x Multix drugx 

andx extensive-drugx resistantx Mycobacteriumx tuberculosisx (MDR-TBx andx XDR-TB)x havex 

alsox beenx reportedx (Nannini,x 2013). 

Thex transferx ofx geneticx elementsx suchx asx plasmids,x transposons,x andx integronsx hasx 

contributedx tox thex rapidx spreadx ofx AMRx amongx bacterialx species.x Accordingx tox Harbottlex 
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(2011),x AMRx genesx havex beenx foundx onx mobilex elements,x leadingx tox multidrugx resistancex 

whichx canx bex transferredx tox ax susceptiblex recipientx viax ax singlex geneticx event.x Thex 

emergencex ofx multidrug-resistantx bacteriax canx onlyx bex detectedx throughx systematicx 

screeningx inx qualityx assuredx microbiologyx laboratoriesx (xXavierx etx al.,x 2010; Liux etx al.,x 

2016).x Thex healthx andx economicx consequencesx ofx AMRx hasx ledx tox collaborativex globalx 

actionx tox improvex accessx tox antimicrobialx medicinesx andx tox promotex availabilityx ofx newx 

productx (Mendelson,x 2015).x Therefore,x thex usex ofx herbalx traditionalx medicinesx hasx 

emergedx asx effectivex alternatives. 

1.3 Justification for the Study 

Helianthus annuus has been found to possess broad spectrum of in vitro antimicrobial 

activity against pathogenic microorganisms such as Staphylococcus aureus, Salmonella 

typhi, Escherichia coli, Candida albican, Aspergillus fumigatus and Rhizopus stolonifera 

(Subashini and Rakshitha, 2012; Eze et al., 2015). As evident from the antibacterial 

study of H. annuus seeds by Rubab et al. (2016), there are claims that it may contain 

important chemical substances that confer this plant as medicinal agent possessing 

antibacterial activity. According to Sharma (2014), H.annuus contains various alkaloids, 

flavonoids, volatile oils and terpenoids which are essential for various antimicrobial 

activities, antitumor activity and antioxidant activity. 

H. annuus seeds are cheap, readily available, accessible and nutritious which possess 

promising role in variety of infections, inflammations, cancers and cardiac diseases 

(Ruchika, 2014). Previous studies by Aboki et al. (2012) used Soxhlet extraction method 

and n-hexane (as solvent of extraction) at 60-65˚C, to determine antimicrobial activity of 

H. annuus extracts. In this study, cold maceration method was employed. Several studies 
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have proved that the methanolic crude extracts of H. annuus have antimicrobial activity 

against wide range of pathogenic microorganisms. 

1.4 Aim and Objectives of the Study 

The study investigated the antibacterial effect of crude extracts of Helianthus annuus 

seeds on Salmonella spp and Escherichia coli. 

The objectives of the study were to determine the: 

i. phytochemical constituents of the crude extracts of Helianthus annuus seeds. 

ii.  in vitro antibacterial effect of the crude extracts of Helianthus annuus seeds on 

Salmonella spp. and E.coli 

iii. minimum inhibitory concentration (MIC) and minumum bactericidal 

concentration (MBC) of the crude extracts of Helianthus annuus seeds. 

iv.  toxicity of the crude extracts of Helianthus annuus seeds. 
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CHAPTER TWO 

2.0    LITERATURE REVIEW 

2.1 History of Medicinal Plant Use 

Medicinal plants have undoubtedly been considered by human beings since ancient 

times. It can be said that before history, the early humans recognized and exploited the 

plants around them for use as fuel, clothing, shelter and food, they became aware of their 

properties (Jamshidi-Kia et al., 2018). Medicinal plants have been transformed into one 

of the oldest sciences in countries such as China, Greece, Egypt and India. 

The oldest written evidence of medicinal plants’ usage for preparation of drugs has been 

found on a Sumerian clay slab from Nagpur, approximately 5000 years old. It comprised 

12 recipes for drug preparation referring to over 250 various plants, some of them 

alkaloid such as poppy, henbane, and mandrake (Kelly, 2009). The Chinese book on 

roots and grasses “Pen T’Sao,” written by Emperor Shen Nung circa 2500 BC, treats 365 

drugs (dried parts of medicinal plants), many of which are used even nowadays such as 

the following: Rhei rhisoma, camphor, Theae folium, Podophyllum, the great yellow 

gentian, ginseng, jimson weed, cinnamon bark, and ephedra (Wiart, 2006). 

The Indian holy books Vedas mention treatment with plants, which are abundant in that 

country. Numerous spice plants used even today originate from India: nutmeg, pepper, 

clove, etc. The Ebers Papyrus, written circa 1550 BC, represents a collection of 800 

prescriptions referring to 700 plant species and drugs used for therapy such as 

pomegranate, castor oil plant, aloe, senna, garlic, onion, fig, willow, coriander, juniper, 

common centaury (Jamshidi-Kia et al., 2018). 

In Homer’s epics The Iliad and The Odysseys, created circa 800 BC, 63 plant species 

from the Minoan, Mycenaean, and Egyptian Assyrian pharmacotherapy were referred to. 
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Some of them were given the names after mythological characters from these epics; for 

instance, Elecampane (Inula helenium L. Asteraceae) was named in honor of Elena, who 

was the centre of the Trojan War. As regards the plants from the genus Artemisia, which 

were believed to restore strength and protect health, their name was derived from the 

Greek word artemis, meaning “healthy.” (Toplak, 2005; Jamshidi-Kia et al., 2018). 

Herodotus (500 BC) referred to castor oil plant, Orpheus to the fragrant hellebore and 

garlic, and Pythagoras to the sea onion (Scilla maritima), mustard, and cabbage. The 

works of Hippocrates (459– 370 BC) contain 300 medicinal plants classified by 

physiological action: Wormwood and common centaury (Centaurium umbellatum Gilib) 

were applied against fever; garlic against intestine parasites; opium, henbane, deadly 

nightshade, and mandrake were used as narcotics; fragrant hellebore and haselwort as 

emetics; sea onion, celery, parsley, asparagus, and garlic as diuretics; oak and 

pomegranate as astringents (Gorunovic and Lukic, 2001; Jamshidi-Kiaet al., 2018). 

There are several other historical reports on the usage of medicinal plants as therapy in 

managing and treating ailments, not withstanding, today, they are still being used. 

Medicinal plants have gained international popularity due to its natural source, 

availability in local communities, affordability and ease of administration. Herbal 

medicine may be used as alternative treatment in case of adverse effects and drug 

resistance (Sasidharan et al., 2011; Pandey and Tripathi, 2014; Azwanida, 2015; Ingle et 

al., 2017). 

2.2 Sunflower (Helianthus annuus L.) Plant 

2.2.1 History of sunflower usage and domestication 

Sunflower was domesticated by Native Americans in the Eastern United States in about 

3000 BC (Smith, 2006). They used the seeds directly as food and crudely extracted the 

oil. Native Americans had selected a tall, single-headed variety by the time European 
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explorers reached North America in the sixteenth century. While sunflower was not the 

staple that the ‘three sisters’ (maize, beans, and squash) were, it nonetheless was 

cultivated by many tribes from eastern North America through the Midwest and as far as 

northern Mexico. The Native Americans also used sunflower hulls as a source of dye, 

leaves for herbal medicines, and pollen in religious ceremonies (Seiler et al., 2017). 

Historical records indicate that the Spanish were the first to introduce sunflower to 

Europe in the early 1500s (Marek, 2019). Sunflower was initially grown as an 

ornamental plant. Early English and French explorers also introduced it to their 

respective countries. From Western Europe, sunflower spread along the trade routes to 

Egypt, Afghanistan, India, China, and Russia. By the early 1700s, sunflower seeds were 

eaten as a snack, and in 1716, the first patent for the use of sunflower oil (for industrial 

purposes) was filed in England. The most significant boost for sunflower as a crop, 

however, came from the Russian Orthodox Church. Lenten regulations prohibited the 

consumption of many oily foods, but since sunflower was not specifically listed, the seed 

and oil became a staple diet item in Russia (Marek, 2019). 

Efforts by Russian scientists led to significant crop improvements with oil contents soon 

exceeding 40 %. While sunflower was grown throughout Western and Eastern Europe, 

Russia historically was the largest producer with excess of 3 million hectares in the early 

twentieth century, compared to one-half million hectares for the rest of Europe. Russian 

immigrants are credited with introducing sunflower to North America. In fact, the open-

pollinated variety ‘Russian Mammoth’ still sold by garden seed firms traces its lineage 

back to the same-named variety initially introduced in the 1880s. Early cultivation of 

sunflower in North America was primarily for livestock silage and seed for poultry. By 

the second half of the twentieth century, improved Russian varieties with oil levels of 

45–55 % were available (Putt, 1997). Increased US production of these high-oil 
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sunflower varieties spurred interest by oil crushers, which led to expanded US 

production, especially in the Northern Great Plains (North Dakota and Minnesota). The 

discovery of cytoplasmic male sterility (CMS) by French scientists laid the foundation 

for the development of sunflower hybrids in the early 1970s. Hybrid sunflower, with 

higher yields and oil content, more uniformity, and disease resistance, in comparison 

with open-pollinated varieties, provided the last great impetus in establishing sunflower 

as a worldwide crop (Fick and Swallers, 1972; Marek, 2019) 

2.2.2 Botanical description of the plant 

Helianthus annuus L. is a coarse, stout and erect annual plant, up to 1-3 meters high. The 

roots of the seedling are initially tap rooted, with maturing, it develops into a large 

fibrous and lateral root. Their stem are 1-6.5 ft. (30-200 cm) tall, hispid, round, branched. 

The branching are simple to highly branched, each terminating with a composite head 

(capitulum).  

It possesses a large inflorescence (flowering head), and its name is derived from the 

flower's shape and image, which is often used to depict the sun (Plate I). The flowering 

head has large, composite heads, solitary at terminal end of peduncle or terminal on a 

branch, or axillary; composite disk usually 0.8-3.2 in. (2-8 cm) wide or more including 

rays; peduncles 0.8-8 in. (2-20 cm) long, densely hispid-scabrous. The receptacle are 

low-convex and chaffy (Khaleghizadeh, 2011).The heads consist of many individual 

flowers. The ray flowers are sterile with length ranging from 0.6-1.6 inch (1.5-4 cm) 

long, ligules are yellow in colour. Disc flowers are perfect, corolla lobes are about five in 

number and are 0.2- 0.3 inch. (5-8 mm) long, tubular, purple-brown to yellow in colour 

with each floret subtended by a small firm. 
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Figure 1.0: Helianthus annuus L. Flower 

Source: (Seiler et al., 2017). 

 

Helianthus annuus L lower leaves mostly opposite along stem, upper leaves mostly 

alternate along stem. Leaf blades narrowly to usually broadly deltoid-ovate, lower ones 

often cordate, to sub-truncate to broadly cuneate at base, 1.5-8 inch (4-20 cm) long or 

more, 1.2-6 inch (3-15 cm) wide or more, entire to margins minutely to coarsely serrate, 

apex acute to abruptly auminate. 
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Figure 1.1: Helianthus annuus L. Leaf 

Source: (Seiler et al., 2017). 

 

 

 

 

Figure 1.2: Sunflower Field in Bloom 

Source: (Seiler et al., 2017). 
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The seeds are in the form of Achenes and are between 0.1-0.3 inches (3-6 mm) long or 

more, they are narrowly obovate to ovate in shape, more or less four angled and 

somewhat compressed (Figure 1.3) 

 

Figure 1.3: Helianthus annuus L. Seeds 

Source: (Seiler et al., 2017). 
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2.2.3 Taxonomy 

Table 1: Scientific classification of Helianthus annuus L. 

Classification                                                                              Taxonomy 

Kingdom    Plantae 

Division    Tracheophyta 

Class    Magnoliopsida 

Order     Asterales 

Family  Asteraceae 

Genus     Helianthus 

Specie Annuus 

Source: (Fabian et al., 2014) 

2.2.4 Species of Helianthus  

There are about 70 species of Helianthus which include H. annuusL., H anomalus Blake, 

H. argophyllus T. & G., H. bolanderi A. Gray, H. debilis Nutt., H. deserticola Heiser, H. 

exilis A. Gray, H. neglectus Heiser, H. niveus (Benth.) Brandegee, H. paradoxus Heiser, 

H. petiolaris Nutt.,  H. praecox Engelm and A. Gray, H. agrestis Pollard, H. arizonensis 

R. Jackson,  H. ciliaris DC., H. laciniatus A. Gray, H. cusickii A. Gray, H. gracilentus 

A. Gray,  H. pumilus Nutt., Atrorubens Corona-solis H. californicus DC., H. decapetalus 

L., H. divaricatus L., H. eggertii Small, H. giganteus L., H. grosseserratus Martens, H. 

hirsutus Raf., H. maximiliani Schrader, H. mollis Lam., H. nuttallii T. & G., H. resinosus 

Small, H. salicifolius Dietr., H. schweinitzii T. & G., H. strumosus L., H. tuberosus L., 

H. glaucophyllus Smith, H. laevigatus T. & G., H. microcephalus T. & G., H. smithii 

Heiser, H. atrorubens L., H. occidentalis Riddell, H. pauciflorus Nutt. (synonym H. 

rigidus Cass.),  H. silphioides Nutt., H. angustifolius L., H. carnosus Small, H. 

floridanus A. Gray ex Chapman, H. heterophyllus Nutt., H. longifolius Pursh, H. radula 
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(Pursh) T. & G. and H. simulans E.E. Wats. Howerver, few of these species are of 

medicinal importance which are Helianthus annuus L. and Helianthus tuberosus (Al-

Snafi, 2018). 

2.2.5 Common names of Helianthus annuus L. 

Arabic: Dawar El Shams, Zahrat El Shams; English: Sunflower; French: Grand soleil, 

Tournesol; German: Sonnenblume; Hindi: Surajmukhi; Italian: Girasole; Japanese: 

himawari; Korean: Haebaragi; Portuguese: Girassol; Spanish: Girasol; Swedish: solros 

(Al-Snafi, 2018). 

2.2.6 Biological and chemical composition of Helianthus annuus L. 

Helianthus annuus seeds are described as achene, a specific type of indehiscent fruit. 

Individual seeds are approximately 10 to 15 mm long (Muhammad and Muhammad, 

2012). The seeds are used as food and poultry feed worldwide. Its oil is used for frying 

and cooking. The iron-rich sunflower seeds are, by weight, 47 % fat and 24 % protein 

(Muhammad and Muhammad, 2012). Sunflower seed proteins are characterised by a 

moderately low level of albumin and high level of globulin proteins. The globulins 

represent 55 to 60 %, albumins 17-23 %, glutelins 11 to 17 %, Prolamines, 1 to 4 % and 

the combined non-protein nitrogen and insoluble residue is less than 11 % of the total 

nitrogen in the meal (Muhammad and Muhammad, 2012). 

The phytochemical constituent of methanolic extract of Helianthus annuus seeds have 

been reported to contain carbohydrates, flavanoids, tannins, alkaloids, saponins, 

phytosterols, steroids and fixed oils (Subashini and Rakshitha, 2012). Allelochemicals in 

leaves, stems and roots of Helianthus annuus were determined using thin layer 

chromatography for alkaloids and spectrophotometry for phenols and flavonoids. These 

revealed high content of allelochemicals in leaves compared to roots and stems (Kamal 
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et al., 2011). The aerial part of Helianthus annuus was found to contain an ent-kaurane 

glycoside named helikauranoside A together with three known ent-kaurane-type 

diterpenoids: (−)-kaur-16-en-19-oic acid, grandifloric acid, and paniculoside IV (Macias 

et al., 2008)  

There are four tocopherol (α, β, γ and δ) isomers present in Helianthus annuus seed oil 

Fiska et al., 2006). Proteins which were light colored were also isolated which contains 

helianthinin as globulin (Pickardt et al., 2011). A bioflavonoid called Nevadensin, which 

has significant biological activities including hypotensive, anti-tubercular, antimicrobial, 

anti-inflammatory, anti-tumour and anti-cancer activities was isolated from Helianthus 

annuus (Pickardt et al., 2011). 

2.2.6 Uses of sunflower   

2.2.6.1 Uses of sunflower as edible oil 

Commercially available sunflower varieties contain from 39 to 49 % oil in the seed. In 

1985-86, sunflower seed was the third largest source of vegetable oil worldwide, 

following soybean and palm (Pilorge, 2020). The growth of sunflower as an oilseed crop 

has rivaled that of soybean, with both increasing production over 6-fold since the 1930s. 

Sunflower accounts for about 14 % of the world production of seed oils (6.9 million 

metric tons in 1985-86) and about 7 % of the oil cake and meal produced from oil seeds. 

Europe and the USSR produce over 60 % of the world's sunflowers (Dafalla, 2012). 

Thex oilx accountsx forx 80x %x ofx thex valuex ofx thex sunflowerx crop,x asx contrastedx withx soybeanx 

whichx derivesx mostx ofx itsx valuex fromx thex meal.x Sunflowerx oilx isx generallyx consideredx ax 

premiumx oilx becausex ofx itsx lightx color,x highx levelx ofx unsaturatedx fattyx acidsx andx lackx ofx 

linolenicx acid,x blandx flavorx andx highx smokex pointsx (Hamedx etx al.,x 2012).x Thex primaryx 

fattyx acidsx inx thex oilx arex oleicx andx linoleicx (typicallyx 90x %x unsaturatedx fattyx acids),x withx 
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thex remainderx consistingx ofx palmiticx andx stearicx saturatedx fattyx acids.x Thex primaryx usex isx 

asx ax saladx andx cookingx oilx orx inx margarine.x Inx thex USA,x sunflowerx oilsx accountx forx 8x %x orx 

lessx ofx thesex markets,x butx inx manyx sunflower-producingx countries,x sunflowerx isx thex 

preferredx andx thex mostx commonlyx usedx oilx (Gupta,x 2002). 

High oleic sunflower oil (over 80 % oleic acid) was developed commercially in 1985 and 

has higher oxidated stability than conventional oil (Purdy, 1985). It has expanded the 

application of sunflower oils for frying purposes, tends to enhance shelf life of snacks, 

and could be used as an ingredient of infant formulas requiring stability. 

2.2.6.2 Uses of sunflower as meal 

Non-dehulled or partly dehulled sunflower meal has been substituted successfully for 

soybean meal in isonitrogenous (equal protein) diets for ruminant animals, as well as for 

swine and poultry feeding. Sunflower meal is higher in fiber, has a lower energy value 

and is lower in lysine but higher in methionine than soybean meal. Protein percentage of 

sunflower meal ranges from 28 % for non-dehulled seeds to 42 % for completely 

dehulled seeds. The color of the meal ranges from grey to black, depending upon 

extraction processes and degree of dehulling (Ogello et al., 2017). 

2.2.6.3 Industrial applications of sunflower 

The price of sunflower oil usually prohibits its widespread use in industry, but there are 

several applications that have been explored. It has been used in certain paints, varnishes 

and plastics because of good semi drying properties without color modification 

associated with oils high in linolenic acid (Gunduz, 2015). In Eastern Europe and the 

USSR where sunflower oil is plentiful, sunflower oil is used commonly in the 

manufacture of soaps and detergents. The use of sunflower oil (and other vegetable oils) 

as a pesticide carrier, and in the production of agrochemicals, surfactants, adhesives, 
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plastics, fabric softeners, lubricants and coatings has been explored. The utility of these 

applications is usually contingent upon petrochemical feedstock prices. 

Sunflower oil contains 93 % of the energy of US Number 2 diesel fuel (octane rating of 

37), and considerable work has been done to explore the potential of sunflower as an 

alternate fuel source in diesel engines. Blends of sunflower oil and diesel fuel are 

expected to have greater potential than the burning of pure vegetable oil (Ilkilic, 2008). 

2.2.6.4 Uses of sunflower as non-oil seed 

The use of sunflower seed for birdfeed or in human diets as a snack has grown 

consistently over the past 15 years (Putnam et al., 1990). Varieties used for non-oil seed 

purposes are characterized by a larger seed size and require slightly different 

management practices. During processing, seed is divided into  

1) larger seed for in-shell roasting,  

2) medium for dehulling, and  

3) small for birdseed. However, the standards for different uses vary. 

2.2.6.5 Use of sunflower as forage 

Sunflower can also be used as a silage crop. It can be used as a double crop after early 

harvested small grains or vegetables, an emergency crop, or in areas with a season too 

short to produce mature corn for silage (Putnam et al., 1990). Forage yields of sunflower 

are generally less than corn when a full growing season is available. In one study, 

sunflower dry matter yields ranged from 2.0 to 3.0 ton/acre compared with 3.1 to 3.8 

ton/acre for corn. Moisture content of sunflower at maturity is usually high (80 to 90 %) 

and would require wilting before ensiling (Heuze et al., 2015). 
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Nutritional quality of sunflower silage is often higher than corn but lower than alfalfa 

hay. Crude protein level of sunflower silage is similar to grass hay and higher than corn 

silage. Generally, crude protein of sunflower decreases and lignin percentage increases 

after the flowering stage. High plant populations increases fiber and lignin percentage. 

Seed size does not seem to affect yield or quality (Heuze et al., 2015). 

2.2.7 Medicinal uses Helianthus annuus (sunflower) plant 

Helianthus annuus has been grown widely due to its traditional use as anti-inflammatory, 

antimalarial, anti-asthmatic, anti-oxidant, anti-tumor and antimicrobial agent (Saini and 

Sharma, 2011). The Seeds of Helianthus annuus is of great medicinal importance. The 

seeds and flowers of Helianthus annuus have been used as excellent source of protein 

and Vitamins B, D, E and K and also used in the treatment of pulmonary disorders (Saini 

and Sharma, 2011). Oil extracted from Helianthus annuus seeds have been used in 

treatment of dysentery, dysuria, hemorrhoids, fever, menorrhagia, pleuritis, 

Inflammation and bronchitis (Sharma et al., 2009).  

A decoction made from the leaves of Helianthus annuus leaves is used as astringent, 

diuretic and expectorant (Arshad and Amjad, 2012). The crushed leaves were used as a 

poultice on sores, swellings, snakebites and spider bites. A decoction of the roots was 

used as a warm wash on rheumatic aches and pains (Aboki et al., 2012).  

The seeds can be made into infusions and used in the treatment of whooping cough 

(Dwivedi and Sharma, 2014). Seeds are also used as diuretic, expectorant and in 

treatment of other lung ailments (Kunduraci et al., 2010). The flowers and seeds were 

used in Venezuela in folk remedies for the treatment of cancer (Dwivedi and Sharma, 

2014). The seed oil, and herbal tincture was used as anti-inflammatory, antioxidant, 
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antitumor, antipyretic, antihypoglycemic, cathartic, diuretic and antimicrobial (Aboki et 

al., 2012). The following are the specific medicinal properties of H. annuus: 

2.2.7.1 Antimicrobial activity of Helianthus annuus 

The antimicrobial activity of methanolic extract of seeds from Helianthus annuus was 

evaluated. The results of antibacterial activity showed high sensitivity to Salmonella 

typhi, moderate sensitivity to Staphyllococcus aureus and Vibrio cholera and less 

sensitivity to Bacillus subtilis (Subashini et al., 2012). The results of antifungal activity 

of the extract of Helianthus annuus showed high sensitivity to Rhizopus stolonifer and 

Aspergillus fumigates, moderate sensitivity to Candida albicans and resistant to 

Fusarium oxysporum (Subashini et al., 2012). 

Antimicrobial activity of oil of Helianthus annuus seed was investigated against four 

bacterial isolates which include Staphylococcus aureus, Pseudomonas aeruginosa, 

Escherichia coli, Bacillus subtilis and one fungal isolate, Candida albicans (Aboki et al., 

2012). The tested microorganisms were cultured on Nutrient agar (for bacteria at 37 ˚C 

for 24 h) for the bacteria isolates and on Potatoes Dextrose Agar for the fungal isolates 

(for fungus at 30 ˚C for 48-72 h). Bacillus subtillus had the least mean zone of inhibition 

of 8 mm, the mean zone of inhibition observed with oil of sunflower seed (at low 

concentration of 0.2, 0.4, 0.6 mL) of up to 23 mm against C albicans, 25 mm against S 

aureus, 15 mm with P. aurenosa justified that oil of Helianthus annuus seed could be 

used as an antimicrobial agent (Aboki et al., 2012). 

Thex antibacterialx activityx ofx Helianthusx annuusx leavesx wasx testedx onx somex bacterialx 

pathogensx (Escherichiax coli,x Salmonellax spp.,x Shigellax spp.x andx Staphylococcusx aureus.x 

Thex extractsx werex preparedx usingx chloroform,x N-hexanex andx methanol.x Thex antibacterialx 

susceptibilityx testingx ofx thex extractsx werex carriedx outx usingx thex Agarx wellx diffusionx 
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methodx (Ezex etx al.,x 2015).x Thex antibacterialx screeningx showedx thatx thex testx organismsx 

werex allx susceptiblex tox thex extract.x S.x aureusx showedx thex highestx susceptibilityx tox thex 

extractsx whilex Shigellax spp.x showedx leastx susceptibility.x Thex minimumx inhibitoryx 

concentrationx ofx thex methanolicx fractionx ofx thex extractx wasx determinedx tox bex 125x μg/mlx onx 

allx thex testx organismsx whichx wasx lowerx thanx thex MICx ofx gentamycinx (280x μg/ml)x (Ezex etx 

al.,x 2015). 

The in vitro antibacterial activity of the methanol, ethyl acetate and petroleum extracts 

obtained from the seeds of H. annuus was determined against three pathogenic bacteria 

(Salmonella typhi, Pseudomonas aeruginosa and Vibrio cholerea) (Rubab et al., 2016). 

The antimicrobial activity was determined by using the standardized disc diffusion 

method (Zavala et al., 1997; Hossain et al., 2012). The extract concentration able to 

inhibit bacterial growth was observed through inhibition zone of 8 mm. The methanolic 

and ethyl acetate extract of H. annuus seeds showed high sensitivity to Salmonella typhi 

and moderate sensitivity to Pseudomonous aeuregenosa. The petroleum ether extract 

revealed high sensitivity to P. aeuregenosa (Rubab et al., 2016). 

2.2.7.2 Antiasthmatic effect of Helianthus annuus 

The effects of Helianthus annuus aqueous seed extract was examined on an in vivo anti-

asthmatic model of ovalbumin induced mice and their lungs were assessed by 

hematoxylin and eosin staining. These revealed that the extract has potential in reducing 

asthma (Heo et al., 2008). 
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2.2.7.3 Antioxidantx effect of Helianthus annuus 

Thex antioxidantx capacityx ofx thex stripedx Helianthusx annuus seedx cotyledonx extractsx wasx 

obtainedx byx extractionx withx differentx polaritiesx ofx solventsx byx threex differentx inx vitrox 

methodsx whichx are,x ferricx reducing/antioxidantx power,x 2.2-diphenyl-1-picrylhydrazylx 

radicalx andx oxygenx radicalx absorbancex capacityx assays.x Inx thex threex methods,x thex aqueousx 

extractx withx ax dosex 30x μg/mlx showedx ax higherx antioxidantx capacityx valuex thanx thex 

ethanolicx extractx (Giadax andx Mancini-Filho,x 2009).x Whenx comparedx withx thex syntheticx 

antioxidantx butylatedx hydroxylx toluene,x thex antioxidantx capacityx ofx thex aqueousx extractx 

variedx fromx 45%x tox 66%x (Giadax andx Mancini-Filho,x 2009).x Thex highx antioxidantx capacityx 

observedx forx thex aqueousx extractx ofx Helianthusx annuusx seedx suggestsx thatx thex intakex ofx 

thisx seedx mayx preventx cancerx andx otherx oxidativex reactionx relatedx diseasesx (Giadax andx 

Mancini-Filho,x 2009). 

Thex antitumorx andx antioxidantx activityx ofx Helianthusx annuusx wasx determined.x 

Antioxidantx activityx resultsx werex measuredx usingx DPPHx andx fixedx oilx ofx Helianthusx 

annuusx showedx moderatex antioxidantx activity.x Fixedx oilx ofx thisx plantx showedx nox activityx 

whenx usingx Ironx Chelatingx Assayx (Abushamax etx al.,x 2014).x Thex antioxidantx activityx ofx 

methanol,x chloroformx andx N-hexanex leavesx extractx wasx determinedx usingx thex 2,x 2x -x 

diphenyl-1-picrylhydrazylx (DPPH)x photometricx assayx (Ezex etx al.,x 2015).x Thex extractsx 

producedx ax concentrationx dependentx increasex inx antioxidantx activity.x Thex chloroformx 

extractx showedx greaterx antioxidantx activityx whilex thex methanolicx extractx wasx leastx whenx 

comparedx tox thex ascorbicx acidx (standard)x (Ezex etx al.,x 2015). 

Basedx onx ax studyx byx Rubabx etx al. ( 2016),x thex inx vitro antioxidantx activityx ofx methanolicx 

seedx extractx ofx H.x annuus wasx determinedx byx DPPHx freex radicalx scavengingx assay,x whichx 

demonstratedx veryx significantx antioxidantx potentialx comparedx tox standardx antioxidantx 

(ascorbicx acid).x Methanolicx extractx ofx H.x annuus showedx 51.57 %x DPPHx scavengingx 
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activityx andx thex halfx maximumx inhibitoryx concentrationx (IC50)x wasx 0.814x whereasx 46.66 

%x DPPHx scarvengingx activityx andx halfx maximumx inhibitoryx concentrationx (IC50)x ofx 1.0x 

inx casex ofx ascorbicx acidx (Rubabx etx al.,x 2016). 

2.3 Research Microorganisms 

2.3.1 Salmonella spp 

Salmonella infection is one of the most common food-borne infections worldwide. 

Salmonella belongs to the family Enterobacteriaceae. It is a Gram-negative, non-spore-

forming, rod-shaped and facultative anaerobic bacterium. Some sub species of 

Salmonella ferment lactose. Salmonella are hydrogen sulfite producers, they are oxidase- 

negative and catalase-positive. It hydrolyzes urea, utilizes citrate and decarboxylates 

lysine as its sole carbon source (Feasey et al., 2012; Andino and Hanning, 2015). 

2.3.1.1 Epidemiology of Salmonella infection 

There is high global burden of morbidity and mortality from human enteric pathogenic 

bacteria such as Salmonella species, despite the presence of antibiotic drugs (Petri et al., 

2008; Kirk, et al., 2010; Dixon and Hall, 2015). Salmonella infection causes about 2.8 

billion cases of diarrhoea annually worldwide. Salmonella enterica serovar Typhi (S. 

typhi) which is the causative agent of typhoid fever, is reported to cause 16–33 million 

infectious cases, with an estimated 500 000 to 600 000 deaths, while nontyphoidal 

Salmonella (NTS) infections account for 90 million cases and 155 000 deaths worldwide 

annually (Bula-Rodas et al., 2015). The high prevalence of human immunodeficiency 

virus (HIV) infections in Africa, has led to exercebation of Salmonella infections and it 

has been reported that there are 2000–7500 Salmonella infection cases per 100 000 HIV 

infected adults (Feasey et al., 2012). In Africa, 29.1 % of community- acquired 

bloodstream infections were attributed to Salmonella species (Nam et al., 2015). 
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2.3.1.2 Sources of infection and mode of transmission 

Salmonella are commonly isolated foodborne pathogens, and are predominantly found in 

include fresh fruits and vegetables (Pui et al., 2011). Farm animals such as swine, 

poultry and cattle are the prime sources of Salmonella infections. The slaughtering 

process of food animals at abattoirs is also considered one of the important sources of 

contamination with Salmonella (Gillespie et al. 2005). The bacterium can be transmitted 

through faecal–oral routes, where susceptible hosts may acquire Salmonella through 

contaminated foods and water (Ford et al., 2016). The major dissemination is through 

consumption of uncooked animal food products.  

2.3.1.4 Pathogenicity of Salmonella infection 

When contaminated food or water is ingested, Salmonella colonizes the distal ileum and 

proximal colon (Hocking, 2012; Lonnermark et al., 2015). The infective dose for 

salmonellosis that is capable of establishing infection in the mucosa of the small intestine 

ranges from 105 to 106 cells (Lonnermark et al., 2015).  Flagella serve as means of 

locomotion as well as chemotaxis to target cells, the enterocytes. Salmonella cells use 

type I fimbriae such as long polar fimbriae (Lpf) and thin aggregative fimbriae (Tafi), to 

adhere to enterocytes. Type IV pili are used by S. typhi to attach to host cells (Wagner 

and Hansel, 2011). Once Salmonella has adhered to the host cells on the apical side of M 

cells or enterocytes, it uses Salmonella pathogenicity islands (SPIs) encoded by type III 

secretion systems (T3SSs) to be phagocytized into the receptive macrophages (Wagner 

and Hansel, 2011).  

Salmonella cells are exocytosed into the interstitial spaces of the lamina propria, where 

they are randomly picked by macrophages, dendritic cells and polymorphonuclear cells 

and distributed to the host efferent lymph in the mesenteric lymph nodes and then 

transported to the spleen and liver through the bloodstream (Velg et al., 2012). The 
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attachment of Salmonella to the receptive epithelial cells and internalization into lamina 

propria causes inflammatory responses such as, release of pro-inflammatory cytokines 

which lead to diarrhoea, ulceration and the destruction of the mucosa cells (Velg et al., 

2012). Some species of Salmonella release enterotoxin and cytotoxin which can cause 

diarrhoea. 

2.3.1.5 Diagnosis of Salmonella infection 

The widal tube agglutination test has been used for decades. It involves detection of 

Salmonella serovar Typhi and Paratyphi A, with serum that measures agglutinating 

antibodies to the LPS (O) and flagellar (H) antigens. The efficacy of the Widal test is 

controversial, due to poor sensitivity and cross-reactivity with other Salmonella serovars, 

resulting in a low predictive value for typhoid fever (Ley et al., 2010; Baker et al., 2010). 

Non-Salmonella infections including malaria and brucellosis were also shown to lead to 

cross-reactivity in regions where enteric fever is endemic (Baker et al., 2010). Due to 

low cost and simplicity, Widal test is still commonly used as a diagnostic test in regions 

that lack advanced laboratory infrastructure (Thriemer et al., 2013). The laboratory 

diagnosis of typhoid fever is dependent on the detection of bacteria in the blood by PCR 

or culture. Microbiological culture has excellent specificity with low sensitivity and 

often requires 24 to 72 h of incubation. Hence, molecular approaches for Salmonella 

identification characterized by high sensitivity and a short time have been developed. 

PCR-based assays have been clinically validated for diagnosis of gastrointestinal Non 

Typhoidal Salmonella infection (Lin et al., 2011), invasive Non Typhoidal Salmonella 

infection (Tennant et al., 2010) and typhoidal Salmonella infection in the blood of 

patients with enteric fever. 
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2.3.1.6 Treatment of Salmonella infection 

Antibioticsx arex thex mainstayx inx thex treatmentx ofx infectiousx diseasesx andx improvex healthx 

relatedx qualityx ofx life,x inx additionx tox reducingx thex mortalityx associatedx withx bacterialx 

infections.x Thex selectivityx ofx antibioticx drugsx againstx invadingx bacteriax ensuresx minimalx 

harmx tox thex patientsx andx atx thex samex timex ensuresx maximumx eradicationx ofx thex targetx 

bacteriax (Namx etx al.,x 2015).x Nonx typhoidalx Salmonellosisx infectionsx arex associatedx withx 

complicationsx suchx asx meningitisx andx septicaemiax therefore,x requirex treatmentx withx 

antibioticx drugs,x includingx ciprofloxacin,x ceftriaxonex andx ampicillinx (WHO,x 2003;x 

Medallax etx al.,x 2012).x Infectionsx causedx byx S.x typhix andx S.x paratyphix mayx involvex seriousx 

complicationsx andx requirex treatmentx withx antibioticsx suchx asx cefixime,x chloramphenicol,x 

amoxicillin,x azithromycin,x aztreonam,x cefotaximex orx ceftriaxonex (Kumarx andx Kumr,x 

2017). 

2.3.1.7 Antimicrobialx resistancex tox Salmonella 

Antimicrobialx drugx resistancex ofx non-typhoidalx Salmonellaxorganismsx hasx beenx 

discoveredx inx developedx countriesx asx ax resultx ofx inevitablex consequencex ofx thex usex ofx 

antimicrobialx drugsx inx foodx producingx animals.x Suchx drugsx mayx bex usedx eitherx 

therapeuticallyx orx prophylactically,x orx forx growthx promotionx (feedx additives).x Thex firstx 

linex treatmentx choicesx forx entericx andx non-x typhoidalx salmonellosisx diseasex werex co-

trimoxazole,x ampicillinx orx chloramphenicol.x However,x fromx thex latex 1980s,x therex wasx anx 

increasex inx prevalencex ofx resistancex tox thesex commonlyx usedx antibiotics.x  

Resistancex tox commonlyx usedx antimicrobialsx inx Typhix andx Paratyphix Ax isx ax widespreadx 

problemx inx endemicx areasx andx returningx travellersx (Wainx etx al.,x 2015).x Thisx ledx tox usex ofx 

broadx spectrumx cephalosporinsx andx fluoroquinolonesx whichx replacedx olderx agentsx inx thex 

managementx ofx Salmonellax diseasex (Crumpx etx al.,x 2011;x Msefulax etx al.,x 2012).x Studiesx byx 

Wongx etx al.x (2014)x reportedx thatx specificx Salmonellax isolatesx ST313x werex discoveredx tox 
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bex resistantx tox cephalosporins,x tetracyclines,x Co-trimoxazole,x chloramphenicolx andx 

Aminoglycosidex suchx asx Streptomicin. 

2.3.2 E.xcoli  infection 

Escherichiax colix arex ax groupx ofx gramx negativex bacteriax normallyx foundx inx thex florax ofx 

humanx andx animalx digestivex tractsx andx asx symbiontsx participatingx inx digestion.x E.x coli are 

involvedx inx urinaryx tractx infectionx (UTI),x hospitalx acquired pneumoniax (HAP),x sepsis,x 

surgicalx sitex infectionx (SSI),x gastrointestinalx tractx infectionsx andx hemolytic-uremicx 

syndromex (HUS)x (Alkeskasx etx al.,x 2015).x Escherichiax colix isx thex majorx areobicx organismx 

residingx inx thex intestine.x Itx isx alsox foundx inx soilx andx waterx asx ax resultx ofx faecalx 

contaminationx (Tenaillonx etx al.,x 2010).x Somex pathotypesx ofx E.x colix arex knownx tox causex 

infectionx ofx thex gastrointestinalx systemx (intestinalx pathogenicx E.x coli)x whilex othersx causex 

infectionx outsidex thex gastrointestionalx systemx (extraintestinalx pathogenicx E.x coli)x (Croxenx 

andx Finlay,x 2010). 

2.3.2.1 Epidemiologyx ofx E.x coli 

Escherichiax colix isx thex mostx commonx causex ofx urinaryx tractx infectionx (UTIs) x inx humans.x 

Andx isx thex leadingx causex ofx entericx infectionx andx systemicx infectionsx (Kim, 2012).x Thex 

systemicx infectionsx includex bacteremia,x nosocomialx pneumonia,x cholecystitis,x 

cholangitis,x peritonitis,x cellulitis,x osteomelytisx andx infectiousx arthritis.x E.x colix isx alsox thex 

leadingx causex ofx neonatalx meningitisx (Kim,x 2012). E.x coli hasx beenx associatedx withx 

increasedx morbidityx andx mortalityx inx recentx yearsx (Bartonx etx al.,x 2011). 

Enterotoxigenicx E.x colix (ETEC) isx reportedx tox bex thex mostx commonx bacterialx 

enteropathogenx isolatedx inx childrenx lessx thanx 5 yrsx ofx agex inx developingx countriesx 

accountingx forx aboutx tenx thousandx deathsx eachx yearx (Bartonx etx al.,x 2011).x Itx isx alsox thex 

mostx commonx causex ofx travelers’x diarrheax accountingx forx 10–60 %x ofx infectionsx 
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dependingx onx thex regionx visitedx (Bartonx etx al.,x 2011). Enteroaggregativex E.x colix (EAEC) 

isx thex secondx mostx commonx causex ofx travelers’x diarrheax afterx ETEC.x Itx causesx persistentx 

diarrheax inx childrenx inx developingx countriesx andx hasx beenx implicatedx asx anx importantx 

entericx pathogenx affectingx AIDSx patientsx (Cappellox etx al., 2011). 

2.3.2.2 Sourcesx ofx infectionx andx modex ofx transmission 

Escherichiax colix arex thex mostx commonx memberx ofx thex Enterobacteriaceaex whichx accountsx 

forx 75x -x 90x %x ofx Urinaryx tractx infetionsx inx humansx (Bartonx etx al.,x 2011).x E.x colix canx bex 

isolatedx fromx contaminatedx foodx obtainedx fromx animalx originx likex milkx (Disassax etx al.,x 

2017).x Humanx infectionx occursx throughx consumptionx ofx contaminatedx foodx productsx suchx 

asx uncoookedx meatx orx waterx contaminatedx withx animalx orx humanx wastes.x Itx couldx bex 

throughx directx person-personx spreadx fromx poorx hygeinex (Bergerx etx al.,x 2010).x Thex 

potentialx sourcex ofx pathogenicx E.x colix isx hostx ownx intestinalx flora,x butx thex infectionx canx 

alsox bex transmittedx throughx thex fecal–oralx routex orx throughx sexualx contactx (Terlizzix etx al.,x 

2017). 

2.3.2.3 Pathogenicityx ofx E.x coli  infection 

Thex factorsx responsiblex forx thex virulencex ofx pathogenicx E.colix includex adhesins,x toxinsx 

(e.g.x alpha-hemolysin,x cytotoxicx necrotizingx factorx 1,x autotransporterx toxins),x iron/hemex 

acquisitionx systems,x andx ironx ionx transport.x P,x Sx andx typex 1x fimbriaex whichx arex responsiblex 

forx adhesionx tox epithelialx cellsx ofx intestines,x kidneys,x orx lowerx urinaryx tractx andx forx 

stimulatingx cytokinex productionx byx Tx cells.x E.x colix hasx thex abilityx tox multiplyx 

intracelullarlyx (Baldy-Chudzikx etx al.,x 2015).x Thex pathologyx ofx E.x colix (ETEC)x occursx 

throughx secretionx ofx heatx stablex toxinsx STa/STIx andx STb/STII.x STa/STIx mimicsx thex 

intestinalx hormonex guanylin,x bindingx tox andx activatingx intestinalx bordersx guanylatex 

cyclasex Cx receptor,x increasingx intracellularx messengerx cyclicx GMP.x Thisx activatesx cyclicx 

GMP-dependentx proteinx kinasex IIx leadingx tox phosphorylationx ofx cysticx fibrosisx 
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transmembranex regulatorx andx deregulatedx ionx absorptionx andx secretionx hencex diarrhoeax 

occursx (Baldy-Chudzikx etx al.,x 2015). 

2.3.2.4 Diagnosis of E. coli infections 

Escherichiax colix growx readilyx onx simplex culturex mediax withx minimalx nutrientx ofx glucosex 

orx glycerol.x E.x colix isx identifiedx asx lactosex fermentingx gramx negativex rod.x Itx canx growx 

areobicallyx orx anaerobicallyx atx 37 ˚Cx andx canx bex motilex orx nonx motile.x Itx isx oxidasex 

negativex andx producesx indole.x Itx doesx notx fermentx citratex (Croxenx andx Finlay,x 2010).x E.x 

colix isx typedx accordingx tox theirx somaticx lipopolysaccharidex (O),x capsularx (K)x andx Flagellax 

(K)x antigens.x Thex O:Hx combinationx isx referredx tox asx serotype.x E.x colix O15;x H7x isx onex ofx 

thex majorx serotypesx implicatedx inx enterohaemorrhagicx E.x colix infectionsx (Debroyx etx al.,x 

2011). 

2.3.2.5 Treatment of E. coli infection 

Antimicrobialx agentsx suchx asx β-lactams,x fluoroquinolones,x aminoglycosidesx andx 

sulfamethoxazole-x trimethoprimx arex usedx tox treatx E. colix infectionsx (Pitout,x 2012). 

2.3.2.6 Antibacterialx resistancex tox E.coli 

Escherichiax colix havex becomex resistantx tox β-lactamx antibioticsx duex tox itsx outerx membranex 

barrier.x Thex productionx ofx β-lactamasex isx thex mostx importantx mediatorx ofx resistancex tox 

broadx spectrumx ofx β-lactamsx (Johnsonx etx al.,x2013).x β-lactamasesx constitutex differentx classx 

ofx enzymes,x whichx arex oftenx encodedx onx plasmidsx andx arex mostx commonlyx producedx byx 

Enterobacteriaceae.x β-lactamasesx conferx resistancex tox penicillinsx andx cephalosporinsx andx 

arex thex majorx causex ofx multidrugx resistancex inx Gram-negativex bacteriax (Johnsonx etx 

al.,x2013). 

Thex up-regulationx ofx effluxx pumpsx andx plasmidx mediatedx resistancex mechanismsx reducex 

fluoroquinolonex susceptibilitiesx inx E.x coli.x Resistancex tox fluoroquinolonesx isx characterisedx 
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byx 1-2x pointx mutationx withinx thex quinolonex resistantx determiningx regionsx ofx genesx 

encodingx forx DNAx gyrasex andx topoisomerasex (Johnsonx etx al.,x2013). 

2.4 Antibacterialx Resistance to infections 

Antibioticx drug-resistantx bacteriax refersx tox bacteriax withx thex abilityx tox growx orx survivex inx ax 

concentrationx ofx antibioticx drugx thatx isx normallyx sufficientx tox bex bactericidalx orx 

bacteriostaticx (Sabtux etx al.,x 2015).x Antibioticx drugx resistancex mayx bex innatex orx acquiredx 

throughx exposurex ofx thex bacteriax tox thex antibiotic.x Conjugation,x transductionx andx 

transformationx arex thex geneticx mechanismsx usedx byx bacteriax tox acquirex antibiotic-resistantx 

genesx (Sabtux etx al.,x 2015).x Resistantx bacteriax fromx animalsx canx infectx humansx byx directx 

contactx orx throughx foodx productsx ofx animalx origin.x Therex isx anx increasex inx multi-resistantx 

strainsx duex tox thex spreadx ofx genesx suchx asx plasmids,x integronsx andx transposonsx whichx 

combinex withx chromosomallyx encodedx resistancex genes.x Bacteriax thatx havex beenx exposedx 

tox lowx dosesx ofx thesex antibioticsx inx tissuesx andx productsx fromx animalsx mayx bex lessx 

susceptiblex tox drugsx therefore,x whenx suchx bacteriax invadesx thex humanx bodyx throughx 

consumptionx ofx contaminatedx foods,x theyx mayx causex infectionsx thatx arex resistantx tox manyx 

antibioticsx (Claubenx etx al.,x 2013). 

Thex emergencex ofx majorx foodx bornex pathogensx suchx asx Salmonellax andx Escherichiax colix 

havex persistedx asx ax majorx publicx healthx concernsx andx providex evidencex ofx persistencex ofx 

foodx bornex pathogensx despitex considerablex effortsx aimedx atx preventionx andx controlx 

(Newellx etx al., 2010). Thex resistantx strainsx ofx Salmonellax andx E.x colix isx mainlyx promotedx 

byx thex usex ofx antibioticsx inx animalx feedx tox promotex thex growthx ofx foodx animals,x andx inx 

veterinaryx medicinex tox treatx bacterialx infectionsx inx thosex animalsx (Hyeonx etx al.,x 2011).x Thex 

irrationalx usex ofx antibioticsx inx foodx producingx animalsx couldx resultx intox antibioticx residuesx 

inx ediblex tissuesx andx productsx (Darwishx etx al.,x 2013).x Thex risex inx antibioticx resistantx 
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pathogensx hasx ledx tox thex developmentx ofx medicinalx plantsx asx anx alternativex methodx tox 

controlx pathogenicx microorganisms. 

2.5x Phytochemical Components 

Phytochemicalsx isx obtainedx (fromx thex Greekx wordx phyto,x meaningx plant).x Thesex arex 

biologicallyx active,x naturallyx occurringx chemicalx compoundsx foundx inx plants,x whichx 

providex healthx benefitsx forx manx (Haslerx andx Blumberg,x 1999). Theyx alsox protectx plantx 

cellsx fromx environmentalx hazardsx suchx asx pollution,x stress,x drought,x UVx exposurex andx 

pathogenicx attack.x Thesex phytochemicalsx contributex tox thex plant’sx color,x aromax andx flavorx 

(Gibsonx etx al.,x 1998).x Ax widex rangex ofx dietaryx phytochemicalsx arex foundx inx fruits,x 

vegetables,x legumes,x wholex grains,x nuts,x seeds,x fungi,x herbsx andx spicesx (Mathai,x 2000).x 

Phytochemicalsx arex foundx inx differentx partsx ofx thex plants,x suchx asx inx thex roots,x stems,x 

leaves,x flowers,x fruitsx andx seedsx (Kochiex etx al.,x 2010). 

Phytochemicalsx arex alsox knownx asx secondaryx plantx metabolitesx whichx posssesx biologicalx 

propertiesx suchx asx antioxidantx activityx andx antimicrobialx effect.x Currentx researchesx havex 

shownx thatx manyx phytochemicalsx arex usedx tox preventx certainx diseasesx inx humansx (Kochiex 

etx al.,x 2010).x Phytochemicalsx arex classifiedx asx primaryx orx secondaryx constituents,x 

dependingx onx theirx rolex inx plantx metabolism.x Primaryx constituentsx includex thex commonx 

sugars,x aminox acids,x proteins,x purinesx andx pyrimidinesx ofx nucleicx acidsx andx chlorophyll’s.x 

Secondaryx constituentsx arex plantx substancesx suchx asx alkaloids,x terpenes,x flavonoids,x plantx 

steroids,x saponins,x phenolics,x andx glucosidesx (Ramawatx et.x al.,x2009).x x Thex followingx arex 

classesx ofx phytochemicalx compounds. 
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2.5.1 Classificationx ofx phytochemicals 

2.5.1.1 Phenolic contents  

Phenolicx compoundsx arex largex andx complexx groupx ofx chemicalx constituentsx foundx inx 

plantsx (Daix andx Mumper,x2010).x Phenolicsx possesx severalx beneficialx propertiesx tox humansx 

andx itsx antioxidantx propertiesx servex asx protectivex rolex againstx freex radical-mediatedx 

diseasex processes.x Therex arex threex (3)x mostx importantx groupsx ofx dietaryx phenolicsx whichx 

arex flavonoids,x phenolicx acids,x andx polyphenols. 

I.x Phenolicx acids 

Thesex arex phenolicx compoundsx thatx containx onex carboxylicx acidx functionalx group.x 

Naturallyx occurringx phenolicx acidsx containx twox diferentx carbonx frameworksx whichx arex thex 

hydroxycinnamicx andx hydroxybenzoicx structures.x Hydroxycinnamicx acidx compoundsx arex 

producedx asx simplex estersx withx glucosex orx hydroxyx carboxylicx acids.x Plantx phenolicx 

compoundsx arex differentx inx molecularx structure,x andx arex characterizedx byx hydroxylatedx 

aromaticx ringsx (Mandalx etx al.,x 2010). 

II.x Flavonoids 

Flavonoidsx arex polyphenolicx compoundsx thatx arex abundantx inx nature.x Aboutx 4,000x 

flavonoidsx havex beenx knownx tox occurx inx naturex andx arex foundx inx vegetables,x fruitsx andx 

beveragesx likex tea,x coffeex andx fruitx drinksx (Pierox etx al.,x 2015).x Flavoinoidsx arex commonx inx 

partsx ofx plantsx normallyx consumedx byx humansx whichx includex approximatelyx 650x flavonesx 

andx 1030x flavanolsx (Pierox etx al.,x 2015). 

Mostx flavonoidsx occurx naturallyx inx combinationx withx sugarx moietyx whichx canx bex 

characterizedx asx monoglycosidicx orx diglycosidic.x Thex glycosidicx linkagex isx usuallyx 

locatedx atx positionx 3x orx 7x andx thex carbohydratex unitx canx bex L-rhamnose,xDglucose,x 

glucorhamnose,x galactosex orx arabinosex (Nyanmaix etx al.,x 2015). 
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2.5.1.2x x Tannin contents  

Tanninsx arex naturallyx occuringx substancesx thatx containx diversex oligomersx andx polymersx 

(Harborne,x 1999).x Theyx arex heterogeneousx groupx ofx highx molecularx weightx polyphenolicx 

compoundsx withx thex capacityx tox formx reversiblex andx irreversiblex complexesx withx proteinsx 

(mainly),x polysaccharidesx (cellulose,x hemicellulose,x pectin,),x alkaloids,x nucleicx acidsx andx 

mineralsx (Kar,x 2007).x Basedx onx theirx structuralx characteristics,x tanninsx arex dividedx intox 

fourx (4)x majorx groups:x Gallotannins,x ellagitannins,x complexx tannins,x andx condensedx 

tanninsx (Kar,x 2007). 

1. Gallotanninsx arex allx thosex tanninsx inx whichx galloylx unitsx orx theirx meta-depsidicx 

derivativesx arex boundx tox diversex polyol-,xcatechin-,x orx triterpenoidx units. 

2. x Ellagitanninsx arex thosex tanninsx inx whichx atx leastx twox galloylx unitsx arex C–Cx coupledx tox 

eachx other,xandx dox notx containx ax glycosidicallyx linkedx catechinx unit. 

3. Complexx tanninsx arex tanninsx inx whichx ax catechinx unitx isx boundx glycosidicallyx tox ax 

gallotanninx orx anx ellagitanninx unit. 

4. Condensedx tanninsx arex allx oligomericx andx polymericx proanthocyanidinsx formedx byx 

linkagex ofx C-4x ofx onex catechinx withx C-8x orx C-6x ofx thex nextx monomericx catechin. 

2.5.1.3x  Alkaloid contents  

Alkaloidsx arex naturalx productx whichx containsx heterocyclicx nitrogenx atomsx thatx arex basicx inx 

character.x Thex namex ofx alkaloidsx isx derivedx fromx thex wordx “alkaline”x andx itx isx usedx tox 

describex nitrogen-containingx base.x Thex basicityx ofx alkaloidsx variesx dependingx onx thex 

structurex ofx thex molecule,x presencex andx locationx ofx thex functionalx groupsx (Sarkerx &x 

Nahar,x 2007).x Alkaloidsx arex groupedx basedx onx thex typex ofx heterocyclicx ringx systemx 

presentx inx thex moleculex .Alkaloidsx arex namedx basedx onx thex plantsx theyx arex derivedx fromx orx 

fromx theirx characteristicx physiologicalx activity.x Mostx alkaloidsx arex readilyx solublex inx 

alcohol,x althoughx theyx arex sparinglyx solublex inx water,x theirx saltsx ofx arex usuallyx solublex 
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(Firn,x 2010).x x Therex arex variousx classesx ofx alkaloidsx accordingx tox heterocyclicx ringx system.x 

Theyx are;x pyrrolidinex alkaloids,x pyridinex alkaloids,x pyrrolidine-pyridinex alkaloids,x 

pyridine-piperidinex alkaloids,x quinolinex alkaloidsx andx isoquinolinex alkaloids. 

2.5.1.4x x Terpenoid contents 

Terpenoidsx arex ax classx ofx naturalx productsx derivedx fromx five-carbonx isoprenex units.x Mostx 

ofx thex terpenoidsx havex multix cyclicx structuresx thatx differx fromx onex anotherx byx theirx 

functionalx groupsx andx basicx carbonx skeletons.x Theyx arex foundx inx livingx things,x andx 

thereforex consideredx asx thex largestx groupx ofx naturalx productsx (Firn,x 2010).x Terpenoidsx arex 

usedx asx flavoursx andx fragrancesx inx foodsx andx cosmeticsx examplesx mentholx andx sclareol. 

Terpenesx arex presentx inx plantsx asx constituentsx ofx essentialx oils.x Theirx buildingx blockx isx thex 

hydrocarbonx isoprene, CH2=Cx (CH3)-CH=CH2.x Terpenex hydrocarbonsx thereforex havex 

molecularx formulax (C5H8)x nx andx theyx arex classifiedx accordingx tox thex numberx ofx isoprenex 

unitsx (Martinezx etx al.,x 2008).x Theyx arex hemiterpenoids,x monoterpenoids:x sesquiterpenes,x 

diterpenes,x Triterpenesx andx Tetraterpenoids. 

2.5.1.5x x Saponin contents 

Saponinsx arex ax groupx ofx secondaryx metabolitesx foundx inx plantx kingdom.x Thex termx saponinx 

isx derivedx fromx Saponariax vaccariax (Quillajax saponaria),x ax plant,x whichx isx abundantx inx 

saponinsx andx wasx oncex usedx asx soapx (Kar,x 2007).x Saponinsx thereforex producex foamx inx 

water.x Onx hydrolysis,x anx aglyconex isx produced,x whichx isx calledx sapogenin.x Therex arex twox 

typesx ofx sapogenin:x steroidalx andx triterpenoidal.x Thex sugarx moietyx isx attachedx tox C-3x inx 

saponins,x becausex inx mostx sapogeninsx therex isx ax hydroxylgroupx atx C-3.x Therex arex twox 

majorx groupsx ofx saponinsx whichx are;x steroidx saponinsx andx triterpenex saponins.x Saponinsx 

arex solublex inx waterx andx insolublex inx ether,x andx likex glycosidesx onx hydrolysis,x theyx yieldx 

aglycones.x Theyx arex mostlyx amorphousx inx nature,x solublex inx alcoholx andx water,x butx 

insolublex inx non-polarx organicx solventsx likex benzenex andx n-hexanex (Kar,x 2007). 
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2.5.2  Medicinal properties of phytochemicals 

Phenolics 

Phenolic compounds have been subjected to Agricultural, biological, chemical and 

medical studies. Results have shown that phenolic compound posses antioxidant 

activities which can be used in processed foods as antioxidants. Therefore, the biological 

activity of these compounds is related to their antioxidant property (Lafay and Gil-

Izquierdo, 2008). Phenolics acid have been found to possesses diverse biological 

activities such as antiulcer, anti- inflammatory, antioxidant (Silva et al., 2007), cytotoxic 

and antitumor, antispasmodic, and antidepressant activities (Ghasemzadeh et al., 2010). 

Flavonoids are group of phenolics with various therapeutic values. Flavonoids have been 

reported to posses antihyperglycemic effect (Muriithi et al., 2015). Flavonoids have been 

recognised due to their broad biological and pharmacological activities including anti-

microbial, cytotoxic, anti-inflammatory and anti-tumor activities. The most prominent 

property of the flavonoid family is antioxidant property (Shirsat et. al., 2012; Teiten et. 

al., 2013) which protects humans from oxidative stress damage. 

Tannins 

In Asian medicine, plants containing tannins are used as astringents, diuretics and in 

treating diarrhoea, as well as stomach and duodenal tumours (Dolara et al., 2005). They 

are also used as anti- inflammatory, antiseptic and antioxidant (Dolara et al., 2005). 

Alkaloids  

Alkaloids are important in protection and survival of plants. They ensure protection 

against micro-organisms (such as bacteria and fungi), insects and herbivores (feeding 

deterrens) and also against other plants by production of allelopathic chemicals (Madziga 

et al., 2010). Alkaloids have many pharmacological activities including antihypertensive 

effects (many indole alkaloids), antiarrhythmic effect (quinidine), antimalarial activity 
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(quinine), and anticancer actions (vincristine, vinblastine). Some alkaloids are used as 

CNS stimulant such as caffeine and nicotine, they also posses analgesic activity as seen 

in morphine (Madziga et al., 2010). 

Terpenoids 

Teroenoids have medicinal properties such as anticarcinogenic (example, taxol), 

antimalarial (example, artemisinin). Sesquiterpene lactones have been isolated and found 

to posses antimicrobial (particularly antiprotozoal) and neurotoxic action (Degenhardt, 

2003). 

Saponins 

Saponinsx arex importantx forx therapeuticx purposesx andx havex shownx hypolipidemicx andx 

anticancerx activityx (Sarkerx andx Nahar,x 2007). Thex twox majorx typesx ofx steroidalx sapogeninx 

arex diosgeninx andx hecogenin.x Steroidalx saponinsx arex usedx inx productionx ofx sexx hormonesx 

forx clinicalx usex suchx asx progesteronex isx derivedx fromx diosgenin.x Thex mostx abundantx 

startingx materialx forx thex synthesisx ofx progesteronex isx diosgeninx isolatedx fromx Dioscoreax 

species.x Steroidalx hormones,x suchx asx cortisonex andx hydrocortisone,x canx bex preparedx fromx 

thex startingx materialx hecogenin,x whichx isx isolatedx fromx Sisalx leavesx (Sarkerx andx Nahar,x 

2007). 

2.6 Extraction of Plant Materials 

Extractionx refersx tox thex separationx ofx medicinallyx activex portionsx ofx plantx orx animalx tissuesx 

fromx thex inactivex orx inertx componentsx byx usingx selectivex solventsx usingx standardx 

extractionx proceduresx (Azwanida,x 2015).x Thex mainx purposex ofx extractionx isx tox separatex 

thex solublex plantx metabolites,x leavingx behindx thex insolublex cellularx marcx (residue).x Thex 

crudex extractsx obtainedx containx complexx mixturex ofx manyx plantx metabolites,x suchx asx 

alkaloids,x glycosides,x phenolics,x terpenoidsx andx flavonoidsx (Sasidharanx etx al.,x 2011).x 
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Somex ofx thesex crudex extractsx mayx bex readyx forx usex asx medicinalx agentsx inx thex formx ofx 

tincturesx andx fluidx extractsx butx somex needx tox bex furtherx processedx andx incorporatedx inx anyx 

dosagex formx suchx asx tabletsx orx capsules,x orx itx mayx bex fractionatedx tox isolatex individualx 

chemicalx entitiesx (Rungsungx etx al.,x 2015). Thus,x standardizationx ofx extractionx proceduresx 

contributesx significantlyx tox thex finalx qualityx ofx thex herbalx drug.x Thex commonx extractionx 

methodsx include; 

2.6.1 Typesx ofx extractionx methods 

2.6.1.1 Maceration method 

Macerationx involvedx soakingx plantx materialsx (coarsex orx powdered)x inx ax stopperedx 

containerx withx ax solventx andx allowedx tox standx atx roomx temperaturex forx ax periodx ofx 

minimumx 3x daysx withx frequentx agitationx (Bimakr,x 2010).x Thisx processx isx intendedx tox 

softenx andx breakx thex plant’sx cellx wallx tox releasex thex solublex phytochemicals.x Afterx 3x days,x 

thex mixturex isx pressedx orx strainedx byx filtration.x Thisx methodx isx bestx suitablex forx usex inx casex 

ofx thex thermolabilex drugsx (Bimakr,  2010). 

2.6.1.2 Infusion method 

Thisx isx anx extractionx processx similarx tox maceration.x Thex drugx materialx isx grindedx intox finex 

powder,x andx thenx placedx inx ax container.x Thex extractionx solventx hotx orx coldx isx thenx pouredx 

onx thex drugx material,x soaked,x andx keptx forx ax shortx periodx ofx timex (Pandeyx andx Tripathi,x 

2014;x Azwanida,x 2015;x Majekodunmi,x 2015;x Inglex etx al.,x 2017).x Thisx methodx isx suitablex 

forx extractionx ofx bioactivex constituentsx thatx arex readilyx soluble.x Thisx methodx isx employedx 

forx preparationx ofx freshx extractx beforex use.x Thex solventx tox samplex ratiox isx usuallyx 4:1x orx 

16:1x dependingx onx thex intendedx usex (Pandeyx andx Tripathi,x 2014;x Azwanida,x 2015;x 

Majekodunmi,x 2015;x Inglex etx al.,x 2017). 
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2.6.1.3 Digestion method 

Thisx extractionx methodx involvesx thex usex ofx moderatex heatx duringx extraction.x Thex solventx 

usedx forx thex extractionx isx pouredx intox ax cleanx containerx followedx byx powderedx drugx 

material.x Thex mixturex isx placedx overx waterx bathx orx inx anx ovenx atx ax temperaturex aboutx 50 ºCx 

(Pandeyx andx Tripathi,x 2014;x Majekodunmi,x 2015;x Inglex etx al.,x 2017).x Heatx isx requiredx 

throughoutx thex extractionx processx tox decreasex thex viscosityx ofx extractionx solventx andx 

enhancex thex removalx ofx secondaryx metabolites.x Thisx methodx isx suitablex forx plantx materialsx 

thatx arex readilyx solublex (Pandeyx andx Tripathi,x 2014;x Majekodunmi,x 2015;x Inglex etx al.,x 

2017). 

2.6.1.4 x Decoction method 

x Thisx processx involvesx continuousx hotx extractionx usingx specifiedx volumex ofx waterx asx ax 

solvent.x Ax dried,x grinded,x andx powderedx plantx materialx isx placedx intox ax cleanx container.x 

Waterx isx thenx pouredx andx stirred.x Heatx isx thenx appliedx throughoutx thex processx tox hastenx thex 

extractionx (Pandeyx andx Tripathi,x 2014;x Azwanida,x 2015;x Majekodunmi,x 2015;x Inglex etx al.,x 

2017).x Thex processx isx lastedx forx ax shortx durationx usuallyx aboutx 15min.x Thex ratiox ofx solventx 

tox crudex drugx isx usuallyx 4:1x orx 16:1.x Itx isx usedx forx extractionx ofx waterx solublex andx heatx 

stablex plantx materialx (Pandeyx andx Tripathi,x 2014;x Azwanida,x 2015;x Majekodunmi,x 2015;x 

Inglex etx al.,x 2017). 

2.6.1.5 Percolation method 

Thisx involvesx usex ofx ax percolatorx whichx isx ax narrow-cone-shapedx glassx vesselx withx 

openingx atx bothx ends.x Ax dried,x grinded,x andx finelyx powderedx plantx materialx isx moistenedx 

withx thex solventx forx extraction.x Solventx isx thenx added,x andx thex mixturex isx keptx forx ax periodx 

ofx 4h.x Subsequently,x thex contentx isx thenx transferredx intox thex percolatorx withx thex lowerx endx 

closedx andx allowx tox standx forx ax periodx ofx 24 hx (Azwanida,x 2015;x Pandeyx andx Tripathi,x 

2014;x Majekodunmi,x 2015).x Thex solventx ofx extractionx isx thenx pouredx fromx thex topx untilx 
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thex drugx materialx isx completelyx saturated.x Thex lowerx partx ofx thex percolatorx isx thenx opened,x 

andx thex liquidx allowedx tox dropx slowly.x Ax littlex quantityx ofx solventx isx addedx continuously,x 

andx thex extractionx takesx placex byx gravitationalx force,x pushingx thex solventx throughx thex drugx 

materialx downwardx (Azwanida,x 2015;x Pandeyx andx Tripathi,x 2014;x Majekodunmi,x 2015).x 

Thex additionx ofx solventx isx stoppedx whenx thex volumex ofx solventx addedx reachesx 75 %x ofx thex 

intendedx quantityx ofx thex entirex preparations.x Thex extractx isx separatedx byx filtrationx followedx 

byx decantation.x Thex marcx isx thenx expressedx andx finalx amountx ofx solventx addedx tox getx 

requiredx volumex (Azwanida,x 2015;x Pandeyx andx Tripathi,x 2014;x Majekodunmi,x 2015). 

2.6.1.6 Soxhlet extraction or hot continuous extraction method 

This method involves the use of apparatus called Soxhlet extractor made up of glass. It 

consists of a round bottom flask, extraction chamber, siphon tube, and condenser at the 

top. A dried, grinded, and finely powdered plant material is placed inside porous bag 

(thimble) made up of a clean cloth or strong filter paper and tightly closed (Doughari, 

2012; Hossain et al., 2014). The extraction solvent is poured into the bottom flask, 

followed by the thimble into the extraction chamber. The solvent is then heated from the 

bottom flask, evaporates, and passes through the condenser where it condenses and flow 

down to the extraction chamber and extracts the drug. When the level of solvent in the 

extraction chamber reaches the top of the siphon, the solvent and the extracted plant 

material flow back to the flask (Doughari, 2012; Hossain et al., 2014). The entire process 

continues repeatedly until the drug is completely extracted, a point when a solvent 

flowing from extraction chamber does not leave any residue behind. This method is 

suitable for plant material which is partially soluble in the chosen solvent and for plant 

materials with insoluble impurities. However, it is not a suitable method for thermolabile 

plant materials.  
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Advantages.x Largex amountx ofx drugx canx bex extractedx withx smallerx amountx ofx solvent.x Itx isx 

alsox applicablex tox plantx materialsx thatx arex heatx stable.x Nox filtrationx isx required,x andx highx 

amountx ofx heatx couldx bex appliedx (Doughari,x 2012;x Hossainx etx al.,x 2014).x Disadvantage;x 

Thisx methodx isx notx suitablex forx thermolabilex materials.x Itx leadsx tox exposurex tox hazardousx 

liquidx organicx solvents,x withx potentialx toxicx emissionsx duringx extractionx (Doughari,x 2012;x 

Hossainx etx al.,x 2014). 

2.6.1.7 Microwave-assistedx extraction method 

Thisx isx anx advancedx extractionx procedurex inx preparationx ofx medicinalx plants.x Thisx 

techniquex usesx mechanismx ofx dipolex rotationx andx ionicx transferx byx displacementx ofx 

chargedx ionsx presentx inx thex solventx andx drugx material.x Thisx methodx isx suitablex forx 

extractionx ofx flavonoids.x Itx involvesx thex applicationx ofx electromagneticx radiationx inx 

frequenciesx betweenx 300x MHzx andx 300x GHzx andx wavelengthx betweenx 1cmx andx 1x mx 

(Doughari,x 2012;x Altemimix etx al.,x 2017;xx Inglex etx alx .,x 2017). Thex microwavesx appliedx atx 

frequencyx ofx 2450x Hzx yieldx energyx betweenx 600x andx 700x W.x Thex techniquex usesx 

microwavex radiationx tox bombardx anx object,x whichx canx absorbx electromagneticx energyx andx 

convertx itx intox heat.x Thex heatx producedx facilitatesx movementx ofx solventx intox thex drugx 

matrixx (Doughari,x 2012;x Altemimix etx al.,x 2017;x Inglex etx al.,x 2017). Whenx polarx solventx isx 

used,x dipolex rotationx andx migrationx ofx ionsx occur,x leadingx tox increasex solventx penetrationx 

andx thisx assistx extractionx process.x However,x whenx nonpolarx solventx isx used,x thex 

microwavex radiationx releasedx willx producex onlyx ax littlex heatx hence,x thisx methodx doesx notx 

favorx usex ofx nonpolarx solventsx (Doughari,x 2012;x Altemimix etx al.,x 2017;xx Inglex etx al.,x 2017).x 

Advantages;x Itx minimizesx solventx andx timex ofx extractionx asx wellx asx increasex inx thex 

outcomex (Doughari,x 2012;x Altemimix etx al.,x 2017;x Bhan,x 2017;x Inglex etx al.,x 2017).x x 

Disadvantages;x Thisx methodx isx suitablex onlyx forx phenolicx compoundsx andx flavonoids.x 
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Compoundsx suchx asx tanninsx andx anthocyaninsx mayx bex degradedx duex tox highx temperaturex 

(Doughari,x 2012;x Altemimix etx al.,x 2017;x x Inglex etx al.,x 2017). 

2.6.1.8 x Ultrasound-assistedx extraction method 

Thisx processx involvesx applicationx ofx soundx energyx atx ax veryx highx frequencyx greaterx thanx 

20x KHzx tox disruptx plantx cellx allx andx increasex thex drugx surfacex areax forx solventx penetrationx 

leadingx tox releasex ofx secondaryx metabolites.x Plantx materialsx arex dried,x grindedx intox finex 

power,x andx sievedx properly.x Thex preparedx samplex isx thenx mixedx withx andx appropriatex 

solventx ofx extractionx andx packedx intox thex ultrasonicx extractorx (Pandeyx andx Tripathi,x 2014;x 

Azwanida,x 2015;x Altemimix etx al.,x 2017).Thex highx soundx energyx appliedx hastenx thex 

extractionx processx byx reducingx thex heat.x Advantages;x Ultrasound-assistedx extractionx isx 

applicablex tox smallx sample,x itx reducesx thex timex ofx extractionx andx amountx ofx solventx used,x 

andx maximizesx thex yieldx (Pandeyx andx Tripathi,x 2014;x Azwanida,x 2015;x Altemimix etx al.,x 

2017).x Disadvantages.x Thisx methodx isx difficultx tox bex reproduced;x also,x highx amountx ofx 

energyx appliedx mayx degradex thex phytochemicalx byx producingx freex radicalx (Pandeyx andx 

Tripathi,x 2014;x Azwanida,x 2015;x Altemimix etx al.,x 2017). 

2.6.2 Factorsx tox bex consideredx inx choosingx extractionx method 

(a)x Stabilityx tox heat.x Heat-stablex plantx materialx arex extractedx usingx Soxhletx extractionx orx 

microwave-assistedx extraction,x whereasx plantx materialsx thatx arex notx heatx stablex arex 

extractedx usingx macerationx orx percolationx (Azwanida,x 2015;x Majekodunmi,x 2015).x (b)x 

Naturex ofx solvent.x Ifx thex solventx ofx extractionx isx water,x macerationx isx ax suitablex methodx butx 

forx volatilex solventx percolationx andx Soxhletx extractionx arex morex appropriatex (Azwanida,x 

2015;x Majekodunmi,x 2015).x (c)x Costx ofx thex drug.x Cheapx drugsx arex extractedx usingx 

maceration,x whereasx costlyx drugsx arex preferablyx extractedx usingx percolationx (Azwanida,x 

2015;x Majekodunmi,x 2015).x (d)x Durationx ofx extraction.x Macerationx isx suitablex forx plantx 

materialx requiringx longx exposurex tox thex menstruum,x whereasx techniquesx suchx asx 
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microwave-x orx ultrasound-assistedx extractionx arex usedx forx ax shorterx durationx (Azwanida,x 

2015;x Majekodunmi,x 2015).x (e)x Finalx volumex required.x Largex volumex productsx suchx asx 

tincturesx arex preparedx byx maceration,x whereasx concentratedx productsx arex producedx byx 

percolationx orx Soxhletx extraction (Azwanida,x 2015;x Majekodunmi,x 2015).x (f)x Intendedx 

use.x Extractsx intendedx forx consumptionx byx humanx arex usuallyx preparedx byx maceration,x 

whereasx productsx intendedx forx experimentalx testingx arex preparedx usingx otherx methodsx inx 

additionx tox macerationx (Azwanida,x 2015;x Majekodunmi,x 2015)x  

2.6.3 Solventsx usedx inx extraction 

Thex solventx usedx forx thex extractionx ofx medicinalx plantsx isx knownx asx thex menstruum.x Thex 

choicex ofx solventx dependsx onx factorsx suchx as,x thex typex ofx plant,x partx ofx plantx tox bex 

extracted,x naturex ofx thex bioactivex compounds,x andx thex availabilityx ofx solvent.x Polarx 

solventsx suchx asx water,x methanol,x andx ethanolx arex usedx inx extractionx ofx polarx compound,x 

whereasx nonpolarx solventsx suchx asx hexanex andx dichloromethanex arex usedx inx extractionx ofx 

nonpolarx compoundsx (Sasidharanx etx al.,x 2011;x Pandeyx andx Tripathy,x 2014;x Altemimix etx 

al.,x 2017).x Duringx liquid–liquidx extraction,x thex conventionalx methodx isx tox selectx twox 

misciblex solventsx suchx asx waterx dichloromethane,x water–ether,x andx water–hexane.x Inx allx 

thex combinations,x waterx isx presentx becausex ofx itsx highx polarityx andx miscibilityx withx 

organicx solvent.x Thex compoundx tox bex extractedx usingx liquid–liquidx extractionx shouldx bex 

solublex inx organicx solventx butx notx inx waterx tox easex separationx (Majekodunmi,x 2015).x 

Solventsx usedx inx extractionx arex classifiedx accordingx tox theirx polarity,x fromx n-hexanex whichx 

isx thex leastx polarx tox waterx thex mostx polarx (Sasidharanx etx al.,x 2011;x Pandeyx andx Tripathy,x 

2014;x Altemimix etx al.,x 2017). 

Fractionationx isx ax processx ofx separationx ofx plantx extractsx intox variousx fractions.x Itx furtherx 

segregatesx thex fractionsx intox portionsx comprisingx ax numberx ofx compounds.x Thex processx 

continuesx untilx purex compoundx isx isolatedx (Doughari,x 2012;x Banux andx Lugas,x 2015).x 
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Duringx fractionation,x thex selectedx solventx isx addedx accordingx tox thex orderx ofx increasingx 

polarity,x startingx fromx n-hexane,x thex leastx polarx tox waterx withx thex highestx polarityx ( Pandeyx 

andx Tripathy,x 2014). 

2.6.4 Factorsx tox bex consideredx inx selectingx solventsx ofx extraction 

i)x Selectivity;x thex abilityx ofx ax chosenx solventx tox extractx thex activex constituentx andx leavex thex 

inertx material.x (ii)x Safety;x idealx solventx ofx extractionx shouldx bex nontoxicx andx 

nonflammable.x (iii)x Cost;x itx shouldx bex asx cheapx asx possible.x (iv)x Reactivity;x suitablex 

solventx ofx extractionx shouldx notx reactx withx thex extract.x (v)x Recovery;x thex solventx ofx 

extractionx shouldx bex quicklyx recoveredx andx separatedx fromx thex extract.x (vi)x Viscosity;x itx 

shouldx bex ofx lowx viscosityx tox allowx easex ofx penetration.x (vii)x Boilingx temperature;x solventx 

boilingx temperaturex shouldx bex asx lowx asx possiblex tox preventx degradationx byx heatx 

(Sasidharanx etx al.,x 2017;x Pandeyx andx Tripathy,x 2014). 

2.7 Toxicityx Studies 

Toxicityx studiesx arex carriedx outx forx thex purposex ofx evaluationx ofx toxicx effectsx ofx 

therapeuticx agentsx orx potentialx toxicantsx thatx couldx posex threatx tox thex livesx ofx humansx andx 

animals.x Thex traditionalx methodsx ofx determiningx toxicx effectsx ofx chemicalsx andx drugsx 

includex acutex toxicityx studyx whichx isx carriedx outx tox determinex thex shortx termx toxicx effectx ofx 

ax toxicantx fromx (1dayx tox 2x weeks),x subacutex toxicityx studyx isx carriedx outx tox knowx thex 

relativex longx termx effectx ofx ax toxicantx (4x weeks-x 6x months)x andx Chronicx toxicityx studiesx 

arex carriedx outx tox knowx thex longx termx effectx ofx ax toxicantx (1–1½x years)x (Saganuwan,x 

2012). 

2.7.1 Acute Systemic Toxicity 

Acutex systemicx toxicityx isx usedx tox evaluatex thex adversex effectsx thatx occurx followingx 

exposurex ofx organismsx tox ax singlex orx multiplex dosesx ofx ax testx substancex withinx 24x hoursx byx 
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ax knownx routex (oral,x dermalx orx inhalation)x (Saganuwa,x 2016).x Afterx administration,x thex 

testx substancex isx absorbedx andx distrib¬utedx tox variousx partsx ofx thex bodyx beforex itx elicitsx 

systemicx adversex effect.x Thex regulatoryx bodyx requiresx thex acutex toxicityx testx reportx forx 

labelingx andx classificationx ofx substancesx forx humanx usex ( Peersx etx al.,x 2012).x Thex LD50x testx 

wasx introducedx byx Trevanx inx 1927x andx usedx tox estimatex thex dosex ofx ax testx substancex thatx 

producesx 50 %x deathx inx ax givenx speciesx ofx animals. 

Thisx isx thex firstx testx conductedx forx everyx chemicalx beforex furtherx toxicityx testsx arex carriedx 

out.x Itx isx usedx tox estimatex thex potentialx hazardsx ofx chemicalsx onx humans.x Althoughx itsx 

majorx endpointx isx death,x non-lethalx acutex effectx mayx occurx asx signsx ofx toxicityx dependingx 

onx thex chemicalx beingx testedx (Maheshwarix andx Shaikh,x 2016).x Acutex toxicityx determinesx 

adversex effectsx thatx mightx occurx duex tox accidentalx orx deliberatex short-termx exposurex 

(Clemedsonx etx al.,x 2000). 

Therefore,xsubstancesx withx LD50x belowx 5x mg/x kgx arex classifiedx tox bex highlyx toxicx whilex 

substancesx withx LD50x abovex 15,000x mg/kgx arex termedx relativelyx harmlessx (Loomisx andx 

Hayes,x 1996). 

a. Lorkesx methodx ofx acutex toxicityx  

Thisx methodx wasx introducedx inx 1983x andx itx involvesx thex usex ofx thirteenx animalsx inx 2x 

phases.x Inx thex firstx phase,x ninex animalsx arex dividedx intox threex groupsx ofx threex animalsx eachx 

andx arex administeredx 10,x 100x andx 1,000x mg/kgx bodyx weightx ofx thex testx substancex inx orderx 

tox establishx thex dosex rangex producingx anyx toxicx effect.x Thex numberx ofx deathsx inx eachx 

groupx isx recordedx afterx 24 hours.x Inx thex secondx phase,x fourx dosesx ofx thex testx substancex arex 

selectedx basedx onx thex resultx ofx phasex 1x andx arex administeredx tox fourx (4)x groupsx ofx animalsx 

(onex animalx perx group).x Afterx 24x hours,x thex numberx ofx deathsx isx recordedx andx thex LD50x isx 
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calculatedx asx thex geometricx meanx ofx thex highestx non-lethalx dosex (a)x andx thex leastx toxicx 

dosex (b).x LD50x =x √a×bx (Lorke,x 1983;x Enegidex etx al.,x 2013). 

b. Limitx Testx forx acutex toxicityx  

Thex Limitx testx isx ax sequentialx testx thatx usesx ax maximumx ofx 5x animals.x Ax testx dosex ofx 2000,x 

orx exceptionallyx 5000x mg/kg,x mayx bex used.x Thex proceduresx forx testingx atx 2000x andx 5000x 

mg/kgx arex slightlyx different.x Forx limitx testx atx 2000 mg/kg,x onex animalx isx dosedx atx 2000 

mg/kgx andx observedx forx mortality,x ifx animalx dies,x thex mainx testx isx thenx carriedx out.x Ifx thex 

animalx survives,x fourx additionalx animalsx willx bex dosedx sequentiallyx sox thatx ax totalx ofx fivex 

animalsx arex tested.x However,x ifx threex animalsx die,x thex limitx testx isx terminatedx andx thex mainx 

testx isx performed.x Thex LD50x isx therefore,x greaterx thanx 2000x mg/kgx ifx threex orx morex 

animalsx survivex andx thex LD50x isx lessx thanx thex testx dosex (2000x mg/kg)x whenx threex orx morex 

animalsx diex (OECD,x 2001).x Forx limitx testx atx 5000 mg/kg,x ax dosex rangex ofx 2000-5000 

mg/kgx isx usedx exceptionallyx andx onlyx whenx justifiedx byx specificx regulatoryx needsx andx thisx 

shouldx onlyx bex consideredx whenx therex isx ax strongx likelihoodx thatx resultsx ofx suchx ax testx havex 

ax directx relevancex forx protectingx humanx orx animalx healthx orx thex environment.x Onex animalx 

isx dosedx atx 5000 mg/kg,x ifx thex animalx dies,x thex mainx testx isx conductedx tox determinex thex 

LD50.x Ifx thex animalx survives,x twox additionalx animalsx arex dosed.x Ifx bothx animalsx survive,x 

thex LD50x isx greaterx thanx thex limitx dosex andx thex testx isx terminatedx (OECD,x 2001). 

2.7.2 Subacutex toxicity 

Thex subacutex toxicityx studyx isx conductedx forx 28x daysx tox examinex thex toxicityx onx organsx 

(OECD,x 2001).x Thisx isx carriedx outx inx orderx tox choosex dosagex levelsx tox bex usedx inx sub-

chronicx andx chronicx toxicityx studies.x animalsx arex groupedx basedx onx experimentalx designx 

andx variousx concentrationsx ofx thex testx substancex isx administered.x Controlx groupsx arex 

includedx Groupx 1x couldx x servedx asx controlx (normalx saline)x x whilex Groupsx 2x tox 6x canx bex 
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administreredx 400,x 600,x 800,x 1000x andx 1200x mg/kgx bodyx weightx ofx thex testx substancex 

respectively.x Thex animalsx arex thenx observedx everyx 2x hoursx forx toxicx symptoms,x signsx ofx 

poisoningx andx mortalityx overx ax periodx ofx 30x days.x Animalsx arex thenx euthanisedx andx organsx 

arex assessedx (Yeox etx al.,x 2012). 

2.7.3 Subchronicx toxicityx Studies 

Thex testx isx conductedx forx ax periodx ofx 90x daysx (3x months).x Inx thisx typex ofx study,x 

subchronicityx factorx givesx anx indicationx ofx thex cumulativex effectsx ofx poisons.x Itx isx thex ratiox 

ofx acutex LD50x tox 90x daysx LD50.x Ax compoundx thoughx mayx havex lowx acutex toxicity,x butx hasx 

thex tendencyx tox accumulatex inx thex bodyx tissuesx andx canx causex subacutex orx chronicx toxicity.x 

Suchx toxicantsx arex termedx asx cumulativex poisonsx suchx asx leadx andx fluoridex (Saganuwan,x 

2012).x Ax satellitex groupx mayx bex includedx inx thex studyx protocol,x andx thisx groupx hasx bothx ax 

controlx groupx andx ax highx dosex groupx (Muralidharax etx al.,x 2010).x Tissuesx arex collectedx forx 

grossx pathologyx andx histopathology. 

2.7.4 Chronicx toxicityx studies 

Itx isx ax longx termx toxicityx studyx thatx lastsx forx ax longx periodx ofx timex usuallyx 1–2x years.x 

Rodentsx suchx asx micex andx ratsx arex usuallyx used.x Chronicityx factorx givesx anx indicationx ofx 

thex cumulativex effectsx ofx poisons.x Itx isx thex ratiox ofx acutex LD50x tox 1–2x yearsx LD50.x Thisx typex 

ofx testx canx bex conductedx onx drugsx developedx forx terminalx diseasesx suchx asx cancersx andx 

AIDsx (Saganuwan,x 2012).x Ax satellitex groupx mayx bex includedx inx thex studyx protocol.x Thisx 

groupx hasx bothx ax controlx groupx andx ax high-dosex group.x Thex animalsx arex observedx forx 

normalx andx abnormalx bodyx functionsx andx biochemicalx parametersx shouldx bex measured.x 

Tissuex arex collectedx forx grossx andx histopathologyx (Jaijoyx etx al.,x 2010).x Carcinogenicityx 

testingx isx underx chronicx toxicityx testingx inx whichx bothx rodentx andx non-rodentx speciesx ofx 

animalsx arex used.x Thex testx canx bex terminatedx afterx 1½x yearsx inx casex ofx micex andx hamstersx 

andx afterx 2x yearsx inx casex ofx rats.x Haematologicalx analysisx isx performedx inx healthyx animalsx 
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afterx 1x andx 1½x yearsx inx micex andx ratsx respectivelyx andx thex studyx isx terminated.x Thex 

animalsx arex euthanisedx forx grossx pathologyx andx histopathologyx (Saganuwan,x 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



59 
 

CHAPTER THREE 

3.0     METHODS 

3.1  Collection of plant material 

The Helianthus annuus seeds were collected from its habitat in Kwara State. It was then 

transported to Biological Sciences Department, Federal University of Technology Minna 

for identification and authentication by a Herbarium. 

Figure 5: Map of Kwara state showing Offa as the Habitat 

Source: (Oye, 2008). 
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3.2   Experimental animals and management 

Male rats with body weight between (108-190 g) were obtained from a commercial 

breeder in Jos and transported. Animals were housed in the animal house of Federal 

University of Technology Minna in a temperature-controlled room under 12 hours light 

and 12 hours dark cycle. Animals had free access to food and water and were 

acclimatized for a week prior to experiments. 

3.3 Sources of Microorganisms 

The clinical bacteria isolates used in this study were Escherichia coli and Salmonella 

spp. These isolates were obtained from Generel Hospital Minna after acquiring ethical 

approval from the hospital. Nutrient Broth was used to confirm the organisms by sub-

culturing at 37 °C for 18 hours. The organisms were maintained on Nutrient Agar (NA) 

slant and refrigerated at 4 ˚C (Igbinosa et al., 2009). 

3.4 Identification of the Isolates 

1. Gram staining 

A clean glass slide was picked, a drop of normal saline was dropped on the clean glass 

slide, a loop full of colonies was picked from the nutrients agar culture and was 

emulsified with the normal saline to form a smear. The smear was dried by using heat 

fixing method, crystal violet reagent was added to the smear and was allowed for one 

minute and then, the crystal violet was rinsed with water. Grams iodine solution was 

added to the smear for a minute and rinsed off with water. Alcohol was added in drops 

for 25 seconds which serves as decolourizer and was rinsed with water. Safranin solution 

was added to the smear which serves as counter stain and was allowed for one minute, 

the safranin solution was rinsed and the smear was allowed to dry (Smith and Hussey, 

2016). 
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2. Microscopic Examination 

During the microscopical viewing, the colony that appeareddark purple in colour were 

considered as Gram positive organism while those that appears pale to dark red in colour 

were considered as Gram negative organism, also their cellular morphological shape was 

noted (Smith and Hussey, 2016). 

3. Biochemical test 

a) Indole test 

A loop full of the colonies from the Nutrient Agar plate was picked and inoculated into a 

pepton water broth. The broth was incubated for five days at 37 0C. After the incubation 

period, three drops of kovacs reagent was added into the broth and was shook gently. 

The presence of the red or pinkish ring top layer indicates the organism to be Indole 

positive while the absence of it indicates the organism to be indole negative  

b) Methyl Red (MR) test 

A loop full of the colonies from the Nutrient Agar plate was picked and inoculated into 

the MR-VP broth. The broth was incubated for five days at 37 0C. After the incubation 

periods a methyl-red reagent was added to the tube and it was observed for change in 

colour. When the culture medium turns red after addition of methyl red the organism is 

MR Positive whilst when the culture medium remains yellow the organism is MR 

Negative 

c) Catalase test 

A drop of hydrogen peroxide was dropped in a clean glass slide a colony was picked 

from Nutrient agar and was emulsify on the slide, It was observed for bubble formation 

within 5 seconds. Formation of bubbles within five seconds indicates the organism to be 

catalase positive whilst absent of the bubbles indicate the organism to be catalase 

negative  
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d) Oxidase test 

A piece of filter paper was placed on a clean a clean petri dish and a 2-3 drops of oxidase 

reagent (tetramethyl-p- phenylenediamine dihydrochloride).  The colonies were picked 

with a sterile stick and emulsified on the surface of the filter paper. Development of a 

blue-purple colour within a few seconds ranges from 10-30 seconds indicate the 

organism to be oxidase positive as whilst absent of such show the organism to be oxidase 

negative 

e) Motility test  

Semi agar medium was produced using nutrient broth and agar in a test tube. The 

organism was stabilized at the center of the media in the test tube using a sterile wire 

loop. The tube was incubated at 37 °C for 2-7 days within routine observation. 

Observation of diffused hazy growth that spread throughout the media makes the 

organism to be motile whist the conferment of growth within the stab line makes the 

organism to be non-motile. 

f) Urease test 

Urea agar slant was prepared in a sterile bottle and the test organism was inoculated 

heavily on the slant surface. The cap of the bottle was left partly loose and the slant was 

incubated for 5-7 days at 37 °C Development of pink colour within the 7 days incubation 

period termed the organism to be urease positive whilst absent of pink colour within the 

incubation period makes the organism to be urease negative. 

3.5 Preparation of plant sample 

The Helianthus annuus seeds were air dried at room temperature for two weeks. The 

dried seeds were milled to powder and air dried at room temperature for one week. 
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3.6 Extraction 

The method of Shankeshwari et al. (2018) was employed to prepare the extracts by cold 

maceration with slight modification. The powdered seed material 500 g was mixed with 

2500 mL in the ratio (1:5 w: v) of 99 % methanol and 99 % ethanol respectively and kept 

in a conical flask (Hossain et al., 2013). The mixture was stirred thoroughly with a glass 

rod. The conical flask was kept with intermittent shaking for 72 h. The mixtures were 

then filtered using Whatman No.1 filter paper. The methanolic and ethanolic filterate 

were then concentrated by using rotary evaporator and then allowed to dry at room 

temperature for two weeks. The extracts were then weighed and stored in closed 

containers at room temperature. 

The method of Hossain et al. (2014) was employed in fractionation of the methanol 

crude extract. The methanol crude extract (20 g) was suspended in water (400 mL). Then 

it was extracted successively with different organic solvents which are hexane and ethyl 

acetate to obtain hexane, ethyl acetate and residual methanol aqueous fractions 

respectively. All extracts were filtered separately through Whatman No. 41 filter paper to 

remove particles. The particle free extracts were evaporated completely at room 

temperature to obtain dried extracts. The dried extracts were weighed and kept in sterile 

sample bottles and stored in the refrigerator at 4 °C for further use. 

3.7 Phytochemical Screening 

Qualitative and quantitative phytochemical tests of each of the seeds extract was carried 

out to identify the constituents. Standard procedures were followed to detect the presence 

of Tannins, saponins, alkaloids, phenols and flavonoids (Trease and Evans, 1989; 

Sofowara, 1993). 
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3.7.1 Qualitative phytochemical screeningof H. annuus extract 

i) Saponin 

Two milliliters (2mL) of water was added to 0.5 g of the extract. It was shaked and 

observed for persistence in the foam produced for 10 minutes. 

ii) Tannins  

Twenty milliliters (20mL) of water was added to the dried powdered sample 0.5 g in a 

test tube and then filtered. Few drops of 0.1% ferric chloride was added and observed for 

brownish green or a blue- black colour indicating the presence of tannins. 

iii) Phenols 

Ferric Chloride Test:  extracts were treated with 3-4 drops of Ferric Chloride solution 

and observed for the formation of a bluish black colour. 

iv) Flavonoid 

Extracts were treated with few drops of sodium hydroxide solution and observed for the 

formation of an intense yellow colour that turned colourless on addition of diluted acid. 

v) Alkaloids 

Extracts were dissolved individually in dilute Hydrochloric acid and filtered, the filtrates 

of the extractwastreated with Mayer’s reagent (Potassium Mercuric iodide) and observed 

for the formation of yellow precipitate. 

vi) Diterpenes 

Copper acetate test: Extracts were dissolved in water and treated with 3-4 drops of 

Copper acetate solution and observed for the formation of an emerald green colour. 
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vii) Anthraquinones 

One millilitre (1 mL) of the extract was dissolved in 10 mL of benzene in a test tube. The 

mixture was filtered and to the filtrate, 5 mL of 10 % Ammonia was added, shaked and 

observed for the appearance of a pink red/violet colour in the ammonia phase.  

viii) Cardiac glycosides 

Five millilitres (5mL) of each extract was treated with 2 mL of glacial acetic acid 

containing one drop of ferric chloride solution with 1ml of concentrated sulphuric acid. 

A brown ring of the interface indicates a deoxysugar characteristic of cardenolides. A 

violet ring may appear below the brown ring, whole in the acetic acid layer, a greenish 

ring may form just gradually throughout thin layer. 

3.7.2 Quantitative phytochemical screeningof H. annuus extract 

i) Saponin determination  

Thex methodx asx describedx byx Harbonex (1999) wasx used.x Twentyx gramsx ofx eachx plantx 

samplex wasx weighedx intox ax conicalx flaskx andx 100 cm3
x ofx 20 %x aqueousx ethanolx werex 

added.x Thex samplesx werex heatedx overx ax hotx waterx bathx forx 4x hourx withx continuousx stirringx 

atx 55 oC.x Thex mixturex wasx filteredx andx thex residuex re-extractedx withx anotherx 200 mlx 20 %x 

ethanol.x Thex combinedx extractsx werex reducedx tox 40mlx overx waterx bathx atx aboutx 90 oC.x Thex 

concentratex wasx transferredx intox ax 250 mlx separatingx funnelx andx 20 mlx ofx diethylx etherx 

wasx addedx andx shakenx vigorously.x Thex aqueousx layerx recoveredx whilex thex etherx layerx wasx 

discarded.x Thex processx wasx repeated.x 50 mlx ofx n-butanolx extractsx werex washedx twicex withx 

10 mlx ofx 5 %x aqueousx sodiumx chloride.x Thex remainingx solutionx wasx heatedx onx ax waterx 

bath.x Afterx evaporationx thex samplesx werex driedx inx thex ovenx tox ax constantx weight,x thex 

saponinx contentx wasx calculated. 
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ii)x Tannin 

Tanninx wasx determinedx usingx thex methodx outlinedx byx Harbonex (1999). Twox gramsx ofx 

eachx plantx samplex werex defattedx withx 100 mlx ofx diethylx etherx usingx ax Soxhletx apparatusx 

forx 2x hours.x Thex fatx freex samplex wasx boiledx withx 50 mlx ofx etherx forx thex extractionx ofx thex 

phenolicx componentx forx 15 minutes.x Fivex milliliterx ofx thex extractx wasx pipettedx intox ax 50 

mlx flask,x andx thenx 10 mlx ofx distilledx waterx wasx added.x Twox milliliterx ofx ammoniumx 

hydroxidex solutionx andx 5 mlx ofx concentratedx amylx alcoholx werex alsox added.x Thex samplesx 

werex madex upx tox markx andx leftx tox reactx forx 30 minutesx forx colourx development.x Thisx wasx 

measuredx atx 505 nm. 

iii) x Alkaloid 

Harbone’sx (1999)x methodx ofx alkaloidx determinationx wasx used.x Fivex grams (5 g) ofx thex 

samplesx werex weighedx intox 250 mlx beakerx andx 200 mlx ofx 10 %x aceticx acidx inx ethanolx wasx 

addedx andx coveredx andx allowedx tox standx forx 4x hours.x Thisx wasx filteredx andx thex extractx wasx 

concentratedx onx ax waterx bathx tox one-quarterx ofx thex originalx volume.x Concentratedx 

ammoniumx hydroxidex wasx addedx dropx wisex tox thex extractx untilx thex precipitationx wasx 

complete.x Thex wholex solutionx wasx allowedx tox settlex andx thex precipitatex wasx collectedx andx 

washedx withx dilutex ammoniumx hydroxidex andx thenx filtered.x Thex residuex isx thex alkaloid,x 

whichx wasx driedx andx weighedx (Harbone, 1999). 

3.8 Antibacterialx assayx ofx seedx extractsx ofx Helianthusx annuus 

3.8.1 Reconstitutionx ofx extracts 

Thex extractsx werex reconstitutedx withx DMSOx andx distilledx waterx tox getx extractx 

concentrationsx ofx 60,x120,x 240x andx 480x mg/mL.x Thesex concentrationsx werex preparedx byx 

weighingx 0.3,x 0.6,x 1.2x andx 2.4x gx ofx eachx extractx andx dissolvedx inx 1x mlx ofx DMSOx andx 4x mL 

ofx distilledx water. 
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3.8.2 Preparationx ofx media 

Thex mediax wasx preparedx accordingx tox thex manufacturer’sx instructions.x Twenty-eightx 

gramsx ofx Nutrient agarx standardx measurementx wasx pouredx intox sterilex conicalx flask,x 1x 

Litrex ofx distilledx waterx wasx added.x Thex preparedx mediax wasx cork-fittedx withx cottonx wool,x 

foilx paper,x andx maskingx tape.x Thisx wasx donex tox avoidx removalx ofx thex corkx whenx 

autoclaving.x Thex mediax wasx autoclavedx forx 15x minutesx atx 121 °C.x Itx wasx thenx removedx 

andx cooledx tox 47 °C.x Thex mediax wasx mixedx properlyx andx pouredx intox sterilex petri-dishesx 

closex tox thex flame. 

3.8.3 Standardizationx ofx inoculum 

Thex testx microorganismsx (Escherichiax colix andx Salmonellax spp)xthreex coloniesx werex 

picked,x inoculatedx intox 5x mLx ofx sterilex nutrientx brothx andx incubatedx (18-24 hours)x forx 

bacterialx growth.x Turbidityx wasx adjustedx tox matchx 0.5x McFarland’sx standardx (Coyle,x 

2005). 

3.8.4 Preparationx ofx discx  

Thex paperx discx diffusionx methodx describedx byx Dougharix etx al.x (2007);x Adebayox andx 

Adegokex (2008)x wasx employed.Whatsmannx filterx papersx (6 mm)x inx diameterx werex cutx 

intox roundx piecesx withx thex aidx ofx ax puncherx tox obtainx disks.x Fiftyx (50)x piecesx ofx thex disksx 

werex transferredx intox labelledx sterilex bottlesx andx sterilizedx inx hotx airx ovenx atx 45 ˚Cx forx 

threex (3)x days.x Fivex (5 mL)x ofx eachx ofx thex preparedx extractsx wasx transferredx intox thex 

correspondingx labelledx bottlesx containingx sterilex disks.x Thex disksx werex driedx inx hotx airx 

ovenx atx 45 ˚Cx forx 1-2 hrs.x Thex controlx diskx wasx preparedx byx dissolvingx 500 mgx ofx 

ciprofloxcinx inx 5 mLx ofx distilledx waterx andx transferingx intox ax sterilex bottlex containingx 

sterilex disk.x Thex diskx wasx driedx atx 45 ˚Cx forx 1-2 hrs. 

 



68 
 

3.9x Inx vitrox evaluationx ofx antibacterialx activity 

Thex crudex extractsx ofx Helianthusx annuusx seedsx (methanolx andx ethanol)x asx wellx asx fractionsx 

ofx thex crudex extractsx werex evaluatedx inx vitrox forx antibacterialx activityx againstx Escherichiax 

colix andx Salmonellax spp.x Muellax Hintonx Agarx (38 g)x wasx addedx tox 1x Litrex ofx distilledx 

waterx inx ax conicalx flaskx andx stirred.x Itx wasx thenx autoclavedx atx 121 ˚Cx andx cooledx tox 50 ˚C.x 

Ax portionx ofx thex mediumx (20x mL)x wasx pouredx intox sterilex Petrix dishesx andx allowedx tox 

solidifyx (Daniyanx etx al.,x 2011). 

Ax loopfulx colonyx ofx eachx testx organismx wasx sub-culturedx onx Nutrientx brothx andx incubatedx 

atx 37 °Cx forx 24x hours.x Thisx brothx culturex wasx spreadx onx thex entirex platex withx thex aidx ofx ax 

swabx stickx tox ensurex uniformx growth.x Thex diskx impregnatedx withx variousx concentrationx ofx 

thex extractsx werex placedx onx thex surfacex ofx thex mediumx atx fourx pointsx equidistantx fromx onex 

another.x Thex controlx diskx wasx alsox placedx onx thex surfacex ofx thex mediumx inx ax differentx 

plate.x Thex platesx werex allowedx tox standx forx 2 hrsx andx thenx incubatedx forx 24x hoursx atx 37 °C.x 

Zonesx ofx inhibitionx werex observedx andx measured.x Antimicrobialx assaysx werex carriedx outx 

inx triplicatex andx thex meanx diameterx wasx calculated. 

3.9.1 x Minimumx inhibitoryx concentrationx (MIC) ofx extractsx  

Thex Minimumx inhibitoryx concentrationx (MIC)x ofx extractsx againstx thex testx organismsx werex 

determinedx usingx thex brothx dilutionx methodx asx describedx byx Daniyanx etx al. (x2011). Usingx 

testx tubes,x 8 mLx ofx thex nutrientx brothx wasx dispensedx intox variousx labelledx testx tubesx andx 

autoclavedx forx 15x minutes.x Usingx twox (2 mL)x ofx thex initialx concentrationx ofx thex extracts,x 

brothx dilutionx wasx carriedx outx inx 8x foldsx andx ax controlx testx tubex containingx 2 mLx ofx thex 

extractx andx 8 mLx ofx brothx wasx setx aside.x Thex bacteriax suspensionx ofx thex testx organismsx 

dilutedx atx 106 Cfu/mlx wasx inoculatedx intox eachx tubex .Thex testx tubesx werex sealedx withx foilx 

paper,x cottonx wool,x andx maskingx tapex andx thenx incubatedx atx 37 ℃x forx 18-24x hours.x Thex 
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leastx concentrationx ofx thex extractx thatx showedx lessx turbidityx wasx takenx asx thex minimumx 

inhibitoryx concentrationx (Abalakax etx al.,x 2011). 

3.9.2x Minimumx bactericidalx concentrationx (MBC) ofx thex extracts 

Thex 18-24 hrsx brothx culturex inx thex testx tubesx usedx forx determinationx ofx minimumx 

inhibitoryx concentrationx werex thenx streakedx onx nutrientx agarx platex andx incubatedx forx 24 

hrs. Thex lowestx concentrationx ofx thex extractx indicatingx ax bactericidalx effectx afterx 

incubationx wasx regardedx asx thex Minimumx Bactericidalx Concentrationx (MBC)x (Aboadax etx 

al.,x2006).x  

3.10x Toxicityx studies 

3.10.1x Acutex toxicityx (Limitx test) 

Thex acutex oralx toxicityx ofx thex plantx extractsx wasx determined,x usingx thex methodx describedx 

byx Organizationx ofx Economicx andx Cooperativex Developmentx OECDx (2000).x Thex limitx 

testx wasx usedx atx 2000x mg/kg.x Oralx routex ofx administrationx wasx used.x Animalsx werex fastedx 

overnightx forx aboutx 16 hrsx priorx tox dosing.x Ax groupx ofx 5x ratsx perx extractx receivedx oralx dosex 

ofx 2000 mg/kgx ofx thex extract.x Thex treatedx ratsx werex observedx withinx 24 hrsx forx mortalityx 

andx generalx behaviour.x Thex numberx ofx deadx animalsx wasx recordedx andx thex lethalx dosex 

(LD50)x wasx calculatedx usingx thex formulax below: 

LD50x √x (D0x ×x D100)x 

Wherex D0x ꞊x Dosagex ofx 0%x mortality,xD100x ꞊x Dosagex ofx 100%x mortality 

Thex animalsx werex observedx closelyx atx 0 hr,x4x h,x 24x hx andx 14x daysx forx anyx delayedx toxicx 

reactionx suchx asx tremors,x convulsionx andx irritability.x Thex numberx ofx deathx wasx recorded. 
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3.10.2 Subacutex toxicityx studies 

Thex subacutex toxicityx studiesx wasx carriedx outx accordingx tox Chung-Tackx etx al.x (2015)x withx 

slightx modifications.x Inx thex subacutex toxicityx studies,x thex extractsx werex administeredx oncex 

ax dayx forx twentyx eightx (28)x daysx withoutx fasting.x Thex ratsx werex weighedx onx weeklyx basisx 

andx dosingx wasx basedx onx recentlyx measuredx bodyx weight.x Thex ratsx werex groupedx intox fourx 

groups,x eachx groupx containingx fourx rats.x Groupx onex (1)x ratsx werex administeredx distilledx 

waterx whichx servedx asx thex controlx group.x Groupx twox (2)x tox fourx (4)x werex administeredx 

differentx concentrationsx ofx thex methanolx crudex extractx atx 10 mg/kg,x 300 mg/kgx andx 600 

mg/kgx respectively.x Thisx processx wasx repeatedx forx thex groupingx ofx thex otherx threex extractsx 

(methanol-nhexanex fraction,x ethanolcrudex andx ethanolx hexanex fraction).x Allx thex animalsx 

werex observedx oncex dailyx forx clinicalx signsx andx twicex dailyx forx mortalityx andx morbidityx 

throughoutx thex study.x Onx thex twentyx eightx day,x thex ratsx werex euthanisedx andx bloodx 

samplesx werex takenx forx haematologicalx andx biochemicalx analysis (Peter and Kwiterovich, 

2004). Thex ratsx werex dissectedx andx organsx (liverx andx kidney) werex takenx forx 

histopathologicalx examinations (Ateeq, 2015). 

3.10.3x Biochemicalx analysis 

3.10.3.1x Determinationx ofx totalx cholesterol 

Totalx cholesterolx levelx wasx estimatedx byx cholesterolx oxidasex peroxidasex methodologyx 

usingx ax commercialx kitx (AGAPE,x Switzerland)x withx thex helpx ofx UV-visiblex 

spectrophotometerx atx wavelengthx ofx 505 nmx inx vitrox quantitativex determinationx ofx 

cholesterolx inx serumx orx plasma.x Thex reagentx isx preparedx byx dissolvingx contentsx ofx reagentx 

2x (R2)x withx thex amountx ofx reagentx 1x (R1)x indicatedx onx thex vialx label,linearx upx tox 500 

mg/dl,x extendedx stabilityx reconstitutedx reagentx stablex upx tox 90x daysx whenx storedx atx 2-8 ᴼC 

(Peter and Kwiterovich, 2004). x  
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Clinicalx Significance 

Itx isx thex mainx lipidx foundx inx thex blood,x bilex andx brainx tissues.x Itx isx alsox onex ofx thex mostx 

importantx steroidsx ofx thex bodyx andx isx ax precursorx ofx manyx steroidx hormones.x Twox thirdsx ofx 

cholesterolx presentx inx thex bloodx isx esterified.x Thex liverx metabolizesx thex cholesterolx andx itx 

isx transportedx inx thex bloodx streamx byx lipoproteins.x Increasedx levelsx arex foundx inx 

hypercholesterolemia,x hyperlipidemia,x hypothyroidism,x uncontrolledx diabetesx nephriticx 

syndromex andx cirrhosis.x Decreasedx levelsx arex foundx inx malabsorption,x malnutrition,x 

hyperthyroidism,x anaemiax andx liverx diseases (Peter and Kwiterovich, 2004). 

Principle 

Enzymaticx determinationx ofx totalx cholesterolx isx basedx onx thex followingx reactions. 

x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x  

Cholesterolx esterx +x H2O
x Cholesterolx esterase

x Cholesterolx +x fattyx acids 

x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x  

Cholesterolx +x O2

x Cholesterolx esterase
x  4-cholesten-3-onex +x H2O2 

 

x 2H2O2x +x phenolx +x 4-Aminoantipyrine
x peroxidase

 Redx quininex +x 4H2Ox x x x  

x Laboratoryx Procedurex x x x  

1. xTox eachx tubesx Addx 1000 μlx ofx Workingx Reagentx tox Blank,xStandardx andx Samplex (test)x 

tubes 

2. xAddx 10 μlx ofx Standardx reagentx tox thex standardx testx tube 

3. xAddx 10 μlx ofx samplex (test)x tox thex samplex testx tube 

4. xMix,xandx incubatex forx 5x min.x atx 37 °C.x Measurex thex Absorbancex ofx samplex andx standardx 

againstx reagentx blank (Peter and Kwiterovich, 2004). 

Calculation 

x Totalx Cholesterolx conc.x (mg/dl) 

x x x x x x x x x x x x x x x x  
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=x  
x Absorbance of sample

Absorbance of Standard
x  x x xx 200 

x x x x x x x x x x x x x x x x  

Normalx range: 150-220x mg/dl (Peter and Kwiterovich, 2004). 

 

x3.10.3.2xx Determinationx ofx serumx triglyceridex (TG) 

Serumx triglyceridex levelx wasx estimatedx byx GPO-TOPSx (glycerol-3-phosphatex oxidase)x 

methodologyx usingx ax commercialx kitx (AGAPE,x Switzerland)x withx thex helpx ofx UV-visiblex 

spectrophotometerx atx wavelengthx ofx 546 nm inx vitrox quantitativex determinationx ofx 

triglyceridex inx serumx orx plasma.x Thex reagentx isx readyx tox use, linearx upx tox 1000 mg/dL,x 

extendedx stabilityx upx tox thex expiryx datex statedx onx thex label,x whenx storedx atx 2-8 °C (Peter 

and Kwiterovich, 2004). 

Clinicalx Significance 

Triglyceridesx arex simplex lipids,x formedx inx thex liverx byx glycerolx andx fattyx acids.x Theyx arex 

transportedx byx VLDL,x LDLx andx constitutex aboutx 95 %x ofx fat,x storedx asx sourcex ofx energyx inx 

thex tissuex andx plasma.x Increasedx levelsx arex foundx inx hyperlipidemia,x diabetes,x nephriticx 

syndromex andx hypothyroidism.x Increasedx levelsx arex riskx factorx forx arterioscleroticx 

coronaryx disease,x peripheralx vascularx disease,x acutex pancreatitisx andx 

hyperlipoproteinaemia.x Decreasedx levelsx arex found inx malnutritionx andx hyperthyroidism 

(Peter and Kwiterovich, 2004). 

Principle 

Enzymaticx determinationx ofx triglyceridex isx basedx onx thex followingx reactions. 

 

TGLx +x H2O    
x Lipoprotein lipase

x glycerolx +x fattyx acids 

 

glycerolx +x ATP  
x Glycerol kinase Mg2+ 

x  glycerol-3-phosphatex +x ADP 
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glycerol-3-phosphatex oxidasex x x x x x x  

Glycerol-3-Phosphatex +x O2-------------------------------->x x Dihydroacetonephosphatex +x 

2H2O2 

 

  peroxidase 

x 2H2O2x +x 4-Aminoantipyrinex +x TOPS------------------->x violetx colouredx complexx x  

Laboratoryx Procedurex x x x  

1. Tox eachx tubesx Addx 1000 μlx ofx Workingx Reagentx tox Blank,x Standardx andx Samplex (test)x 

tubes 

2. xAddx 10 μlx ofx Standardx reagentx tox thex standardx testx tube 

3. xAddx 10 μlx ofx samplex (test)x tox thex samplex testx tube 

4. xMixxandx incubatex forx 5x min.x atx 37 °C.x Measurex thex Absorbancex ofx samplex andx standardx 

againstx reagentx blank. 

Calculation 

Triglyceridex conc.x (mg/dl)x x x x x x x x x x x x x x  

 

Triglyceridex conc.x (mg/dl)x=x x

x Absorbance of sample

Absorbance of Standard
 x x x xx 200 

     

Normalx range: 60-165x mg/dl (Peter and Kwiterovich, 2004). 

3.10.3.3xDeterminationx ofx serumx Lowx Densityx Lipoproteinx (LDL-C) 

Clinicalx Significance 

Bloodx totalx cholesterolx levelsx havex longx beenx knownx tox bex relatedx tox coronaryx heartx 

diseasex (CHD).x Inx recentx years,x inx additionx tox totalx cholesterol,x lowx densityx lipoproteinx 

cholesterolx (LDL-C)x hasx becomex anx importantx toolx usedx tox assessx anx individualx riskx ofx 

developingx CHDx sincex ax strongx negativex relationshipx betweenx LDL-Cx concentrationx andx 

thex incidencex ofx CHDx wasx reported.x LDLx cholesterolx actsx asx ax keyx factorx inx thex 

pathogenesisx ofx atherosclerosisx andx coronaryx arteryx disease (Peter and Kwiterovich, 

2004). 
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Principle 

Thex LDL-Cx Directx isx ax homogenousx assayx forx directlyx measuringx LDL-Cx levelsx inx serumx 

orx plasmax withoutx thex needx forx anyx off-linex pretreatmentx orx centrifugation.x Inx thex firstx 

reaction,x nonx LDLx unesterifiedx isx consumedx byx peroxidasex inx thex presencex ofx 4-AAPx 

(aminoantipyrin)x tox yieldx ax colorlessx product.x Thex secondx reagentx consistsx ofx ax detergentx 

capablex ofx solubilizingx LDLx specifically.x Cholesterolx esterasex andx chromogenicx couplerx 

reactx withx thisx solubilizex LDL-Cx tox developx color.x Thex intensityx ofx colorx formedx isx 

directlyx proportionalx tox thex concentrationx ofx LDL-C (Peter and Kwiterovich, 2004). 

Laboratoryx Procedurex x x  

Differentialx measurementx  

1.  Tox eachx tubesx Addx 270 μlx ofx Reagent, xR1x tox Blank,x Calibratorx andx Samplex (test)x tubes 

2. Addx 3 μlx ofx Calibratorx reagentx tox thex Calibratorx testx tube 

3. Addx 3 μlx ofx samplex (test) x tox thex samplex testx tube 

4. Mixxandx incubatex forx 5x minx atx 37 °C.x measurex thex absorbancex (OD1) atx 546V nm/660 

nm. 

5. Tox eachx tubesx Addx 90 μlx ofx Reagent, R2x tox Blank,x Calibratorx andx Samplex (test)x tubes 

6. xMixxandx incubatex forx 5x min atx 37 °C.x measurex thex absorbancex (OD2)x atx 546 nm/660 

nm. 

Calculation 

LDL-Cx conc.x (mg/dl) =x (OD2x –x OD1)x sample 

   x ----------------------------x x xx Calibratorx conc 

   (OD2x –x OD1)x calibrator 
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Laboratoryx Procedure 

1. Tox eachx tubesx Addx 450 μlx ofx Reagent,x  R1x tox Blank,x Calibratorx andx Samplex (test)x tubes 

2. Addx 5μlx ofx Calibratorx reagentx tox thex Calibratorx testx tube 

3. xAddx 5 μlx ofx samplex (test)x tox thex samplex testx tube 

4. Mix andx incubatex forx 5x minx atx 37 °C 

5. Tox eachx tubesx Addx 150 μlx ofx Reagent, R2x tox Blank,x Calibratorx andx Samplex (test)x tubes 

6. Mixxandx incubatex forx 5 min atx 37 °C.x measurex thex absorbancex ofx calibratorx andx samplex 

against reagentx blankx atx 546 nm/660 nm (Peter and Kwiterovich, 2004). 

Calculation 

LDL-Cx conc.= 
x Absorbance of sample

Absorbance of calibrator
 x xx Calibratorx conc 

  x  
 

 

3.10.3.4xx Determinationx ofx Totalx protein 

Totalx proteinx levelx wasx estimatedx byx directx Biuretx methodologyx usingx ax commercialx kitx 

(AGAPE, xSwitzerland)x withx thex helpx ofx UV-visiblex spectrophotometerx atx wavelengthx ofx 

546 nm inx vitrox quantitativex determinationx ofx Totalx Proteinx inx serumx orx plasma.x Reagentx 

isx readyx tox use,x linearx upx tox 15g/dl,x extendedx stabilityx reagentx stablex upx tox expiryx datex 

whenx storedx atx roomx temperaturex andx standardx atx 2-8 °C (Peter and Kwiterovich, 2004). 

Clinicalx Significance 

Proteinsx formx thex majorx portionx ofx dissolvedx substancesx inx thex plasma.x Theyx formx thex 

basicx structuralx componentsx ofx thex body.x Theyx constitutex thex enzymesx presentx inx ourx bodyx 

andx alsox actx asx secondaryx sourcex ofx energy.x Thex otherx functionsx includex distributionx ofx 

water,x buffering,x transportx ofx variousx components,x defensex andx coagulationx ofx bloodx inx 

ourx body.x Increasedx levelsx arex foundx inx dehydrationx andx myeloma.x Decreasedx levelsx arex 
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foundx inx thex liverx disorders,x nephriticx syndrome,x malnutritionx andx proteinx duex tox 

haemorrhage (Peter and Kwiterovich, 2004). 

 

Principle 

Colorimetricx determinationx ofx totalx proteinx basedx onx thex principlex ofx thex Biuretx reactionx 

(copperx saltx inx anx alkalinex medium).x Proteinx inx plasmax orx serumx samplex formsx ax bluex 

coloredx complexx whenx treatedx withx cupricx ionsx inx alkalinex solution.x Thex intensityx ofx thex 

bluex colorx isx proportionalx ox thex proteinx concentration (Peter and Kwiterovich, 2004). 

 

 x x x x x x x x x x x x x x x x x x x x x x x x  

Laboratoryx Procedurex  

1.  Tox eachx tubesx Addx 1000 μlx ofx Reagentx tox Blank,xStandard  andx Samplex (test)x tubes 

2.  Addx 20 μlx ofx Standardx reagentx tox thex standardx testx tube 

3.  Addx 20 μlx ofx samplex (test)x tox thex samplex testx tube 

4.x Mix,xandx incubatex forx 10x min.x atx 37 °C.x Measurex thex Absorbancex ofx samplex andx 

standardx againstx reagentx blank (Peter and Kwiterovich, 2004). 

Calculation: 

 

Totalx proteinx conc.x (g/dl)=x x  

x Absorbance of sample

Absorbance of Standard
x x x xx 6 

 

 

Normalx range: 6.2-8.0x mg/dl (Peter and Kwiterovich, 2004). 

3.10.3.5xDeterminationx ofx Serumx Bilirubinx Concentration 

Biosystemsx diagnosticx kitx (Barcelonax Spain)x wasx usedx inx thex determinationx ofx totalx 

bilirubin.x Thex workingx reagentx forx totalx bilirubinx determinationx wasx preparedx byx 

transferingx thex contentx ofx reagentx BTx vialx intox ax reagentx ATx bottlex followedx byx properx 

mixing.Onex hundredx (100 µl)x ofx distilx water,x serumx samplex andx standardx werex pipettedx 
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intox thex respectivex testx tubesx ofx blank,x samplex blank/samplex andx standard.x Onex mLx (1 mL)x 

ofx reagentx ATx wasx pipettedx intox samplex bankx testx tubex followedx byx additionx ofx 1mlx ofx 

workingx reagentx intox reagentx blank,x samplex andx standardx testx tubes.x Allx thex mixturesx werex 

allowedx tox standx forx 2 minsx atx roomx temperaturex afterx thoroughx mixingx beforex thex 

absorbance (A) ofx thex samplex blankx andx thex samplex werex takenx atx 540 nmx againstx thex 

distilledx waterx andx reagentx blankx respectvely.x Thex bilirubinx concentrationx wasx calculatedx 

asx shownx below: 

    ASamplex –x ASamplex Blank 

Bilirubinx Conc.x (mg/dl)x=    ×x  Standardx conc. 

    AStandard 

Thex Bilirubinx inx thex serumx samplex reactsx withx diazotizedx sulfanilicx acidx tox producex 

azobilirubin,x whichx hasx anx absorbancex maximumx atx 560 nmx inx thex aqueousx solution.x Thex 

intensityx ofx thex colourx producedx isx directlyx proportionalx tox thex amountx ofx directx bilirubinx 

concentrationx presentx inx thex sample.x Thex totalx bilirubinx valuex representsx thex sumx ofx thex 

bilirubinx glucuronidex (direct)x andx thex unconjugatedx (indirect)x bilirubin.x Thex colourx 

producedx measuredx atx 560 nmx isx proportionalx tox thex amountx ofx thex totalx bilirubinx 

concentrationx presentx inx thex sample (Peter and Kwiterovich, 2004). 

3.10.3.6      Estimationx ofx Ureax Concentration 

Ureax concentrationx wasx determinedx byx usingx ax randoxx commercialx kit.x Thex reagentx R1x 

wasx preparedx byx additionx ofx thex contentx ofx R1ax intox R1bx bottlex followedx byx gentlyx mixingx 

whilex thex contentx ofx R2x andx R3x werex mixedx withx 660 mlx andx 750 mlx ofx distilledx waterx 

respectvelly.x Tenx microlitresx (10 µl)x ofx eachx sample,x distilx waterx andx standardx wasx addedx 

tox thex sample,x blankx andx standardx tubesx followedx byx thex additionx ofx 100 µlx ofx R1x eachx ofx 

thex testx tubes.x Thex mixturesx werex properlyx mixedx andx incubatedx atx 37 °Cx forx 10 minsx afterx 

whichx 2.5 mlx ofx bothx reagentx R2x andx R3x wasx added.Thex resultantx mixturesx werex 
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incubatedx atx 37 °Cx forx 15 mins. Thex absorbancex ofx thex samplesx (ASample)x andx standardx 

(AStandard)x againstx thex blankx andx thex concentrationx ofx ureax wasx calculatedx asx shownx below: 

     Asample  

Ureax concentrationx (mg/dl)x=    ×x x x Standardx Conc.  

    x x x x x x x x x x AStandard 

 

Thex principlex involvesx thex hydrolysisx ofx ureax inx thex serumx intox ammoniax inx thex presencex 

ofx ureasex enzyme. Thexammoniax wasx thenx measuredx photometricallyx atx 546 nmx byx 

Berthelotsx reaction. 

Ureax +x H2Ox x x x x x x x x 

Urease  2NH3 +x CO2 

NH3x +x Hypochloritex +x Phenolx x x x x x x x x x x x x x x x x x x x x x x x Indophenolx (bluex compound) 

3.11x Preparationx ofx Mcfarlandx standardx andx Standardizationx ofx innoculum 

Macfarlandx standardx isx ax chemicalx solutionx ofx bariumx chloridex andx sulfuricx acid.x Thex 

chemicalx reactionx betweenx twox chemicalsx producex ax finex precipitatex ofx bariumx sulfate.x 

Thex turbidityx ofx McFarlandx standardx isx visuallyx comparablex tox ax bacteriax suspension.x 

McFarlandx turbidityx standardx (0.5 MFU)x wasx preparedx byx mixingx 0.05 mlx ofx 1 %x Bacl2x 

andx 9.95 mlsx ofx 1 %x H2SO4x tox obtainx solutionx ofx 0.5x opticalx density.x 0.5x McFarlandx 

turbidityx standardx providesx anx opticalx densityx comparablex tox thex densityx ofx bacterialx 

suspensionx withx ax 1.5×108colonyx formingx unitx (CFU/mL).x Bacteriax Suspensionx wasx 

preparedx byx pickingx coloniesx ofx 18-24 hrsx culturex ofx testx organismsx andx transferredx intox 

sterilex nutrientx brothx andx incubatedx forx 2-3hrs.x Thex turbidityx wasx adjustedx tox matchx 

McFarlandx standardx whichx containsx 1.5×108
x CFU/ml. 

3.12. Inx vivox antibacterialx activityx ofx extracts 

Determinationx ofx thex antibacterialx activityx wasx donex asx reportedx byx Hosseinzadehx etx al.x 

(2007)x withx littlex modifications.x Thex ratsx werex groupedx intox eightx groupsx ofx eightx (8)x ratsx 

each.x Inx eachx group,x fourx ratsx werex infectedx orallyx withx 1.0 mLx (106 CFU/mL)x ofx 
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overnightx brothx culturex ofx E.x colix andx thex otherx fourx withx 1.0 mLx (106 Cfu/mL)x ofx 

overnightx brothx culturex ofx Salmonellax sppx andx thenx keptx inx separatex cages.x Afterx Sevenx 

days,x bloodx samplesx werex takenx fromx thex animal’sx tailx andx culturedx onx nutrientx broth.x Thex 

overnightx bloodx culturesx werex inoculatedx onx specificx mediumx forx E.x colix  (Eosinx 

methylenex bluex agar)x andx Salmonellax sppx (Salmonellax Shigellax agar)x respectively.x 

Growthx wasx observedx forx bothx Salmonellax sppx andx E.x colix andx coloniesx werex counted.x 

Twenty-fourx hoursx (24 hrs)  later,x eachx groupx receivedx differentx treatments.x Groupsx werex 

designedx asx follows: 
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Tablex 3.1: Experimentalx Design 

Group Administration 

Groupx 1x (Negativex control)x   (a)x receivedx 2mlx ofx distilledx waterx andx 

Salmonellax spp  

(b)x receivedx 2mlx ofx distilledx waterx andx 

Escherichiax coli 

Groupx 2x (Positivex Control)  (a)x receivedx 20mg/kgx ofx ciprofloxacinx andx 

Salmonellax spp  

(b)x receivedx 20mg/kgx ofx ciprofloxacinx andx 

Escherichiax coli 

Groupx 3x Methanolx crudex extract   (a)x receivedx 100mg/kgx ofx methanolx crudex 

extractx andx Salmonellax Spp  

(b)x receivedx 100mg/kgx ofx methanolx crudex 

extractx andx Escherichiax coli 

Groupx 4x Methanolx crudex extract  (a)x receivedx 200mg/kgx ofx methanolx crudex 

extractx andx Salmonellax Spp  

(b)x receivedx 200mg/kgx ofx methanolx crudex 

extractx andx Escherichiax coli 

Groupx 5x Methanolx crudex extract  (a)x receivedx 400x mg/kgx ofx methanolx crudex 

extractx andx Salmonellax Spp  

(b)receivedx 400x mg/kgx ofx methanolx crudex 

extractx andx Escherichiax coli 

Groupx 6x Methanolx nhexanex fractionx   (a)x receivedx 100mg/kgx ofx nhexanex fractionx 

ofx methanolx andx Salmonellax Spp 

(b)x receivedx 100mg/kgx ofx nhexanex fractionx 

ofx methanolx andx Escherichiax coli 

Groupx 7x Methanolx nhexanex fraction (a)x receivedx 200mg/kgx ofx nhexanex fractionx 

ofx methanolx andx Salmonellax Spp 

(b)x receivedx 200mg/kgx ofx nhexanex fractionx 

ofx methanolx andx Escherichiax coli 

Groupx 8x Methanolx nhexanex fraction (a)x receivedx 400mg/kgx ofx nhexanex fractionx 

ofx methanolx andx Salmonellax Spp 

(b)x receivedx 400x mg/kgx ofx nhexanex 

fractionx ofx methanolx andx Escherichiax coli 

Treatmentx durationx wasx forx fourteenx (14) days.x Animalsx werex allowedx accessx tox foodx andx 

waterx throughoutx thex treatmentx period.x Onx thex 15th
x day,x bloodx samplesx werex collectedx 

fromx eachx groupx ofx animalsx tox assessx thex bacteriax loadx byx culturingx onx specificx media.x  

3.13 Datax Analysis 

Thex datax collectedx werex analysedx usingx Statisticalx Packagex forx thex Socialx Sciencesx 

(SPSS)xversionx 20.x Thex resultsx werex evaluatedx usingx Analysisx ofx Variancex (ANOVA)x andx 

werex presentedx asx thex meanx valuex ±x SEMx (standardx errorx ofx mean).x Differencesx amongx 
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thex meansx forx thex groupsx werex assessedx usingx thex Duncan’sx Multiplex Rangex Testx tox 

determinex whichx meanx valuesx werex significantlyx differentx atx p<0.05. 
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CHAPTER FOUR 

4.0   RESULTS AND DISCUSSION 

4.1 Results 

Table 4.1: Qualitative Phytochemical Components of Helianthus annuus Seed 

Extracts 

Note: -absent, + present;  

KEY: MCR= methanol crude extract, MHXN= nhexane fraction of methanol, META= 

ethylacetate fraction of methanol, MAQS= aqueous fraction of methanol, ECR= ethanol crude, 

EHXN= n-hexane fraction of ethanol, EETA=ethylacetate fraction of ethanol, EAQS= aqueous 

fraction of ethanol 

4.1.1 Phytochemical Contents of Heliantus annuus seeds extract 

The results in Table 4.1 show the qualitative phytochemical constituents of Helianthus 

annuus seed. The results showed that alkaloids, saponins, tannins, flavonoids and phenols 

were present in all of portions extracted with methanolic and ethanolic extracts while 

anthraquinones and cardiac glycoside were absent. Steroids and terpennoids were present 

in all, except in aqueous methanolic (MAQS) and ethanolic (EAQS) fractions. 

 

 

 Methanol extracts of H. annuus Ethanol extracts of H. annuus 

Components MCR MHXN META MAQS ECR EHXN EETA EAQS 

Alkaloids + + + + + + + + 

Saponins + + + + + + + + 

Steroids + + + - + + + - 

Tannins + + + + + + + + 

Flavonoids + + + + + + + + 

Phenols + + + + + + + + 

Terpennoids + + + - + + + - 

Anthraquinones - - - - - - - - 

Cardiac glycoside - - - - - - - - 
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Table 4.2: Quantitative Phytochemical (mg/100 g) Components of Helianthus 

annuus Seed 

Extract Phenols Flavonoids Tannins Saponins Alkaloids 

MCR 310.58±0.02d 23.08±0.03g 21.92±0.00e 252.14±0.28d 34.26±0.29f 

MAQS 440.16±0.03g 16.63±0.02d 6.94±0.01ab 270.58±0.02f 31.89±0.21e 

META 490.61±0.02h 13.85±0.05c 7.07±0.00b 190.77±0.07c 22.61±0.53b 

MHXN 263.22±0.37c 12.02±0.06b 23.12±0.01f 386.18±0.31h 29.01±0.21d 

ECR 312.37±0.33e 20.24±0.06f 23.17±0.05f 255.91±0.15e 35.92±0.42g 

EAQS 200.36±0.87a 20.66±0.39f 9.01±0.51c 157.92±0.57a 38.91±0.53h 

EETA 323.41±1.34f 18.49±0.39e 6.29±0.36a 181.03±0.53b 27.22±0.65c 

EHXN 214.24±0.17b 9.39±0.28a 19.94±0.11d 330.48±1.19g 17.82±0.54a 

Values are presented as Mean ± Standard Error of Mean of triplicate determinations. Values in a column 

with different superscripts are significantly different at p< 0.05. While MCR= methanol crude extract, 

MHXN= nhexane fraction of methanol, META= ethylacetate fraction of methanol, MAQS= aqueous fraction of 

methanol, ECR= ethanol crude, EHXN= nhexane fraction of ethanol, EETA=ethylacetate fraction of ethanol, EAQS= 

aqueous fraction of ethanol. 

 

The results in Table 4.2 show the quantitative phytochemical components analysis of 

Helianthus annuusseeds. There was significant difference (p<0.05) among all the 

constituents (phenols, flavonoids, tannins, saponins and alkaloids) extracted using the 

various solvents. Phenols was significantly (p < 0.05) higher in the portion extracted with 

aqueous ethylacetate (META) and aqueous methanolic (MAQS) fractions while it was 

significantly lower in aqueous ethanolic (EAQS) and n-hexane (EHXN) fractions. 

Flavonoids was quantitatively and significantly (p < 0.05) highest in crude methanolic 

(MCR) extracts followed by aqueous (EAQS) and crude (ECR) ethanol. It was lowest in 

n-hexane (EHXN) fraction of the ethanol. Tannins was significantly (p < 0.05) higher in 

crude (ECR) and n-hexane methanol (MHXN) fractions and ethyacetate fraction of 

ethanol (EETA). Saponins was significantly (p<0.05) highest in n-hexane fraction of 

methanol (MHXN) followed by n-hexane fraction of ethanol (EHXN) while it was 

lowest in aqueous fraction of ethanol (EAQS). Alkaloids was highest in aqueous fraction 

of ethanol (EAQS) and lowest in n-hexane fraction of ethanol (EHXN). 
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Table 4.3: Cultural growth characteristics on selective media, microscopic 

morphological characteristics and Gram staining Reaction 

Organism Cultural Growth 

characteristics 

Morphological 

characteristics 

Gram staining 

Salmonella spp Colourless colonies 

with black center on 

SSA 

Rod shaped Negative 

Escherichia coli Metallic green 

sheen colonies on 

EMB 

Rod shaped Negative 

 

Key: SSA=Salmonella Shigellaagar, EMB=Eosine Methylene blue agar 

4.1.2 Cultural, morphological and growth characteristics of organisms 

Table 4.3 shows the cultural growth characteristics, morphological characteristics and 

Gram stain reaction of the test organisms. Salmonella spp forms colourness colonies with 

black centre on Salmonella Shigella agar, its rod  shaped and Gram negative while 

Escherichia coli forms metallic green sheen colonies on Eosine Methylene blue agar, its 

rod shaped and gram negative on staining 

 

Table 4.4: Biochemical characteristics of the test organisms 

Organisms Indole Methyl-

red 

Catalase Motility Oxidase Urease 

Salmonella 

spp 

- + - + - - 

Escherichia 

coli 

+ + - + - - 

Key; + present, -ve absent 
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4.1.3 Biochemical characteristics of the test Organisms 

 

Table 4.4 shows the biochemical characteristics of the test organisms. Salmonella spp 

and Escherichia coli tested positive to indole, methyl red, and catalase. They were both 

motile while they tested negative to oxidase and urease. 

Table 4.5: Zones of inhibition (mm) of Helianthus annuus Seed Extracts against 

Salmonella spp.  

Extract Zone of inhibition (mm) 

 60 mg/mL 120 mg/mL 240 mg/mL 480 mg/mL 

MCR 18.50±0.50b 20.33±0.33b 23.33±0.88a 25.67±0.33a 

MAQS N.I N.I N.I N.I 

META N.I N.I N.I N.I 

MHXN 17.33±0.67b 19.33±0.67b 21.33±0.67a 23.33±1.67a 

ECR 12.67±0.67a 17.33±1.45ab 20.33±1.20a 22.00±1.53a 

EAQS N.I N.I N.I N.I 

EETA N.I N.I N.I N.I 

EHXN 12.33±0.33a 14.33±1.45a 19.00±0.58a 21.67±0.33a 

Positive control 

(Ciprofloxacin) 

at 100 mg/mL 

32.67±2.91c 32.67±2.91c 32.67±2.91b 32.67±2.91b 

Values are presented as Mean ± Standard Error of Mean of triplicate determinations. Values in a column 

with different superscripts are significantly different at p< 0.05. While MCR= methanol crude extract, 

MHXN= nhexane fraction of methanol, META= ethylacetate fraction of methanol, MAQS= aqueous fraction of 

methanol, ECR= ethanol crude, EHXN= nhexane fraction of ethanol, EETA=ethylacetate fraction of ethanol, EAQS= 

aqueous fraction of ethanol. N.I = No Inhibition. 

 

4.1.4 In vitro Antibacterial study 

The results in Table 4.5 show the zone of inhibition of different solvents extraction of 

Helianthus annuus seed against Salmonella spp. The aqueous fraction of methanol 

(MAQS), ethyacetate fraction of ethanol (META), aqueous fraction of ethanol (EAQS) 

and ethylacetate fraction of ethanol (EETA) showed no zone of inhibition. Crude 
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methanolic extract (MCR), n-hexane fraction of methanol (MHXN), crude ethanol 

extract (ECR) n-hexane fraction of ethanol (EHXN) and Ciprofloxacin which serves as 

positive control showed zone of inhibition against Salmonella spp.  

Among the four extracts that have inhibitory activities, methanol crude extract (MCR) 

and n-hexane fraction of methanol (MHXN) have significantly (p < 0.05) higher 

inhibitory activities compared to crude ethanol extract (ECR) and n-hexane fraction of 

ethanol (EHXN) at 60 mg/mL. Their inhibitory activities were however, lower compared 

to ciprofloxacin (100 mg/mL) used as standards or positive control. Similar result was 

obtained at 120 mg/mL, but at dose 240 mg/mL and 480 mg/mL there was no significant 

(p<0.05) difference among the four extracts. However, there was significant difference 

(p<0.05) between the inhibitory activities of those four extracts and the ciprofloxacin 

(100 mg/mL) used as standard or positive control. The inhibitory activities at the 

difference concentration increases with increase in concentration for all the extracts. 
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Table 4.6: Zones of Inhibition (mm) of Helianthus annuus Seed Extracts against 

Escherichia coli 

Extract Zone of inhibition (mm) 

 60 mg/mL 120 mg/mL 240 mg/mL 480 mg/mL 

 

MCR 

 

8.50±0.50a 

 

10.00±0.00a 

 

10.67±0.67a 

 

11.67±0.67a 

 

MAQS 

 

N.I 

 

N.I 

 

N.I 

 

N.I 

 

META 

 

N.I 

 

N.I 

 

N.I 

 

N.I 

 

MHXN 

 

7.33±0.67a 

 

11.00±0.58a 

 

15.33±0.33b 

 

17.00±0.58b 

 

ECR 

 

N.I 

 

N.I 

 

N.I 

 

N.I 

 

EAQS 

 

N.I 

 

N.I 

 

N.I 

 

N.I 

 

EETA 

 

N.I 

 

N.I 

 

N.I 

 

N.I 

 

EHXN 

 

N.I 

 

N.I 

 

N.I 

 

N.I 

 

Positive control 

(Ciprofloxacin) 

at 100 mg/mL 

 

11.67±0.88b 

 

11.67±0.88a 

 

11.67±0.88a 

 

11.67±0.88a 

Values are presented as Mean ± Standard Error of Mean of triplicate determinations. Values in a column 

with different superscripts are significantly different at p< 0.05.KEY:MCR= methanol crude extract, 

MHXN= nhexane fraction of methanol, META= ethylacetate fraction of methanol, MAQS= 

aqueous fraction of methanol, ECR= ethanol crude, EHXN= nhexane fraction of ethanol, 

EETA=ethylacetate fraction of ethanol, EAQS= aqueous fraction of ethanol, N.I = No 

Inhibition 

 

The results in Table 4.6 showed the zone of inhibition of Helianthus annuus seed of the 

various extracts against Escherichia coli. The aqueous fraction of methanol (MAQS), 

ethyacetate fraction of ethanol (META), aqueous fraction of ethanol (EAQS), crude 

ethanol extract (ECR), n-hexane fraction of ethanol (EHXN) and ethylacetate fraction of 

ethanol (EETA) showed no zone of inhibition. Methanolic Crude extract (MCR), n-

hexane fraction of methanol (MHXN) and ciprofloxacin which serves as positive control 

showed inhibitory activities against Escherichia coli.  
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There was no significant (p<0.05) difference  between methanol crude extract (MCR) 

and n-hexane fraction of methanol (MHXN) at 60 mg/mL and 120 mg/mL, but the 

difference was significant (p<0.05) at 240 mg/mL and 480 mg/mL. Ciprofloxacin (100 

mg/mL) was significantly (p<0.05) higher at 60 mg/mL compared to methanol crude 

extract (MCR) and n-hexane fraction of methanol (MHXN), but there was no significant 

(p<0.05) difference between ciprofloxacin control, methanol crude extract (MCR) and n-

hexane fraction of methanol (MHXN) at 120 mg/mL. Extracts from n-hexane fraction of 

methanol (MHXN) had significantly (p<0.05) higher zone of inhibition at 240 mg/mL 

and 480 mg/mL when compared to MCR and the ciprofloxacin (standard or control) 

while there was no significantly difference (p<0.05) between the control (ciprofloxacin) 

and methanol crude extract (MCR) at those concentrations. Zone of inhibition also 

increased with increase in concentrations across the two extracts of Helianthus annuus 

seed that shows inhibitory activities. 

Table 4.7: MIC (mg/ml) of the Helianthus annuus Seed Extracts against Salmonella 

spp and E. coli 

Extracts Salmonella E. coli 

Methanol Crude (MCR) 0.46±0.01b 0.19±0.01b 

Methanol n-hexane (MHXN) 0.48±0.02b 0.96±0.01c 

Ethanol Crude (ECR) 0.07±0.03a _ 

Ethanol n-Hexane (EHXN) 2.40±0.06c _ 

Ciprofloxacin 20 (Standard) 0.02±0.00a 0.02±0.00a 

Values are presented as Mean ± Standard Error of Mean of three replicates. Values in a column with 

different superscripts are significantly different at P < 0.05. KEY:MCR= methanol crude extract, 

MHXN= nhexane fraction of methanol, ECR= ethanol crude, EHXN= nhexane fraction of 

ethanol 

 

 

The results in Table 4.7 showed comparison of the minimum inhibitory concentration 

(MIC) of Helianthus annuus seed extracts on both Salmonella spp and Escherichia coli. 
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The minimum inhibitory concentration (MIC) of methanol crude, methanol n-hexane and 

ethanol crude and ethanol n-hexane extracts against Salmonella spp., were significantly 

(p<0.05) higher than the standard drug except that of ethanol crude extract (0.07±0.03 

mg/ml) which was comparable to the standard drug (0.02±0.00 mg/ml). The n-hexane 

fraction of ethanol (EHXN) had significantly (p<0.05) higher MIC value (2.40±0.06 

mg/ml) against Salmonella spp. than the other extracts. The MIC of the extracts against 

E. coli showed significantly higher values than that of the standard drug.  

 

Table 4.8: MBC (mg/ml) of the Helianthus annuus Seed Extracts against Salmonella 

spp and E. coli 

Extract Salmonella E. coli 

Methanol Crude (MCR) 2.40±0.12d 0.96±0.02b 

Methanol n-hexane (MHXN) 2.40±0.17d 4.80±0.12c 

Ethanol Crude (ECR) 0.48±0.01b _ 

Ethanol n-Hexane (EHXN) 1.20±0.12c _ 

Ciproloxaxin 20 0.18±0.02a 0.25±0.05a 

Values are presented as Mean ± Standard Error of Mean of three replicates. Values in a column with 

different superscripts are significantly different at P < 0.05KEY:MCR= methanol crude extract, 

MHXN= nhexane fraction of methanol, ECR= ethanol crude, EHXN= nhexane fraction of 

ethanol 

Table 4.8 Presents the minimum bactericidal concentration (MBC) of Helianthus annuus 

seed extracts on Salmonella spp and Escherichia coli. The MBC values of the extracts 

against Salmonella spp range from 0.18 mg/ml for the standard drug to 2.40±0.12 mg/ml 

for MCR and MHXN. The MBC of ethanol hexane (EHXN) was lower than that of 

MCR and MHXN while that of ethanol crude (ECR) was lower than EHXN but 

statistically different (p<0.05) from the standard (Ciprofloxacin). Similarly, none of the 

extracts had MBC on E. colicomparable (p<0.05) to the standard drug, however, 

Methanol Crude (MCR) and ethanol crude (ECR) had MBC significantly (p<0.05) lower 
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than was observed for nhexane fraction of ethanol (EHXN) (4.80±0.12 mg/ml) and 

nhexane fraction of methanol (MHXN) (4.80±0.12 mg/ml). 

Table 4.9: Safe dose Determination (LD50) of Helianthus annuus Seed Extracts 

Extracts Number of rats Concentration of 

extracts (mg/kgbw) 

Number of deaths 

MCR 5 2000 0/5 

MHXN 5 2000 0/5 

ECR 5 2000 0/5 

EHXN 5 2000 0/5 

KEY: MCR= methanol crude extract, MHXN= nhexane fraction of methanol, ECR= ethanol 

crude, EHXN= nhexane fraction of ethanol 

4.1.5 Acute Toxicity Studies 

The results in Table 4.9 show the LD50 also referred to as safe dose of Helianthus annuus 

seed extracts from crude methanol, ethanol as well as n-hexane fraction of the methanol 

and ethanol. There was no mortality at 2000 mg/kgbody weight concentration of the 

extracts for all of the four extracts. 

Table 4.10: Subacute Toxicity studies of Helianthus annuus Seeds Extracts 

 

 

 

Groups Extracts Concentrations (mg/kg bw) Number of deaths 

1 Distilled water 10 1/4 

2 Methanol crude 10 0/4 

300 1/4 

600` 0/4 

3 Ethanol crude 10 0/4 

300 0/4 

600 0/4 

4 Methanol 

hexane 

10 0/4 

300 0/4 

600 0/4 

5 Ethanol hexane 10 1/4 

300 2/4 

600 0/4 
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4.1.6  Subacute Toxicity Studies 

The results in Table 4.10 show the sub-acute toxicity studies of Helianthus annuus seeds 

extracts the test organism. At 10 mg/kg bw, one out of four (1/4) mortality was recorded 

for distilled water and ethanol hexane administered groups.  There was no mortality at 

the same concentration for crude methanol, crude ethanol and n-hexane methanol 

administered groups. At 300 mg/kgbw, there was one out of four (1/4) mortality for 

crude methanol, two out of four (2/4) for hexane ethanol while there was no mortality for 

crude ethanol and methanol hexane. At 600 mg/kgbw, there was no recorded mortality 

for any of the extracts. 
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Table 4.11: In vivo Antibacterial Activityof Helianthus annuus Seeds Extracts 

against Salmonella spp and Escherichia coli 

Groups Subgroups Treatment No of 

deaths  

1 1a Distilled water + Salmonella spp 0/4 

1b Distilled water +Escherichia coli 1/4 

2 2a Ciprofloxacin 20 mg/kg+ Salmonella spp 1/4 

2b Ciprofloxacin + Escherichia coli 2/4 

3 3a Methanol crude 100 mg/kg + Salmonella 

spp 

0/4 

3b Methanol crude 100 mg/kg + Escherichia 

coli 

0/4 

4 4a Methanol crude 200 mg/kg + Salmonella 

spp 

0/4 

4b Methanol crude 200 mg/kg + Escherichia 

coli 

1/4 

5 5a Methanol crude 400 mg/kg + Salmonella 

spp 

1/4 

5b Methanol crude 400 mg/kg + Escherichia 

coli 

0/4 

6 6a Methanol hexane 100 mg/kg + Salmonella 

spp 

0/4 

6b Methanol hexane 100 mg/kg + Escherichia 

coli 

0/4 

7 7a Methanol hexane 200 mg/kg + Salmonella 

spp 

0/4 

7b Methanol hexane 200 mg/kg + Escherichia 

coli 

0/4 

8 8a Methanol hexane 400 mg/kg + Salmonella 

spp 

1/4 

8b Methanol hexane 400 mg/kg + Escherichia 

coli 

0/4 

 

The results in Table 4.11 show the in vivo antibacterial activityof Helianthus annuus 

seeds extracts against four (4) test organism. As distilled water gave no mortality for 

Salmonella spp but gave one mortality E. coli. At 20 mg/kg Ciprofloxacin gave one 

mortality for Salmonella spp and two for E. coli while there was no mortality for crude 

methanol for both organisms. At 100 mg/kg crude methanol gave no mortality for either 
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of the organisms, but at 200 mg/kg there was one mortality for E. coli. The 400 mg/kg 

crude methanol gave one mortality for Salmonella spp but there was no mortality for E. 

coli at the same concentration. The 100 mg/kg and 200 mg/kg methanol-hexane gave no 

mortality for the two organisms. However, at 400 mg/kg there was one (1) mortality for 

Salmonella spp while there was no mortality for E. coli. 
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Table 4.12:  Serum Enzymes Biochemical Parameters of Rats treated with H. annuus Seed Extracts for 28 Days as compared 

to the Control Group 

Valuesx arex presentedx asx Meanx ±x Standardx Errorx ofx Meanx (SEM)x ofx threex replicates.x Valuesx withx differentx superscriptsx inx ax columnx arex significantlyx differentx atx 

p<x 0.05.x Whilex MC=x Methanolx crudex extract,xMH=x n-hexanex fractionx ofx methanolx crudex extract,x EC=x Ethanolx crudex extract,x EH=x n-Hexanex fractionx ofx ethanolx 

crudex extract,x NC=x normalx control. TP=Total protein, ALB= Albumin, ALT=Alanine transaminase, AST=Aspartate transaminase and ALP=Alanine phosphatase 

 

 

 

Dose (mg/kgbw) Biochemical parameters 

 TP(g/L) ALB(g/L) ALT(IU/L) AST(IU/L) ALP(IU/L) 

MC10 26.15±1.39b 15.45±1.80bc 35.44±2.48bcd 16.60±1.18c 120.29±2.05ab 

MH10 30.27±1.38c 19.04±1.46c 31.94±1.51b 21.48±1.14de 129.29±2.10bc 

EC10 21.01±1.51a 11.09±0.76a 36.05±2.02bcd 23.01±0.97de 128.32±4.43abc 

EH10 23.04±0.88ab 15.43±1.41bc 39.54±1.10cde 23.53±2.14de 160.07±3.33g 

MC300 22.43±1.03ab 16.10±0.84bc 35.62±1.13bcd 11.36±0.68a 134.85±1.75cd 

MH300 32.98±1.56cd 21.07±1.46de 30.84±2.08ab 19.18±0.72cd 151.76±1.47fg 

EC300 22.42±1.03ab 15.95±0.80bc 41.06±1.65d 24.73±1.64e 120.42±3.76ab 

EH300 31.66±1.15c 20.49±1.19de 34.95±1.19bcd 21.14±1.14de 138.23±3.29cd 

MC600 23.17±1.45ab 15.95±2.09bc 25.64±1.89a 11.88±1.18ab 135.27±2.52cd 

MH600 37.53±0.46e 23.37±0.70e 32.90±1.60bc 15.74±1.21bc 118.87±2.45a 

EC600 25.13±0.98b 16.03±1.44bc 37.28±1.70bcde 23.91±0.85e 118.37±3.32a 

EH600 35.62±1.12de 22.05±0.92de 33.17±3.43bc 16.30±2.22c 140.37±3.20de 

NC 22.38±1.31ab 12.58±0.72ab 42.99±2.77e 21.15±1.30de 148.60±4.79ef 
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Thex resultsx inx Tablex 4.12x showx thex biochemicalx parametersx ofx thex ratsx treatedx withx thex 

extractx ofx Helianthusx annuusx seed.x Thex biochemicalx parametersx showedx significantx 

differencex amongx thex extractsx fromx thex differencex solvents.x Crudex methanolx extractsx 

showedx decreasex inx thex totalx proteinx withx increasex inx concentrationx andx wasx significantlyx 

(px <x 0.05)x higherx atx 10x mg/kgx bodyx weight.x Atx 10,x 300x andx 600x mg/kgx bodyx weight,x totalx 

proteinx concentrationx wasx significantx (p<0.05)x higherx n-hexanex fractionx ofx thex crudex 

methanolx extracts.x Thex totalx proteinx alsox increasedx withx increasex inx concentrationx forx thex 

samex n-hexanex fractionx ofx thex crudex methanolx extractsx andx thex fractionx performsx betterx 

thanx thex negativex control.x Similarx resultx wasx obtainedx forx crudex ethanolx whichx showedx 

significantlyx (p<0.05)x higherx totalx proteinx concentrationx atx 600x mg/kgx bodyx weight.x Thex 

n-hexanex fractionx ofx thex crudex ethanolx extractx showedx thex samex trend.x Whenx allx thex 

extractsx werex compared,x thex highestx totalx proteinx concentrationx werex obtainedx atx 600x 

mg/kgx bodyx weightx inx n-hexanex fractionx ofx methanolx crudex extractx (MHXN)x andx n-

Hexanex fractionx ofx ethanolx crudex extractx (EHXN)x whilex thex leastx werex obtainedx atx 10x 

mg/kgx bodyx weightx crudex ethanolx extract,x negativex control,x 300x mg/kgx bodyx weightx crudex 

ethanolx extractx andx 300x mg/kgx bodyx weightx crudex methanolx extract. 

Albuminx concentrationx atx 10x mg/kgx bodyx weightx wasx significantlyx (p<0.05)x highestx inx thex 

n-hexanex fractionx ofx methanolx crudex extractx (MHXN)x comparedx tox otherx fractionsx atx thex 

samex concentration.x Thex albuminx concentrationx increasesx withx increasex inx concentrationx 

forx thex samex fractionx ofx thex n-hexanex fractionx ofx crudex methanolx extract.x Thex leastx 

albuminx concentrationx wasx obtainedx inx crudex ethanolx extract,x butx thex albuminx increasedx 

withx increasex inx concentration.x Thex alaninex transferasex (ALT)x activityx wasx significantlyx 

(p<0.05)x higherx forx thex n-Hexanex fractionx ofx crudex ethanolx extractx atx 10x mg/kgx bodyx 

weightx butx significantlyx (p<0.05)x leastx inx n-Hexanex fractionx ofx crudex methanolx extract.x Atx 

300x mg/kgx bodyx weight,x alaninex transferasex (ALT)x activityx wasx significantlyx (p<0.05)x 
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higherx forx crudex ethanolx extractx andx significantlyx lowestx (p<x 0.05)x inx crudex methanolx 

extract.x Atx 600x mg/kgx bodyx weight,x alaninex transferasex (ALT)x activityx wasx significantlyx 

(p<x 0.05)x higherx forx crudex ethanolx extractx (ECR)x andx significantlyx (p<x 0.05)x lowestx inx n-

hexanex fractionx ofx crudex methanolx extractx (MHXN).x Thex overallx comparisonx showedx thatx 

negativex controlx hadx thex highestx alaninex transferasex activityx whichx wasx significantlyx (px <x 

0.05)x higher. 

Aspartatex transaminasex activityx decreasedx withx increasex inx concentrationx whilex alaninex 

phosphatasex increasedx withx increasex inx concentration.x Althoughx therex werex significantx 

(p<0.05) xdifferencesx amongx thex treatedx groupsx andx thex controlx inx somex cases,x theyx werex 

stillx withinx thex normalx range. 
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Tablex 4.13:x  Serumx Lipidx Biochemicalx Parametersx ofx Ratsx treatedx withx H.x annuusx Seedsx Extractsx forx 28x Daysx asx comparedx tox 

thex Controlx Group 

Dosex (mg/kgbw) Biochemicalx parametersx (mmol/L) 

 TC TRIG HDL-C LDL-C 

MC10 142.99±2.25c 131.90±1.16ab 100.23±1.22c 109.58±2.46cde 

MH10 146.33±3.24cd 141.58±2.45cd 119.42±2.59de 104.10±2.62bcd 

EC10 154.53±1.39e 126.16±1.29a 82.31±3.48a 109.23±3.76cde 

EH10 164.56±2.51f 131.84±3.15ab 111.36±4.28d 113.43±3.53e 

MC300 146.47±1.94cd 143.71±2.46de 115.93±2.68de 111.97±2.72de 

MH300 127.85±1.69b 144.55±2.19def 141.02±2.77fg 82.54±1.66a 

EC300 144.57±3.67cd 126.75±3.57a 88.89±0.97ab 101.72±1.77bc 

EH300 151.58±1.93de 135.83±3.17bc 124.67±2.50e 95.99±2.10b 

MC600 131.91±1.74b 151.72±1.06f 138.53±2.54f 103.69±2.86bcd 

MH600 116.57±3.78a 149.00±1.80ef 147.25±3.86g 77.30±3.10a 

EC600 144.68±2.63cd 150.04±1.84ef 93.44±2.34bc 98.50±1.81b 

EH600 147.61±0.99cde 151.29±1.16f 122.96±3.24e 84.20±2.10a 

NC 174.83±2.58g 146.65±2.15def 95.44±1.61bc 114.21±2.24e 

Valuesx arex presentedx asx Meanx ±x Standardx Errorx ofx Meanx (SEM)x ofx threex replicates.x Valuesx withx differentx superscriptsx inx ax columnx arex significantlyx differentx atx 

p<x 0.05.x Whilex MC=x Methanolx crudex extract, MH=x n-hexanex fractionx ofx methanolx crudex extract,  EC=x Ethanolx crudex extract,x EH=x n-Hexanex fractionx ofx ethanolx 

crudex extract,x NC=x normalx control. TC=Total cholesterol, TRIG=Triglycerides, HDL-C= high density lipoprotein cholesterol and LDL-C=Low density 

lipoprotein cholesterol 

 

 

 



98 
 

Thex resultsx inx Tablex 4.13x showsx thex lipidx componentx ofx thex Biochemicalx Parametersx ofx 

ratsx treatedx withx H.x annuusx seedsx extractsx forx 28x daysx comparedx tox thex controlx groups.x Thex 

totalx cholesterolx rangesx fromx 116.57x mg/gx foundx inx thex groupx administeredx 600x mg/kgx 

bodyx weightx ofx n-hexanex fractionx ofx crudex methanolx extractx tox 174.83x mg/gx foundx inx thex 

groupx administeredx thex control.x Totalx cholesterolx wasx significantlyx (p<0.05)x higherx inx thex 

negativex controlx groupx asx comparedx tox thex treatedx groups.x Amongx thex treatedx groups,x thex 

groupx treatedx withx 10x mg/kgx bodyx weightx hadx thex highestx cholesterolx levelx whilex thex 

groupx treatedx withx 600x mg/kgx bodyx weightx ofx n-hexanex fractionx ofx crudex methanolx extractx 

hadx significantlyx (p<0.05)x lowerx valuex ofx totalx cholesterolx (116.57±3.78x mg/g).x  

Triglyceridex rangesx fromx 126.16x mg/gx foundx inx 10x mg/kgx bodyx weightx crudex ethanolx tox 

151.72x mg/gx foundx inx thex groupx administeredx 600x mg/kgx bodyx weight.x Thex triglyceridex 

componentsx inx thex groupsx administeredx 600x mg/kgx bodyx weightx ofx crudex methanol,x crudex 

ethanol,x n-hexanex fractionx ofx crudex methanolx andx n-Hexanex fractionx ofx crudex ethanolx 

extractsx werex significantlyx higherx (p<0.05)x thanx thex controlx groupx whilex thex controlx groupx 

wasx significantlyx (p<0.05)x higherx thanx thex otherx groupsx treatedx withx extractsx 

concentrationsx lowerx thanx 300x mg/kgx bodyx weight.x  

Thex high-densityx lipoproteinsx cholesterolx (HDL-C)x rangedx fromx 82.31x mg/gx foundx inx thex 

groupx ofx ratx administeredx 10x mg/kgx bodyx weightx tox 147.25x mg/gx obtainedx forx thex groupx 

administeredx 600x mg/kgx bodyx weightx ofx n-hexanex fractionx ofx crudex methanolx extract.x Thex 

300x andx 600x mg/kgx bodyx weightx groupsx ofx n-Hexanex fractionx ofx crudex ethanolx extractx ofx 

H.x annuusx seedsx werex significantlyx higherx (p<0.05)x comparedx tox thex controlx group.x Thex 

groupsx treatedx withx 10x mg/kgx bodyx weightx crudex ethanolx andx 300x mg/kgx bodyx weightx 

crudex ethanolx hadx significantlyx lowerx (p<0.05)x HDL-cholesterolx levelx comparedx tox thex 

controlx group. 
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Thex resultsx ofx thex low-densityx lipoproteinx cholesterolx (LDL-C)x showedx thex LDL-

cholesterolx rangesx fromx 82.54x mg/gx forx groupx administeredx 300x mg/kgx bodyx weightx n-

hexanex fractionx ofx crudex methanolx extractx tox 114.21x mg/gx forx groupx administeredx thex 

negativex control.x Thex normalx controlx groupx hadx thex highestx valuex whichx wasx significantlyx 

(p<0.05)x higherx comparedx tox allx thex otherx groupx exceptx thex groupx administeredx 10x mg/kgx 

bodyx weightx n-Hexanex fractionx ofx crudex ethanolx extract.x  
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Tablex 4.14: x  Proteinx Componentsx ofx thex Serumx Biochemicalx Parametersx ofx Ratsx treatedx withx H.x annuusx Seedsx Extractsx forx 28 

Daysx asx comparedx tox thex Controlx Group 

Dosex (mg/kgx bw) Biochemicalx parametersx (mg/dL) 

 Creatinine Totalx bilirubin Indirectx bilirubin Uricx acid Urea 

MC10 7.74±0.68bc 0.83±0.04ab 0.33±0.04a 7.74±0.68abc 72.43±2.60a 

MH10 8.89±0.71bcd 1.04±0.05cd 0.69±0.05de 11.37±1.30efg 72.85±2.01a 

EC10 12.17±1.38de 0.77±0.07a 0.51±0.10bc 8.74±0.63abcde 75.31±2.08a 

EH10 14.00±1.35e 1.31±0.04e 0.90±0.02f 12.20±0.95fg 77.00±1.26a 

MC300 6.33±0.38ab 1.12±0.08d 0.56±0.02bcd 8.42±0.34abcd 69.83±2.35a 

MH300 11.11±0.71cde 1.00±0.05bcd 0.63±0.05cd 9.63±0.41cdef 74.18±2.73a 

EC300 10.96±0.97cde 0.86±0.07abc 0.55±0.07bcd 7.31±0.97abc 71.47±2.11a 

EH300 21.08±1.54g 0.99±0.08bcd 0.50±0.02bc 9.07±0.47bcde 77.50±1.95a 

MC600 4.30±0.47a 1.45±0.06e 0.49±0.01bc 6.36±0.44ab 73.64±1.90a 

MH600 10.63±0.98cde 1.08±0.06d 0.78±0.02ef 12.49±1.65fg 78.03±3.41a 

EC600 17.11±0.83f 0.74±0.03a 0.50±0.02bc 5.86±0.54a 73.46±3.72a 

EH600 13.03±1.49e 0.87±0.03abc 0.61±0.01bcd 10.98±1.07defg 71.81±2.21a 

NC 17.79±1.40f 0.86±0.07abc 0.48±0.02b 12.69±1.13g 76.60±1.76a 

Valuesx arex presentedx asx Meanx ±x Standardx Errorx ofx Meanx (SEM)x ofx threex replicates.x Valuesx withx differentx superscriptsx inx ax columnx arex significantlyx differentx atx 

p<x 0.05.x Whilex MC=x Methanolx crudex extract,xMH=x n-hexanex fractionx ofx methanolx crudex extract,x EC=x Ethanolx crudex extract,x EH=x n-Hexanex fractionx ofx ethanolx 

crudex extract,x NC=x normalx control 
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Thex resultsx inx Tablex 4.14x showx proteinx componentsx ofx thex serumx biochemicalx parametersx 

ofx ratsx treatedx withx H.x annuusx seedsx extractsx forx 28 daysx asx comparedx tox thex controlx group.x 

Thex creatininex componentx rangesx fromx 4.30x mg/gx tox 21.08x mg/gx amongx thex ratx groupsx 

treatedx withx thex variousx extractx ofx H.x annuusx seed.x Thex ratx groupx administeredx 300x mg/kgx 

bodyx weightx n-hexanex fractionx ofx crudex ethanolx hadx significantlyx (p<0.05)x higherx serumx 

creatininex levelx comparedx tox thex controlx group.x However,x thex creatininex levelx inx thex 

controlx groupx wasx significantlyx (p<0.05)x higherx thanx thex restx ofx treatedx groupsx exceptx thex 

groupx administeredx 600x mg/kgx bodyx weightx ofx crudex ethanolx whichx hadx thex samex levelx ofx 

significantx (p<x 0.05)x withx thex controlx group. 

Totalx bilirubinx rangesx fromx 0.77x mg/gx inx thex groupx administeredx 10x mg/kgx bodyx weightx 

crudex ethanolx tox 1.45x mg/gx forx thex groupx administeredx 600x mg/kgx bodyx weightx crudex 

methanol.x Therex wasx significantx (p<0.05)x differencex amongx thex variousx groupsx withx somex 

groupsx sharingx thex samex levelx ofx significantx (p<x 0.05).x Thex groupx administeredx 10x mg/kgx 

bodyx weightx n-hexanex fractionx ofx thex crudex methanol,x 10x mg/kgx bodyx weightx n-hexanex 

fractionx ofx crudex ethanol,x 300x mg/kgx bodyx weightx ofx crudex methanol,x 300x mg/kgx bodyx 

weightx ofx n-hexanex fractionx ofx crudex methanol,x 600x mg/kgx bodyx weightx ofx crudex 

methanolx andx thex groupx administeredx 600x mg/kgx bodyx weightx hadx significantlyx (p<0.05)x 

higherx overx thex control.x Thex controlx groupx andx thex groupx treatedx withx 300x mg/kgx weightx 

crudex ethanolx andx 600x mg/kgx bodyx weightx ofx n-hexanex fractionx ofx crudex ethanolx hadx thex 

samex levelx ofx totalx bilirubin.x Thex remainingx groupsx hadx significantlyx (p<x 0.05)x lowerx totalx 

bilirubinx whenx comparedx tox controlx groups. 

Thex indirectx bilirubinx concentrationx rangesx fromx 0.33x mg/Lx inx groupx administeredx 10x 

mg/kgx bodyx weightx crudex methanolx tox 0.90x mg/Lx inx groupx administeredx n-hexanex fractionx 

ofx thex crudex ethanolx extract.x Thex indirectx bilirubinx levelx wasx significantlyx (p<0.05)x higherx 

inx allx thex otherx groupsx exceptx thex groupx administeredx 10x mg/kgx bodyx weightx crudex 
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methanolx extract.x Uricx acidx concentrationx rangesx fromx 5.86x mg/Lx inx thex groupx 

administeredx 600x mg/kgx bodyx weightx crudex ethanolx tox 12.69x mg/Lx inx thex controlx groups.x 

Therex wasx significantx differencex (p<x 0.05)x amongx thex variousx groups,x andx thex controlx 

groupx hadx significantlyx (p<0.05)x higherx uricx acidx concentrationx comparedx thex restx ofx thex 

group.x Ureax rangesx fromx 69.83x mg/Lx inx thex groupx administeredx 300x mg/kgx bodyx weightx ofx 

crudex methanolx tox 78.03x mg/Lx inx thex groupx administeredx 600x mg/kgx bodyx weightx ofx n-

hexanex fractionx ofx crudex ethanolx extract.x Therex wasx nox significantx (p<x 0.05)x differencex inx 

thex ureax concentrationx forx allx thex groupsx includingx thex controlx group. 
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Tablex 4.15: x  Serumx Biochemicalx Mineralx Componentsx ofx Ratsx treatedx withx H.x annuus Seedsx Extractsx forx 28x Daysx asx comparedx 

tox thex Controlx Group 

Dosex (mg/kgx bw) Biochemicalx parametersx (mEq/L) 

 Sodium Potassium Chloride Bicarbonate 

MC10 172.00±3.97de 8.00±0.07a 88.23±2.66abc 36.89±1.34ab 

MH10 163.77±2.05bc 10.99±0.96bc 92.04±2.77bcd 35.13±1.73ab 

EC10 179.01±2.72ef 11.45±1.15c 93.83±2.14cde 41.63±2.43bc 

EH10 174.86±2.54de 12.09±1.01cd 88.45±1.09abc 49.46±1.55e 

MC300 181.98±2.18f 12.55±1.16cd 80.43±2.25a 40.36±1.83abc 

MH300 157.70±1.70b 13.12±0.87cd 105.00±4.30f 33.44±2.24a 

EC300 178.98±0.96ef 11.47±0.78c 86.66±1.99abc 35.17±2.21ab 

EH300 157.51±1.64b 13.22±0.64cd 82.96±2.55ab 42.05±2.03bcd 

MC600 158.65±2.19b 14.74±0.63d 85.79±2.63abc 44.15±1.89cde 

MH600 146.99±2.17a 10.63±0.98abc 90.03±2.48bc 36.27±1.64ab 

EC600 168.12±3.34cd 10.92±1.00bc 101.94±2.15ef 38.84±2.73abc 

EH600 162.92±2.64bc 14.58±1.02d 99.57±3.56def 48.77±2.94de 

NC 178.33±2.55ef 8.49±0.62ab 90.39±4.72bc 51.02±3.26e 

Valuesx arex presentedx asx Meanx ±x Standardx Errorx ofx Meanx (SEM)x ofx threex replicates.x Valuesx withx differentx superscriptsx inx ax columnx arex significantlyx differentx atx 

p<x 0.05.x Whilex MC=x Methanolx crudex extract, MH=x n-hexanex fractionx ofx methanolx crudex extract,x EC=x Ethanolx crudex extract,x EH=x n-Hexanex fractionx ofx ethanolx 

crudex extract,x NC=x normalx control 
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Thex resultsx inx Tablex 4.15x showx thex serumx mineralx componentx ofx thex biochemicalx 

parametersx ofx ratsx treatedx withx H.x annuusx seedx extracts.x Thex sodiumx levelx inx thex serumx 

rangesx fromx 146.99x mg/Lx inx thex groupx administeredx 600x mg/kgx bodyx weightx ofx n-hexanex 

fractionx ofx crudex methanolx tox 181.98 mg/Lx inx groupx administeredx 300 mg/kgx methanolx 

crudex (MCR).x Thex groupx administeredx 300x mg/kgx bodyx weightx crudex methanolx hadx 

significantlyx (p<0.05)x higherx sodiumx concentrationx comparedx tox thex controlx group.x Thex 

controlx group,x thex groupx administeredx 300x mg/kgx bodyx weightx ofx crudex ethanolx andx 10x 

mg/kgx bodyx weightx sharedx thex samex significantx (p<x 0.05)x levelx andx werex significantlyx 

higherx overx thex otherx groupx exceptx thex groupx administeredx 300x mg/kgx bodyx weightx ofx 

crudex methanol.x Potassiumx concentrationx inx thex ratsx administeredx thex variousx extractx ofx H.x 

annuusx seedx rangesx fromx 8.00x tox 14.74x mg/L.x Thex potassiumx concentrationx wasx 

significantlyx lowerx inx thex groupx administeredx 10x mg/kgx bodyx weightx ofx crudex methanolx 

comparedx tox thex restx ofx thex groups.x Inx thex samex manner,x thex potassiumx concentrationx wasx 

significantlyx lowerx inx thex controlx groupx whenx comparedx tox thex restx ofx thex groupx otherx thanx 

thex groupx administeredx 10x mg/kgx bodyx weightx whichx wasx significantlyx lower. 

Thex chlorinex concentrationx rangesx fromx 80.43x mg/Lx tox 105.00x mg/L.x Thex controlx groupx 

andx thex groupx administeredx 600x mg/kgx bodyx weightx ofx n-hexanex fractionx ofx thex crudex 

methanolx sharedx thex samex levelx ofx significant.x Theyx werex significantlyx higherx comparedx 

tox thex groupx administeredx 10x mg/kgx bodyx weightx crudex methanol,x 300x mg/kgx bodyx weightx 

ofx crudex methanolx andx thex groupx ofx ratsx administeredx 300x mg/kgx bodyx weightx ofx n-hexanex 

fractionx ofx thex crudex ethanol.x However,x theyx werex significantlyx lowerx whenx comparedx tox 

thex restx ofx thex groups.x Thex bicarbonatex wasx lowerx amongx thex treatedx groupsx comparedx tox 

thex controlx group.x Itx rangesx fromx 33.44x mg/Lx tox 51.02x mg/Lx foundx inx thex controlx group.x 

Thex bicarbonatex concentrationx wasx significantlyx higherx inx thex controlx overx allx thex otherx 

groupsx exceptx thex groupx administeredx 10x mg/kgx bodyx weightx ofx n-hexanex fractionx ofx 
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crudex ethanolx whichx sharex thex samex significantx levelx asx thex controlx group. 

Table 4.16:  Haematological values of Rats treated with Helianthus annuus Seed  

Extracts for 28 Days compared to the Control Group 

 

Values are presented as Mean ± Standard Error of Mean (SEM) of three replicates. Values with different 

superscripts in a column are significantly different at p<0.05. Key: MC= Methanol crude extract, MH= n-

hexane fraction of methanol crude extract, EC= Ethanol crude extract, EH= n-Hexane fraction of ethanol 

crude extract, NC= normal control. Hb=haemoglobin, PCV=Packed cell volume, MCV=Mean cell volume 

and Mean cell Haemoglobin 

 

 

 

 Haematological parameters 

Dosage 

(mg/kg bw) 

Hb(g/dL) PCV(%) MCV(fL) MCH(pg) 

MC10 16.40±1.31ab 40.00±1.15ab 47.00±2.31bc 20.50±1.44abcd 

MC300 20.11±1.92abcd 41.50±3.75ab 47.50±1.44bcd 17.50±0.87a 

MC600 22.40±1.30cd 34.50±2.60a 56.50±1.44f 20.50±2.02abcd 

MH10 23.47±1.24d 40.00±0.58ab 48.50±2.02cd 22.50±1.44abcde 

MH300 20.37±0.84abcd 39.50±2.02ab 54.50±2.02ef 25.00±1.15cde 

MH600 21.10±1.34bcd 45.50±2.02bc 53.00±1.73def 19.00±1.15ab 

EC10 22.11±1.93cd 39.50±1.44ab 48.50±2.02cd 19.50±2.02abc 

EC300 24.59±1.56d 36.88±1.09a 46.00±1.91bc 26.25±1.11ef 

EC600 22.53±1.14cd 41.00±2.31ab 50.50±2.02cde 22.50±2.60abcde 

EH10 21.53±1.91cd 40.50±3.75ab 42.50±2.02ab 19.00±2.31ab 

EH300 18.32±1.20abc 51.50±4.50c 37.75±1.75a 27.00±1.00e 

EH600 23.50±1.25d 40.00±1.73ab 39.50±0.87a 21.50±2.02abcde 

NC 15.95±0.97a 37.50±1.44a 37.50±0.87a 23.50±2.02bcde 
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Thex resultsx inx Tablex 4.16x showx thex hematologicalx parametersx ofx thex ratsx treatedx withx 

Helianthusx annuusx seedx extracts.x Thex hemoglobinx valuex wasx significantlyx (p<0.05)x lowerx 

inx thex controlx groupx comparedx tox thex treatmentx groups.x Thex samex trendx wasx observedx inx 

thex valuex ofx thex packedx cellx volumex (PCV).x Thex controlx groupx hadx significantlyx (p<0.05)x 

lowerx packedx cellx volumex (PCV),x exceptx thatx thex groupx sharedx thex samex significantx (p<x 

0.05)x levelx withx thex ratx groupx administeredx 600x mg/kgx bodyx weightx ofx crudex methanolx andx 

300x mg/kgx bodyx weightx ofx crudex ethanol. 

Thex MCVx valuesx rangesx fromx 37.50x mg/Lx tox 56.50x mg/L.x Thex leastx valuex ofx MCVx wasx 

obtainedx forx thex controlx groupx whichx significantlyx (p<0.05)x differsx fromx thex treatmentx 

groupsx exceptx forx thex groupsx treatedx withx 300x andx 600x mg/kgx bodyx weightx ofx n-Hexanex 

fractionx ofx crudex ethanolx extract.x Thex controlx groupx sharedx thex samex levelx ofx significancex 

(p<x 0.05)x withx thex 300x andx 600x mg/kgx bodyx weightx ofx n-Hexanex fractionx ofx crudex ethanolx 

extractx andx theyx werex significantlyx (p<x 0.05)x lowerx thanx thex restx ofx thex groups.x MCHx 

valuesx rangesx fromx 17.50mg/Lx inx thex groupx administeredx 300x mg/kgx bodyx weightx ofx 

crudex methanolx tox 27.00x mg/Lx inx thex groupx treatedx withx 300x mg/kgx bodyx weightx ofx n-

Hexanex fractionx ofx crudex ethanolx extract.x Thex MCHx ofx thex controlx groupx wasx significantlyx 

(p<0.05)x higherx inx somex casesx andx significantlyx (p<0.05)x lowerx inx othersx whilex sharingx 

thex samex levelx ofx significantx (p<x 0.05)x withx thex otherx treatmentx groups. 
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Table 4.16:  Haematological values of Rats treated with Helianthus annuus Seed 

Extracts for 28 Days compared to the Control Group 

 Haematological parameters 

Dosage 

(mg/kg bw) 

MCHC(g/dL) RBC(1012/L) PLC(106/L) TWBC(1012/L) 

MC10 42.00±3.46b 7.70±0.69abc 149.00±3.46ab 7.15±0.43bc 

MC300 38.50±3.75ab 9.95±0.26def 148.50±0.87ab 9.40±0.52de 

MC600 41.50±2.60b 8.70±0.52bcde 153.00±2.31b 10.95±0.78ef 

MH10 42.00±1.15b 7.00±0.81ab 153.00±1.73b 7.25±0.95bcd 

MH300 43.50±3.18b 8.50±0.35abcd 154.50±2.02b 7.30±0.81bcd 

MH600 40.50±2.60b 7.75±0.61abc 148.50±6.06ab 11.55±0.49f 

EC10 39.50±1.44ab 6.60±0.58a 142.00±1.73a 7.90±0.17bcd 

EC300 42.38±2.13b 8.11±0.64abcd 147.13±3.56ab 6.06±0.83ab 

EC600 32.00±1.73a 10.85±0.95f 155.50±2.02b 4.80±0.17a 

EH10 36.50±1.44ab 8.30±0.52abcd 149.00±2.31ab 8.55±0.43cd 

EH300 37.50±3.50ab 8.08±0.58abcd 147.50±2.50ab 6.93±0.53bc 

EH600 40.50±1.44b 10.55±0.49ef 150.50±3.75ab 7.05±0.95bc 

NC 42.50±1.44b 9.55±0.55cdef 146.00±1.73ab 9.45±0.61de 

Values are presented as Mean ± Standard Error of Mean (SEM) of three replicates. Values with different 

superscripts in a column are significantly different at p<0.05. Key: MC= Methanol crude extract, MH= n-

hexane fraction of methanol crude extract, EC= Ethanol crude extract, EH= n-Hexane fraction of ethanol 

crude extract, NC= normal control. MCHC=Mean cell haemoglobin concentration, RBC=Red blood cells, 

PLC=Platelet count and TWBC= Total white blood cells 
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Thex resultsx inx Tablex 4.16x showx thex hematologicalx parametersx ofx thex ratsx treatedx withx 

Helianthusx annuusx seedx extracts.x MCHCx valuesx rangedx fromx 32.00x %x inx thex groupx treatedx 

withx 600x mg/kgx bodyx weightx ofx crudex ethanolx tox 43.50x %x inx thex groupx treatedx withx 300x 

mg/kgx bodyx weightx ofx n-hexanex fractionx ofx crudex methanol.x Thex MCHCx ofx thex controlx 

groupx wasx notx significantlyx (p<0.05)x differentx fromx mostx ofx thex treatedx groupsx exceptx inx 

thex groupsx treatedx withx 300mg/kgx bodyx weightx ofx crudex methanol,x 300x andx 600x mg/kgx 

bodyx weightx ofx crudex ethanolx asx wellx asx 10x andx 300x mg/kgx bodyx weightx ofx n-Hexanex 

fractionx ofx crudex ethanolx extractx wherex itx wasx significantlyx (p<0.05)x higher. 

Thex redx bloodx cellx (RBC)x ofx thex ratsx rangesx fromx 6.60x inx thex groupx treatedx withx 10x mg/kgx 

bodyx weightx ofx crudex ethanolx extractsx tox 10.85x inx thex groupx treatedx withx 600x mg/kgx bodyx 

weightx ofx crudex ethanolx extract.x Thex RBCx valuex ofx thex controlx groupx wasx significantlyx 

(p<0.05)x higherx thanx mostx ofx thex treatmentx groupsx exceptx inx thex groupsx treatedx withx 300x 

mg/kgx bodyx weightx ofx crudex ethanolx extract.x Itx howeverx sharedx thex samex levelx ofx 

significancex (p<x 0.05)x withx thex groupx treatedx withx 600x mg/kgx bodyx weightx ofx n-Hexanex 

fractionx ofx crudex ethanolx extract. 

Thex plateletx countx (PLC)x valuex rangesx fromx 142.00x mg/Lx inx groupx treatedx withx 10x mg/kgx 

bodyx weightx ofx crudex ethanolx tox 155.50x mg/Lx inx thex groupx treatedx withx 600x mg/kgx bodyx 

weightx ofx crudex ethanol.x Onlyx thex plateletx ofx thex groupx treatedx withx 10x mg/kgx bodyx weightx 

ofx crudex ethanolx wasx significantlyx (p<0.05)x lowerx thanx thex controlx group.x Thex remainingx 

groupsx eitherx sharedx thex samex significantx levelx (p<0.05)x withx orx hadx significantlyx 

(p<0.05)x higherx PLCx thanx thex controlx group.x x Thex groupsx withx plateletx valuesx significantlyx 

(p<0.05)x higherx thanx thex controlx includesx thex groupsx treatedx 600x mg/kgx bodyx weightx ofx 

crudex methanol,x 10x andx 300x mg/kgx bodyx weightx ofx n-hexanex fractionx ofx crudex ethanolx 

extractsx andx 600x mg/kgx bodyx weightx ofx crudex ethanolx extract. 
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Thex totalx whitex bloodx cellsx (TWBC)x rangesx fromx 4.80x mg/Lx inx thex groupx treatedx withx 600x 

mg/kgx bodyx weightx ofx crudex ethanolx tox 11.55x mg/kgx bodyx weightx ofx n-hexanex fractionx ofx 

crudex ethanol.x Thex TWBCx wasx significantlyx (p<0.05)x higherx inx thex groupx treatedx withx thex 

controlx comparedx tox mostx ofx thex otherx groupsx treatedx withx thex variousx extractx exceptx inx thex 

groupx administeredx 300x andx 600x mg/kgx bodyx weightx ofx crudex methanolx andx 600x mg/kgx 

bodyx weightx ofx n-hexanex fractionx ofx thex crudex ethanol.x Whilex thex groupx treatedx withx 300x 

mg/kgx bodyx weightx ofx crudex methanolx sharedx thex samex levelx ofx significancex (p<x 0.05)x 

withx thex controlx group,x thex 600x mg/kgx bodyx weightx ofx crudex methanolx andx 600x mg/kgx 

bodyx weightx ofx n-hexanex fractionx ofx thex crudex ethanolx werex significantlyx (p<0.05)x higherx 

thanx thex controlx groups 
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Table 4.17:  Relative Body Weight of Rats infected with Escherichia coli and 

treated with H. annuus Seed Extracts 

 

Values are presented as Mean ± Standard Error of Mean (SEM) of three replicates. Values with different 

superscripts in a column are significantly different at p<0.05. While MC= Methanol crude extract, MH= n-

hexane fraction of methanol crude extract, negative = distilled water. 

 

Thex resultsx inx Tablex 4.17x showx relativex bodyx weightx ofx ratsx infectedx withx Escherichiax colix 

andx treatedx withx H.x annuusx seedsx extracts.x Therex wasx nox significantx differencex (p<x 0.05)x 

inx thex ratx treatedx withx thex variousx extracts,x thex negativex andx thex positivex controlx groupsx atx 

thex startx ofx thex administrationx atx weekx 0x withx thex groupx infectedx withx E.x colix butx therex wasx 

significantx (p<0.05)x differencex atx weekx 1.x Thex relativex bodyx weightx ofx thex groupx 

administeredx withx thex negativex controlx wasx significantlyx higherx (p<0.05)x overx thex otherx 

groups.x Thex relativex bodyx weightx ofx thex groupx administeredx 20x mg/kgx bodyx weightx 

ciprofloxacinx positivex controlx andx thex groupsx administeredx 100x andx 400x mg/kgx bodyx 

weightx showsx nox significantx differencex (p<x0.05),x butx werex significantlyx differencex 

(p<0.05)x fromx thex otherx groupsx andx thex negativex control.x Atx weekx 2,x thex significantx 

 Body weight (g) 

Dose (mg/kg bw) 
E. coli 

 

 WEEK-0 WEEK-1 WEEK-2 

MC100 115.75±21.10a 120.40±8.75ab 140.16±8.76a 

MC200 106.23±27.27a 114.02±13.31a 129.24±10.07a 

MC400 120.21±26.71a 123.94±20.17ab 147.53±17.61a 

MH100 116.01±30.09a 115.32±20.71a 131.10±17.30a 

MH200 100.08±14.29a 114.25±9.84a 129.94±8.92a 

MH400 104.01±17.81a 112.72±17.00a 130.58±16.84a 

Cipro 20 106.23±23.37a 129.37±12.35ab 145.09±14.88a 

Negative 164.74±32.72a 177.82±36.64b 174.62±39.91a 
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(p<0.05)x differencex observedx inx thex relativex bodyx weightx inx weekx 1x wasx nox longerx visiblex 

forx ratsx infectedx withx E.x coli. 

 

Table 4.18:  Relative Body Weight of Rats infected with Salmonella spp and treated 

with H. annuus Seed Extracts 

 

 Body weight (g) 

Dose (mg/kg bw) Salmonella sp. 

 

 WEEK-0 WEEK-1 WEEK-2 

MC100 116.70±21.58ab 138.78±17.95ab 155.70±15.16b 

MC200 115.97±2.42ab 138.60±3.80ab 151.76±2.41b 

MC400 90.07±12.82ab 109.57±14.79ab 129.11±11.64ab 

MH100 132.27±15.74ab 140.69±15.69ab 144.83±17.11b 

MH200 158.78±30.05b 172.20±27.53b 163.39±22.23b 

MH400 160.82±23.74b 164.98±18.41b 157.35±12.86b 

Cipro 20 82.69±13.29a 91.02±10.45a 116.53±7.66a 

Negative 145.63±25.34b 143.93±26.61b 152.61±19.95b 

Values are presented as Mean ± Standard Error of Mean (SEM) of three replicates. Values with different 

superscripts in a column are significantly different at p<0.05. While MC= Methanol crude extract, MH= n-

hexane fraction of methanol crude extract, negative = distilled water. 

 

Thex resultsx inx Tablex 4.18x showx relativex bodyx weightx ofx ratsx infectedx withx Salmonellax sppx 

andx treatedx withx H.x annuusx seedsx extractsx Therex werex significantx (p<0.05)x differencex inx 

thex relativex bodyx weightx ofx ratsx infectedx withx Salmonellax sppx atx weekx 0x andx 1x butx thex 

significantx differencex (p<0.05)x alsox wasx nox longerx visiblex atx weekx 2.x Thex relativex bodyx 

weightx ofx thex groupx administeredx 200x mg/kgx bodyx weightx andx 400x mg/kgx bodyx weightx ofx 

n-hexanex fractionx ofx crudex methanolx extractsx werex significantlyx (p<0.05)x higherx overx thex 
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restx ofx thex groupsx includingx thex controlx groupsx atx weekx 0x forx thex groupsx infectedx withx 

Salmonellax spp.x Similarx resultsx werex replicatedx atx weekx 2x asx earlierx observed. 

 

Table 4.19: Total Bacteria Load (Salmonella spp and Escherichia coli) in Rats at 7 

days before treatment with H. annuus Seed Extracts  

Colony Forming Units (×106CFU/mL) 

E.coli  Salmonella sp. 

12.00±1.73a  16.00±2.89a 

12.00±0.58a  18.50±0.87a 

17.00±1.15b  17.00±3.46a 

13.00±1.73ab  17.00±2.31a 

13.50±0.87ab  13.50±0.87a 

9.50±0.29a  14.00±1.73a 

13.00±2.31ab  14.00±2.31a 

13.50±0.29ab  15.00±1.15a 

Values are presented as Mean ± Standard Error of Mean (SEM) of three replicates.Values with different 

superscripts in a column are significantly different at p<0.05.MC= Methanol crude extract, MH= n-hexane 

fraction of methanol crude extract, negative = distilled water. 

 

Thex resultsx inx Tablex 4.19x showx thex colonyx formingx unitx ofx E.x colix andx Salmonellax sppx 

beforex treatmentx withx extractsx fromx Helianthusx annuusx seedx usingx differentx solvents,x 

ciprofloxacinx andx thex negativex control.x Thex colonyx formingx unitsx rangesx fromx 9.50±0.29a
x 

tox 17.00±1.15b
x(×106CFU/mL) forx groupsx infectedx withx E.x coli.x Thex groupx tox bex treatedx 

withx Methanolx crudex hadx significantlyx (p<0.05)x higherx colonyx formingx unitx comparedx tox 

otherx groups.x Whilex otherx groupsx sharex thex samex levelx ofx significance.x Therex wasx nox 

significantx differencex inx thex colonyx formingx unitsx ofx Salmonellax asx allx thex groupsx sharex 

equalx levelx ofx significancex (p<0.05). 
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Tablex 4.20:xTotalx Bacteriax Loadx (Salmonellax sppx andx Escherichiax coli)xinx Rats xafter 

treatment with H.x annuusx Seedx Extractsx  

Dosex (mg/kgx bw) Colonyx Formingx Unitx (×106CFU/mL) 

 E.x coli Salmonellax sp. 

Negative 13.50±2.02d 10.50±2.02c 

Ciprofloxacin 0.00±0.00a 0.00±0.00a 

MC100 4.00±0.58c 2.00±0.58b 

MH100 1.50±0.29b 0.00±0.00a 

MC200 1.00±0.58b 0.00±0.00a 

MH200 0.00±0.00a 0.00±0.00a 

MC400 0.00±0.00a 0.00±0.00a 

MH400 0.00±0.00a 0.00±0.00a 

Valuesx arex presentedx asx Meanx ±x Standardx Errorx ofx Meanx (SEM)x ofx threex replicates.x Valuesx withx differentx 

superscriptsx inx ax columnx arex significantlyx differentx atx p<x 0.05.WhilexMC=x Methanolx crudex extract,x MH=x 

n-hexanex fractionx ofx methanolx crudex extract,x negativex =x distilledx water. 

 

Thex resultsx inx Tablex 4.20x showx thex colonyx formingx unitx ofx E.x colix andx Salmonellax sppx 

treatedx withx extractsx fromx Helianthusx annuusx seedx usingx differentx solvents,x ciprofloxacinx 

andx thex negativex control.x Ax dosex dependentx effectx ofx thex plantx extractx againstx bothx 

bacteriax wasx observed.x Thex totalx bacteriax loadx decreasedx withx increasingx plantx extractx 

concentration.x Thex negativex controlx hadx significantlyx (p<0.05)x higherx colonyx formingx unitx 

forx bothx E.x colix andx Salmonellax sppx comparedx tox thex otherx extracts.x Thex crudex methanolx 

extractx hadx fourx (4)x unitsx forx Ex colix andx twox (2)x forx Salmonellax sppx whilex n-hexanex 

fractionx ofx crudex methanolx extractx atx 100x mg/kgx bodyx weightx andx crudex methanolx atx 200x 

mg/kgx bodyx weightx concentrationx hadx 1.5±0.29x andx 1±0.58(×106CFU/mL)xrespectively.x 

Thex otherx extractsx atx differentx concentrationx hadx nox colonyx formingx unitx (Significantlyx 

lowerx thanx thex negativex controlx butx comparablex tox thex standardx drugx group).x
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Tablex 4.21:x Relativex Bodyx Weightx ofx Ratsx treatedx withx H.x annuusx Seedx Extracts 

Dose (mg/kgbw) Bodyx weightx (g) 

 Week-0 Week-1 Week-2 Week-3 Week-4 

MC10 88.56±17.71a 95.19±18.26a 104.43±18.37a 109.96±17.19a 122.00±14.28a 

MH10 92.79±7.73a 102.27±7.02a 110.66±6.81a 118.76±6.33a 127.63±5.34ab 

EC10 89.49±10.93a 100.80±11.45a 111.95±12.53a 122.81±12.63a 134.41±13.23ab 

EH10 104.65±5.81a 112.02±4.51a 124.25±4.52a 131.96±3.80a 141.08±4.06ab 

MC300 98.73±4.13a 105.56±5.31a 116.12±6.03a 125.29±7.31a 134.19±7.25ab 

MH300 91.66±7.09a 101.79±6.55a 111.79±6.03a 121.99±5.36a 128.15±4.55ab 

EC300 102.38±16.46a 115.46±17.46a 126.52±19.90a 140.77±19.36a 154.09±18.39b 

EH300 104.11±9.35a 113.38±9.12a 124.53±8.59a 135.39±8.57a 145.81±8.32ab 

MC600 87.96±10.93a 97.68±10.91a 106.73±9.89a 117.40±9.99a 128.66±10.03ab 

MH600 80.50±5.75a 88.84±6.62a 100.45±5.68a 109.59±4.83a 119.36±4.19a 

EC600 98.05±8.17a 106.15±7.98a 116.32±5.93a 123.44±5.86a 131.91±5.90ab 

EH600 89.80±6.15a 98.95±5.48a 111.14±5.05a 120.18±4.12a 128.67±3.90ab 

CONTROL 94.26±5.66a 103.24±3.74a 112.83±3.00a 120.83±2.76a 129.49±1.91ab 

Valuesx arex presentedx asx Meanx ±x Standardx Errorx ofx Meanx (SEM)x ofx threex replicates.x Valuesx withx differentx superscriptsx inx ax columnx arex significantlyx differentx atx p<x 0.05.x 

Whilex MC=x Methanolx crudex extract,xMH=x n-hexanex fractionx ofx methanolx crudex extract,x EC=x Ethanolx crudex extract,x EH=x n-Hexanex fractionx ofx ethanolx crudex extract 
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Thex resultsx inx Tablex 4.21x showx thex relativex bodyx weightx ofx ratsx treatedx withx thex variousx 

extractx ofx H.x annuusx seedsx comparedx tox controlx group.x Althoughx thex groupsx administeredx 

10x mg/kgx bodyx weightx n-Hexanex fractionx ofx crudex ethanolx andx 300x mg/kgx bodyx weightx n-

Hexanex fractionx ofx crudex ethanolx extractsx hadx higherx relativex bodyx weightx atx thex startx ofx 

thex administrationx comparedx tox thex controlx andx thex otherx groups,x therex wasx nox significantx 

differencex (p<x 0.05)x inx thex relativex bodyx weightx ofx thex ratsx atx weekx 0x whenx thex treatmentx 

started.x Thex trendx continuedx upx tox thex thirdx week.x However,x therex wasx significantx 

differencex (p<0.05)x amongx thex variousx groupsx treatedx withx differencex extractx ofx H.x 

annuusx seedsx atx weekx fourx (weekx 4)x whichx markedx thex endx ofx thex treatment.x Thex relativex 

bodyx weightx ofx thex groupx treatedx withx crudex ethanolx wasx significantlyx (p<0.05)x higherx 

overx allx thex otherx extractsx includingx thex controlx group.x Thex controlx sharedx thex samex 

propertiesx withx mostx ofx thex extractx exceptx thex 300x mg/kgx bodyx weightx crudex ethanol,x 10x 

mg/kgx bodyx weightx crudex methanolx andx 600x mg/kgx bodyx weightx n-hexanex fractionx ofx 

crudex methanolx extract.x Thex relativex bodyx weightx ofx thex groupx administeredx 10x mg/kgx 

bodyx weightx crudex methanolx andx 600x mg/kgx bodyx weightx n-hexanex fractionx ofx crudex 

methanolx extractsx werex significantlyx (p<0.05)x lowerx x thanx thex controlx group. 
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4.1.7 Histopathologyx Results 

 
Platex I:x x Histopathology of the Liverx ofx Ratx Treatedx withx Negativex Controlx (NC-L) 

Thex resultx inx Platex Ix showsx the histopathology of the liver of ratx treatedx withx 

thex negativex control.x Thex sectionx showsx hepaticx tissuex withx preservedx 

architecturex composedx ofx cordsx ofx normalxhepatocytes.x Therex arex focix showingx 

lymphocyticx infiltrationx ofx thex portalx tractsx andx thex fewx arex seenx inx thex sinusoids.x Therex 

arex nox featuresx ofx acutex orx chronicx toxicityx orx damage. 

 
Platex II:x x Histopathologyx of the Kidney ofx Ratx Treatedx withx Negativex 

Controlx (NC-K) 

Thex resultx inx Platex IIx showsx thex histopathology of the kidneyx x ofx ratx treatedx withx Negativex 

control.x Thex sectionx showsx renalx tissuex withx preservedx architecturex composedx ofx normalx 

glomeruli,xtubulesx andx unremarkablex interstitium.x Therex arex nox featuresx ofx acutex orx 

chronicx toxicityx orx damage. 



117 
 

 
Plate III: Histopathology of Liver of Rat Treated with n-hexane Fraction of Crude 

Methanol Extractat 10 mg/kg (MH10 L) 

Thex resultx inx Platex IIIx shows the histopathology of the liver of rat treated with n-

hexane fraction of crude methanol extract at 10 mg/kg (MH10L). The section showsx 

hepaticx tissuex withx preservedx architecturex composedx ofx cordsx ofx normalx 

hepatocytes.x Therex arex focix showingx lymphocyticx infiltrationx ofx thex portalx 

tractsx andx thex fewx arex seenx inx thex sinusoids.x Therex arex nox featuresx ofx 

acutex orx chronicx damage. 

 
Plate IV: Histopathology of Kidney of Rat Treated with n-hexane Fraction of 

Crude Methanol Extract at 10 mg/kg (MH10 K) 

The result in Plate IV shows the histopathology of the kidney of rat treated with n-

hexane fraction of crude methanol extract at 10 mg/kg (MH10 K). The section shows 

renal tissue with preserved architecture composed of normal glomeruli, tubules and 

unremarkable interstitium. There are no features of acute or chronic damage. 
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Plate V: Histopathology of the Liver of Rat Treated with n-hexane Fraction of 

Crude Methanol Extract at 300 mg/kg (MH300K). 

The result in Plate V shows the histopathology of the liver of rat treated with n-hexane 

fraction of crude methanol extractat 300 mg/kg (MH300 L). The section shows hepatic 

tissue with preserved architecture composed of cords of normal hepatocytes. There are 

foci showing lymphocytic infiltration of the portal tracts and the few are seen in the 

sinusoids. There are no features of acute or chronic damage. 

 
Plate VI:  Histopathology of the Kidney of Rat Treated with n-hexane Fraction of 

Crude Methanol Extractat 300 mg/kg (MH300 K) 

The result in Plate VI shows the histopathology of the kidney of rat treated with n-

hexane fraction of crude methanol extractat 300 mg/kg (MH300 K). The section shows 
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renal tissue with preserved architecture composed of normal glomeruli, tubules and 

unremarkable interstitium. There are no features of acute or chronic damage. 

 
Plate VII: Histopathology of the Liver of Rat Treated with n-hexane Fraction of 

Crude Methanol Extract at 600 mg/kg (MH600L) 

The result in Plate VII shows the liver histopathology of rat treated with n-hexane 

fraction of crude methanol extract at 600 mg/kg (MH600 L). The section shows hepatic 

tissue with preserved architecture composed of cords of normal hepatocytes. There are 

foci showing lymphocytic infiltration of the portal tracts and the few are seen in the 

sinusoids. There are no features of acute or chronic damage. 

 
Plate VIII: Histopathology of the Kidney of Rat Treated with n-hexane Fraction of 

Crude Methanol Extract at 600 mg/kg (MH600K) 
 

The result in Plate VIII shows the histopathology of the kidney of rat treated with n-

hexane fraction of crude methanol extractat 600 mg/kg (MH600 K). The section shows 
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renal tissue with preserved architecture composed of normal glomeruli, tubules and 

unremarkable interstitium. There are no features of acute or chronic damage. 

 
Plate IX:  Histopathology of the Liver of Rat Treated with Crude Methanol 

Extractat 10 mg/kg (MC10L) 

The result in Plate XIII shows the histopathology of the liver of rat treated with crude 

methanol at 10 mg/kg (MC10 L). The section shows hepatic tissue with preserved 

architecture composed of cords of normal hepatocytes. There are foci showing 

lymphocytic infiltration of the portal tracts and the few are seen in the sinusoids. There 

are no features of acute or chronic damage. 

 
Plate X:  Histopathology of the Kidney of Rat Treated with Crude Methanol 

Extractat 10 mg/kg (MH10K) 
The result in Plate X shows the histopathology of the kidney of rat treated with crude 

methanol at 10 mg/kg (MC10 K). The section shows renal tissue with preserved 
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architecture composed of normal glomeruli, tubules and unremarkable interstitium. 

There are no features of acute or chronic damage. 

 
Plate XI:  Histopathology of  the Liver of Rat Treated with Crude Methanol 

Extract at 300 mg/kg (MH300L) 

The result in Plate XI shows the histopathology of the liver of rat treated with crude 

methanol at 300 mg/kg (MC300 L). The section shows hepatic tissue with preserved 

architecture composed of cords of normal hepatocytes. There are foci showing 

lymphocytic infiltration of the portal tracts and the few are seen in the sinusoids. There 

are no features of acute or chronic damage. 

 
Plate XII: Histopathology of the Kidney of Rat Treated with Crude Methanol 

Extract at 300 mg/kg (MH300K) 
The result in Plate XII shows the histopathology of the kidney of rat treated with crude 

methanol at 300 mg/kg (MC300 K). The section shows renal tissue with preserved 
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architecture composed of normal glomeruli, tubules and unremarkable interstitium. 

There are no features of acute or chronic damage. 

 
Plate XIII: Histopathology of the Liver of Rat Treated with Crude Methanol 

Extractat 600 mg/kg (MH600L) 

The result in Plate XIII shows the histopathology of the Liver of rat treated with crude 

methanol at 600 mg/kg (MC600 L). The section shows hepatic tissue with fairly 

preserved architecture and composed of centrilobular distribution of hepatocyte with 

cytoplasmic clearing and eosinophilic granular structures in the cytoplasm. The sinusoids 

appear dilated in areas. 

 
Plate XIV: Histopathology of the Kidney of Rat Treated with Crude Methanol 

Extractat 600 mg/kg (MH600K) 
The result in Plate XVIII shows the histopathology of the Kidney of rat treated with 

crude methanol at 600 mg/kg (MC600 K). The section shows renal tissue with preserved 
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architecture composed of normal glomeruli, tubules and unremarkable interstitium. 

There are no features of acute or chronic damage. 

4.2 Discussion 

Helianthusx annuusx seedx hadx beenx previouslyx reportedx tox containx ax goodx numberx ofx 

phytochemicals.x Subashinix andx Rakshithax (2012)x reportedx thatx methanolicx extractx ofx 

Helianthusx annuusx seedsx containx carbohydrates,x flavanoids,x saponins,x phytosterols,x 

tannins,x alkaloidsx andx steroids.x Thex qualitativex resultsx inx Tablex 4.1x confirmedx somex ofx thex 

claimsx madex byx Subashinix andx Rakshithax (2012).x Thex Helianthusx annuusx seedx extractsx 

containx alkaloids,x saponins,x steroids,x tanninsx asx wellx asx othersx likex flavonoids,x phenolsx 

andx terpennoidsx werex present.x Although,x Helianthusx annuusx seedx hadx beenx reportedx inx 

somex tox containx anthraquinonex andx cardiacx glycosides,x theyx werex absentx fromx thex findingx 

ofx thisx studyx whichx isx inx linex withx thex findingx ofx Vermax etx al.x (2017)x wherex thesex twox 

componentsx werex alsox absent.x Thisx variationx mayx bex attributedx onx thex typex ofx extractingx 

solventx employed,x thex methodx ofx extractionx engagedx orx thex plantx partx used. 

Thex significantlyx highx phenolx yieldx obtainedx fromx thex quantitativex phytochemicalx 

analysisx ofx Helianthusx annuusx seedx extractedx withx ethylacetatex (META)x andx aqueousx 

methanolicx (MAQS)x fractionsx showedx thatx ethylacetatex andx aqueousx methanolx werex betterx 

solventx tox extractx thex phenolx componentx ofx thex seed.x Crudex methanol,x crudex ethanolx andx 

aqueousx fractionx ofx ethanolx werex betterx inx thex extractionx ofx flavonoidsx andx tanninsx 

becausex theyx gavex significantlyx higherx yield.x Thex n-hexanex fractionx ofx methanolx andx n-

hexanex fractionx ofx ethanolx werex betterx solventx forx thex extractionx ofx Helianthusx annuusx 

seedx asx theyx yieldx significantlyx higherx quantitatively.x Crude,x ethylacetatex andx aqueousx 

fractionx ofx methanolx werex betterx solventx forx thex extractionx ofx alkaloids.x Thex biologicalx 

activitiesx thatx plantx extractsx elicitx arex basicallyx ax functionx ofx thex arrayx ofx phytochemicalsx 
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whichx actx individuallyx orx synergisticallyx tox showx ax broadx spectrumx ofx pharmacologicalx 

activities. 

Thex inhibitoryx activitiesx ofx Helianthusx annuusx seedx extractedx fromx differentx solventsx 

againstx Salmonellax sppx revealedx thatx thex aqueousx fractionx ofx methanolx (MAQS),x 

ethyacetatex fractionx ofx ethanolx (META),x aqueousx fractionx ofx ethanolx (EAQS)x andx 

ethylacetatex fractionx ofx ethanolx (EETA)x hadx nox zonex ofx inhibition.x Thisx meansx thatx thex 

abovex extractsx arex notx effectivex againstx Salmonellax spp.x However,x crudex methanolicx 

extractx (MCR),x n-hexanex fractionx ofx methanolx (MHXN),x crudex ethanolx extractx (ECR)x n-

hexanex fractionx ofx ethanolx (EHXN)x andx ciprofloxacinx hadx inhibitoryx activityx againstx 

Salmonellax spp.x  

Amongx thex fourx extractsx thatx havex inhibitoryx activities,x methanolx crudex extractx (MCR)x 

andx n-hexanex fractionx ofx methanolx (MHXN)x havex significantlyx higherx inhibitoryx 

activitiesx comparedx tox crudex ethanolx extractx (ECR)x andx n-hexanex fractionx ofx ethanolx 

(EHXN).x Theirx inhibitoryx activitiesx werex however,x lowerx comparedx tox ciprofloxacinx usedx 

asx standardsx orx positivex control.x Thex largerx zonex ofx inhibitionx aroundx anx antibiotic-

containingx disk,x accordingx tox Kirby-Bauerx Diskx Susceptibilityx (2021)x indicatesx thatx thex 

bacteriax orx thex testx organismsx arex morex sensitivex tox thex antibioticx inx thex disk.x Thisx meansx 

thex ciprofloxacinx controlx wasx morex effectivex againstx Salmonellax sppx comparedx tox thex 

extracts.x Inhibitoryx activitiesx increasedx withx increasex inx concentrationx forx allx thex extracts.x 

Thisx meansx increasingx concentrationx ofx thex variousx extractsx ofx Helianthusx annuusx seedx 

willx increasex effectx againstx Salmonellax spp. 

Thex aqueousx fractionx ofx methanolx (MAQS),x ethylacetatex fractionx ofx ethanolx (META),x 

aqueousx fractionx ofx ethanolx (EAQS),x crudex ethanolx extractx (ECR),x n-hexanex fractionx ofx 

ethanolx (EHXN)x andx ethylacetatex fractionx ofx ethanolx (EETA)x hadx nox zonex ofx inhibitionx 
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againstx Escherichiax coli.x Thisx meansx thesex solventx extractionx ofx thex Helianthusx annuusx 

seedx werex notx potentx againstx Escherichiax coli.x Crudex methanolicx extractx (MCR),x n-hexanex 

fractionx ofx methanolx (MHXN)x andx ciprofloxacinx whichx servesx asx positivex controlx hadx 

inhibitoryx activitiesx againstx Escherichiax coli.x Thisx meansx extractingx Helianthusx annuusx 

seedx withx crudex methanolx andx n-hexanex fractionx ofx methanolx willx bex effectivex againstx 

Escherichiax coli. 

Ciprofloxacinx wasx morex effectivex againstx Escherichiax colix comparedx tox methanolx crudex 

extractx (MCR)x andx n-hexanex fractionx ofx methanolx (MHXN)x atx 60 mg/mlx becausex itx hadx 

largerx valuex ofx inhibitoryx zonex (Kirby-Bauerx Diskx Susceptibilityx Test,x 2021).x Atx 120 

mg/ml,x MCRx andx MHXNx werex atx thex samex levelx ofx significancex withx thex control.Thex 

inhibitoryx zonesx forx MHXNx atx 240 mg/mlx andx 480mg/mlx wasx significantlyx higherx thanx 

thex control.x Thex zonex ofx inhibitionx alsox increasedx withx increasex inx concentrationsx ofx 

Helianthusx annuusx seedx extractx whichx meansx Helianthusx annuusx seedx extractsx willx bex 

morex potentx againstx Escherichiax colix atx higherx concentrations. 

Thex minimumx inhibitoryx concentrationx (MIC)x valuex (whichx isx thex leastx concentrationx thatx 

havex inhibitoryx effects)x observedx inx methanolx crudex extractx againstx E.x colix andx ethanolx 

crudex extractx againstx Salmonellax sppx whichx wasx comparablex tox thex standardx drugx 

(Ciprofloxacin)x correspondsx tox thatx observedx inx thex studyx ofx Subashini and Rakshitha, x 

(2012)x whox evaluatedx thex antioxidantx asx wellx asx antimicrobialx activityx ofx methanolicx 

extractx ofx seedsx fromx Helianthusx annuusx L.x Thex authorsx reportedx thatx thex seedx extractx 

showedx highx sensitivityx tox Salmonellax typhi.x Similarly,x reportx fromx thex studyx ofx Liux etx al.x 

(2016)x showedx thatx sunflowerx essentialx oilx (SEO)x hadx ax higherx antibacterialx effectx againstx 

P.x aeruginosa,x E.x colix andx S.x aureusxthanx monomerx mixturesx andx eachx monomers.x Thex 

workx ofx Ezex etx al.x (2015)x onx inx vitrox antibacterial,x antioxidantx characteristicsx ofx 

Helianthusx annuusx leavex extractx onx somex infectiousx causativex bacteriax revealedx anx MICx 
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thatx rangedx fromx 125-500x ug/mlx againstx E.x coli,x Staphylococcusx aureus,x Salmonellax 

entericax andx Shigellax spp.x  

Thex significantx lowerx minimumx bactericidalx concentrationx (whichx representsx thex leastx 

concentrationx thatx canx killx ax testx organism)x valuex ofx ethanolx crudex extractx againstx 

Salmonellax spp.x andx methanolx crudex extractx againstx E.x colix werex morex significantx 

comparedx tox otherx extracts.x Inx consonancex tox thex presentx study,x Adetunjix etx al.x (2010),x 

reportedx similarx MBCx ofx ethanolx extractx againstx Staphylococcusx aureus,x Aspergilusx nigerx 

andx Candidax albicans.x Alsox inx agreementx withx thex presentx study,x Abokix etx al.x (2012)x whox 

evaluatedx thex physicochemicalx andx anti-microbialx propertiesx ofx sunflowerx (Helianthusx 

annuusx L.)x seedx oilx revealedx ax lowx MBCx valuex (thatx is,x highx bactericidalx effect)x ofx thex 

extractx againstx Staphylococcusx aureus,x Pseudomonasx aeruginosa,x Escherichiax coli,x 

Bacillusx subtilisx andx Candidax albicans. 

Thex inhibitoryx andx bactericidalx effectx ofx H.x annuusx extractsx asx observedx inx thex presentx 

studyx mayx bex duex tox thex presencex ofx variousx phytoconstituentx (activex ingredients)x 

availablex inx thex plantx samplex whichx actx againstx thex testx bacteria.x Itx hasx beenx suggestedx thatx 

somex ofx thex chemicalx constituentsx ofx plantsx extractsx (terpenoid,x alkaloidx andx phenolicx 

compounds)x interactx withx somex enzymesx asx wellx asx proteinsx presentx onx thex cellx membranex 

ofx thex microbialx cell.x Thisx thenx triggersx disruptionx andx dispersex ax fluxx ofx protonsx towardsx 

cellx exteriorx whichx inducesx cellx deathx orx mayx inhibitx enzymesx necessaryx forx aminoacidsx 

biosynthesisx (Burt,x 2004;x Gillx andx Holley,x 2006).x Somex otherx researchersx havex attributedx 

thex inhibitoryx effectx ofx thesex plantx extractsx tox thex hydrophobicityx charactersx ofx thesex 

plantsx extractsx whichx enablex themx tox reactx withx proteinx ofx microbialx cellx membranex andx 

mitochondriax distruptingx theirx structuresx andx changingx theirx permeabilityx (xTiwarix etx al.,x 

2013).x Tanninsx andx flavonoidsx havex alsox beenx reportedx tox possessx asx wellx asx inducex 

antibacterialx activityx againstx microbesx asx ax resultx ofx theirx abilityx tox inactivatex microbialx 
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adhesions,x enzymes,x cellx envelopex transportx proteinsx (Cowan,x 1999;xAshrafx etx al.,x 2018).x 

Severalx alkaloidsx havex beenx reportedx tox interferex withx DNA,x telomeres,x telomerase,x 

topoisomerase,x thex cytoskeletonx orx proteinx biosynthesisx asx ax resultx inducingx apoptosisx 

(Wink,x 2015;x Eidx etx al.,x 2012;x El-Readix etx al.,x 2013;x Noureinix andx Wink,x 2014;x Winkx andx 

Schimmer,x 2018). 

Itx wasx observedx thatx ethanolx extractx ofx Helianthusx annuusx seedx showedx higherx inhibitoryx 

andx bactericidalx effectsx onx Salmonellax sppx whilex methanolx crudex extractsx showedx higherx 

inhibitoryx andx cidalx effectx onx E.x colix thanx otherx extracts.x Thisx mayx bex attributedx tox thex 

differencesx inx naturex asx wellx asx concentrationx ofx thex activex ingredientsx presentx inx themx 

(Evans,x 2009:x Ezex etx al.,x 2015).x Also,x thex methodx ofx extraction,x partx ofx thex plantx materialx 

beingx extractedx asx wellx asx thex typex ofx extractingx solventx mayx playx vitalx rolesx inx thex varyingx 

degreesx ofx antimicrobialx activitiesx elicitedx byx thex extracts. 

Thex acutex toxicityx studiesx revealedx thex extractsx ofx Helianthusx annuusx seedx werex non-toxicx 

tox thex testx organismsx (rats)x asx mostx ofx thex extractsx didx notx recordx anyx mortality.x Hencex 

bothx thex aqueousx andx organicx extractx arex inx categoryx 5x ofx Globalx Harmonizationx Systemx 

(>2000-5000x mg/kgx b.w.t)x (Onzagox etx al.,x 2014).x Thisx isx inx agreementx withx thex studyx ofx 

Onojax etx al.x (2018)x whox reportedx anx LD50x ofx hydromethanolx extractx ofx Helianthusx 

annuusx tox bex greaterx thanx 2000x mg/kgx bw.x Extractsx ofx H.x annuusx havex beenx reportedx tox bex 

usedx asx ingredientx inx snackx bar,x breadx roll,x chocolates,x ediblex oil,x creamsx amongx othersx 

(Adelekex andx Babalola,x 2020).x However,x onlyx mildx reactionsx werex recordedx amongx fewx 

individualsx thatx consumedx productsx containingx Helianthusx annuusx (cometicx ingredientx 

review,x 2015).x Sunflowerx seed/oilx havex beenx reportedx tox havex loadsx ofx healthx benefitsx 

whichx arex attributedx tox itsx nutritionalx compositionx whichx includex highx concentrationx ofx 

monounsaturatedx andx polyunsaturatedx fats,x proteins,x tocopherols,x phytosterols,x copper,x 

zinc,x folate,x ironx andx vitaminx Bx possessingx antimicrobial,x antidiabetic,x anti‐inflammatory,x 
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antihypertensive,x andx antioxidantsx (Nandhax etx al.,x 2014;x Adelekex andx Babalola,x 2020).x 

Thex toxicityx ofx certainx plantx materialsx orx extractsx mayx bex duex tox thex presencex ofx anx activex 

constituentsx lethalx tox animalsx orx substancesx whichx interactx withx othersx inx thex systemx tox 

elicitx harmfulx effects.x x x  

Thex sub-acutex toxicityx testx whichx lastedx forx twentyx eightx daysx revealedx 50x %x mortalityx forx 

groupx administeredx 300x mg/kgx bodyx weightx ofx n-hexanex fractionx ofx thex crudex ethanol.x 

Therex wasx alsox one-out-fourx mortalityx recordx forx 300x mg/kgx bodyx weightx ofx crudex 

methanol.x Although,x thex acutex toxicityx testx showedx thatx thex plantx extractsx werex safe,x ax 

largex possibilityx existsx thatx thex presencex ofx thex solventx usedx forx extractionx mightx havex 

elicitedx complicationsx thatx resultedx tox deathx overx thex periodx ofx administration.x x Thex deathx 

observedx inx thex groupx (negativex control)x administeredx 10x mg/kgx bodyx weightx ofx distilledx 

waterx mayx bex termedx asx ax chancex event.x Generally,x Itx isx noteworthy,x thatx thex non-toxicityx 

andx antibacterialx potentialx ofx thisx plantx extractx mayx bex takenx advantagex ofx byx 

incorporatingx themx intox food,x skinx care,x oralx healthx products. 

Thex inx vivox antibacterialx activityx ofx Helianthusx annuusx seedx extractsx againstx Salmonellax 

sppx andx Escherichiax colix isx shownx inx thex totalx bacterialx loadx presentx inx thex treatedx groups.x 

Thex significantx similarityx inx bacterialx loadx betweenx thex extractsx ofx H.x annuusx (400x mg/kgx 

ofx methanolx crudex extractx andx n-hexanex methanolx fraction)x andx thex standardx drugx 

(Ciprofloxacin)x asx wellx asx thex significantx lowerx bacterialx loadx showsx thatx thex extractsx havex 

highx antibacterialx featuresx andx mayx bex usedx asx potentialx treatmentx againstx E.x colix andx 

Salmonellax infections.Thex zerox bacterialx loadx atx higherx concentrationsx indicatesx thatx thex 

plantx extractx hasx bactericidalx effectx asx thex standardx drug.x  

Thex standardx drugx (Ciprofloxacin)x isx ax flouroquinolonex whichx hasx beenx evaluatedx tox bex 

particularlyx effectivex againstx gram-negativex bacteriax atx lowerx concentrationsx thanx thex 
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otherx agentsx withx similarx antibacterialx spectrax (Masadehx etx al.,x 2015).x Itx isx usedx inx thex 

treatmentx ofx severalx infectionsx suchx asx cystitis,x urinaryx tractx infections,x sinustitisx andx 

certainx bacterialx infectionsx amongx othersx (Castrox etx al.,x 2013).x Allx thex extractsx ofx H.x 

annuusx inx thex presentx studyx containedx alkaloidx whichx hasx quinolone.x Thex majorx 

mechanismx ofx actionx ofx quinolonesx isx inhibitionx ofx nucleicx acidx synthesis.x Here,x DNAx 

gyrasex whichx isx responsiblex forx supercoilingx andx uncoilingx ofx DNAx strands,x involvedx inx 

repair,x replicationx asx wellx asx transcriptionx isx inhibitedx (Wink,x 2015).x Itx hasx beenx reportedx 

thatx quinolonesx inducex changesx inx thex permeabilityx ofx membranesx andx hencex disruptx thex 

cellx integrity,x allowsx thex effluxx ofx thex constituentsx ofx cytoplasmx andx thex deathx ofx cellsx 

(Namx etx al.,x 2015).x  

Thex histopathologyx resultsx revealedx thatx therex wasx neitherx liverx norx kidneyx damagex tox thex 

variousx groupsx administeredx differentx concentrationx ofx variousx extracts.x Thisx wasx 

indicatedx byx thex factx thatx bothx thex structurex ofx thex liverx andx kidneyx asx wellx asx theirx minorx 

organellesx werex wellx preserved.x Thisx agreedx withx thex earlierx resultx thatx Helianthusx annuusx 

seedx wasx non-toxicx evenx atx dosesx asx highx asx 2000x mg/kgx bodyx weight.x  

Thex lipidx componentx ofx thex biochemicalx parametersx revealedx thatx somex ofx thex extractsx hadx 

significantlyx lowerx totalx cholesterol,x triglyceridesx andx low-densityx lipoproteinsx 

cholesterolx (LDL-C).x Hyperlipidemiax isx onex amongx thex majorx factorsx thatx predisposesx 

subjectsx tox cardiovascularx diseasesx (Pichex etx al.,x 2018).x Highx levelsx ofx LDL-Cx andx totalx 

cholesterolx havex tendencyx tox promotex atherosclerosis,x hence,x anyx interventionx thatx lowerx 

thex concentrationsx mayx bex ax potentialx routex tox preventx orx managex cardiovascularx relatedx 

diseases.x Evidencex fromx thex presentx studyx suggestsx Helianthusx annuusx seedx extractsx canx 

lowerx totalx cholesterol,x triglyceridesx andx low-densityx lipoproteinx cholesterolx slightly.x Thex 

presencex ofx certainx activex compoundsx (likex phenols)x inx thex extractsx ofx H.x annuusx mayx 

backupx thex evidencex ofx H.x annuusx havingx hypolipidemicx effects.x Polyphenolsx havex beenx 
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reportedx tox possessx cholesterolx loweringx effects.x Theyx bindx tox cholesterolx andx bilex acidsx 

formx complexesx asx suchx enhancingx theirx evacuationx throughx feaces.x Thisx inx turnx reducex 

thex formationx ofx micellex whilex lipidx uptakex fromx intestinex tox thex bloodx isx reducedx 

(Sommellax etx al.,x 2019).x Flavonoidsx havex beenx reportedx tox havex manyx healthx benefitsx asx 

anx antioxidantx (Guox etx al.,x 2017),x andx canx servex asx inhibitorx forx low-densityx lipoproteinx 

(LDL)x oxidation,x andx asx ax scavengerx forx DPPHx radicalx activityx (Leex etx al.,x 2005;x Grassix et 

al., 2010). 

Goux etx al.x (2017)x reportedx thatx Helianthusx annuusx seedx extractsx havex hepatoprotectivex 

andx lowersx thex riskx ofx diabetes,x arteriosclerosisx andx hypertension.x Amongx thex fourx lipidx 

componentsx analysed,x onlyx high-densityx lipoproteinx cholesterolx (HDL-C)x wasx 

significantlyx higherx inx thex testx groupx asx comparedx tox thex controlx group.x Increasex inx thex 

high-densityx lipoproteinx hadx beenx linkedx tox preventionx ofx cardiovascularx diseasesx 

accordingx tox thex reportx ofx Connellyx etx al.x (2016).x  

Thex serumx proteinx componentx ofx thex biochemicalx parametersx wasx allx withinx thex 

acceptablex levelx evenx thoughx therex wasx significantx differencex amongx thex variousx extractsx 

atx differentx concentrations.x Thisx impliedx thatx Helianthusx annuusx seedx extractsx hadx nox 

overallx negativex impactx onx thex treatedx experimentalx rats.x Alagawanyx etx al.x (2015)x statedx 

thatx Helianthusx annuusx seedx extractsx hadx nox effectx onx proteinx biochemicalx parameters.x 

Thex richnessx ofx sunflowerx inx sulfur-richx proteinsx arex idealx forx differentx humanx 

metabiologicalx needsx suchx asx insulinx production,x muscularx andx skeletalx cellx development,x 

andx antioxidantsx (Goux etx al.,x 2017).x  

Therex wasx nox markedx significantx differencex inx mineralx constituentsx ofx thex biochemicalx 

parametersx asx thex variedx withinx thex normalx range.x Thisx supportedx thex earlierx findingx thatx 

Helianthusx annuusx seedx extractsx arex richx inx nutrients.x Goux etx al.x (2017)x reportedx thatx 
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Helianthusx annuusx seedx extractsx helpx tox maintainx serumx mineralx levelx therebyx helpingx tox 

maintainedx healthx andx boostx thex immunex systemx (Nandha,x 2014).x Thisx benefitx mayx bex 

linkedx tox thex presencex ofx phytochemicalx likex flavonoids.x Flavonoidsx arex essentialx 

metabolitesx foundx inx thex sunflowerx family.x Non-nutrientx phytochemicalsx withx antioxidantx 

potentialx inx dietx arex dominatedx byx flavonoidx andx isoflavonex consumption.x Araix etx al.x 

(2000),x demonstratedx thatx consumptionx ofx highx flavonoidsx andx isoflavonesx lowersx thex 

incidencex ofx coronaryx heartx diseasex asx HDL-Cx carriesx cholesterolx awayx fromx thex bloodx 

backx tox thex liver.x Isoflavonex isx ax phytoestrogenx thatx hasx beenx linkedx tox ax varietyx ofx healthx 

benefits,x includingx antioxidationx (Goux etx al.,x 2017). 

Thex significantlyx higherx totalx proteinsx (EHXNx andx MHXNx treatedx groups)x andx thex 

albuminx observedx inx thex testx groupsx showedx thatx therex wasx nox cellsx destructionx andx 

musclex wasting.x Thex activitiesx ofx thex liverx enzymesx werex withinx normalx rangex showingx 

therex wasx nox oxidativex stressx orx liverx damage.x Thisx mayx bex duex tox richx antioxidantsx inx 

Helianthusx annuusx seeds.x Antioxidantsx havex longx beenx knownx tox protectx cellsx fromx 

oxidativex damagex andx reducex thex riskx ofx chronicx diseasesx (Goux etx al.,x 2017).x Certainx 

enzymesx (catalase,x glutathionex dehydrogenasex amongstx others),x peptidesx (reducedx 

glutathione),x carotenoids,x andx phenolicx compoundsx arex allx examplesx ofx naturalx 

antioxidantsx ofx tocopherols,x flavonoidsx andx phenolicx acidsx foundx inx Helianthusx annuusx 

seed.x Naturalx antioxidantsx andx antiglycativesx arex morex efficientx inx treatingx andx preventingx 

diabetesx (Xix etx al.,x 2008)x byx preventingx thex formationx ofx reactivex oxygenx speciesx (ROS),x 

whichx triggerx ax varietyx ofx biochemicalx pathwaysx linkedx tox diabeticx complications. 

Thex significantx changex inx weightx withx timex observedx inx allx thex treatmentx groupsx forx bothx 

Salmonellax sppx andx E.x colix infectedx ratsx asx wellx asx inx comparisonx withx thex controlx groupsx 

agreesx withx thex reportx ofxOnojax etx al.x (2015).x Contraryx tox thex resultx obtainedx inx thisx work,x 

Leverrierx etx al.x (2019)x reportedx thatx differentx concentrationsx ofx H.x annuusx extractsx 



132 
 

inducedx decreasex inx weightx ofx thex subjects.x Theyx foundx that,x itx decreasedx fatx andx brownx 

adiposex tissue,x inx high-fat-diet-fedx ratsx byx activationx ofx liverx Adenosinex monophosphate-

activatedx proteinx kinasex (AMPK)x pathwayx inx ax dose-dependentx manner. However, there 

was no significant difference in the weight of treated rats in this study. Although,x thex 

presencex ofx certainx phytochemicalsx havex beenx reportedx tox inducex weightx gain.x Terpenesx 

(Diterpene),x ax phytochemicalx presentx inx H.x annuusx canx actx directlyx onx adenylatex cyclasex 

(xTucci,x 2010).x Adenylatex cyclasex isx anx enzymex thatx activatesx cyclicx adenosinex 

monophosphatex (cAMP).x Inx turnx cAMPx promotesx lipolysisx whichx increasesx thex body'sx 

basalx metabolicx rate,x andx increasesx utilisationx ofx bodyx fatx (Litoschx etx al.,x 1982;x Tucci,x 

2010). 

Thex levelsx ofx enzymesx (AST,x ALTx andx ALP)x inx serumx arex markersx usedx tox ascertainx 

functionx statex asx wellx asx injuryx inx somex organs.x ALPx isx ax markerx enzymex forx thex plasmax 

membranex andx endoplasmicx reticulumx (Adeyemix etx al.,x 2015),x hencex anx ectoenzymex ofx 

thex plasmax membrane.x Thisx enzymex isx oftenx employedx inx assessingx thex integrityx ofx thex 

plasmax membrane,x asx itsx presencex inx eitherx thex tissuex and/orx serumx wouldx indicatex 

probablex damagex tox thex plasmax membranex ofx thex cell.x Wheneverx anx increasex inx ALPx levelx 

ensue,x itx mayx indicatex possiblex damagex ofx thex membrane,x thisx isx beingx thatx ALPx isx ax 

membranex boundx enzymex (Kumarx andx Gill,x 2018).x Highx levelsx ofx serumx ALPx activityx isx 

usuallyx noticedx inx liverx damage,x cancerx andx heartx infections.x  

Thex transaminasex (ASTx andx ALT)x enzymex arex markersx forx heartx andx liverx integrityx asx 

wellx asx functionsx (Adeniyix etx al.,x 2010).x Thesex enzymesx arex majorlyx releasedx fromx 

hepatocytesx thatx havex beenx injuredx orx damagedx (Biegusx etx al.,x 2016).x Elevationx ofx thesex 

enzymesx inx thex serumx havex beenx reportedx tox indicatex cellularx damage,x tissuex necrosis,x asx 

wellx asx ax calculatedx riskx forx cardiovascularx diseases,x withx higherx riskx ofx cardiovascularx 

diseasex andx elevatedx myocardialx infarctionx beingx attributedx tox elevationx ofx ALTx andx ASTx 
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respectively.x Tissuex injuryx andx damagex arex majorlyx asx ax resultx ofx inflammationx causedx byx 

certainx reactions,x interactionsx betweenx thex tissuex inx questionx andx otherx substances.x  

Thex significantx reductionx inx concentrationx ofx AST,x ALTx andx ALPx amongx ratsx 

administeredx extractsx ofx H.x annuusx comparedx tox thex negativex control,x indicatesx thatx thex 

plantx extractsx havex anti-hepatotoxicx andx tissuex healingx properties.x Thisx mayx bex duex tox thex 

activitiesx ofx certainx activex componentsx presentx inx thex plantx extract.x Certainx phenolicx 

compoundsx havex beenx describedx tox possessx anti-inflammatoryx potential.x Theyx inhibitx NF-

κBx activationx andx reducex pathologicalx inflammatoryx conditions.x Forx example,x resveratrolx 

(Kowlurux andx Kanwar,x 2007)x andx kaempferolx (Luox etx al.,x 2015)x havex beenx reportedx tox 

inhibitsx thex activationx ofx NF-κBx byx downregulatingx IKKx phosphorylation,x resultingx inx thex 

suppressionx ofx inflammatoryx cytokines,x suchx asx TNF-α,x IL-12,x andx IL-6.x x  

Thex importancex ofx hematologicalx parametersx asx indicesx ofx physiologicalx asx wellx asx 

pathologicalx statusx forx animalsx andx humansx canx inx nox wayx bex playedx down.x Hence,x itx isx 

employedx asx anx investigativex andx diagnosticx toolx forx disease...Thex significantx increasex 

observedx inx somex haematologicalx (Hbx andx MCV)x indicesx ofx somex ofx thex treatmentx groupsx 

comparedx tox thex normalx controlx groupx indicatesx isx notx inx agreementx withx thex reportx ofx 

Onojax etx al.x (2018)x whox investigatedx onx thex ameliorativex effectsx ofx Helianthusx annuusx 

againstx nephrotoxic,x cardiacx andx haematologicalx disordersx inx albinox rats.x Thex authorsx 

reportedx thatx therex wasx nox significantx differencex inx haemoglobinx (Hb)x concentrationx andx 

MCVx betweenx thex controlx andx treatmentx groups.x Thex significantx increasex inx PCVx levelx inx 

groupsx administeredx 600x mg/kgx bwx ofx n-hexanex fractionx ofx methanolx crudex extractx andx n-

hexanex fractionx ofx ethanolx crudex extractx comparedx tox otherx treatmentx andx controlx groupsx 

suggestsx thatx atx ax highx concentration,x thex plantx mayx bex usedx tox amelioratex anaemiax (anti-

anaemic).x Thisx featurex mayx bex attributedx tox itsx enhancementx ofx erythropoietinx synthesisx 

byx thex kidney.x Onojax etx al.x (2018)x reportedx thatx H.x annuusx mayx possessx kidneyx damagex 
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reversalx potential.x Inx agreementx tox thex presentx study,x Adesinax etx al.x (2017)x reportedx non-

significantx differencex inx MCHx andx MCHCx valuesx ofx differentx groupsx fedx differentx 

percentagesx ofx H.x annuusx inclusionx intox diet.x Similarly,x thex workx ofx Onojax etx al.x (2015)x onx 

thex ameliorativex effectsx ofx H.x annuusx onx somex diseasedx statex inx ratsx agreex withx thex 

findingsx inx thisx studyx asx thex haematologicalx parametersx (MCHx andx MCHC)x werex 

comparablex tox thex controlx groups. 
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CHAPTER FIVE 

5.0  CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

From the findings of this study, it can be concluded that Helianthus annuus seed extracts 

contained alkaloids, saponins, steroids, tannins, flavonoids, phenols and terpennoids 

while anthraquinone and cardiac glycosides were absent.  

The crude methanolic extract (MCR), n-hexane fraction of methanol (MHXN), crude 

ethanol extract (ECR) n-hexane fraction of ethanol (EHXN) had inhibitory activity (zone 

of inhibition) against Salmonella spp while crude methanolic extract (MCR), n-hexane 

fraction of methanol (MHXN) had inhibitory activities (zone of inhibition) against 

Escherichia coli. 

The inhibitory activity in each case was lower compared to that of ciprofloxacin used as 

control. Also, the extract of Helianthus annuus seed have bactericidal effect against 

Salmonella spp and Escherichia coli. Ethanol crude extract of H. annuus had the lowest 

MIC and MBC (that is, most effective against the bacteria) which was closest to the 

standard drug. 

The in vivo antibacterial study which was depicted in total bacteria load in infected rats 

showed that there was no bacteria load (CFU) in rats infected Salmonella spp treated 

with 100, 200 and 400 mg/kg bw which were comparable to the standard drug 

(ciprofloxacin) group. Meanwhile, only 100 mg/kg bw of Methanol crude extract group 

had (2) colonies of Salmonella spp. The total bacteria load decreased with increasing 

plant extract concentration in rats infected with E.coli and treated with methanol crude 

and methanol hexane fraction. There were no colonies found at higer concentrations, the 
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extracts of H. annuus may therefore be presumed to have more antibacterial potential 

against Salmonella spp than Escherichia coli in vivo. 

Most biochemical parameters were within normal range even among the group of rats. 

Most of the plant extracts significantly reduced total cholesterol, LDL-C, triglycerides, 

ALT, AST, ALP but increased HDL-C. This may therefore presents the extracts of H. 

annuus to possess anti lipidemic as well as hepato protective properties. As a result, the 

extracts of H. annuus may be useful in cardiac related diseases. The usage of this plant 

extract will be without fear because it is safe, as the LD50 was recorded to be greater than 

2000 mg/kg bodyweight. Moreso, it was observed that the plant extract may possess 

growth/weight inducing properties as there was progressive weight gain among all the 

treatment groups through time. The haematological study revealed that MPV, Hb and 

PCV Levels were increased in most H. annuus extracts treated groups.  No damage was 

observed to either the kidney or liver.  

5.2 Recommendations 

This study investigated the in vivo antibacterial effect of different extracts of Helianthus 

annuus seed and found inhibitory as well as bactericidal effect against Salmonella spp 

and Escherichia coli in some of the fractions. Hence, the following recommendations 

can be made based on observations from the study: 

i. Fractions of Helianthus annuus seed extracts that showed bactericidal activity 

should be further isolated and characterised to identify the exact active compound 

or compounds.  

ii. Fractions of the Helianthus annuus seed extract that recorded mortality for either 

Salmonella spp or Escherichia coli should be systematically studied to establish 

whether those mortality or mortalities were chance event or actual potency of 

those fractions against the test organisms. 
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iii. The consumption of Helianthus annuus seeds is therefore encouraged due to the 

antibacterial activity inferred in this study. 
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APPENDIX A (MATERIALS) 

1. Apparatus 

Petri dishes, syringes, gloves, beakers, and conical flasks, test tubes, cotton wool, glass 

rod, masking tape, permanent marker, whatsmann filter paper and foil paper. 

2. Chemicals and Reagents 

The methanol, ethanol, ethylacetate and hexane used were of analytical grade and were 

products of BDH Chemicals Ltd, Poole, England. Dimethylsulfoxide a product of 

Guangdong Guanghua Science Technology Co. Ltd, China. Crystal violet, iodine, 

alcohol, safranin and methyl-red reagent. 
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