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ABSTRACT 

Citrus aurantifolia, commonly known as Lime orange belonging to the family Rutaceae is 

one of the widely used plants in African and Asian traditional medicine. The plant is 

commonly available in Nigeria. This present study aimed at evaluating the in vitro and in 

vivo anthelmintic activity of the fruit peels of Citrus aurantifolia using Heligmosomoides 

bakeri as a model. The fruits of Citrus aurantifolia were washed, peeled, dried, pulverized 

and 821 g of it extracted with methanol which yielded 110 g of crude methanol extract 

(CME) which upon partitioning of 70 g yielded 2.0 g (2.9 %), 4.7 g (6.7 %), 17.5 g (25 %) 

and 30.7 g (43.9 %) of hexane extract (HE), ethylacetate extract (EE), butanol extract 

(BE), and aqueous methanol extract (AME), respectively. Preliminary phytochemical 

screening of the extracts revealed the presence of carbohydrates, glycosides, steroids, 

flavonoids, phenols, alkaloids, saponins, triterpenes and condensed tannins.  Acute toxicity 

study of the crude methanol extract in mice showed that the extracts were non-toxic even 

at a dose of 5000 mg/kg. The in vitro anthelmintic studies involve the evaluation of 

ovicidal (Egg hatch inhibition test) and larvicidal activities of the extracts on the eggs and 

first stage larvae of H. bakeri. Different concentrations (0.625, 1.25, 2.5, 5, 10, and 20 

mg/ml) of the extracts were prepared by dissolving the extracts in distilled water. Two 

hundred microlitres of each concentration was incubated with the larvae and eggs of H. 

bakeri contained in 0.2 ml solution in a 96-well microtitre plates and incubated at room 

temperature for 24 and 48 hours, respectively. Distilled water and albendazole were used 

as non-treated and treated controls, respectively. In the in vivo anthelmintic study, seventy 

mice infected with H. bakeri were randomly allocated into 14 groups of 5 mice each. 

Groups 1-3, 4-6, 7-9, 10-12 were treated with crude methanol extract (CME), aqueous 
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methanol extract (AME), ethylacetate extract (EE) and butanol extract (BE), respectively 

at doses of 250, 500 and 1000 mg/kg. Groups 13 and 14 were treated with albendazole (10 

mg/kg) and distilled water (5 ml/kg), respectively, and serve as treated and non-treated 

controls. All treatments were administered orally on the 16
th

, 17
th

 and 18
th

 day post 

infection. Anthelmintic activity was assessed by comparing the faecal egg count reduction 

and the worms recovered from the treated groups with the non-treated control group. 

At 20 mg/ml, the CME, EE, HE, AME and BE inhibited the hatching of H. bakeri eggs by 

100, 98.2, 97.8, 97.7, and 28.2 %, respectively. Similarly, CME, BE, AME, EE and HE 

caused death of the larvae of H. bakeri by 100, 94.4, 90.8, 85.9 and 83.3 %, respectively. 

All the extracts showed significant (p<0.001) anthelmintic effect when compared with 

albendazole and the non-treated (DW) control. In the in vivo anthelmintic study, at the dose 

of 1000 mg/kg, CME, BE, EE and AME produced a faecal egg count reduction rate of 91, 

80, 71 and 58 %, respectively. Similarly, BE, CME, EE and AME caused a 

deparasitization rate of 79, 75, 75 and 51 %, respectively. CME, BE and EE produced a 

significant (p<0.05) deparasitization rate. This study demostrates that Citrus aurantifolia 

fruit peels possess anthelmintic activity that might be caused by one or more of the 

secondary metabolites contained in the plant. 
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CHAPTER ONE 

INTRODUCTION 

Parasitic diseases have been of great medical concern over the years as they are 

considered to cause severe economic losses to livestock production (Coles, 1999). 

Among the parasitic diseases is helminthosis which poses a major constraint to 

livestock production globally (Githiori et al., 2004) especially in the tropics and 

subtropics (Perry et al., 2002). In the developed world, the major impact of 

helminthosis results probably from the cost of controlling the disease while in the 

developing countries like Nigeria, the greatest impact of the disease is seen in the direct 

and potential production losses (Perry and Randolph, 1999). The productivity losses 

result from the severe morbidity and mortality of the livestock through; destruction of 

the gastrointestinal tract resulting in decrease in feed intake, decrease in nutrient 

absorption, altered feed utilization (Parkins and Holmes, 1989); impairment of 

behavior, reduced growth rates, low fertility, low birth weight, reduced animal products 

such as milk, wool, meat, hide and skin (Waller, 1997). Clinical signs manifested in 

helminthosis include: inappetance, lethargy dullness, loss of general body condition, 

rough or starry hair coat, pallor of mucous membrane, depression and anaemia 

(Okewole and Oduye, 2001). Helminthosis is severe in the tropics especially in Nigeria 

during the wet season when the infection rate is high up to 100 % in cattle but the 

infection persist throughout the year in small ruminants (Fakae, 1990). These high 

infection rates prevent the maximum performance of the animals which are under the 

traditional husbandry system resulting in financial loss to the farmer (Akhtar et al., 

2000).  

Strategies adopted generally to tackle helminthosis include biological control, 

vaccination, breeding of livestock that are genetically resistant to parasites (Manuch, 
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1997, Fakae et al., 2003), the use of plants with anthelmintic properties especially 

feeding animals with forages rich in condensed tannins (Niezen et al., 1998), the use of 

traditional herbal remedies (Waller, 1999), nutrient supplementation, „Farmacha‟ 

system (Van Wyk et al., 1997), chemotherapy including strategic and tactical use of 

anthelmintics,  and pasture management such as careful management of grazing lands; 

including control of stocking rates and proper rotation strategies (Akhtar et al., 2000).  

Despite the different control measures available, the major control strategy adopted 

against helminths parasites infection in Nigeria is the use of synthetic anthelmintics 

(Ibrahim et al., 1983).  

Citrus aurantifolia (Christm) Swingle (C. aurantifolia) belonging to the family 

Rutaceae is one of the most widely used plants especially in African and Asian 

traditional medicine. The plant is used to treat several diseases such as gastrointestinal 

disorders, fever, scabies and malaria (Das et al., 2008; Abo et al., 2008). The plant has 

been shown to possess antioxidant, laxative, anti-inflammatory, anticancer, antiviral 

and antibacterial properties (Ebana et al., 1991; Souza et al., 2002; Ibukun et al., 2007; 

Jaiprakash et al., 2009; Souza et al., 2011). 

Some members of the Citrus (Rutaceae) family have been shown to possess 

anthelmintic properties (Rajarajan et al., 2009; Bairagi et al, 2011). The traditional use 

of C. aurantifolia fruits juice, fruit peels and leaves to treat parasitic helminths in 

human and animals necessitate the need to evaluate the anthelmintic potential of C. 

aurantifolia fruit peels so as to verify the traditional claims. 

Heligmosomoides bakeri (H. bakeri) is a trichostrongyliod that occurs naturally in wild 

mouse populations and has clearly evolved a high level of adaptation to the murine 

immune system. This worm has been used extensively as laboratory model in screening 
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for anthelmintic drugs because of its unique characteristics and its resistantance to a 

number of anthelmintics (Wabo et al., 2013). It has a direct life cycle. The life cycle of 

H. bakeri has many similarities to those of the economically important 

trichostrongyloid nematodes of sheep and cattle (Behnke, et al., 2009). 

 

1.1 Statement of Research Problems 

Livestock farming is an important sector that contributes to the income of farmers. It is 

an important tool for alleviating extreme hunger and poverty as it creates source of 

livelihood to many families involved in farming. It also plays a role in promoting 

human health by supplying animal protein in form of meat, milk and eggs. Substantial 

amount of income is also generated through foreign exchange by exporting leather and 

products made from bones, horns, teeth and blood. These great prospects in livestock 

farming are constrained by parasitic diseases particularly, helminthosis, as they cause 

clinical and subclinical infections that reduce animal survival and depress growth rate, 

wool and milk production, reproductive performance and finally leads to the death of 

the animals (Waller, 1997). 

Chemotherapy still remains the most effective way employed in the treatment of 

helminthosis in the world. However, the inappropriate use of these drugs and the high 

cost coupled with wide spread use of low quality anthelmintics have led to the 

development of resistance of most helminth parasites to the available anthelmintics and 

thus, limiting the usefulness of these drugs (Prichard, 1994; Monteiro et al, 1997, 

Jackson and Coop, 2000; Saeed et al., 2007). Other limiting factors to the currently 

used anthelmintics include: unavailability to rural farmers and problems of drug 

residues in animals intended for human consumption, toxicity and slow development of 
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new drugs due to high cost of developing and licensing a new drug. (Gasbarre et al., 

2001; Jabbar et al, 2007). 

In Africa, particularly, Nigeria, there is a decline in funding of Veterinary services 

resulting in a rise in the cost of these services, thus, making it difficult for resource-

poor farmers to have access to quality Veterinary drugs and services (Abdu and Faya, 

2000). This has led to increasing use of medicinal herbs by African small holder 

livestock producers. More so, traditional Veterinary practice continues to play 

important role in livestock health and management in Nigeria and throughout Africa 

(Kudi and Myint, 1999). 

 

1.2 Justification 

There is an increasing interest in ethnomedical and ethnoveterinary practices across the 

world especially as it relates to the use of medicinal plants in treating various diseases 

(Gasbarre et al., 2001). This move is in response to the need to produce animals that are 

free from drug residues in their meat, milk and eggs. Also, it is a step toward 

discovering new therapeutic substances of natural origin that are effective and with low 

or no toxic effect to man and animals (Guarrera, 1999). Therefore, the search for 

alternatives for treating helminthosis from plant origin may provide lasting solution to 

the problems of adverse drug effects, toxicity, residual effects and resistance to the 

currently used anthelmintic drugs. It is also a step toward minimizing the economic loss 

incured by farmers through morbidity and mortality of livestock and the expenses made 

on the purchase of synthetic anthelmintics. Eighty percent of the world`s population 

now rely entirely on drugs obtained from plant sources since plant-based drugs are 
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cheap and relatively safe (Sofowora, 1993). Many of these medicinal plants have been 

used to treat parasitic infections in man and animals (Akhtar et al., 2000). 

In addition, C. aurantifolia fruits are cheap and readily available across all the states in 

Nigeria and many other countries in the world. The fruit peels are often removed and 

discarded as waste products especially in food processing industries. These fruit peels 

are also rarely consumed by ruminants making the plant a less competative source of 

cheap and readily available drug. There is always an increased attention in bringing 

useful products from waste materials and citrus wastes are no exceptions. Thus, the 

results of this research can provide alternative anthelmintics from industrial waste 

products.  
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1.3 Aim and Objectives 

1.3.1 Aim 

The aim of this study is to determine the anthelmintic effects of the extracts of Citrus 

aurantifolia fruit peels against Heligmosomoides bakeri. 

1.3.2 Objectives 

The objectives of the study are to carry out investigations on the: 

i. phytochemical constituents present in the extracts of C. aurantifolia fruit peels. 

ii. safety of the extracts of C. aurantifolia fruit peels in mice. 

iii. in vitro anthelmintic effects of extracts of C. aurantifolia fruit peels on eggs and 

larvae of Heligmosomoides bakeri. 

iv. in vivo anthelmintic effects of extracts of C. aurantifolia fruit peels on 

Heligmosomoides bakeri in experimentally infected mice. 

1.4 Null Hypothesis 

Extracts of C. aurantifolia fruit peels do not have anthelmintic effects against 

Heligmosomoides bakeri. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 The Plant Citrus aurantifolia (Christm.) Swingle (Lime) 

Citrus aurantifolia (Christm) Swingle (C. aurantifolia) is a polyembryonic plant 

cultivated in many countries all over the world and grows in hot subtropical or tropical 

regions such as Southern Florida, India, Mexico, Egypt, and the West Indies (Patil, 

2009). The plant belongs to the kingdom: Plantae; Phylum: Magnoliophyta; Class: 

Magnoliopsida; Order: Sapindales; Family: Rutaceae; Genus: Citrus and Species: 

Citrus aurantifolia (Sethpakdee, 1992). 

C. aurantifolia is commonly called Lime (Nigeria), Key lime, Mexican lime, Sour lime, 

Dayap, bilolo, Indian lime, Egyptian lime (USDA, 2013). 

Important species of citrus grown in Nigeria include: Citrus sinensis (sweet orange), 

Citrus paradisi (Grape fruit), Citrus limon (Lemon), Citrus reticulate or tangerine 

(Tangerine), Citrus aurantium (Bitter orange) and Citrus aurantifolia (Lime) 

(Raiyemo, 2013). 

2.1.1 Plant Description 

C. aurantifolia is a small shrubby tree, about 5 m tall. It is an evergreen and ever 

bearing tree that is densely and irregularly branched and possesses short and stiff spines 

(thorns). The leaves are alternate; elliptical to oblong-oviate (4 - 8 cm × 2 - 5 cm) 

shaped and has a crenulate margin (Plate 2.2). The flowers are 1 inche in diameter and 

are yellowish white with a light purple tinge on the margin. The fruits are globose to 

ovoid berry of about 3 - 6 cm in diameter and sometimes have apical papilla (Plate 2.1). 

It is yellow when ripe but usually picked green commercially. The fruits and flowers 

appear throughout the year but are most abundant from May to September in the 
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Northern hemisphere. The fruit peels are very thin with densely glandular segments 

with yellow-green pulp vesicles. The fruit juice is acidic and fragrant, sour as lemon 

juice but more aromatic. It is usually valued for its unique flavor compared to other 

limes. The seeds are small, plump, ovoid, pale, and smooth with white embryo 

(Sethpakdee, 1992; Golob, 1999; Okwu, 2008). 

2.1.2 Brief history and geographical distribution of C. aurantifolia 

C. aurantifolia is believed to have originated from the south East Asia around 4000 BC 

and it is native to the Indo-Malayan region. It was assumed to have been carried to 

North Africa and the near east by the Arabs; and was taken by crusaders from Palestine 

to Mediterranean Europe.  It was introduced to the Caribbean Island and Mexico by the 

Spaniards and readily became naturalized in the West Indies and Mexico (Morton, 

1987). The current major citrus producing countries in the world are Spain, USA, 

Israel, Morocco, South Africa, Japan, India, Brazil, Turkey and Cuba (Patil, 2009). 

In Nigeria, about 930,000 tons of citrus fruits are produced annually from an estimated 

3 million hectares of land (FAO, 2006). The major citrus producing States in Nigeria 

are: Benue, Nassarawa, Kogi, Ogun, Oyo, Ebonyi, Kaduna, Taraba, Ekiti, Imo, Kwara, 

Edo and Delta (Taiwo, 2005). 
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Plate I:  Citrus aurantifolia fruits 
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    Plate II: Citrus aurantifolia tree 
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2.2 Domestic Uses of Citrus aurantifolia 

Citrus fruits are consumed worldwide in form of fresh fruit or are processed into citrus 

products and citrus-by-products. Approximately, one third of total citrus production is 

utilized for processing (Okwu, 2008). C. aurantifolia juice is used as flavorings in 

beverages (Yano et al., 1999); and it is also used by juice producing companies to 

produce fruit juice which are presented inform of freshly squeezed orange juice or 

frozen concentrated orange juice. The juice is squeezed from fresh fruit and packaged 

in paper cartons, glass or plastic containers, without being pasteurized (Gorinstein et 

al., 2005). In addition, C. aurantifolia fruits can be processed to obtain other food 

products such as dehydrated citrus products or marmalades, jams, sorbet, pickles, 

jellies, candies and sugar boiled (Okwu, 2008). 

Citrus essential oils are another by-product of citrus fruits. Essential oils are volatile 

oils obtained from the citrus fruit peels‟ sacks. They are used by the food industry to 

give flavor to drinks and foods. They are also a component for the pharmaceutical 

industry for the preparation of drugs, soaps, perfumes, hair cream, body oil and other 

cosmetics as well as for home cleaning products (Ferguson, 1990). C. aurantifolia juice 

and sometimes fruit peels are combined with vinegar to produce disinfectant; it is 

combined with salt to clean copper pot. It is used to polish brass, aluminum and copper. 

It is combined with peroxide or used alone to bleach cloth, remove ink, rusty and 

mineral stains from cloths; whitening tannin shoe and soften fabrics (Ferguson, 1990). 

C. aurantifolia fruit juice has been used to preserve the quality of “zobo” drink in 

Nigeria. It was reported to decrease the total coliform and other bacterial counts in 

“zobo” drink. Thus, the plant can be used to prolong the shelf life of “zobo” drink 

(Nwachukwu et al., 2007). 
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C. aurantifolia fruit peels have been found very useful domestically. In the kitchen, it is 

used for cooking, to add flavour to food, cakes and roasted chicken. It is used to garnish 

salad and to add flavor to drinking water. It is used for bathing and washing of hair, and 

also, used as a deodorizer to freshen up smelly garbage and composite pile. It also 

serves as natural room freshener (Lyle, 2006). It has been found useful as a repellant; 

used to repel mosquitoes from the body (Effiom et al., 2012), moth from cloth and cats 

from gardens (Lyle, 2006). Citrus fruit peels have been transformed into volatile gases 

through a high-powered microwave. The gasses are then distilled into liquid that is used 

for making plastics (Nelson, 2011). The pulp of citrus fruit peels is used as cereal 

substitute in ruminant feeds due to its high energy content and good digestibility in 

ruminant species (Heuze et al., 2012). 

 

2.3 Ethnomedical Uses of Citrus aurantifolia 

Lime in its natural state is widely used in West Africa, particularly in Nigeria where it 

is employed in herbal medicine to treat several illnesses. It forms an essential ingredient 

in the preparation of most herbal concoctions (Aibinu et al., 2007). 

Different parts of lime tree have been used traditionally to cure some illnesses:  

2.3.1 Leaves 

 The decoction of pounded leaves is drunk for stomach ache, used as eye wash and to 

bath feverish patient. Poultice of leaves are applied to ulcer wounds, used for skin 

disease and also applied to abdomen after child birth. Crushed leaves are applied to 

forehead to treat headache and it is squeezed near the nostril for irritant inhalation to 

treat nausea and resuscitate fainting individuals (Khan and Abourashed, 2010). Infusion 
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of C. aurantifolia leaves have been given to treat fever with jaundice, sore throat and 

oral thrush (Kunow, 2003). A decoction of the flower is believed to help induce sleep 

for those with insomnia (Khan and Abourashed, 2010). In southwest Nigeria, the roots, 

bark, stem twigs, leaves and fruits are used in the treatment of malaria (Khare, 2007). 

2.3.2 Juice 

 In Nigeria, C. aurantifolia fruit juice is added to sugar and palm oil or honey to relief 

cough. In Malayan medicine, the juice is considered as tonic for libido and as antidote 

for poison. It is also used to increase stamina, treat dysfunctional uterine bleeding, used 

as facial wash to rejuvenate the skin and remove stain, drunk to control epistaxis and 

given in pure form as remedy for athralgia, diabetes and atherosclerosis. The diluted 

form of the C. aurantifolia fruit juice is used for mouth wash to treat sore mouth and 

sore throat (Khare, 2007; Aibinu et al., 2007). The juice has been found useful to treat 

irritation, diarrhoea and swelling due to mosquito bites. It is sometimes mixed with oil 

and used as vermifuge and also incorporated into weight management diet (Akhtar, 

2013). 

2.3.3 Other parts of the plant 

 Decoction of roots is used to treat dysentery, diarrhea, colic, gonorrhea and fever 

(Kunow, 2003). The rind is burnt in some homes to act as insecticide against 

mosquitoes. The mesocarp is used for facial scrubbing to prevent pimples (Aibinu et 

al., 2007). The C. aurantifolia oil extracted by steam distillation of the fruit rinds is 

used for cold, sore throat, bronchitis, asthma, arthritis and obesity. It is used as an 

astringent and toning action to clear oily skin acne and treat cuts. Decoction of the bark 

can help relieve flatulence (Kunow, 2003). 
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2.4 Pharmacological Activities of C. aurantifolia 

Pharmacological activities of the extract of different parts of C. aurantifolia have been 

studied and it has been shown that the plant possesses the following pharmacological 

activities: 

2.4.1 Antibacterial activity 

 Studies revealed that the extracts of root of C. aurantifolia have been found effective 

in inhibiting the growth of Staphylococcus aureus, Klebsiella pneumoniae, Proteus 

mirabilis, Pseudomonas aeruginosa, Beta-haemolytic streptococci, Escherichia coli 

and Neisseria gonorrhoeae (Aibinu et al., 2007). The fruit on the other hand was found 

to inhibit anaerobic facultative bacteria as well (Ebana et al., 1991; Rahman et al., 

2011). C. aurantifolia have been proved to have significant antimycobacterial activity 

especially against the isoniazid-resistant strain of Mycobacteria (Camacho-corona et 

al., 2008). The antimycobacterial activity have been attributed to the presence of some 

phytochemicals in C. aurantifolia which include: 5,8-dimethoxypsoralen, 5-

geranyloxypsoralen, palmitic acid, linoleic acid, oleic acid, 4-hexan-3-one and citral 

(Nallely et al., 2012). 

2.4.2 Antifungal and antiaflatoxigenic activity 

Studies on the essential oil of C. aurantifolia shows that the plant has inhibitory action 

against Phaeoramularia angolensis (Dongmo et al., 2009), Aspergillus niger, 

Aspergillus parasiticus and its aflatoxins, and Candida albicans (Aibinu et al., 2007). 

The antifungal activity of the plant have been attributed to the presence of 

monoterpenes and the plant is currently used as a fungicide for citrus fruit crop, and it 

has also been suggested that the plant may be a potential candidate used for the 
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protection of food and feeds from toxigenic fungal growth as well as their aflatoxin 

contamination (Dongmo et al., 2009). 

2.4.3 Anticancer/ cytotoxic activity 

C. aurantifolia have been shown to inhibit colon cancer (Jayaprakasha et al., 2008), 

breast cancer, neuroblastoma (Poulose et al., 2005), pancreas cancer (Patil et al., 2009 ) 

and prostate cancer cells (Gao et al., 2006). D-limonene, D-dihydrocarvone, limoniod 

and flavonoid are among the major phytoconstituent in C. aurantifolia responsible for 

the anticancer activity (Rooprai et al., 2001; Jayaprakasha et al., 2007). The essential 

oil of C. aurantifolia has 78 % inhibition of human colon cancer cells, DNA 

fragmentation and apoptosis induction as revealed from a study and it is suggestive of 

the potential use of the plant for prevention of cancer especially colon cancer (Poulose 

et al., 2005). 

2.4.4 Antioxidant activity  

Studies of the juice and fruit peels (Boshtam et al., 2011) as well as leaves (Loizzo et 

al., 2012) of C. aurantifolia revealed that the plant has a concentration-dependent effect 

on low density lipoprotein (LDL) oxidation. The antioxidant activity of C. aurantifolia 

was ascribed to their hydrogen donating ability which may be due to the presence of 

flavonoids, carotenoids and Vitamin C (Halliwel, 2001; Boshtam et al., 2011). 

Flavonoids present in C. aurantifolia fruit juice and peels demonstrate their antioxidant 

activity by inhibiting the enzymes responsible for superoxide anion production such as 

xanthine oxidase and protein kinase C (Hanasaki et al., 1994). Flavonoids also inhibit 

cyclooxygenase, lipoxygenase, microsomal monooxygenase, glutathione S-transferase 

(St), mitochondrial succinoxidase and NADH oxidase; all involved in generating 

reactive oxygen species (Korkina et al., 1996). Vitamin C is predominant in C. 
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aurantifolia and it acts as antioxidant both in vitro and in vivo (Bendich et al., 1986). 

Vitamin C protects the plasma lipids and LDL against peroxidative damage induced by 

various types of oxidation (Retsky et al., 1993). 

2.4.5 Immuno-modulatory activity  

C. aurantifolia juice has been shown to possess immune modulatory activity when it 

was tested in mitogen activated culture mononuclear cells. The result revealed that the 

juice could significantly inhibit the proliferation of phytohaemaglutinin activated 

mononuclear cells at 250 and 500 microgram per litre of the juice extract (Gharagozloo 

and Ghaderi, 2001). Studies by Pourhossein et al., 2014 on the effects of different 

levels of sweet orange (Citrus sinensis) peel extract (SOPE) on humoral immune 

system responses in broiler chickens showed that dietary supplementation of Citrus 

peels extract caused the improvement of immune response and disease resistance of the 

broiler. In addition, Vitamin C, one of the components of Citrus juice and peels have 

been shown to play an important role in enhancing immune system, fighting against the 

formation of free radicals that cause muscle damage. Several cells of the immune 

system, especially phagocytes and t-cells accumulate vitamin C and need the vitamin to 

perform their task. Thus, Vitamin C deficiency results in a reduced resistance against 

certain pathogens whilst a higher supply enhances several immune system parameters 

(Strohle and Hahn, 2009). 

 

2.4.6 Antiobesity activity  

Studies by Asnaashari et al. (2010) on the effect of essential oil of C. aurantifolia on 

weight gain in mice showed that mice treated with the extract displayed a reduction in 

both the amount of food intake and body weight compared with the control group. 
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Another interesting finding was that co-administration of C. aurantifolia essential oil 

and ketotifen caused a significant suppression of weight gain and also decreased weight 

gain in mice. The weight loss was ascribed to the fact that C. aurantifolia may possibly 

promote anorexia which may play significant role on weight loss. 

2.4.7 Antifertility activity  

C. aurantifolia juice have been shown to reduce the number of ova shed in Sprague-

Dawley rats and also caused irregularities of the estrous cycle, partially blocked 

ovulation and also caused irregularities in the histology of the ovaries and uterus and 

thus may possibly compromise fertility. More so, C. aurantifolia juice showed 

abortificient effect, although it does not possess teratogenic effect on foetus (Bakare et 

al., 2012a). In Nigeria, a survey conducted by Imade et al. (2005) in Jos and Mairiga et 

al. (2010) in Borno revealed that it is a common practice for women to use C. 

aurantifolia juice solutions as a post coital douche with the believe that it prevents 

pregnancy or sexually transmitted diseases such as HIV, and that it enhances sexual 

pleasure. Though recent research by Bakare et al. (2012b) has proved the contraceptive 

effect of C. aurantifolia juice but there are no reports on its ability to prevent sexual 

transmission of HIV infections.  

2.4.8 Anticholinesterase and antiplatelet activity  

The extracts of the fruit peels, leaves and the essential oil of the leaves of C. 

aurantifolia showed anticholinesterase and butyrylcholinesterase activity (Loizzo et al., 

2012; Chaiyana and Okongi, 2012). Similarly, the hydroalcohol extract of C. 

aurantifolia in the form of tincture has been found to have anti-platelet aggregation 

activity. It was found to have significantly inhibited ADP and epinephrine-induced 

platelet aggregation in a concentration-dependent manner (Piccinelli et al., 2008). 
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2.4.9 Cardiovascular activity  

Akhtar (2013) evaluated the cardiovascular effects of C. aurantifolia fruit on three 

hypertensive models and found that the methanol extract of the fruit produces 

hypotensive and antihypertensive effects. Mechanisms responsible for these had been 

proposed by Souza et al. (2011) to be related to cardiodepression and vaso-relaxation. 

2.4.10 Effects on the bone  

The efficacy of C. aurantifolia and C. sinensis against osteoporosis was evaluated in an 

ovariectomized rat model, and the result revealed that the administration of citrus 

extracts increased the trabecular bone mineral content, and bone mineral density of 

tibia, improved the levels of phosphorus and calcium. The result demonstrates that C. 

aurantifolia possesses the ability to reduce bone loss (Shalaby et al., 2011). 

 

2.4.11 Other effects  

Citrus fruits are highly recommended for persons suffering from kidney stones, gout 

and arthritis. C. aurantifolia juice contains potassium citrate which prevents the 

formation of kidney stones and eases their dissolution (Roger, 2002). Due to the high 

content of vitamin C, citrus fruits are used in the treatment of scurvy. The anti-scurvy 

effect of citrus fruits is very strong because of the balanced composition of organic 

acids and minerals (Okwu, 2008).  

2.4.12 Anthelmintic activity:  

In vitro and in vivo anthelmintic evaluation of ethanol extract of three species of citrus 

fruit peels against Ascaridia galli by Abdelqader et al. (2012) showed that the extracts 

caused a significant reduction in worm burden and fecal egg count in chicken compared 

with the control treated with fenbendazole. Other anthelmintic studies using citrus 

species are given in Table 2.1.  
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Table 2.1: Anthelmintic Activities of Citrus species 

Citrus species Parts used/ 

Extract type 

Parasites Target Reference 

     

Citrus medica Aqueous and 

alcohol extract 

of leaves 

Adult Indian 

worm: 

Pheritima 

posthuma 

(Annelida) 

 In vitro Manoj and 

Rajesh, 2011 

 

Citrus limon 

 

Methanol, 

petroleum 

ether, 

chloroform and 

alcohol extracts 

of juice sacks 

 

Adult Indian 

worm: 

Pheritima 

posthuma 

(Annelida) 

 

In vitro 

 

Sonali et al., 

2011 

 

Citrus sinensis 

 

Petroleum 

ether extract of 

fruit peels 

 

Adult Indian 

worm: 

Pheritima 

posthuma 

(Annelida) 

 

In vitro 

 

Rajarajan et al., 

2009 

 

Citrus medica 

 

Petroleum 

ether extract of 

leaves 

 

Adult Indian 

worm: 

Pheritima 

posthuma 

(Annelida) 

 

In vitro 

 

Bairagi et al., 

2011 

 

Citrus limon 

 

Ethanol extract 

of fruit peels 

 

Adult Indian 

worm: 

Pheritima 

posthuma 

(Annelida) 

 

In vitro 

 

Bairagi et al., 

2011 

 

Cirus 

aurantium 

 

Fruit juice 

 

Adult Indian 

worm: 

Pheritima 

posthuma 

(Annelida) 

 

In vitro 

 

Bidkar, 2011 

 

Citrus sinensis 

Citrus limon 

and citrus 

reticulate 

 

Ethanol 

extracts of fruit 

peels 

 

Ascaridia galli 

 

In vitro and in 

vivo (Chicken). 

 

Abdelqader et 

al., 2012 
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2.4.13 Toxicity studies  

Acute and subchronic toxicity studies of water extract from root of C. aurantifolia in 

rats showed no signs of toxicity and no significant histopathological changes in the 

internal organs; but the expressed C. aurantifolia oil contained certain coumarins which 

are known to cause phototoxicity in humans and has been found to promote tumor 

formation on the skin and fore stomach epithelium of mice (Khan and Abourashed, 

2010). Recent acute toxicity of the fruit by Akhtar (2013) showed that doses above 3.5 

g were toxic to rats. 

2.5 Phytochemical Constituent of Citrus aurantifolia 

Until recently, health-promoting properties of citrus had always been associated with 

their content of Vitamin C. However, studies within the last decade have focused on 

identifying the bioactive compounds (Patil et al., 2009). Some of the major classes of 

compounds in citrus include: flavonoids, limonoids, coumarins and phytosterols (Wang 

et al., 2007). Preliminary screening of C. aurantifolia fruit and other parts showed the 

presence of alkaloids, flavanoids, tannins, saponins, steroids, cardiac glycosides, 

carbohydrates, phenols and reducing sugars (Dongmo et al., 2009; Bairagi et al., 2011; 

Pathan et al., 2012; Reddy et al., 2012; Akhtar, 2013).  

Detailed analysis of C. aurantifolia using High-performance Lipid Chromatography 

(HPLC) and Gas chromatography Mass spectrometry have led to the identification of 

phytochemicals from the plant, which include 1,4-cineole, linalool; 1,8-cineole; 2,4,6-

trichloroanisole; 5-geranoxy-7-methoxy-coumarin; 6,7-dimethoxycoumarin; 8-

geranoxypsoralen; 9,10-dimethyl-1,2-benxanthracene; a-bergamotene; a-phellandrene; 

a-pinene; a-terpineol; b-bisabolene; b-caryophyllene; b-pinene, d-limonene; camphene; 

g-terpenene; p-cymene; apigenin; apigenin-6-C-[alpha-l-arabinopyranosyl-(1-->6)]-O-
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beta-D-glucopyranoside; apigenin-8-C-[alpha-L-arabinopyranosyl-(1-->6)]-O-beta-D-

glucopyranoside; benzo-[a]-pyrene; berfapten; bergamottin; ciral; citronellol; 

diosmetin-6,8-di-C-beta-d-glucopyranoside; fenchol; germacrene B; imperatorin; 

isoimperatorin; isopimpinellin; isovitexin; kaempferol; kaempferol 3-O-beta-D-

glucopyranoside-6"-(3-hydroxy-3-methyl glutarate);  kaempferol 3-O-beta-D-

glucopyranoside-6-(3-hydroxy-3-methyl glutarate)-7-O-beta-D-glucopyranoside; l-

camphor; C. aurantifoliattin; limonene; nobiletin; o-cymene; oxypeucedanin hydrate; 

phellopterin; quercetin; rutin; sabinene; terpinolene; vicenin II; vitexin (Berhow et al., 

1994; Khan and Abourashed, 2010; Chaiyana and Okonogi, 2012; Loizzo et al., 2012).  

Other bioactive compounds present in citrus include: pectin, furocoucarins, coumarins, 

lycopene (in grape fruit), pyrano-coumarins, sitosterol, monoterpenes and 

sesquiterpenes (Patil, 2009; Loizzo et al., 2012). 

 

2.5.1 Nutritional analysis of C. aurantifolia fruit peels and juice 

The detail nutritional content of raw C. aurantifolia fruit peels and juice as reported by 

the United State Department of Agriculture (USDA), 2013 are given in the Tables 2.2 

and 2.3, respectively. 

 

 

 

 

 

 



44 
 

   Table 2.2: Nutritional values of Citrus fruit peels 

NUTRITIONAL VALUES OF CITRUS FRUIT PEELS (RAW) 

Nutrient Unit Value per 

100 g 

Value per table 

spoon (6g) 

Value per table 

spoon (2g) 

Water G 72.50 4.35 1.45 

Energy Kcal 97 6 2 

Protein G 1.50 0.09 0.03 

Total lipid (fat) G 0.20 0.01 0.00 

Carbohydrate G 25.00 1.50 0.50 

Fiber, total dietary G 10.6 0.6 0.2 

Calcium Mg 161 10 3 

Iron Mg 0.80 0.05 0.02 

Magnesium Mg 22 1 0 

Phosphorus Mg 21 1 0 

Potassium Mg 212 13 4 

Sodium Mg 3 0 0 

Zinc Mg 0.25 0.02 0.00 

Vitamin C Mg 136.0 8.2 2.7 

Thiamin Mg 0.120 0.007 0.002 

Riboflavin Mg 0.090 0.005 0.002 

Niacin Mg 0.900 0.054 0.018 

Vitamin B-6 Mg 0.176 0.011 0.004 

Folate, DFE µg 30 2 1 

Vitamin B-12 µg 0.00 0.00 0.00 

Vitamin A IU 420 25 8 

Vitamin E (alpha-

tocopherol) 

Mg 0.25 0.02 0.00 

Fatty acids, total 

saturated 

G 0.024 0.001 0.000 

Fatty acids, total 

monounsaturated 

G 0.036 0.002 0.001 

Fatty acids, total 

polyunsaturated 

G 0.040 0.002 0.001 

Cholesterol Mg 0 0 0 

       Source: United State Department of Agriculture (USDA), 2013. 
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Table 2.3: Nutritional Value of C. aurantifolia Juice (raw) 

NUTRIENTS Value per 242 g (1 cup) 

Water  220 g 

Total calories 60.5 KJ 

Protein and amino acid 1.0 g 

Total carbohydrate 20.4 g 

Dietary fiber 1.0 g 

Sugar 4.1 g 

Total fat 0.2 g 

VITAMINS  

Vitamin A 121 IU 

Vitamin C 72.6 mg 

Vitamin E 0.5 mg 

Vitamin K 1.5 mcg 

Thiamin 0.1 mg 

Riboflavin 0.0 mg 

Niacin  0.3 mg 

Vitamin B6 0.1 mg 

Folate 24.2 mcg 

Vitamin B12 0.0 mg 

Pantothenic acid 0.3 mg 

Choline 12.3 mg 

Betaine 0.5 mg 

MINERALS  

Calcium 33.9 mg 

Iron 0.2 mg 

Magnesium 19.4 mg 

Phosphorus 33.9 mg 

Sodium 4.8 mg 

Zinc  0.2 mg 

Copper 0.1 mg 

Selenium 0.2 mg 

Ash  0.8 mg 

Source: United State Department of Agriculture (USDA), 2013. 
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2.6 Health Benefits of Phytochemicals Obtained From Citrus  

2.6.1 Limonoids  

There are about 37 limonoid aglycones and 19 glycosides in C. aurantifolia and their 

hybrids (Patil et al., 2009). Limonoids are principally found in citrus fruit peels where 

they produce the bitter taste and the zest aroma. They are also found in large amount in 

the citrus fruit juice, tissue and seeds. Some of the commonly found limonoids in citrus 

include: limonin, nomilin LG, LNA, ILNA, deacetyl nomilinic acid glucoside, 

limonexic acid and isolimonexic acid (Jayaprakasha et al., 2008).  Limonoids possess 

the ability to inhibit tumor formation by stimulating the enzyme glutathione S-

transferase (GST) which is a detoxifying enzyme that catalyzes the reaction of 

glutathione to form less toxic and more importantly water soluble compounds that can 

be easily excreted from the body (Craig, 2002). Orange and lemon oil contain 

substantial amounts of GST that also possess anti-cancer activity (Craig, 2002).  

 

2.6.2 Flavonoids  

Citrus is rich in flavonoids and the most abundant flavonoids in C. aurantifolia extracts 

include: apigenin, rutin, quercetin, kaempferol, nobiletin, hesperidin, hesperitin, and 

neohesperidin (Jayaprakasha et al., 2008; Loizzo et al., 2012). The flavonoids have 

strong inherent ability to modify the body‟s reaction to allergens, viruses and 

carcinogens. They show anti-allergic, anti-inflammatory, anti-microbial and anti-cancer 

activity (Okwu, 2005). 

 These flavonoids are responsible for the bitter taste of some grape fruits and lemons. It 

has been demostrated that quercetin, one of the most active flavonoids possess 

significant anti-inflammatory activity because of direct inhibition of several initial 

processes of inflammation. For example, it inhibits the production of histamine and 
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other allergic/inflammatory mediators (Roger, 2002). Quercetin also showed 

remarkable anti-tumor properties and may have positive effects in combating or helping 

to prevent cancer, prostatitis, heart diseases, cataracts, allergies/inflammations and 

respiratory diseases such as bronchitis and asthma (Yano et al., 1999).  

Hesperidin is a flavonoid glycoside and it is believed to play a role in plant defense, 

acts as antioxidant, reduces cholesterol and has anti-inflammatory effects (Del-Rio et 

al., 1997). Hesperitin also showed an ability to penetrate the blood-brain barrier in an in 

vitro model (Yano et al., 1999). 

Another useful citrus flavonoid glycoside is rutin, also known as rutoside or quercetin-

3-rutinoside. In humans, rutin attaches to the Fe
2+

 ion and prevents it from binding to 

hydrogen peroxide that may create highly reactive free radicals that may damage body 

cells. It is also an antioxidant and therefore, plays an important role in inhibiting some 

cancers. Furthermore, rutin strengthens the capillaries and therefore, can reduce the 

symptoms of hemophilia. It also helps to prevent edema of the legs. Rutin can reduce 

the cytotoxicity of oxidized low-density lipoprotein (LDL) cholesterol and lower the 

risk of heart diseases (Del-Rio et al., 1997).  

 

2.6.3 Carotenoids  

They are also found in citrus and are believed to reduce the incidence of age-related 

macular degeneration, the leading cause of blindness in human after the age of sixty 

five (Seddon et al., 1994).  They play essential roles as sources of Vitamin A. The most 

active role is protection against serious disorders such as cancer, heart diseases and 

degenerative eye diseases. It is an antioxidant and acts as regulators of the immune 

system. Carotenoids commonly found in citrus are β-carotene, lutein, zeaxanthin and 

cryptoxanthin (Mangels et al., 1993). 
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Citrus is one of the main sources of Vitamin C (Okwu and Emenike, 2006). Ascorbic 

acid in the body aids in iron absorption from the intestines. It is required for connective 

tissue metabolism especially the scar tissue, bones and teeth. It is necessary as an anti-

stress and protector against cold, chills and damp. It prevents muscle fatigue and 

scurvy. It is needed for normal wound healing (Okwu and Emenike, 2007). It acts also 

as antioxidants in the skin by scavenging and destroying free radicals generated by ultra 

violet radiation. The production of collagens is also dependent on Vitamin C. It helps in 

the promotion and restoration of skin (Roger, 2002).  

 

2.7 The Helminth; Heligmosomoides bakeri 

Heligmosomoides bakeri (H. bakeri) is a trichostrongylid that occurs naturally in wild 

mouse populations and has clearly evolved a high level of adaptation to the murine 

immune system. The adult worms are 5-20 mm in length and bright-red due to the 

pigmentation of their tissues. They are usually heavily coiled (Plate III), with the 

female having 12-15 coils and the male 8-12. The male can be distinguished from the 

female by a prominent copulatory bursa and two long, thin spicules at the posterior end. 

The worm was formerly called Nematospiroides dubius (Spurlock, 1943) and later 

Heligmosomoides polygyrus (Forrester and Neilson, 1973) but now called 

Heligmosomoides bakeri (Named after N.F Baker, one of the earliest workers on this 

species; Baker, 1954) to distinguish it from a closely related murine helminth 

designated as Heligmosoides polygyrus polygyrus (Behnke and Harris,  2009).  

 

 

http://en.wikipedia.org/w/index.php?title=Copulatory_bursa&action=edit&redlink=1
http://en.wikipedia.org/wiki/Spicule
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Plate III:  Adult stages of H. bakeri (×10 magnification) 
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This worm has been used extensively as laboratory model in screening for anthelmintic 

drugs because of its unique characteristics. H. bakeri differs markedly from other 

murine intestinal nematodes because the primary infections by this parasite are 

tolerated by mice for very long periods of time. Whereas nematodes such as 

Nippostrongylus brasilensis and Trichinella spiralis lasted only 2–3 weeks in the guts 

of their hosts when administered at typical relatively high dose rates, H. bakeri could 

survive for 10 months in the host (Day et al. 1979; Robinson et al. 1989). H. bakeri is 

also unique compared to other models in that it is easy to maintain in mice since it does 

not have to be passaged as frequently as the other species of helminth. It is usually 

enough just to infect a batch of mice and keep them for most of the year, with backup 

stocks of infective larvae in the fridge. The larvae could be stored at 4
˚
C for months and 

still retain 50 % of infectivity at this storage temperature (Kerboeuf, 1978; Behnke et 

al., 2009). 

2.7.1 Life cycle of H. bakeri 

H. bakeri has a direct life cycle as described by Bryant, 1973 (Figure 2.1). This begins 

when the larvae enter the mice by the oral route and invade the duodenal mucosa, 

penetrating the entire muscular layer to reside beneath the serosal membrane. About 8 

days later, the parasites return as adult worms into lumen, where they mate to produce 

eggs that are passed out through the faeces into the environment. After two days the 

eggs hatch as larvae which are about 300 μm in length. The larvae moult 3 days later 

but retain the shed cuticle for protection. It is at this point they become infective. The 

larvae shed the outer protective sheath after they are ingested by mice. The larvae then 

penetrate the submucosa of the duodenum where they undergo two further moults to 

become adult as said earlier. The complete life cycle from egg to egg takes a minimum 

http://en.wikipedia.org/wiki/Larva
http://en.wikipedia.org/wiki/Submucosa
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of 15 days, and the female worms will live inside their host for 10 months. Adult 

worms coil around villi and remain closely apposed to the proximal intestinal 

epithelium (Telford et al., 1998) where they are thought to feed on the epithelial cell 

layer rather than penetrating it to access blood like the hookworms (Bansemir and 

Sukhdeo, 1994; Behnke et al., 2009). 
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Figure 2.1:  Life cycle of H. bakeri (formerly callded H. polygyrus) (Bryant, 1973) 
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2.8 Anthelmintic Screening of Drugs or Plants 

2.8.1 In vitro anthelmintic activity 

Most anthelmintic screening of medicinal plants reported in literatures are in vitro 

studies using some worm sample like Indian adult earthworm; Pheretima posthuma 

(Manoj and Rajesh, 2011), Ascaridia galli (Abdelquader et al., 2012), tapeworm; 

Ascaris lumbricoides (Mali and Mehta, 2007), hookworm; Haemonchus contortus 

(Alawa et al., 2003; Ademola and Eloff, 2011), trichostrongylid; Heligmosomoides 

bakeri (Wabo et al., 2011; Payne et al., 2013), Trichostrongylus colubriformis 

(Bizimenyenra et al., 2006), Oesophagostomum and Cooperia (Chiezey et al., 2000). A 

recent model developed for in vitro anthelmintic studies is the use of house fly worm 

(from Stomoxys calcitrans) reported by Murugamani et al. (2012). This new model is 

quite easy, prominent, eco-friendly, and the method is reproducible in all aspects such 

as equal age, size, and weight of worms used for the experiment (Murugamani et al., 

2012). The parameters often measured during in vitro anthelmintic studies are shown in 

Table 2.4. 

In vitro studies are important because they give the basis for further in vivo studies 

(Mali and Mehta, 2007). 
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Table 2.4: The Parameters often measured during in vitro Anthelmintic Studies. 

S/N BIOASSAY TARGET 

STAGE(S) 

PROCESS DISRUPTED 

1 Egg hatch test Eggs Hatching of eggs to L1 

2 Larval migration 

inhibition test 

L3 Locomotion of L3 

3 Larval feeding inhibition 

test  

L1 Disruption of feeding of L1 

4 Larval exsheathment assay L3 Exsheathment of L3 

5 Larval development assay Eggs, L1, L2, L3 Disruption of development to 

L3 

6 Adult motility test L5/Adult worm Motility (Viability) of adult 

worms 

Source: Jackson and Gordon, 2013 
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2.8.2 In vivo anthelmintic activity 

Some in vivo studies of anthelmintic activity of plant extracts have been conducted 

using parasites such as: Nippostrongylus brasiliensis in rats (Suleiman et al., 2005; 

Jegede et al., 2009), Ancylostoma caninum in dogs (Adedapo et al., 2005), 

Haemonchus contortus in sheep and goat (Alawa et al., 2003; Hussain et al., 2008, 

2011), Heligmosomoides bakeri in mice (Ngongeh and Fakae, 2011), Ascaris suum in 

pigs (Satrija et al., 1994), Ascaridia galli in chicken (Abdelquader et al., 2012). The 

parameters for such activity included expulsion of worms from their hosts or reduction 

in the number of eggs per gram of faeces (EPG) passed by the infected hosts compared 

to commercial anthelmintic treated animals (Jegede et al., 2009). Others also measured 

the weight and the Packed Cell Volume (PCV) of the animals (Githiori, 2004; Ngongeh 

and Fakae, 2011).  

 

2.9 Control of Helminth Infection 

Several strategies are now employed for the control of helminth infection. Some of 

these strategies include: 

2.9.1 The use of anthelmintics 

Livestock producers have generally derived substantial benefits from the use of 

anthelmintics in controlling livestock parasitosis (Abdu and Faya, 2000). By definition, 

anthelmintics are drugs that reduce parasite burdens in the animals to a tolerable level; 

they kill the parasites (vermicide), inhibit their growth or paralyse them (vermifuge). 

They also reduce the build-up of infective worm larva on the pasture, or eggs in the 

environment (Aliu, 2006). The major classes of synthetic anthelmintics used for control 

of helminth parasites of ruminant livestock are: 
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2.9.1.1 The benzimidazole/probenzimidazoles group  

These drugs act by interference with polymerization of microtubules (Harder, 2002). 

They bind to the protein tubulin of the parasite, therefore causing death by starvation 

(Martin, 1997). Examples include: albendazole, cabendazole, fenbendazole, 

flubendazole, mebendazole, oxfendazole, oxibendazole, parbendazole and 

triclabendazole (Aliu, 2006). 

 

2.9.1.2 The imidazothiazoles group: These drugs affect acetylcholine neuro-

transmission by interfering with nicotinic acetylcholine receptors leading to spastic 

paralysis of susceptible nematode by selectively gating acetylcholine receptor ion 

channels on nerve and muscle. Examples are levamisole and butamisole (Aceves and 

Martinez-Maranon, 1970; Robertson and Martin 1993; Roos, 1997; Harder, 2002). 

2.9.1.3 Tetrahydropyrimidines group  

Members of this group of anthelmintics are: pyrantel, morantel and oxantel. Their mode 

of action is similar to that of levamisole above (Martin, 1997). 

2.9.1.4 The macrocyclic lactones (MLs) or avermectins/milbemycins group  

The MLs are thought to interact with chloride channels on helminth 

gammaaminobutyric acid (GABA) receptor complexes, and also inhibit pharyngeal 

pumping (and hence feeding), motility and fecundity in susceptible nematodes, 

resulting in paralysis and ultimately elimination from the host (Cavier, 1973; Harder, 

2002).  

Examples of other anthelmintics commonly used include naphthalophos, salicylanilides 

and substituted phenols (closantel, oxyclozanide and nitroxynil), piperizine, and 

organophosphate compounds (Riviere and Papich, 2009). 
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The use of anthelmintics is however limited due to their high cost, uncertain availability 

of the drugs, especially to rural farmers, poor quality especially with increasing rates of 

fake and substandard drugs in the country, increasing resistance of helminth parasites to 

the currently available drugs, toxicity and drug residues (Prichard, 1994; Hammond et 

al., 1997; Monteiro et al., 1997; Bizimenyenra et al., 2006).  

 

2.9.2 Targeted drenching 

Targeted drenching is based on selective treatment of those individual animals that are 

diagnosed as heavily infected, and with clinical symptoms of the disease. The 

„FAMACHA‟ system was founded on this concept, and developed in South Africa for 

the treatment of small ruminants infected with H. contortus (Malan and van Wyk, 

1992). The system utilizes clinical identification of anaemia in animals infected with a 

particular parasite by use of a chart indicating the degree of anaemia. Thus, instead of 

treating the whole flock, only those animals with infections inducing anaemia are 

treated with an effective anthelmintic (vanWyk and Bath, 2002; Vatta et al., 2002). 

 

2.9.3 Grazing management 

Pasture management is designed to prevent infection of ruminants with internal 

parasites, and requires long-term planning. Grazing management approach includes the 

rapid rotational grazing systems, tethering and zero grazing, which separate the host 

from infective larvae on pasture (Semenye et al., 1992). 

 

2.9.4 Biological control 

Biological control of parasitic nematodes in livestock aims at establishing a situation 

where grazing animals are exposed to a low level of infective larvae, but at a level that 
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will secure the development of naturally acquired immunity in the same animals 

(Thamsborg et al., 1999).   

 

2.9.5 Vaccines 

Vaccination against Dictyocaulus viviparus (bovine lungworm) has been quite 

successful using irradiated L3 larval form of the parasite. Similarly, irradiated L3 form 

of H. contortus had offered good protection against haemonchosis in sheep older than 

six months when administered (Gray, 1997; Dalton et al., 2003; Geary and Thompson, 

2003; Smith et al., 2003). 

 

2.9.6 Resistant and resilient breeds 

Resistance has been described as the ability of the host to prevent or limit the 

establishment or development of infection. Resilience is the ability of an animal to 

maintain reasonable levels of production when subjected to parasitic challenge. 

Considerable research over decades has been undertaken in many sheep rearing 

countries to identify breeds that have natural resistance to GI nematode parasites 

infections (van Houtert and Sykes, 1996).  

 

2.9.7 Strategic nutritional supplementation and feeding with antiparasitic plants 

Studies had shown that nutritional supplementation, especially improved dietary protein 

supply, reduces production losses and mortality from infection by GI nematode 

parasites (Sykes and Coop, 2001). More so, Plants that contain condensed tannins, a 

class of phenolic secondary metabolites, have antiparasitic properties and have been 

used to feed animals for controlling helminth infections. Condensed tannins are 

powerful antimetabolites, and in amounts exceeding 5 %, which is common in tropical 
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forages, can impair microbial functioning of ruminants (Singh and Bhat, 2003). 

Investigation into the effects of condensed tannins on GI nematode parasites, either in 

experimental or in grazing conditions, have been conducted using sheep (Athanasiadou 

et al., 2007) and goats (Paolini et al., 2003). 

 

2.9.8 Hygiene 

 Good hygienic practice is important in livestock production. Regular cleaning of the 

animal house and prevention of fecal contamination of feed and water can reduce the 

incidence of gastrointestinal helminth infections of healthy ones (Smyth, 1994). 

 

2.9.9 Anthelmintic plants 

Medicinal plants have been found useful in the treatment of parasitic diseases including 

helminthosis. Anthelmintic screening of medicinal plants have been conducted over the 

years and hundreds of plants were reported to possess anthelmintic activity. Plants 

known to possess anthelmintic activity have been surveyed and reported in India (Mali 

and Mehta, 2007), Indian subcontinent, Indo-Pakistan subcontinent (Akhtar et al., 

2000), Eastern and Southern Africa (Watt and Breyer-Brandwijk, 1962), East Africa 

(Kokwaro, 1993), West Africa (Ibrahim, 1984), Nigeria (Nwude and Ibrahim, 1980; 

Fajimi and Taiwo, 2004), Kenya (Githiori, 2004), Africa (Bizimana, 1994), and the 

world (Tagboto and Townson, 2001). Some of these anthelmintic plants are shown in 

Table 2.5. 
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Table 2.5: Plants Evaluated for Anthelmintic Activity 

Plant species Parts used/ 

Extract type 

Parasite 

targeted 

Method Reference 

Anarcadium 

occidentale 

Acetone 

extract of 

leaves 

Haemonchus 

contortus eggs 

and larvae 

in vitro Ademola and 

Eloff, 2011 

Annona 

sanegalensis 

Water extract 

of stem bark 

Haemonchus 

contortus eggs 

and larvae 

in vitro Alawa et al., 

2003 

Occimum 

gratissimum 

Leaves 

essential oil 

Haemonchus 

contortus eggs 

and larvae 

in vitro Pessoa et al., 

2002 

Artemisia 

brevifolia 

Crude 

methanol 

extract of 

whole plant 

Haemonchus 

contortus eggs, 

larvae and adult 

in vitro and 

in vivo 

Iqbal et al., 

2004 

Mucuna 

pruriens 

Leaves Haemonchus 

contortus adult 

in vivo in 

lamb 

Huisdena et al., 

2010 

Azadiracha 

indica 

Ethanol 

extract of 

powdered seed 

Haemonchus 

contortus eggs 

and larvae 

in vitro Hordegen et 

al., 2006 

Musa 

paradisiaca 

Crude 

methanol 

extract of 

leaves 

Haemonchus 

contortus eggs, 

larvae and adult 

in vitro and 

in vivo 

Hussain et al., 

2011 

Peltrophorum 

africanum 

Acetone 

extract of 

leaves, root 

and stem bark 

Trichostrongylus 

colubriformis 

in vitro Bizimenyenra 

et al., 2006 

Euphorbia hirta Aqueous crude 

extract of 

leaves 

Ancylostoma 

caninum, 

Toxocara canis, 

Dipylidium 

caninum 

in vivo in 

dogs 

Adedapo et al., 

2005 

 

Zingiber 

officinale 

 

Methanol 

extracts of 

Rhizomes 

 

Haemonchus 

contortus adult 

 

in vitro 

 

Iqbal et al., 

2001 
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Allium sativum Methanol 

extract of bulb 

Haemonchus 

contortus eggs 

and larvae 

in vitro Iqbal et al., 

2001 

Moringa olifera Ethanol 

extract of 

leaves and 

stem bark 

Ascaris suum 

adult 

in vitro Wasswa and 

Olila, 2006 

Carica papaya Ethanol 

extract of 

leaves 

Ascaris suum 

adult 

in vitro Wasswa and 

Olila, 2006 

Daniellia 

oliveri 

Stem bark Haemonchus 

contortus eggs 

and larvae 

in vitro Adama et al., 

2009 

Picrolemma 

sprucei 

Water and 

ethanol extract 

of stem bark 

and root 

Haemonchus 

contortus eggs 

and larvae 

in vitro Nunomura et 

al., 2006 

Rumex 

abyssinicus 

Alcohol 

extract of 

leaves 

Haemonchus 

contortus eggs 

and larvae 

in vitro Eguale et al., 

2011 

Aframomum 

danielli 

Water and 

ethanol extract 

of seed 

Heligmosomoides 

bakeri eggs and 

larvae 

in vitro Kollins et al., 

2012 

Embelia 

rowlandii 

Cold and hot 

water and 

ethanol extract 

of seed 

Heligmosomoides 

bakeri eggs and 

larvae 

in vitro Payne et al., 

2013 

Dichrocephala 

integrifolia 

Aqueous and 

ethanol extract 

of leave 

Heligmosomoides 

bakeri eggs and 

larvae 

in vitro Wabo et al., 

2013 

Schinopsis spp 

(Quebracho 

tannin) 

Extract of the 

bark dissolved 

in water 

Heligmosomoides 

bakeri eggs and 

larvae 

in vivo in 

mice 

Ngongeh and 

Fakae., 2011 

 

Chenopodium 

ambrosoides 

 

Hexane and 

ethanol extract 

of leaves 

 

Heligmosomoides 

bakeri eggs and 

larvae 

 

in vitro 

 

Wabo et al., 

2011 
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Spigelia 

anthelmia 

Crude ethanol, 

chloroform 

and 

ethylacetate 

extract of 

plant 

Nippostrongylus 

braziliensis 

in vivo in 

rats 

Jegede et al., 

2009 

Saraka indica Ethanol 

extract of 

leaves 

Pheritima 

posthuma (indian 

earthworm) 

in vitro Sarojini et al., 

2011 

Corallocarpus 

epigaeus 

Alcohol and 

water extract 

of root 

Pheritima 

posthuma 

in vitro Kirubha et al., 

2011 

Xylopia 

aethiopica 

Crude 

methanol 

extract of 

seeds 

Nippostrongylus 

braziliensis 

in vivo in 

rats 

Suleiman et al., 

2005 

Persicaria 

hydropiper 

Methanol 

extract of the 

aerial part 

Pheritima 

posthuma 

in vitro Raihan et al., 

2012 

Cassia 

auriculata 

Acetone and 

ethanol extract 

of the plant 

Eicinia fetida 

(Earthworm) 

in vitro Gaikwad et al., 

2011 

Afzelia africana Crude 

methanol, 

chloroform 

and n-butanol 

extract of stem 

bark 

Nippostrongylus 

braziliensis 

in vivo in 

rats 

Simon et al., 

2012 

Cymbopogon 

ciratus 

Methanol and 

aqueous 

extract of 

leaves 

Pheritima 

posthuma 

in vitro Tare et al., 

2011 

Combretum 

molle 

Acetone 

extract of 

leaves 

Haemonchus 

contortus eggs 

and larvae 

in vitro Ademola and 

Ellof, 2010 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Location of the Experiment 

The extraction of the plant was done in the Department of Veterinary Pharmacology 

and Toxicology, while the phytochemical screening of the plant was done in the 

Department of Pharmacognosy and Drug development, Faculty of Pharmaceutical 

Sciences, Ahmadu Bello University, Zaria. The in vitro and in vivo anthelmintic 

screenings were done in the Helminthology Laboratory of the Department of 

Veterinary Parasitology and Entomology, Faculty of Veterinary Medicine, A.B.U, 

Zaria. 

3.2 List of Materials Used 

3.2.1 Equipment and apparatus  

Ninety six–well microtitre plates, light microscope, glass slides, cover slips, Pasteur 

pipettes, Petri dishes, filter papers, sample bottles, masking tape, permanent makers, 

digital weighing balance, beakers, measuring cylinders, stirring rod, funnels, test tubes 

(centrifuge tubes and flotation tubes), egg counter, McMaster slides, syringes of 

different sizes, conical flask, separatory funnels, cotton wool, gauze, water bath, retort 

stand, glass bottles and TLC Plate. 
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3.2.2 Reagents, drugs and chemicals 

Methanol (Anala
®
 BDH chemicals Ltd Poole England), hexane and Ethylacetate (JHD 

Guang dong Guanghua Sci-Tech Co Ltd, China), butanol (Merck CE, Merk Dormstd), 

distilled water, normal saline (0.9 % Nacl), albendazole, chloroform, tween 80, 

flotation media (saturated salt solution), formalin, thin layer chromatography spraying 

reagents (P-anisaldehyde + Sulfuric acid, Ferric chloride, Dragendoff, Aluminium 

chloride). 

3.3 Plant Collection, Identification and Preparation 

Samples of C. aurantifolia fruits (Plate I) were obtained from some backyard C. 

aurantifolia trees in Adum-ochi, Ankpa Local Government Area of Kogi State in the 

first quarter of the year. The plant material was identified at the Herbarium, Department 

of the Biological Sciences, Ahmadu Bello University, Zaria by a taxonomist, Mr. U.S. 

Gallah. A sample of the plant was deposited in the same Herbarium and given a 

voucher specimen number of 990. The fruits were washed, peeled manually and dried 

under shade to prevent heat destruction. The dried fruit peels were pounded to powder 

using wooden mortar and pestle. 

3.3.1 Plant methanol extraction process 

The dried pulverized C. aurantifolia fruit peels were weighed and extracted by cold 

extraction (maceration) technique according to method described by Handa et al. 

(2008). About 821 g of the pulverized peel was soaked in methanol in the ratio of 1:3 

w/v in a seperatory funnel, whose neck was stucked with cotton wool to allow for 

filteration of the extract. The set up was allowed to stand for 48 hours and the extract 

was drained into clean bottles. The procedure was repeated twice using the plant 
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materials and solvent in the ratio of 1:2 w/v. The liquid methanol extract obtained were 

pooled together and concentrated to dryness over water baths at 50-60 ˚C. The brown, 

semi-solid, oily extract obtained was weighed and stored in a labeled bottle at room 

temperature (25˚C). 

3.3.2 Solvent partitioning of the methanol extracts 

The solvent partitioning of the methanol extracts was done according to methods 

described by Handa et al. (2008). Seventy grams of the crude methanol extract was 

used for solvent partitioning by dissolving it in 700 ml of distilled water (ratio of 1:10 

w/v) to form an aqueous methanol extract (AME)  and serially partitioned with hexane, 

ethylacetate and butanol as solvents. Each partition process was repeated twice using 

equal volume (700 ml) of solvent, and the individual fractions were pooled together and 

concentrated in-vacuo. 

The flow chart in Figure 3.1 shows the summary of the extraction and solvent 

partitioning of C. aurantifolia fruit peels. 
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Partitioned with ethylacetate (700 ml) 

Figure 3.1: Flow chart of the extraction and solvent partitioning of C. aurantifolia 

peels 
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Dried and pounded 
into powder 
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Extracted with Methanol (2463 ml) 

Methanol extract (110 g) Marc (extracted plant 
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Concentrated to dryness 
and divided into 3 parts 
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3.4 Phytochemical Screening of the Extracts 

The crude methanol extract (CME), aqueous methanol extract (AME), hexane  extract 

(HE), ethylacetate extract (EE), and butanol extract (BE) were subjected to 

phytochemical screening using methods described by Trease and Evans (2007) and 

Tiwari et al. (2011). One gram of each portion of the extract was dissolved in 100 ml of 

distilled water and the following phytochemical tests were conducted: 

3.4.1 Test for carbohydrates  

3.4.1.1 Molisch’s test 

 Few drops of Molisch‟s reagent was added to a 3 ml of the dissolved extract in a test 

tube followed by the addition of  2 ml of 99.9 % sulphuric acid which was carefully 

poured down the side of the test tube. A purple to violet colour at the interface was 

indicative of the presence of carbohydrate.  

3.4.1.2 Fehling’s test 

Two milliliters of each portion of the extract was poured into a test tube and 5 mls of 

the mixture of Fehlings solution A and B (Appendix IV) in the ratio of 1:1 were added. 

The mixture was boiled for 2 minutes. The appearance of a brick-red precipitation was 

indicative of the presence of glycone due to hydrolysis of glycosides. 

 

3.4.2 Test for free anthraquinones (Borntrager’s test)  

About 1g of the extract was mixed with 10 ml of 99.9 % benzene and filtered and 5 ml 

of 10 % ammonia solution was added to the filtrate and stirred. The production of pink-

red colouration was indicative of free anthraquinones. 
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3.4.3 Test for cardiac glycosides 

3.4.3.1 Kella-Killiani Test 

One gram of the extract was dissolved in 2 ml glacial acetic acid in a test tube. 

Thereafter the test tube was held at an angle of 45 degrees while carefully adding 1ml 

of 99.9 % sulphuric acid down the side using a pipette. The appearance of a purple ring 

colour at the interface indicated the presence of cardiac glycosides.  

3.4.3.2 Salkowski test 

About 0.5 g of the extract was dissolved in 2 ml of chloroform and 2 drops of 99.9 % 

sulphuric acid were added to form a lower layer. The presence of a reddish-brown ring 

colour at the interface indicated the presence of a steroid. 

3.4.3.3 Kadde test 

One mililitre of 2 % 3, 5-dinitrobenzoic acid in 95 % alcohol was added to 1 ml of the 

extract followed by the addition of 5% sodium hydroxide to make the solution alkaline. 

The appearance of purple-blue colour ring indicates the presence of cardenoides. 

3.4.4 Test for saponins (frothing test) 

About 0.5 g of the extract was dissolved in 10 ml of distilled water. The mixture was 

vigorously shaken for 30 seconds and allowed to stand for 30 minutes. The formation 

of a honey-comb froth that persisted for more than 30 minutes was indicative of the 

presence of saponins. 
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3.4.5 Test for steroids triterpenes (Lieberman-Burchards test) 

One mililitre of 99.9 % acetic anhydride was added to 1 ml of the extract. Furthermore 

another 1 ml of 99.9 % sulphuric acid was added down the side of the test tube. Red, 

pink or purple colour observed immediately after the addition of the acid indicated the 

presence of triterpenes while blue or blue-green coloration observed much later 

indicated the presence of steroids. 

3.4.6 Test for flavonoids  

3.4.6.1 Sodium hydroxide test 

About 0.5 g of the extract was dissolved in 5 ml of water in a test tube. Three drops of 

5% sodium hydroxide were then added to the solution. The appearance of yellow 

colouration indicated the presence of flavonoids. 

3.4.6.2 Shinoda Test 

About 0.5 g of each portion of the extract was dissolved in 2 ml of 50 % methanol and 

heated. This was followed by the addition of metallic magnesium chips and four drops 

of 99.9 % hydrochloric acid using the pipette. A red or orange colour was indicative of 

the presence of flavanoids aglycones. 

3.4.7 Test for tannins (ferric chloride test) 

One gram of each portion of the extract was dissolved in 10 ml of distilled water and 

the solution was filtered. Two drops of ferric chloride solution were added to the 

filtrate. The formation of a blue-black precipitate indicated the presence of 

hydrolysable tannins, while a green precipitate indicated the presence of condensed 

tannins. 
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3.4.8 Test for alkaloids 

3.4.7.1 Meyer’s test 

Few drops of Meyer‟s reagent (Appendix IV) were added to 5 ml of the extract already 

dissolved in distilled water. The appearance of a creamy precipitate indicated the 

presence of alkaloids. 

3.4.7.2 Dragendoff’s test 

The extract (0.5 g) was dissolved in 10 ml of distilled water and 3 drops of 

Dragendoff‟s reagent were added to the solution. Red-rose precipitate indicated the 

presence of alkaloids. 

3.4.7.3 Wagner’s test 

One gram of each portion of the extract was dissolved in 10 ml of distilled water in a 

test tube and 2 drops of Wagner‟s reagent were added to the solution. The presence of a 

white precipitate indicated the presence of alkaloids (Brain and Turner, 1975). 

 

3.5 Thin Layer Chromatography (TLC) 

Two grams of each extract was dissolved in 2 ml of 99.9 % methanol. Each extract was 

spotted on four different TLC plates and eluted with 99.9% butanol, 99.9 % Acetic acid 

and Water in the ratio of 16:1:1, respectively. Individual plates were sprayed with P-

anisaldehyde and sulphuric acid, ferric chloride in alcohol, dragendoff reagent and 

aluminium chloride as detecting agents (Trease and Evans, 2007). 
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Table 3.1: TLC Staining Reagents and the Staining Methods Used 

 

TLC STAINING 

REAGENTS 

TLC STAINS 

RECIPE 

STAINING 

METHOD 

INFERENCE 

P-Anisaldehyde+ 

Sulfuric acid 

0.5 ml of P-

Anisaldehyde in 50 

ml of glacial acetic 

acid and 1ml of 97 % 

sulfuric acid (H2SO4) 

The Plate was 

sprayed with the 

reagent and heated in 

an oven to  

105 
0
C and then 

monitored until the 

spots were clearly 

visible 

Phenol ------- Violet 

Terpenes ----  Red 

Sugar----- Gray/green 

Allylic 

alcohol…green. 

 

Alcohol ferric  

Chloride 

 

1 g of ferric (III) 

chloride was 

dissolved in 50 ml of 

aqueous methanol 

and 50 ml of 

deionized water. The 

mixture was stirred 

into a homogenous 

solution. 

 

The TLC plate was 

sprayed with alcohol 

ferric chloride and 

then observed for 

colour change on the 

spots. 

 

Blue coloration 

indicates the presence 

of Phenolic 

compound. 

 

Dragendoff  

 

5 ml of Stock 

solution A and B 

(mixed at ration 1:1), 

10 g of tartaric acid 

and 50 ml of distilled 

water. 

 

 

The plate was first 

sprayed with 

Dragendoff reagent 

and then later 

sprayed with 99.9 % 

HCl to intensify the 

spots. 

 

Orange spots 

developed which were 

intensified by the 

spray of 99.9 % HCl 

indicate the presence 

of alkaloids or 

quaternary nitrogen 

compounds. 

 

Aluminum chloride 

 

1% ethanol solution 

of aluminum chloride 

 

The plate was 

sprayed with 1% 

ethanol aluminium 

chloride and then 

observed under a 

long wave length 

ultraviolet light  

(360 nm). 

 

A yellow fluorescence 

under the UV light 

indicates the presence 

of flavonoids. 

 

 

 

 

 

A 
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3.5.1 TLC retention factor (Rf) calculation 

The Rf gives the relative distance moved by the different compounds present in the 

extract in a particular solvent system. The movement and separation of compounds in 

an extract depends on their polarities. Rf values is calculated by measuring the solvent 

front (distance travelled by the solvent) and distance travelled by the compound as 

given by the formula described by Ettre (1993). 

 

Rf =    Distance travelled by compound (middle of the spot) 

Distance travelled by the solvent (solvent front) 

 

 

3.6 Experimental Animals 

Eighty five apparently healthy albino mice (Mus musculus) of both sexes within the 

ages of 8 to 10 weeks were used for the experiment. The mice were purchased from the 

Animal House, National Veterinary Research Institute, Vom, Plateau State, Nigeria. 

The mice were maintained on commercial chick growers mash (Vital feed
®
) (Jegede et 

al., 2009). Water and feed were provided ad libitum. Wood shavings were used as 

bedding and were changed every two days. The mice were grouped and kept in cages. 

Each group consisted of five mice which were identified by marks on their tails using 

permanent markers of different colours. 

 The mice were preconditioned to laboratory environment for two weeks. During this 

period, those intended for anthelmintic studies were screened for helminth parasites and 

those positive to the screening were dewormed using albendazole (7.5 mg/kg) orally.  
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3.7 Acute Toxicity Studies on the Crude Methanol Extract of C. aurantifolia 

Fruit Peels 

The method of Lorke (1983) was used to determine the median lethal dose (LD50) of 

the crude methanol extract in mice. Male mice were used for this study. In the first 

phase, the mice were randomly divided into three groups consisting of 3 mice each. 

Groups 1, 2 and 3 were dosed per os with the extract at 10, 100, 1000 mg/kg, 

respectively. The mice were observed over a period of 48 hours for signs of toxicity 

and mortality. In the second phase of the trial, new set of mice were divided into three 

groups of one mouse each. Groups 1, 2 and 3 were treated with 1600, 2900 and 5000 

mg/kg of the extract, respectively. Group 4 was given distilled water at 5 ml/kg 

(maximum volume administrable to rats/mice at a time) (Ibrahim et al., 1983). The 

animals were observed for 24 hours for signs of toxicity and mortality. 

 

3.7.1 Post-mortem and histopathological studies 

At the end of the trials, all mice administered with the extract and those treated with 

distilled water were euthanized and the internal organs were grossly examined for any 

pathological changes. The livers, kidneys, stomach and intestine were removed, fixed 

in 10 % buffered neutral formalin and processed for histopathological examination. The 

slides were stained with haematoxylin and eosin stains and examined under a light 

microscope at ×10 magnification for any histhological changes (Luna, 1960). 
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3.8 Faecal Culture and Larval Recovery 

3.8.1 Source of H. bakeri and H. bakeri infected mice 

Infective third stage larvae (L3) of H. bakeri and mice infected with the parasite were 

obtained from the Department of Parasitology and Entomology, Faculty of Veterinary 

Medicine, University of Nigeria, Nsukka. Helminth-free mice were infected orally with 

200 L3 contained in 0.2 ml of water using a blunted tip 18 G needle mounted on a 1 ml 

syringe. Two weeks post infection, droppings from the infected mice were obtained by 

placing the mice in  clean plastic cages (Figure 3.2) for 20 minutes and faeces produced 

by the mice were collected into a labeled container and examined for the presence of H. 

bakeri eggs using the simple flotation method (Soulsby, 1982). 

3.8.2 Recovery of H. bakeri eggs 

The method of Micheal et al. (2001) with modification was used to obtain fresh eggs of 

H. bakeri. Briefly, 3 grams of faeces was collected in a centrifuge tube and 

homogenized using a pestle in 12 ml of saturated sodium chloride solution. The 

solution was filtered through a tea sieve and the filtrate centrifuged at 250 rpm for 5 

minutes. The supernatant was poured into a beaker and 100 ml of distilled water was 

added to it. The supernatant added to the distilled water was again centrifuged at 250 

rpm for 5 minutes. Using a 10 ml syringe, the supernatant was aspirated and discarded 

and the sediment re-centrifuged for 5 minutes at 250 revolutions per minutes after 

adding more water. The sediment obtained after aspirating the supernatant with a 

syringe was examined under the light microscope at ×10 objective for the presence of 

H. bakeri eggs. The recovered eggs were used for the in vitro egg hatch test or cultured 

to obtain the third stage larvae of H. bakeri used to infect other mice for in vivo test  
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3.8.3 Culture of H. bakeri eggs 

Two methods were used to obtain the larval forms of H. bakeri. The first method was 

done according to the description of Kollins et al. (2012). Briefly, 3 ml of egg 

suspension recovered earlier was poured into Petri dishes having their bottom covered 

with Whatsman filter paper. The Petri dishes were covered to prevent excessive 

evaporation and contamination by flies, and maintained a high relative humidity of 

about 65 – 67 %. The Petri dishes were allowed to stand at room temperature (25˚C) for 

7 days to allow hatching of the eggs and development to the L3 stage. 

The second method was done as described by Chiejina and Fakae (1984). Four grams 

of faecal sample was collected from infected mice and homogenized in 50 ml 

centrifuge tube using distilled water. The fecal slurry was filtered using a tea sieve or 

doubly folded gauze placed on a funnel. The filtrate was centrifuged at 250 rpm for 5 

minutes and the supernatant aspirated using 10 ml syringe. The sediment was then 

poured into petri dishes having their bottom covered with Whatman‟s filter paper. The 

Petri dishes were covered, left at room temperature (25˚C) and moistened daily with 

distilled water for 7 days to obtain the L3 stage. 

3.8.4 Harvesting and preservation of infective H. bakeri larvae 

The filter paper on Day 7 of culture was lifted with a forcep and the top and bottom of 

it sprayed with distilled water to ensure the larvae were washed into the Petri dish. 

Thereafter, the filter paper was removed and discarded. Using a Pasteur pipette, 2 or 3 

drops of the water in the Petri dish containing the larvae were placed on a glass slide 

and examined under the light microscope for the presence of moving/mobile L3. The 

harvested larvae were preserved in a clean, labelled sample bottle (Figure 3.2) and kept 

in a refrigerator at the temperature of 4˚C. 



76 
 

3.8.5 Determination of larval count for artificial infection and larvicidal test 

The method described by Suleiman (2002) was adopted. The larval suspension was 

placed in a beaker and stirred. Using a 1 ml syringe, 0.1 ml of the solution was 

aspirated and stripped on a glass slide followed by the addition of a drop of iodine to 

immobilize the larvae to make counting easier and the slide examined at ×10 

magnification of light microscope. The process was repeated five times and the average 

number of the larva counted was recorded. A concentration and dilution technique was 

used and the volume adjusted such that about 200 infective larvae were contained in 0.2 

ml of the solution. 
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Figure 3.2: Operations involved in the experimental infection of mice with H. bakeri  

Weighing of faecal 

sample on a digital 

balance 

The mice intended for 

the experiment were 

artificially infected with 

the L3 Larvae 

The L3 was harvested with a 

Pasteur pipette and placed in a 

sample bottle for further use 

or preservation in the fridge at 

4
˚
C 

After 7 days, the culture 

was examined under 

microscope at x10 

magnification for the 

presence of L3 

Culturing of the faecal 

sample on a Petri dish 

covered at the bottom 

with Whatsman filter 

paper and incubated 

for 7 days to obtain L3 

Centrifuging the 

faecal slurry at 

250 rpm for 5 

minutes 

Homogenising the 

faecal sample with 

distilled water into a 

slurry in a centrifuge 

tubes 

Infected mice shed H. 

bakeri eggs in feaces 14 

days post-infection 

Collection of faeces 

from the infected mice 

mice mice  

 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



78 
 

3.9 In Vitro Anthelmintic Screening of C. aurantifolia Fruit Peel Extracts 

3.9.1 Evaluation of ovicidal activity of the extracts (Egg hatch inhibition test) 

The in vitro ovicidal effect of the extracts was done according to methods described by 

Coles et al. (1992) and Wabo et al. (2011). Two hundred microliters of egg suspension 

containing about 100 fresh eggs was aspirated using a pipette and put into each well of 

a labeled 96-well microtitre plate. In addition, 200 µL of different concentrations (20, 

10, 5, 2.5, 1.25 and 0.625 mg/ml) of each extract were added. Each concentration was 

tested in triplicate. Similarly, albendazole (0.2 ml in each well) of different 

concentrations (2, 1, 0.5, 0.25, 0.125, 0.0625 mg/ml) and distilled water (0.2 ml in each 

well) were used as treated and untreated controls, respectively. Each experimental set 

up was done in triplicate. The plates were covered with foil papers to prevent 

evaporation and then left to stand at room temperature for 48 hours. Thereafter, using a 

pipette, the content of each well of the microtitre plate was placed on a glass slide and 

examined microscopically at ×10 magnification. All the unhatched eggs as well as the 

L1 in each well were counted and recorded. 

The percentage inhibition of egg hatching was calculated using the formula described 

by Wabo et al. (2010): 

 

Hatching rate (%) =  Number of L1 larvae             ×     100 

               Number of eggs cultured 
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3.9.2 Evaluation of larvicidal activity of the extracts 

The evaluation of the larvicidal activities of the different portions of the extract was 

done according to methods described by Njoku and Asuzu (1998) and Wabo et al. 

(2011). Albendazole at different concentration and distilled water were used as treated 

and untreated controls, respectively. About 100 larvae of H. bakeri contained in 0.2 ml 

of water was added into each of a labeled 96-well flat-bottom microtitre plate. 

Thereafter, 0.2 ml of the different concentrations (20, 10, 5, 2.5, 1.25 and 0.625 mg/ml) 

of the extracts were added. Each test was done in triplicate. The plates were covered 

with foil paper and left at room temperature (25˚C) for 24 hours. Thereafter, the content 

of each well was stirred and pipetted onto a clean glass slide and then examined under 

the microscope at ×4 magnifications to count the number of larvae that were dead or 

alive. A larva was considered alive if it moved any part of its body or migrated from 

one point to another; but if the larva showed no observable motion after 5-10 seconds 

interval, it was considered dead. 

 

3.10 In vivo Anthelmintic Screening of the Extracts 

The in vivo anthelmintic trials of the crude methanol, ethylacetate, butanol and aqueous 

methanol extracts of C. aurantifolia fruit peels was conducted based on methods 

described by Ngongeh and Fakae (2011). Seventy mice infected with H. bakeri were 

randomly allocated into 14 groups of 5 mice each. Groups 1-3, 4-6, 7-9, 10-12 were 

treated with crude methanol extract (CME), aqueous methanol extract (AME), 

ethylacetate extract (EE) and butanol extract (BE), respectively. Each extract was tested 

at doses of 250, 500, 1000 mg/kg. Group 13 and 14 were treated with albendazole (10 

mg/kg) and distilled water (5 ml/kg), respectively and served as treated and untreated 



80 
 

controls, respectively. All treatments were administered orally on the 16
th

, 17
th

 and 18
th

 

day post-infection. 

 

3.10.1 Fecal egg count reduction test (FECRT) 

One gram of faecal sample was collected daily from each group of infected and treated 

as well as infected and untreated (control) mice for four consecutive days starting from 

the 16
th

 day post infection. The modified Mcmaster technique was employed for the 

faecal egg count. One gram of faeces from each group was homogenized in 12 ml of 

saturated sodium chloride/sucrose solution of specific gravity of 1.28 and then 

centrifuged at 11 g for 5 minutes. The supernatant was poured into a labeled sample 

bottle and the sediment discarded. Aliquot of the supernatant from each of sample was 

put into both chambers of McMaster slides and allowed to stand for 5 minutes. The 

slides were examined microscopically at ×10 magnification. Egg per gram (epg) of 

faeces was calculated by multiplying the faecal egg count by 40 (Soulsby, 1982; 

MAFF, 1977). 

The anthelmintic effects of each extract of C. aurantifolia fruit peel was accessed by 

comparing the EPG of the treated groups with that of those treated with distilled water 

(untreated control). The percentage reduction in H. bakeri eggs in the treatment groups 

was calculated using the formula described by Abdelqader et al. (2012): 

 

   N – n      × 100 

N 

Where N= Mean faecal egg counts in untreated control group (distilled water) 

 n=  Mean faecal egg counts in the treated group. 
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3.10.2  Post mortem worm counts 

At the end of the treatment (18 days post-infection), all mice were deprived of food but 

not water for 24 hours so as to empty the gastrointestinal tract and ease the worm 

counting process. The mice were euthanized in chloroform chamber and the 

gastrointestinal tract removed immediately. The method described by Ngongeh (2004) 

with little modifications was employed for the worm count. The entire length of the 

small intestine of each mouse was removed and splited longitudinally with a pair of 

fine surgical scissors. The adult worms were recovered by suspending the small 

intestine in normal saline. The solution was incubated at room temperature (25˚C) for 

20 hours to enable the migration of the worms into the solution. The solution was 

centrifuged and the supernatant discarded. The sediment containing the worms was 

poured into a Petri dish and then observed under a stereomicroscope. The adult worms 

seen were counted and recorded. Further more, the intestines removed from the normal 

saline earlier were fixed in 10 % formalin and then observed under the 

stereomicroscope for counting of adult worms that did not migrate into the normal 

saline. 

The percentage deparasitization was calculated using the formula described by 

Suleiman et al. (2005): 

N – n       ×  100 

  N 

Where   “N” = mean number of worms found in untreated control mice. 

  “n” = mean number of worms found in treated mice. 

 

Percentage deparasitization of 70 and above was considered significant in this 

experiment. 
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3.11 Data Analysis 

Results obtained were expressed as mean ± standard deviation (±SD). Analysis of 

variance (ANOVA) using GraphPad Prism Version 5.0 (San Diego, 2010) was used to 

compare the anthelmintic effects of the different extracts of C. aurantifolia fruit peels 

to albendazole and the non-treated (distilled water) group. The mean in different group 

was compared using Tukey Post hoc test. Value of P< 0.05 was considered significant. 
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CHAPTER FOUR 

RESULTS 

4.1  Extraction Yield of Plant Material 

After extracting 821 g of pulverized C. aurantifolia fruit peels three times with 

methanol and concentrating the extract to dryness over water baths, a brown, semi-solid 

crude methanol extract weighing 110 g was obtained. 

The yields of the different portions after serial partitioning of the crude methanol 

extract with different solvents are given on Table 4.1. 

 

4.2 Phytochemical Screening of C. aurantifolia Fruit Peels Extracts 

Different secondary metabolites that were detected in the extracts are presented in 

Table 4.2. 

 

4.3 Thin Layer Chromatography (TLC) Results 

The TLC phytochemical results are presented in Table 4.3. The results showed the 

presence of triterpenes, sugars and alkaloids in all the extracts. Phenols were present in 

all extracts except in hexane and aqueous methanol extracts. In addition, crude 

methanol, butanol and aqueous methanol extracts contained flavonoids. 
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Table 4.1:  Yield and colour of Semi-solid portions of C. aurantifolia fruit peels 

extract after solvent partitioning 

 

Extracts Yield (grams) Percentage yield Colour 

Hexane 2.0 2.9 Dark brown 

Ethylacetate 4.7 6.7 Brown 

Butanol 17.5 25 Brown 

Aqueous methanol 30.7 43.9 Light brown 
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Table 4.2: Phytochemical screening of hexane, ethylacetate, butanol, aqueous 

methanol and crude methanol extracts of C. aurantifolia fruit peels 

 

Components 

tested for 

Phytochemical 

Test employed 
Etracts of C. aurantifolia fruit peels 

CME HE EE BE AME 

 

Carbohydrate 

 

Molisch test 

 

+ 

 

+ 

 

+ 

 

+ 

 

+ 

 Fehling test + + + + + 

Free 

Anthraquinone 

Borntrager`s test _ _ _ _ _ 

Glycosides Kella-killiani test + + + + + 

 Kadde`s test - - - - - 

 Salwoski`s test + + + + + 

Saponins  Frothing test + - + + + 

Steroids Lieberman-

Burchards test 

+ + + + + 

Triterpenes Lieberman-

Burchards 

+ - + + + 

Flavonoids Shinoda test + + + + + 

 Sodium hydroxide 

test 

+ + + + + 

Tannins  Lead sub-acetate 

test 

+ + + + + 

Condensed 

tannins 

Ferric chloride test + + + + + 

Alkaloids Mayer`s test + - + + - 

 Dragendorff`s test + - + + - 

 Wagner`s test + - + + - 

Key: + = positive or present 

- = negative or absent 

CME = crude methanol extract 

HE = hexane extract 

EE = ethylacetate extract 

BE = butanol extract 

AME = aqueous methanol extract (Residue) 
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Table 4.3: Observation on Thin Layer Chromatography of extracts of C. 

aurantifolia fruit peel sprayed with staining reagents 

 

Secondary metabolites Extracts of C. aurantifolia fruit peels       

CME HE EE BE AME 

Triterpenes  + + + + - 

Sugars + + - + + 

 

Phenols 

 

+ 

 

- 

 

+ 

 

+ 

 

- 

 

Alkaloids 

 

+ 

 

+ 

 

+ 

 

+ 

 

+ 

 

 

Flavonoids 

 

 

 

+ 

 

 

- 

 

 

- 

 

 

+ 

 

 

+ 

 

Key:  + = positive or present 

- = negative or absent 

CME = crude methanol extract 

HE =  hexane extract 

EE =    ethylacetate extract 

BE =  butanol extract 

AME = aqueous methanol extract 
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4.3.1 Retention factor (Rf) of different compounds of C. aurantifolia fruit peels 

extracts 

When the eluted plates were sprayed with the different reagents (Plate IV), the 

separated compounds had Rf values ranging from 0.27 – 0.97 (Table 4.4). Since the 

eluting solvent (16 parts butanol: 1 part acetic acid: 1 part water) is polar in nature, it 

therefore implies that compounds with Rf of 0.5 or greater are relatively polar in nature. 

 

 

4.4 Acute Toxicity Study of Extract of C. aurantifolia Fruit Peels 

There were no deaths following the oral route administration of the crude methanol 

extract of C. aurantifolia fruit peels even at the dose of 5000 mg/kg. The clinical signs 

observed include dullness and anorexia. At post mortem, the euthanized animals 

showed petchial haemorrhage of the stomach and intestine.  

 

4.4.1 Histopathological examination 

There were no observable histopathological lesions in the livers and kidneys of mice in 

the group dosed with crude methanol extract (Plate VI and VII). 
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Table 4.4: Retention Factor (Rf) of Different Compounds of the Extracts 

 

TLC STAINING REAGENTS CME HE EE BE AME 

P-Anisaldehyde + Sulfuric acid 0.68 0.75 0.68 0.64 0.27 

Alcohol ferric chloride 0.49 - 0.76 0.64 - 

Dragendoff  0.91 0.92 0.95 0.93 0.97 

Aluminum chloride 0.30 - - 0.34 0.30 

Key:  -   = absent 

CME = crude methanol extract 

HE =  hexane extract 

EE =    ethylacetate extract 

BE =  butanol extract 

AME = aqueous methanol extract 
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Plate IV: TLC Plate of C. aurantifolia fruit peel extracts sprayed with P-

Anisaldehyde+sulphuric acid (A and B), Ferric chloride (C) and Dragendoff (D).  
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Plate V: Histologic section of the liver of mice 3 days after treatment with distilled 

water (5 ml/kg). H&E ×320. No observable pathology.  
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Plate VI: Histologic section of the liver of mice 3 days after treatment with crude 

methanol extract of C. aurantifolia fruit peels at 5000 mg/kg. H&E ×500. No 

observable pathology. 
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Plate VII: Histologic section of the kidney of mice 3 days after treatment with 

distilled water (5 ml/kg). H&E ×400. No observable pathology.  

 

 

 

 

 

 

 



93 
 

 

 

   

 

 

Plate VIII: Histologic section of the kidney of mice 3 days after treatment with 

crude methanol extract of C. aurantifolia fruit peels at 5000 mg/kg. H&E ×400. No 

observable pathology. 
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4.5 In vitro Anthelmintic Activities of C. aurantifolia Fruit Peels 

4.5.1 Egg hatch inhibition 

The extracts of C. aurantifolia fruit peels significantly (p < 0.05) inhibited the hatching 

of eggs of H. bakeri in a concentration-dependent manner (Table 4.5). There was a 

positive correlation between the concentrations of CME, AME, HE and ABZ and the 

rates of egg hatch inhibition i.e., as the drug concentration increased, the egg hatch 

inhibition rate increased. However, the opposite was the case for BE.  

4.5.2 Larvicidal activity of C. aurantifolia fruit peel extracts 

All the extracts of C. aurantifolia fruit peels had significant (p< 0.01) larvicidal activity 

against L1 of H. bakeri. The effect is concentration-dependent. The mean (±SD) 

percentage larvicidal effect of the extracts is shown in Table 4.6. 
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Table 4.5:  Mean (±SD) percentage Egg Hatch Inhibition of H. bakeri by C.      

aurantifolia fruit peels extracts at different concentrations. 

 

Extracts 

 

Mean (±SD) percentage egg hatch inhibition at different concentrations of extracts 

0.625 mg/ml 1.25 mg/ml 2.5 mg/ml 5.0 mg/ml 10.0 mg/ml 20.0 mg/ml 

CME 23.6 ±15.29
c
 37.6 ±27.31

c
 90.2 ± 2.10

a
 97.1 ± 0.55

a
 100.0 ±0.00

a
 100.0 ±0.00

a
 

AME 23.8 ± 0.80
c
 17.8 ± 6.27

 c
 35.9 ±18.88

c
 87.4±11.15

a
 90.7 ±11.92

a
 97.7  ± 2.86

a
 

BE 82.4 ±3.76
a
 81.9 ±4.76

a
 65.1 ±17.75

b
 31.0 ±4.3

c
 20.8± 12.77

c
 28.2 ±11.60

c
 

EE 28.2 ±24.47
c
 42.0 ± 9.61

c
 37.3 ± 5.48

c
 35.3 ± 3.11

c
 63.0 ± 9.62

b
 98.4 ± 2.77

a
 

HE 6.1 ± 6.99
 c
 21.6 ±18.16

c
 66.5 ±15.36

b
 77.9 ± 7.85

b
 97.9 ± 4.79

a
 97.8 ± 0.68

a
 

ABZ* 87.0 ± 0.75
 a
 91.9 ± 2.00

 a
 97.0 ± 5.25

 a
 100.0 ±0.00

 
 100.0 ±0.00

 a
 100.0 ± 0.0

 a
 

DW 0.00 ±0.00      

Means with different superscript letter (a, b, c) differ significantly (
a 
p < 0.0001, 

b 
p < 0.001 and 

c
 p < 0.05) from the distilled water-treated control group. 

 
 CME =  crude methanol extract of C. aurantifolia fruit peels. 

AME =  aqueous methanol extract of C. aurantifolia fruit peels. 

BE =  butanol extract of C. aurantifolia fruit peels. 

EE =  ethylacetate extract of C. aurantifolia fruit peels. 

HE =  hexane extract of C. aurantifolia fruit peels 

ABZ* =  albendazole (at concentration of 0.0625, 0.125, 0.25, 0.5, 1.0, 2.0 mg/ml). 

DW =  distilled water. 
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Table 4.6:  Mean (±SD) percentage larvicidal effect of C. aurantifolia fruit peels 

extracts at different concentration on L1 stage of H. bakeri. 

 

Extracts Mean (±SD) percentage larvicidal effect of C. aurantifolia peels at different 

concentrations 

0.625 mg/ml 1.25 mg/ml 2.5 mg/ml 5.0 mg/ml 10.0 mg/ml 20.0 mg/ml 

CME 58.2±9.83
b
 67.9 ±7.47

b
 74.8±1.69

b
 78.6±3.52

a
 94.6±9.35

a
 100.0±0.0

a
 

AQE 68.8±9.35
b
 75.1 ±13.31

b
 80.0±3.80

a
 84.5±7.83

a
 87.1±7.18

a
 90.8±8.11

a
 

BNE 55.1±5.27
b
 60.9±16.65

b
 80.8±9.01

a
 64.6±5.12

b
 75.9±7.90

b
 94.4±5.13

a
 

EAE 35.7±17.99
c
 56.5±15.30

b
 74.0±15.36

b
 67.5±12.35

b
 72.2±11.65

b
 85.9±6.59

a
 

HXE 17.5±11.03
c
 45.0±15.88

c
 62.4±8.86

b
 63.8±11.55

b
 82.8±11.55

a
 83.3±6.88

a
 

ABZ* 73.5± 4.95
 b
 100.0±0.0

 a
 100.0±0.0

 a
 100.0±0.0

 a
 100.0±0.0

 a
 100.0±0.0

 a
 

DW 16. 7±0.00      

Means with different superscript letter (a, b, c) differ significantly (a 
p < 0.0001, 

b 
p < 

0.001 and 
c
 p < 0.05) from the distilled water-treated control group. 

CME =  crude methanol extract of C. aurantifolia fruit peels. 

AME =   aqueous methanol extract of C. aurantifolia fruit peels. 

BE =  butanol extract of C. aurantifolia fruit peels. 

EE =  ethylacetate extract of C. aurantifolia fruit peels. 

HE =  hexane extract of C. aurantifolia fruit peels 

ABZ* = albendazole (at concentration of 0.0625, 0.125, 0.25, 0.5, 1.0, 2.0 mg/ml). 

DW =  distilled water. 
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4.5.3 IC50 determination for egg hatch inhibition 

The concentrations of the extracts that inhibited 50 % of H. bakeri eggs from hatching 

(IC50) were determined from a log concentration-response curve plotted on Microsoft 

excel. The correlation/regression equation, coefficient and the IC50 values are shown in 

Table 4.7. 

The IC50 was calculated by substituting Y with 50 in the equation given on Table 4.7, 

and using the equation to find the value of X. The antilog of X gives the concentration 

of the extracts that inhibited 50 % of the eggs from hatching during the test period. 

 

4.5.4 LC50 determination for larvicidal test 

The concentration of the extracts that killed 50 % of the larvae (LC50) was determined 

from the equation of the log concentration-response curve and the values are presented 

in Table 4.8. 

The LC50 was calculated by substituting Y with 50 in the equation given on the Table 

and using the equation to find the value of X. The antilog of X gives the concentration 

of the extracts that kill 50 % of the larvae (LC50) during the test period. 
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Table 4.7: The log concentration-inhibition effect of the extracts of C. aurantifolia 

fruit peels against H. bakeri eggs 

 

Treatments Correlation 

equation 

 Coefficient of 

determination (R
2
) & 

(%) 

IC50 (mg/ml) 

ABZ Y = 51.69X + 50.99 0.05 (5%) 0.96  

CME Y = 73.50X + 17.81 0.92 (92%) 2.74 

EE Y = 39.35X
2
 + 29.13 0.71 (71%) 3.39  

BE Y = -46.44X + 77.01 0.86 (86%) 3.80  

AME Y = 61.31X + 12.31 0.91 (91%) 4.12  

HE Y = 71.02X + 5.974 0.95 (95%) 4.17  

    

 

 CME =  crude methanol extract of C. aurantifolia fruit peels. 

AME =  aqueous methanol extract of C. aurantifolia fruit peels. 

BE =  butanol extract of C. aurantifolia fruit peels. 

EE =  ethylacetate extract of C. aurantifolia fruit peels. 

HE =  hexane extract of C. aurantifolia fruit peels 

ABZ* =  albendazole (at concentration of 0.0625, 0.125, 0.25, 0.5, 1.0, 2.0 mg/ml). 

Y = 50 % 

X = concentration of extracts (mg/ml) that inhibited 50 % of eggs of H. bakeri from hathing 
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Table 4.8: The log concentration-larvicidal effect of the extracts of C. aurantifolia 

fruit peels against H. bakeri. 

 

Treatments Correlation 

Equation 

Coefficient of 

Determination (R
2
) 

& (%) 

LC50 (mg/ml) 

ABZ Y = 12.58X + 88.68 0.43 (43 %) 0.00084  

AME Y = 14.32X + 73.20 0.98 (98 %) 0.024  

CME Y = 27.92X + 63.72 0.98 (98 %) 0.32  

BE Y = 21.52X + 60.15 0.69 (69 %) 0.34  

EE Y = 27.77X + 50.08 0.81 (81 %) 0.99  

HE Y = 42.27X + 35.97 0.90 (90 %) 2.15  

    

 

 CME =  crude methanol extract of C. aurantifolia fruit peels. 

AME =  aqueous methanol extract of C. aurantifolia fruit peels. 

BE =  butanol extract of C. aurantifolia fruit peels. 

EE =  ethylacetate extract of C. aurantifolia fruit peels. 

HE =  hexane extract of C. aurantifolia fruit peels 

ABZ* =  albendazole (at concentration of 0.0625, 0.125, 0.25, 0.5, 1.0, 2.0 mg/ml). 

Y = 50 % 

X = concentration of extracts (mg/ml) that killed 50 % of H. bakeri  
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4.6  In vivo Anthelmintic Activity of C. Aurantifolia Fruit Peels in Mice  

 

4.6.1 Fecal egg count reduction 

There was a significant (p<0.05) reduction in fecal egg counts (FEC) in all the extract-

treated groups when compared with the distilled water treated group. The FEC 

reduction rates after the 3 days of treatment are presented in Table 4.9. There was 

however, no significant (p>0.05) difference in the FEC reduction rate within mice 

treated with the extracts. 

 

4.6.2 Post-mortem worm counts  

The mean worm counts and the deparasitization rates are shown in Table 4.10. Statiscal 

analysis has showed that there was no significant difference (p˃0.05) in the worm 

counts of mice treated with the individual extracts at 250, 500 and 1000 mg/kg. 

However, CME at 500 and 1000 mg/kg, BE at 1000 mg/kg and EE at 250, 500, 1000 

mg/kg produced percentage deparasitization ≥ 70 and which was considered 

significant. Also, the deparasitization rates caused by CME, BE and EE were all 

significantly (p<0.05) lower than that caused by ABZ (10 mg/kg). 
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Table 4.9: EPG/ Percentage fecal egg count reduction rates in mice treated with C. 

aurantifolia fruit peels extracts at different doses. 

 

Treatment  Doses 

(mg/kg) 

Day 1 Day 2 Day 3 Day 4 

Crude 

methanol 

extract 

250 810  1116  1668  1122 (81) 

500 640  492 748  614 (90) 

1000 320  332 248  508 (91) 

      

Aqueous 

methanol 

extract 

250 1008  1008 1478 2456 (58) 

500 1268  782  1382 1690 (71) 

1000 840  840  520  688 (88) 

      

Butanol extract 250 804  1266  996  1178 (80) 

500 326  446  762  750 (87%) 

1000 278  310  408  672 (89%) 

      

Ethylacetate 

extract 

250 518  164 704  1684 (71) 

500 444 154  682  1332 (77) 

1000 178 130 364 132 (98) 

 

 

Control 

     

Albendazole  10 304  32  16 0 (100) 

Distilled water 5 ml/kg 2464 2880 3088 5872 
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Table 4.10: Mean Worm Counts (±SD) in mice treated with varying doses of C. 

aurantifolia fruit peel extracts 16-days post-infection with 200 L3 of H. 

bakeri 

 

Treatments Doses (mg/kg) Mean worm 

counts (±SD: n=5) 

Percentage (%)  

deparasitization 

Crude methanol 

extract (CME) 

250 15.2 ± 7.36
d
 62 

500 11.6 ± 3.78
b
 71 

1000 10.0 ± 2.45
b
 75 

 

Aqueous methanol 

extract (AME) 

 

250 

 

26.2 ± 4.15
c
 

 

35 

500 22.6 ± 6.27
c
 44 

1000 19.8 ± 3.83
c
 51 

    

Butanol extract 

(BE) 

250 14.8 ± 4.72
d
 63 

500 12.4 ± 2.30
b
 69 

1000 8.6 ± 3.85
b
 79 

    

Ethylacetate 

extract (EE) 

250 11.6 ± 3.21
b
 71 

500 11.0 ± 4.85
b
 73 

 1000 10.2 ± 3.96
b
 75 

Controls     

Albendazole (+ve) 10 1.5 ± 1.29
a
 96 

Dist. water (-ve) 5ml/kg 40.0 ± 4.35
e
 0 

Means with different superscript letter (a, b, c, d, e) differ significantly (p<0.05) from one 

another. 
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CHAPTER FIVE 

DISCUSSION 

In this study, the methanol extraction of C. aurantifolia fruit peels yielded 13.4 % of 

crude methanol extract. Methanol is commonly used for the extraction of plant 

materials because of its ability to extract almost all the chemical components of the 

plant due to its high polarity (Cock, 2011). Li et al. (2006) reported a high yield (74 %) 

of Citrus fruit peels following extraction with ethanol. The crude methanol extract of C. 

aurantifolia fruit peels was partitioned with different solvents to separate the 

phytochemical components of the crude methanol extract based on their polarity and 

solubility. Partitioning of plant extract has been established as one of the methods used 

in separating plant components based on their relative solubilities in the solvents used 

(Harbone, 1973). From the results of the partitioning process, butanol and aqueous 

methanol (residue) gave more yields when compared to the hexane and ethylacetate 

portions. Nwauzoma et al. (2013) reported a higher yield of aqueous methanol extract 

of C. aurantifolia fruit peels. Also, the yield from hexane extraction of 1400 gram of C. 

aurantifolia fruit peels by Nallely et al. (2012) gave 16 g (1.14 %) of extract. This 

showed that extraction of Citrus fruit peels with non-polar solvents (hexane) is usually 

small. The variations in the extract yields from C. aurantifolia fruit peels using 

different solvents might be explained by the polarity of extracted components (Shabbir 

et al., 2011). It could also be due to the availability of the different extractable 

components of the plant as a result of varied chemical compositions (Hsu and Coupar, 

2006), or due to the efficiency of the extracting solvents to dissolve endogenous 

compounds present in the plant (Siddhuraju and Becker, 2003; Sultana et al., 2007) and 

may also be due to the geographical location of the plant (Cock, 2011). 
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The preliminary phytochemical screening and TLC analysis of C. aurantifolia fruit peel 

extracts showed that the plant contained carbohydrate, glycosides, steroids, flavonoids, 

phenol, alkaloids and condensed tannins. However, alkaloids were absent in the hexane 

and aqueous methanol extracts. Saponins and triterpenes were present in all the 

portions except in the hexane extract portion. The finding of this study agrees with 

what was reported earlier by other workers (Berhow et al., 1994; Wang et al., 2007; 

Dongmo et al., 2009; Khan and Abourashed, 2010; Bairagi et al., 2011; Pathan et al., 

2012; Chaiyana and Okonogi, 2012; Loizzo et al., 2012; Reddy et al., 2012; Akhtar, 

2013). These phyto-constituents in C. aurantifolia fruit peels have been suggested to be 

responsible for the different pharmacologic activities of the plant (Abdelqader et al., 

2012). 

The results of the acute toxicity studies showed that extracts of C. aurantifolia fruit 

peels were non-toxic to mice even at a dose up to 5000 mg/kg per os. Grossly, the 

pathological findings in mice treated with the extract showed slight haemorrhage of the 

stomach and intestine. Histopathological examination revealed no observable lesions on 

different organs of the treated mice. This result which showed that the extracts were 

non-toxic agrees with findings by Chunlaratthanaphorn et al. (2007) that reported the 

non-toxic effect of water extract of the plant in both acute and subchronic toxicity 

studies, although in this work subchronic toxicity study was not conducted. Similarly, 

subchronic toxicity study on a related species; Citrus aurantium indicated a very low 

toxic effect of the plant in mice (Arbo et al., 2009). However, acute toxicity studies on 

the fruit juice of C. aurantifolia showed that the fruit juice is toxic to rats when given at 

doses above 3.5 g/kg (Akhtar, 2013). 

The results of the in vitro and in vivo anthelmintic study revealed that CME, AME, BE, 

EE and HE significantly inhibited the hatching of H. bakeri eggs and killed the larvae 



105 
 

of the helminth as well as reduced the worm burdens in mice in a concentration-

dependent manner. All the extracts of C. aurantifolia showed significant inhibitory 

effect on hatching of H. bakeri eggs. Even though there were differences in activity 

between the extracts of the plant, that was shown to be statiscally non-significant 

(p>0.05). The effect of CME, AME, BE on egg hatching of H. bakeri eggs was not 

significantly (p>0.05) different from the effect produced by albendazole (standard 

drug). Studies by other workers had shown that plant extract usually produce 

concentration – dependent effects when tested on helminth eggs (Alawa et al., 2003; 

Wasswa and Olila, 2006; Ademola and Eloff, 2011; Kollins et al., 2012). The egg hatch 

inhibitory activities of these extracts were more effective with the crude methanol 

extract. The higher effect produced by crude methanol extract may be due to the 

synergistic effects of the different chemical constituents of the extract that interacted in 

complex ways to produce an effect higher than the individual components (Cock, 

2011). The ovicidal effect produced by these extracts might be caused by the penetration 

of the active phytochemicals into the helminth‟s egg shell which stopped the 

segmentation of the blastomere, thus, inhibiting the hatching of the eggs (Kollins et al., 

2012). 

This study also showed an increase in the mean larval mortality rates with increase in 

concentration of all the extracts tested. In general, the extract with higher 

concentrations showed more activity when compared to extract with lower 

concentration. An increase in concentration represents a supplementary input of 

different active compound (Wabo et al., 2011). The extracts showed a highly 

significant (p<0.001) larva mortality rates at the concentration range of 2.5-20 mg/ml. 

The larvicidal effect of CME, AME, BE on H. bakeri larvae was not significantly 

(p>0.05) different from effect produced by albendazole. Significant difference (p<0.05) 
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however existed when the larvicidal effect of EE and HE was compared to albendazole. 

The larvicidal effect produced by these extracts was due to the penetration of the active 

chemical constituents of the extract across the cuticle of the larvae into their circulatory 

system when the larvae were brought in contact with the extracts (Payne et al., 2013). 

 

The in vivo evaluation of the extracts of C. aurantifolia fruit peels showed that the plant 

has a remarkable anthelmintic effect. All the extract portions caused a significant 

(p<0.05) reduction in fecal egg count (FEC) when compared with the negative control. 

The reduction in FEC might be due to the reduction of the worm burden in mice as a 

result of treatment with the extracts (Paolini et al., 2003; Ngongeh and Fakae, 2011). 

Abdelqader et al. (2012) reported a dose - dependent reduction in FEC in chicken 

infected with Ascaridia galli and treated with ethanol extracts of Citrus fruit peels. 

Similar findings were reported using different medicinal plants (Asuzu and Onu, 1994; 

Javed et al., 1994; Athanasiadou et al., 2007; Tariq et al., 2009; Squires et al., 2010; 

Ngongeh and Fakae, 2011).  

Post-mortem worm counts indicated that C. aurantifolia fruit peels possess 

anthelmintic activity. The AME did not show a significant (p>0.05) deparasitization 

rate compared to CME, BE and EE. This is similar to the findings of Abdeqader et al. 

(2012) where the aqueous extract of Citrus peel had the least anthelmintic activity.  

In this study, the anthelmintic effect of C. aurantifolia fruit peels could be attributed to 

one or more of the phytochemicals present in the plants. Limonene was believed to be 

the active principle in citrus fruit peels that caused its anthelmintic activity in ruminants 

(Rosskopf et al., 2008; Squires et al., 2010). The mode of action of limonene is 

unknown; however investigations suggested that it has inhibitory effects on nematode 
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growth and also interfere with parasite enzymes (Kaur et al., 2009; Squires et al., 

2010).  

Previous anthelmintic trials of medicinal plants have shown that the presence of 

secondary metabolites like alkaloids, saponin, polyphenols, carotenoids, tannins, 

coumarine, cardenolides, triterpenes, saponoside, embeline, sesquiterpenlactones may 

be responsible for the plants anthelmintic effect (Suleiman et al., 2005; Athanasiadou et 

al., 2007; Vagionas et al., 2007; Ajayi et al., 2008; Adama et al., 2009; Kabore et al., 

2009; Marie-Magdeleine et al., 2009; Katiki et al., 2011). Similarly, Eguale et al. 

(2011) and Wabo et al. (2011) have shown that, carotenoids, triterpenes, saponin, 

steroids, coumarines, tannins and other chemical compounds of plants like glycosides, 

enzymes, anthraquinones, essential oils, lipid, protein, fibers if present in a plant 

implies that plant might have anthelmintic activity. The tannins contained in plants 

have been reported to posses antiviral (Cheng et al., 2002), antibacterial (Perumal et al., 

1998) and anthelmintic (Paolini et al., 2003; Ademola et al., 2005) activities. The 

anthelmintic effects of tannins may be attributed to its ability to bind free protein 

available for larval nutrition and thus reduced nutrient availability which could result in 

larval starvation or decrease in gastrointestinal metabolism directly through inhibition 

of oxidative phosphorylation causing larval death. Tannins can also bind to free 

proteins in the gastrointestinal tract of host animal (Athanasiadou et al., 2007) or 

glycoprotein on the cuticle of the parasite (Thompson and Geary, 1995) and cause 

death but this effect of tannins depends on the type and content of tannins in the plant 

(Athanasiadou et al., 2007). The anthelmintic effect of tannins is similar to some 

synthetic phenolic anthelmintics like niclosamide, oxyclozanide, bithionol, nitroxynil, 

etc; which are shown to interfere with energy generation in helminth parasites by 

uncoupling oxidative phosphorylation (Bate-Smith, 1962; Martin, 1997). More so, 
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tannins or their metabolites have been shown to have a direct effect on the viability of 

the preparasitic stages of helminths (Duncan, 1996). Saponin contained in plants has 

been shown to be responsible for the anthelmintic activities of some medicinal plants 

(McAllister et al., 2001). Monodesmoside saponins act by destabilizing the membranes 

and increasing the cell permeability in helminth parasites (Price et al., 1987; Gee and 

Johnson, 1988). 

Though the active principles responsible for the anthelmintic activity in C. aurantifolia 

fruit peels is not known; condensed tannin and other phytochemicals present in the 

extracts might be responsible for the anthelmintic effect of the plant. Also, the fact that 

condensed tannins were present in all the extracts of the plant, perhaps, that is why all 

the extracts showed anthelmintic activities.  

 

From this study, there was a variation between the in vitro and in vivo anthelmintic 

activity of C. aurantifolia fruit peels extracts. In the in vitro anthelmintic test, some of 

the extracts showed activity as high as 100 % at the concentration of 10 – 20 mg/ml, 

whereas, the in vivo anthelmintic test produced an average efficacy of 70 % at the dose 

of 500 – 1000 mg/kg. The differences between in vitro and in vivo efficacies could be 

attributed to the gastro intestinal tract environment as well as the physiology of the 

animals which may alter the helminth‟s response to treatment. In addition, oral drug 

administration is limited by many factors such as: first pass effect, drug forming 

complexes with food, drug being destroyed by gastric acid or enzymes and the effect of 

gastric pH on the drug. These might have limited the efficacy of the extracts in vivo. 

However, in the in vitro study, the extracts had direct contact with the parasites 

resulting in the high efficacy. Other workers reported similar differences between the in 
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vitro and in vivo anthelmintic activity of medicinal plants (Alawa et al., 2003; Iqbal et 

al., 2004; Adedapo et al., 2007; Ademola and Eloff, 2011).  

The main advantages of using in vitro assays to test for the anti-parasitic properties of 

plant extracts is that the study is done at a low cost and there are rapid turnover which 

allows large scale screening of plants. Most anthelmintic activities of plants reported so 

far were based on in vitro studies (Mali and Mehta, 2007). 

 

In this study, there was variation in the level of larvicidal and ovicidal effects shown by 

the extracts. The extract showed more larvicidal effect. This difference could be 

attributed to the egg shell resistance. The egg shell comprises three layers; an external 

lipoprotein layer, a middle chitinous protein layer and an inner lipid layer. The middle 

and inner layers are resistant to salts and chemicals and also protects the eggs from 

desiccation, strong acid and bases, oxidants, reductive agents, detergents and 

proteolytic compounds (Jimenez-Cisneros et al., 2007). This egg shell resistance 

limited the penetration of the extracts into the egg and thus, lowered the effects of the 

extracts had on the egg when compared to that of the larvae. 

Albendazole showed a higher anthelmintic activity than C. aurantifolia fruit peels 

extracts in this study. This superior anthelmintic activity of albendazole could perhaps 

be attributed to its purity when compared with the extracts which may have other 

compounds contained in it. Albendazole is a broad-spectrum anthelmintics; and it has 

been shown to possess both ovicidal and larvicidal activities (Rivere and Papich, 2009). 

 

 

 



110 
 

CHAPTER SIX 

CONCLUSION AND RECOMMENDATIONS 

6.1 CONCLUSION 

The findings from this study suggest that the extracts of C. aurantifolia fruit peels 

possess anthelmintic activity. While the in vitro anthelmintic activity of the extract is 

comparable to that of albendazole, the in vivo activity was relatively lower. The results 

obtained therefore indicate that the extract of C. aurantifolia fruit peels might serve as a 

potentially useful and effective drug for the control of gastrointestinal nematodes in 

livestock and humans, since H. bakeri, the helminth used for this screening is a 

trichostrongyle like Haemonchus, the important abomasal parasite of sheep.  

The preliminary phytochemical screening of C. aurantifolia fruit peels extracts showed 

that the plant contained carbohydrate, glycosides, steroids, flavonoids, phenol, 

alkaloids, saponins, triterpenes and condensed tannins, some of which might be 

responsible for the anthelmintic activity of the plant. 

Acute toxicity studies of crude methanol extract of C. aurantifolia fruit peels showed 

that the plant has no apparent toxic effect in mice even at the dose of 5000 mg/kg.  

 

 

 

 

 

 



111 
 

6.2 RECOMENDATIONS 

1. There is need to isolate and characterize the active principles from extracts of C. 

aurantifolia fruit peels. This could provide a safe and effective anthelmintic 

drug. 

2. Further in vivo studies involving the target helminth parasites for specific 

animals should be conducted to evaluate the efficacy of this plant on these 

animals. 

3. Detail toxicological studies including, sub-chronic and chronic toxicity effect of 

C. aurantifolia fruit peels should be conducted.  
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APPENDICES 

 

APPENDIX I 

 

Inhibitory effects of different concentrations (0.625 – 20 mg/ml) of crude methanol 

extract (CME), aqueous methanol extract (AME), butanol extract (BE), ethylacetate 

extract (EE), hexane extract (HE) of C. aurantifolia peels and albendazole (ABZ) 

(0.0625 – 2 mg) on the egg hatching of H. bakeri after 48 hours of incubation. Values 

are mean (± S.D). 
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APPENDIX II 

 

Effects of different concentrations (0.625 – 20 mg/ml) of the crude methanol extract 

(CME), aqueous methanol extract (AME), butanol extract (BE), ethylacetate extract 

(EE), hexane extract (HE) of C. aurantifolia peels and albendazole (ABZ) (0.0625 – 

2.0 mg/ml) on the L1 Larvae of H. bakeri after 24 hours of incubation at 25
˚
C. Values 

are mean (± SD).  
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APPENDIX III 

Mean faecal egg count reduction rate in mice experimentally infected with H.bakeri 

and treated with crude methanol extract (CME), aqueous methanol extract (AME), 

butanol extract (BE) and ethylacetate extract (EE) of C. aurantifolia fruit peels and 

albendazole (ABZ). 
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APPENDIX IV 

 

 Composition of Reagents Used for Phytochemical Screening and TLC Analysis 

 

Reagent Composition Proportion 

Ammonia solution Ammonia 10 ml 

 Water 90 ml 

Dragendoff’s ‘A` Basic Bismuth-Nitrate 1.7 g 

 Tartaric acid 20 g 

 Distilled water 80 ml 

Dragendoff’s ‘B` Potassium iodide 16 g 

 Distilled water 40 ml 

Dragendoff spray Stock solution A and B 

(1:1) 

5 ml 

 Tartaric acid 10 g 

 Distilled water 50 ml 

Fehling’s solution A Copper sulphate 34.64 g 

 Sulphuric acid 0.5 ml 

 Distilled water 500 ml 

Fehling’s solution B Sodium potassium tartrat 176 g 

 Sodium hydroxide 77 g 

 Distilled water 100 ml 

Ferric chloride solution Ferric chloride 5 g 

 Distilled water 100 ml 

Mayer’s reagent Mercuric chloride 1.36 g 

 Water 60 ml 

 Potassium iodide 5 g 

 Water 20 ml 

Wagner’s reagent Iodine 2 g 

 Potassium iodide 3 g 

 Water 100 ml 

Molisch’s reagent 1-Naphtol 1 g 

 95%-ethanol  100 ml 

Sodium hydroxide 

solution 

Sodium hydroxide 10 g 

 Distilled water 100 ml 

 

 

 


