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GENERAL INTRODUCTION 
 
 
Maize is a staple food in Africa 

 Maize (Zea mays L.) belongs to the grass family Gramineae. It is an essential component 

of global food security. Maize is one of the most important cereal crops grown in the 

world and it forms one of the major diets of millions of people. In Africa, maize is 

primarily grown by small-scale farmers for use as both human food and animal feed. Its 

cob is consumed in different ways. For example, it could be grilled, boiled, roasted or 

made into various products (Polaszek & Khan, 1998). Industrially, maize is used to 

produce alcohol, starch, pulp abrasive, oil in the pharmaceutics and recently for fuel 

production (Morris, 2007; Acharya & Young, 2008; Tom, 2008). In Zimbabwe, maize is 

used for other non-food purposes such as beer brewing and in exchange for goods and 

services (Stanning, 1989). The principal producers of maize in sub-Saharan Africa are 

Kenya, South Africa and Tanzania, followed by Ethiopia and Nigeria (Kfir, 1998; 

Polaszek and Khan, 1998; Seshu Reddy, 1998).   

 

Increased productivity in staple food, such as maize, is critical to raising rural incomes 

and stimulating broad-based economic growth (Eicher & Byerlee 1997). The demand for 

maize in developing countries, arguably, surpasses the demand for both wheat and rice. 

This is as a result of the growth in meat and poultry consumption, which consequently, 

have led to the rapid increase in the demand for maize as livestock feed. Thus, the 

exploding demand for maize presents an urgent challenge for most developing countries 

(Pingali & Pandey, 2000). 
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Constraints of maize production 

Despite the worldwide increase in the demand for maize, its production is constrained by 

various biological, physical and environmental factors. These include the problems of 

insect attack, weeds and pathogen infestation, soil fertility and climate (Sanchez et al., 

1997). In addition, the substitution of traditional cultivars by high-yielding varieties has 

raised the specter of massive maize-crop failure because of increased susceptibility of the 

latter to diseases and pests (Plucknett & Smith, 1982). Amidst other constraints of maize 

production, insects constitute a major threat. Insect pests destroy approximately 14% of 

all potential food production, including maize, despite the yearly application of more than 

3000 million kilograms of pesticides (Pimentel, 2007). Losing crops to insect pests 

constitutes a great constraint to the realization of food security worldwide. Therefore, in 

order to meet the food demand for the ever increasing world population, it is necessary to 

address the issue of maize grain loss to insect pest damage (Berenbaum, 1995).  

 

Insects are responsible for post harvest maize losses 

Today, humans are waging an undeclared war against insects in the competitive struggle 

for existence and almost no crop in Africa is free from attack by insects, at least to some 

degree (Berenbaum, 1995). 

 

Insect pest damage to stored grains including maize, results in major economic losses in 

Africa, where subsistence grain production supports the livelihoods of the majority of the 

population (Udo, 2005). Insect infestation of maize grains leads to the reduction in both 



 4

quality and quantity of harvested crops and in most cases pre-disposes the stored grains to 

secondary attack by disease causing pathogens (Evans, 1987). Naturally, harvested grains 

such as maize are stored by small-scale farmers to provide food reserves as well as seed 

grains. Grain losses are severe among small-scale farmers who do not have access to 

modern storage techniques. In most cases maize grains are stored in sacks, plastic drums, 

hung on roofs or spread on the floor (Odeyemi et al., 2006). Grain losses as high as 80% 

have been reported in developing countries (Pingali & Pandey, 2000; Tapondjou et al., 

2002). Post-harvest losses due to Sitophilus zeamais (Motschulsky) (Coleoptera: 

Curculionidae) have been recognized as an important constraint to grain storage in Africa 

(Markham et al., 1994; Oduor et al., 2000).  

 

Sitophilus zeamais (maize weevil) is a cosmopolitan pest of stored maize in Africa. 

Damage caused by this insect becomes obvious when the adult insect (Fig. 1) makes 

holes that reaches approximately 1mm in size in the grain and deposit its eggs within the 

hole. The insect then seals the hole with a gelatinous waxy secretion. The developmental 

stage of the insect takes place within the grain after which the adult weevil bores its way 

out, leaving a characteristic emergence hole on the grain (Hill, 1983; Rees, 2004).     
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Fig. 1: Emerging adult of S. zeamais (arrowed) from infested grain 

 

Protection of stored-grains against insect attack 

The protection of stored-maize grains against insect attack is essential, especially for 

countries that have inadequate storage facilities and climatic conditions that favour 

deterioration of grains (Villalobos & Robledo, 1999). Currently, the control of insect 

pests is largely dependent on the use of synthetic chemicals in most parts of the world. 

However, the continuous use of synthetic insecticides is leading to problems such as pest 

resurgence, resistance and environmental hazards, including human poisoning and 

toxicity to other non-target organisms (Subramanyam & Hagstrum, 1995; Pascual- 

Villalobos & Robledo, 1999; Banwo & Adamu, 2003; Bughio & Wilkins, 2004). 

Furthermore, relatively few chemicals are registered for use on grains and in storage 

structures. Already, there are threats to the two widely used fumigants (methyl bromide 

and phosphine). In fact, there is progressive restriction on the use of phosphine because 
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of its ozone depletion potential (Annis et al., 1999, EPA, 2001). There is, therefore, the 

need for the development of safe and environmentally friendly alternative agents for the 

control of insect pests of stored grains. 

 

The search for alternative insect control agents. 

The concern of the public on the problems associated with the continuous use of 

conventional insecticides have necessitated the search for possible alternatives. The use 

of plants in the protection of grains against insect infestation has been an age-long 

practice among small-scale farmers in Africa (Hassanali et al., 1990; Poswal and Akpa, 

1991). Botanical insecticides comprise only a very small portion of the total volume of 

insecticides used annually, nonetheless, they remain important in insect pest management 

because they are believed to provide the most effective control against insect pests that 

have become resistant to other insecticides (Weinzierl, 2000). Plant-derived insecticides 

are short-lived in the environment, thus pose less risk to non-target organisms and are 

accepted by organic certification programs and certain consumer groups because they are 

naturally occurring (Isman, 2000; Weinzierl, 2000). Phytochemicals such as rotenone, 

nicotine and pyrethrum were all used as pesticides before the advent of synthetic 

insecticides (Jacobson 1989; Ohigash et al., 1991). Many members of families such as 

Myrtaceae, Asteraceae, Piperaceae, Meliaceae and Annonaceae are known to possess 

various chemical compounds which act as antifeedant, repellent insecticides or growth 

inhibitors to many insect species (Srivastava et al., 2001; Kouninki et al., 2005; 

Formisano et al., 2008; Odeyemi et al., 2008). Certain plant essential oils and or their 
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constituents have broad spectra of activity against insect and mite pests, fungi and 

nematodes (Isman, 2000). 

 

Naturally, botanical insecticides are believed to possess certain attributes which put them 

at a higher advantage over conventional insecticides. These include low mammalian 

toxicity, less persistence in the environment, selectivity towards target pests and non-

phytotoxicity (Rosenthal, 1986; Isman, 2006). These have led to the belief that plant-

derived insecticides are safer than synthetic products. This, however, is not always the 

case. For instance, nicotine extracted from tobacco is one of the most widely-known 

botanicals. Although effective in pest control, nicotine is highly toxic to mammals and 

can readily be absorbed through the eyes, skin and mucous membranes (Carr et al., 

1991). Rotenone, a polycyclic ketone widely used as a broad-spectrum insecticide 

extracted from the roots of Lonchocarpus spp, Derris spp and several other leguminous 

plant genera, is extremely toxic to aquatic life and also exhibits some level of toxicity to 

mammals (Carr et al., 1991; Cranshaw, 1992). The persistence of synthetic pesticides in 

the environment and in treated foods is a major constraint to their use. Conversely, the 

rapid degradation of phytochemical insecticides on exposure to light renders them 

unstable and less persistent (Jovetic, 1994), hence necessitating repeated applications. 

Although there is considerable potential for insecticides of plant origin, these products 

should be handled with caution. Detailed studies on their mammalian toxicity and 

residual effects are also required. 
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OBJECTIVES OF THIS STUDY 

 

The overall aim of this project was to study the use of essential oils for the control of 

Sitophilus zeamais, a pest of stored maize grains; while the specific objectives were: 

1) To obtain baseline information on the farmers’ knowledge and experience of 

indigenous insect pest control in the Eastern Cape Province of South Africa 

Indigenous Knowledge (IK) is unique to a particular culture and society. It is the basis for 

local decision-making in agriculture, health, natural resource management and other 

activities. IK is embedded in community practices, institutions, relationships and rituals ( 

Woytek, 1998). It provides the basis for problem-solving strategies for local communities, 

especially the poor, and also represents an important component of global knowledge on 

development issues. In most cases, IK is an underutilized resource in the development 

processes (Woytek, 1998). Learning from IK, by investigating first, what local 

communities know and have, can improve the understanding of local conditions and 

provide a productive context for activities designed to help the communities. Traditional 

wisdom generated by centuries of trial and error often reveals the uses of plants that are 

related to microbial control, medicine and pest management (Dunkel & Sear, 1998).  

 

Throughout history, many cultures have used natural products from plants to protect 

themselves, their crops and their livestock against insects (Dunkel & Sear, 1998). 

Therefore, one of the objectives of this study was to understand the farmer’s knowledge 

and experience of using indigenous methods in the control of insect pests of stored -
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maize grain. The plants used by the small-scale farmers for insect pest control were 

identified and documented.  

2) To screen some plant essential oils for their insecticidal activities using three 

bioassay methods 

Problems associated with the use of conventional insecticides such as pest resistance and 

resurgence, negative impact on non-target organism, residues in food and the 

environment have generated some interest among researchers to search for possible 

environmental friendly alternatives (Duke, 1990; Shaaya et al., 1991). 

Traditionally, essential oils obtained by steam distillation of plant foliage have been used 

to protect stored grains and legumes and to repel flying insects in the homes (Isman, 

2000). Today, there is increasing interest in the use of natural products from plants to 

control pests. 

 

 Another objective of this study was to screen essential oils from Mentha longifolia L. 

subsp. capensis, Tagetes minuta L., Helichrysum odoratissimum, Perlargonium 

graveolens and Rosmarinus officinalis for their insecticidal potential against the common 

maize weevil, Sitophilus zeamais (Motschulsky) (Coleoptera: Curculionidae). 

 

3) To evaluate the effect of the essential oils (in 2 above) on some proximate and 

quality parameters of maize grains 

The importance of cereal grains to the nutrition of millions of people around the world 

cannot be over-emphasized. Cereal grains form a major component of the diet of most 
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people in developing countries, and are good sources of carbohydrate and protein (FAO, 

1992). However, cases of changes in nutritional compositions of stored-grains, as a result 

of insect infestations have been reported (Jood et al., 1996). These changes are 

influenced, to some extent, by factors such as the duration of storage, initial infestation 

level and storage conditions. It is therefore evident that there is a significant correlation 

between the degree of insect infestation and nutritional composition of stored grains 

(Jood et al., 1996; Asawalam, 2006). However, information is lacking on the proximate 

composition of maize grains treated with essential oils.  

 

Thus, one of the objectives of this study was to investigate the effect of the essential oils 

of M. longifolia and T. minuta on some chemical constituents and quality parameters 

such as colour and odour of maize grains treated with the above mentioned oils. These 

plants were chosen based on their readily and easily availability and their record for the 

production of good essential oils.  

 

4) To investigate the toxicological effect of the essential oils using the rat model 

The search for alternative insect pest control agents, have made the use of plant-derived 

insecticides to receive worldwide attention. Several plant species have been found to 

possess insecticidal properties against a wide range of insect pests. Protecting stored 

grains with plant products has been a common practice among some small-scale farmers. 

Unfortunately, the safety of most of these plants is often overlooked, simply because, 

most of them have been in use for a long time. However, it is very important to note that 

botanical insecticides are not safer than the synthetic ones, simply because the former are 

of natural origin (Weinzierl & Henn, 1994).  
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Therefore, another objective of this study was to evaluate the safety of the two essential 

oils (M. longifolia and T. minuta) tested in this study using rat models.  

 
 

PLANTS USED FOR THIS STUDY 
 

Prior to the commencement of this study, a baseline survey was conducted among the 

small-scale farmers in the Eastern Cape, South Africa, to obtain information on plants 

used for the protection of agricultural crops against insect pest attack. Information 

gathered from the farmers was augmented with that found in the literature and the 

following plants were found to be the commonest and most frequently used for protection 

against insect attacks; Mentha longifolia L. subspecies capensis, Tagetes minuta L., 

Helichrysum  oddoratissimum L., Pelargonium graveolens L. and Rosmarinus  officinalis 

L. 

 

Mentha longifolia L. 

M. longifolia L. (Wild mint) is a perennial herb with creeping rhizomes below the ground 

and erect flowering stems of up to 80 cm in height. There are several subspecies of M. 

longifolia, however in South Africa subspecies capensis is the most common. It is a fast 

growing plant that is widespread in the Eastern Cape, and a popular plant used for the 

treatment of different ailments such as cough, cold, asthma and other diseases (Van Wyk 

and Gericke, 2000; Van Wyk et al., 2002). 
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Figure 2: Mentha longifolia L. 

 

Mentha is a genus of wide distribution and considerable economic importance. The 

shoots and leaves of several species are often used as a condiment. The essential oils, 

which are steam distilled from the herbage are processed into flavourings for food, 

medicine, mouthwash, toothpaste and powder, chewing gum and candy (Chamber and 

Hummer, 1994). Mint is the common name for approximately 25 perennial species from 

the genus Mentha in the Lamiaceae family. They are sources of essential oils which are 

used for flavouring, perfume production and medicinal purposes (Lange and Croteau, 

1999).  

 

The strong smell of the leaves is known to keep mosquitoes away when rubbed onto the 

body (Hutchings and Van Staden, 1994). The chief component of the essential oil from 

the leaves of M. longifolia appears to be the monoterpenes ketone and menthone (Oyedeji 
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and Afolayan, 2005). The essential oil from the plant has been found to be an effective 

insecticide against several insect species (Cetin et al., 2006; Pascual-Villalobos and 

Robledo, 1999). 

 

Pelargonium graveolens L.  

Pelargonium graveolens (L.) belongs to the family Geraniaceae. The genus constitutes a 

large number of herbs, shrubs or undershrubs which are distributed mainly in South 

Africa and a few tropical Africa, Syria and Australia (Rana et al., 2002). Pelargonium 

graveolens is a fragrant bushy plant up to 100 cm high (Fig.3). 

  

     

Figure 3: Pelargonium graveolens L. 

 

The rose scented leaves of P. graveolens produces aromatic oil opon distillation which is 

referred to as geranium oil. The oil is one of the top 20 valued essential oils produced in 

the world. For instance, it is used in perfumery, cosmetics, food and pharmaceutical 

industries (Demarne and van der Walt, 1989; Narayana et al., 1986; Rao, 2002; Ravindra 
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et al., 2004). Essential oil from this plant is obtained by hydrodistillation of the aerial 

parts of the plant.  

 

Helichrysum oddoratissimum L.  

Helichrysum oddoratissimum L. is an aromatic perennial herb or shrublet of the family 

Asteraceae. There are over 200 species of Helichrysum distributed all over South Africa, 

of which H. oddoratissimum is one of the best known and commonly used for medicinal 

purposes (Fig. 4).  

 

  

Figure 4: Helichrysum oddoratissimum L. 

 

H. oddoratissimum is used for the treatment of ailments such as coughs, colds, fever, 

infections, headache and menstrual pain. It is also a popular ingredient for wound 

dressings (Van Wyk et al., 2002). The plant is rubbed on bedding materials since it is 

known to be an effective insect repellent. 
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Tagetes minuta L. 

Tagetes minuta L. is an important species of the family Asteraceae and is commonly 

known as wild Mexican marigold. T. minuta is an essential oil yielding plant. The oil is 

valued for its numerous uses. For example, it is used as flavoring in food, tea, perfumery, 

pharmaceutical industry and possesses medicinal values (Vasudevan et al., 1997;  Kaul et 

al., 2000; Ramesh & Virendra, 2008). Most importantly, the essential oil from T. minuta 

is well known for its insecticidal activities (Broussalis et al., 1999; Tomova et al., 2005). 

 

 

Figure 5: Tagetes minuta L. 

 

The plant is a branched and erect annual herb, approximately 1-2 m tall. The lower 

surface of the leaves possesses a number of small, punctuate, multicellular glands, which 

exude a liquorice-like aroma when ruptured. Glands are also found on the stems and 
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bracts (Singh et al., 2003). T. minuta is native to temperate forests and mountain regions 

of most of the countries in the world. It originated in South America and has spread 

throughout the world as a weed. It has been reported from South Africa, Australia, 

Nigeria, India, Uruguay, East Africa (Kenya), Brazil, France, Chile, and the Chaco region 

of Paraguay (Singh et al., 2003). 

 

Rosmarinus officinalis L. 

Rosmarinus officinalis L. (rosemary) is an evergreen, aromatic perennial shrub of the 

family Lamiaceae. The oil extracted from the plant is used in food products, perfumes 

and cosmetics. 

 

 

Figure 6: Rosmarinus officinalis L. 

 

Several authors have reported on the insecticidal capability of R.  officinalis (Hori, 1998; 

Papachristos & Stamopoulos, 2002;  Prajapati et al., 2005,). 
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THE INSECT USED IN THIS STUDY 

The choice of the common maize weevil, Sitophilus zeamais  (Motschulsky) (Coleoptera: 

Curculionidae) (Fig. 7) used in this study was based on the information gathered from the 

farmers, in a survey carried out in the Eastern Cape Pronvince, at the beginning of the 

study. The insect was found to be prevalent in almost all the farmer’s stores visited. The 

majority of farmers reported that the insect is a deleterious pest on stored-maize grains.  

 

 

Figure 7:  Sitophilus zeamais (Motschulsky) (Coleoptera: Curculionidae) 

 

S. zeamais is a well known insect that attacks most cereals in storage, especially maize. 

There is a similar species (Sitophilus oryzea), which closely resembles S. zeamais. This 

could lead to the difficulty in differentiating between these two species physically. 

Therefore, a pure culture of S. zeamais used in this study was obtained from the ARC- 

Plant Protection Research Institute, Pretoria.  
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STRUCTURE OF THE THESIS  
 

This thesis consists of published articles, manuscripts submitted for publication and those 

ready for submission for publication. The arrangement of the thesis is as follows:   

‘A review of the use of phytochemicals for insect pest control’ and Farmers’ knowledge 

and experience of indigenous insect pest control in the Eastern Cape Province of South 

Africa are presented in Chapters 2 and 3, respectively. The following articles are 

presented in Chapters 4 and 5: Insecticidal activities of essential oil from the leaves of M. 

longifolia against S. zeamais (Motschulsky) (Coleoptera: Curculionidae) and ‘Evaluation 

of the activities of five essential oils against the stored maize weevil’.

Chapter 6 presents the report on the ‘Effect of the essential oils of M. longifolia and T. 

minuta on the proximate and nutritional parameters of maize grains treated with the oils’. 

In Chapters 7 and 8, the ‘Toxicological evaluation of the essential oil from M. longifolia 

leaves in rats’ and ‘Safety evaluation of the essential oil of T. minuta’ are presented. 

Chapter 9 is the ‘General discussion and conclusions’ of the study. 
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Abstract 

 

The effect of the essential oil of M. longifolia was investigated on some quality parameters of 

maize grains stored over a period of three months. No major adverse effect of the oil was 

observed on the grains after the storage periods. The composition values of the grains were : 

ash, 7.05-8.58 %; crude fat, 11.25-11.42%; crude fibre, 9.77-10.65%; crude protein, 17.83-

19.50% and total carbohydrates, 52.26- 52.4%. A gradual decrease on the effect of the oil on 

grain odour was observed with increase in the time of storage. However, a slight change was 

observed in the colour of the stored grains.   

 

Introduction 

Maize (Zea mays L.) is a member of the grass family Gramineae, to which all the major 

cereals belong. It forms one of the main cereal crop grown in the world today. It is one of the 

staple foods in Sub-Saharan Africa, where three quarters of maize produced is consumed as 

human food.  

 

Insects are a major cause of deterioration of stored produce in tropical and sub-tropical 

regions. They develop successfully in stored produce because of their adaptation to diverse 

habitat and diets, thus, their control is a major part of storage management (FAO 1985; Guy, 
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1987). Protection of agricultural products in storage against insect attack is essential. Insect 

pest damage to stored grains results in major economic losses in Africa, where subsistence 

grain production supports livelihoods of the majority of the population (Udo, 2005). 

  

 Recent concern on the detrimental effect of agricultural chemicals on health and the 

environment has led to interest in reducing chemical input for crop production. Intensive use 

of synthetic insecticides for insect control has been reported to have led to problems such as 

pest resurgence, resistance, negative impact on non-target organism, health as well as 

environmental hazards. These pressures have accelerated the search for more 

environmentally and toxicologically safe as well as  more selective and effective pesticides 

(Duke, 1990; Perry et al., 1998, cited in Leatemia and Murray, 2004). 

 

Natural products from plants have being receiving worldwide attention and plants from 

several families have been screened for their insecticidal potentials. However, there is dearth 

information on the effect of the essential oil of Mentha longifolia and Tagetes minuta on 

nutritional composition and some quality parameters of maize stored with these oils. 

Therefore, this study was undertaken to evaluate the effect of the essential oils of Mentha 

longifolia L. and Tagetes minuta L. on nutritional composition and some quality parameters 

of stored maize grains. 
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Materials and Methods 

Plant preparation 

The leaves of M.  longifolia and T. minuta were collected from Nkonkobe municipality in the 

Eastern Cape, South Africa. A voucher specimen was deposited in the herbarium at the 

University of Fort Hare. Fresh leaves from the plant were subjected to hydrodistillation for 3 

h, using a Clevenger-type apparatus (British Pharmacopoeia, 1980). The oil collected was 

stored in a dark bottle and kept in the refrigerator at 5oC until needed for the experiment. 

 

Preparation of maize grains 

Maize grains free from insecticide were collected from a farmer in Melani Village, Eastern 

Cape, South Africa and clean maize which showed no sign of insect infestation was further 

treated in an oven at 40oC for two hours and  used for the experiments. 

 

Proximate analysis 

The effects of the essential oils of M. longifolia and T. minuta on maize grain were 

investigated using a modified method of Jood et al., 1996. Jars containing 240 g maize grains 

were separately mixed with essential oil dissolved in acetone corresponding to concentrations 

of 0, 0.125, 0.25, 0.375 and 0.5 µl/g of maize grain respectively, and each concentration was 

replicated four times. These were thoroughly stirred to allow for homogeneity of the oil on 

the treated grains. At zero, one, two and three months after treatment, the grains were 

analyzed for moisture, ash, total protein, crude fat, total carbohydrates and crude fibre by 

employing the standard methods of analysis of the Association of Analytical Chemists  

(AOAC 1984).    
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Ash content was determined by incineration of samples in a muffle furnace (Naber 

Industrieofenbau, Bremen, Germany) at 550oC for eight hours. Crude fat was determined by 

successive extraction of the sample with diethyl ether. For determination of crude fibre, the 

samples were extracted with 1.25% sulphuric acid for 30 min and further extracted with 

1.25% sodium hydroxide. The obtained solid was ashed in a furnace and crude fibre 

determined by computing the difference in weight of the crucible and ash content. Protein 

content was determined following the microkjeldal procedure. Samples (0.5 g) were digested 

with sulphuric acid and a catalyst, followed by calorimetric determination of nitrogen. To 

obtain the crude protein percentage, nitrogen value was multiplied by 6.25.   

 

Grain quality evaluations  

Samples were taken from grains (in section above) after 0, 30, 60, and 90 days of  storage. 

The samples were used to determine the grain quality parameters: grain colour and odour. 

The effect of the essential oil of M. longifolia on the odour and colour of treated and 

untreated maize grains was determined for three months adopting the method of Ogendo et 

al., 2004. Using a modified scale, grain samples were assessed for changes in odour and 

colour. A scoring scale of 1-5 was defined separately for each of the two parameters. Initial 

scores were taken at day 0, which represented the values just before grain treatment. 

The following scale was used in scoring for changes in grain odour. 

1. No difference in grain odour 

2. Grain has little offensive odour 

3. Grain has moderately offensive odour 
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4. Grain has offensive odour 

5. Grain has very offensive odour 

The following scale was used in scoring for changes in grain colour: 

1. No detectable change i.e natural white with a few yellow/ red grains 

2. Slight changes (≤ 5%) from natural white/yellow/red to light brown 

3. Moderate change (> 5 to 30%) from natural white/yellow/red to light brown 

4. Great change (30 to 50%) from  natural white/yellow/red to dark brown 

5. Highly significant change (>50%) making grain unacceptable for human 

consumption 

Each grain sample was coded and presented to individual panelists in a well-lit and ventilated 

room for assessment. A total of six panelists were used to score for change in grain odour and 

colour. Not more than one assessor was allowed into the assessment room at a time, to ensure 

that scores were independent from each other. The whole exercise was repeated on a monthly 

basis for three months using the same set of panelists. In order to remove bias, blank scoring 

sheets were used on each assessment dates.  

Results and Discussion 

The nutritional composition of maize grains treated with the essential oil of M. longifolia was 

not affected even after three months of storage. There were no significant differences in the 

parameters measured. The composition values were: ash, 7.05-8.58 %; crude fat, 11.25-

11.42%; crude fibre, 9.77-10.65%; crude protein, 17.83-19.50% and total carbohydrates, 

52.26- 52.40% (Table 1). M. longifolia oil did not significantly change the colour of treated 
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grains for the 90 days storage period (Fig. 1). In Contrast, significant differences were 

observed in the odour of treated grains, with the strongest odour observed in the earlier 

storage period, but with decreases with later storage duration (Fig. 2).  

T. minuta oil significantly affected the colour of treated grains earlier in the storage period. 

This effect was observed to decrease as the storage duration progressed (Fig. 3). However, 

significant decreases in the effect of oil on the odour was observed later during  storage (Fig. 

4). 

  

  Earlier studies have shown that the nutritional composition of grains treated with plant 

products are not adversely affected in the absence of insect infestation. In a similar study by 

Jood et al., (1996) nutritional composition of grains treated with powder from neem, citrus, 

garlic, podina and neem oil remained unaffected one month after storage. However, in their 

study, changes were observed later due to insect infestation. Asawalam (2006) found Piper 

guineense seed oil not to have any adverse effect on treated maize grain after three months of 

storage. It does imply that it is possible to get rid of the essential oil odour on treated grains 

with longer storage period. 

 

Therefore, it may be concluded from the present study that the essential oils from M. 

longifolia and T. minuta had no major adverse effect on maize grain quality. 
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Table 1. Proximate composition of maize grains treated with the essential oil from M. 

longifolia. Data is mean (transformed) ± SEM; n= 5. 

 

 

 

Parameter 

 

 

30 days 

 

Composition (%) 

 

60 days 

 

 

90 days 

 

Ash 

 

7.05 ± 0.74a 

 

8.36 ± 0.23 a 

 

8.58 ± 0.31a 

Crude fat 11.42 ± 0.15a 11.25 ± 0.08a 11.25 ± 0.13a 

Crude fibre 9.77 ± 0.16 a 10.65 ± 0.15 a 9.94 ± 0.09a 

Crude protein 19.50 ± 0.31a 18.48 ± 0.33ab 17.83 ± 0.53a 

Carbohydrate 63.89 ± 0.25a 64.16 ± 0.31a 64.54 ± 0.45a 

 

Means followed by the same letters along the rows are not significantly different at p ≤ 0.05. 
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Table 2. Proximate composition of maize grains treated with the essential oil from T. minuta 

Data is mean (transformed) ± SEM; n= 5. 

 

Parameter                                                 Composition (%) 

                                          30 days                            60 days                              90 days 

 

Ash 

 

7.40 ± 0.26a 

 

7.06 ± 0.20a 

 

7.01 ±  0.22a 

Crude fat 10.86 ± 0.13 a 7.06 ± 0.20 b 6.88 ± 0.22 b 

Crude fibre 9.63 ± 0.21a 9.61 ± 0.20a 9.60 ± 0.19a 

Crude protein 18.98 ± 0.28a 18.56 ± 0.30a 18.77 ± 0.35a 

Carbohydrate 64.42 ± 0.26a 64.93 ± 0.26a 64.59 ± 0.31a 

 

Means followed by the same letter along the rows are not significantly different at p ≤ 0.05. 
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Figure 1. Effect of the essential oil of M. longifolia on the colour of stored-maize grains. 
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Figure 2. Effect of the essential oil of M. longifolia on the odour of stored-maize grains. 
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Figure 3. Effect of the essential oil of T. minuta on the colour of stored-maize grains. 
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Figure 4. Effect of the essential oil of T. minuta on the odour of stored-maize grains. 
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Running title: Toxicity of Mentha longifolia essential oil 

 

Abstract:  The effects of the essential oil from the leaves of Mentha longifolia L. subsp. 

capensis on some biochemical parameters of Wistar rats were studied. The oil at 125, 250, 

375 and 500 µl/kg body weight reduced (P<0.05) the red blood corpuscles (RBC) and 

lymphocytes with no definite pattern on the white blood corpuscles (WBC) and mean 

corpuscular volume (MCV). The doses significantly increased the neutrophils, monocytes, 

large unstained cells (LUC), liver-body weight ratio, serum concentrations of cholesterol, 

triglyceride, HDL-C and inorganic phosphate but no effect on the heart body weight ratio, 

serum LDL-C, Na+, Ca2+, Cl-, K+,  creatinine and uric acid. The 500µl/kg body weight also 

increased the kidney-body weight ratio. In contrast, the oil reduced the serum urea and 

atherogenic index. The total and conjugated bilirubin, together with the total protein and 

albumin in the serum increased only at 125 µl/kg body weight. The serum alkaline 

phosphatase activity also increased with no significant change in gamma-glutamyl 

transferase, alanine and aspartate aminotransaminases. The results indicate dose and 

parameter specific effect of the essential oil. Although, the essential oil from M. longifolia 
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leaves may not predispose to atherosclerosis, it may increase the functional activity of the rat 

liver at the least dose investigated. Therefore, the essential oil from Mentha longifolia may 

not be completely ‘safe’ at the doses investigated. 

 

Keywords: essential oil, functional activity, haematological parameters, Mentha longifolia, 

selective toxicity, serum lipids. 

___________________________________ 
*Correspondence author, Email: Aafolayan@ufh.ac.za, Fax: +27866282295 
 

Introduction 

The search for environmentally safe pesticides has fostered research on the use of plant 

materials for the protection of crops against pests, both on the field and in storage.1 

Secondary plant metabolites are a large reservoir of chemicals with biological activities.2 

Phytochemicals such as rotenone, nicotine and pyrethrin were all used as pesticides before 

the advent of synthetic insecticides.3,4 Many members of Myrtaceae, Asteraceae, Piperaceae, 

Meliaceae and Annonaceae are known to possess various chemical compounds which act as 

antifeedants, repellents or growth inhibitors to many insect species.5 One of such plant from 

Lamiaceae that has been well studied for its antibacterial properties is Mentha longifolia L. 

subsp. capensis.6,   

     Mentha longifolia L. subsp. capensis (Lamiaceae), is a fast growing plant that is 

widespread in the Eastern Cape of South Africa. It is a popular plant used for the treatment of 

respiratory ailments and other diseases.7 The strong smell of the leaves keep mosquitoes 

away when rubbed onto the body.8  The main constituents of the essential oil from Mentha 

longifolia leaves obtained from Eastern Cape of South Africa include 1,8-cineole (25.46%), 
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menthone (17.85%) and pulegone (29.93%). Other minor components include β-pinene 

(3.49%), cyclohexanone (2.89%), α-pinene (2.51%), cis-isopulegone (2.38%), trans sabinene 

hydrate (2.28%), α-terpineol (1.81%), germacrene-D (1.61%), β-caryophylene (1.59%) and a 

trace amount of 4 other constituents.9 The essential oil from the plant has been found to be 

effective as an insecticide against several insect species.9,10            

     Several toxicological effects have been associated with the oil components of Mentha 

arvensis and Mentha spicata. In particular, menthol has been found to interact with cytosolic 

Ca2+, probably through an intracellular Ca2+ store release and Ca2+ channel blocking.11, 12 

Menthone has been reported to be a growth inhibitor13, whereas pulegone, a potent 

abortifacient, is metabolized by hepatic microsomal mono-oxygenases to a series of 

hepatotoxins that cause liver cancer.14 Similarly, Spindler and Madsen15 reported that all 

haematological and biochemical parameters as well as absolute and relative weights of the 

organs were within normal range whereas the histopathological examination revealed 

alteration in the rat brain following the administration of peppermint oil (oil from Mentha 

piperita) for 86 days experimental period.  Unfortunately however, there is dearth of 

information on the toxicological effect of the essential oil from Mentha longifolia leaves 

growing in Eastern Cape of South Africa.  

     This study was, therefore, undertaken to evaluate the possible toxicological effect of the 

essential oil from Mentha longifolia in rats. This was evaluated on haematological 

parameters, serum enzymes and lipid profile as well as organ-body weight ratios and function 

indices. 
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Materials and Methods 

Plant material and authentication 

     Samples of the plant, collected from Nkonkobe municipality in the Eastern Cape, South 

Africa, at full maturity (flowering stage) were authenticated by Professor DS Grierson of the 

Department of Botany, University of Fort Hare. A voucher specimen (Kem 01/2006) was 

deposited at the Giffen Herbarium of the University. 

 

Experimental animals 

     Twenty- five Wistar rats of both sexes, weighing between 200 and 230 g, were obtained 

from the Animal House of the Agricultural and Rural Development Research Institute 

(ARDRI), of the University of Fort Hare. The rats were housed in polypropylene cages 

placed in well-ventilated house conditions (temperature 23 ± 1˚C; photoperiod: 12 h natural 

light and 12 h dark; humidity: 45-50%). They were fed with EPOL brand pelleted feed 

(EPOL feeds Ltd, South Africa) and tap water ad libitum. The study was carried out 

following approval from the Ethical Committee on the use and care of laboratory animals of 

the University of Fort Hare, South Africa. 

 

Assay kits 

     The assay kits for creatinine, urea, uric acid, calcium, phosphorus, cholesterol, 

triglycerides, HDL-cholesterol and LDL-cholesterol, albumin, bilirubin, alkaline 

phosphatase, gamma-glutamyl transferase, alanine and aspartate aminotransferase were 

obtained from Roche Diagnostic GmbH, Mannhein, Germany.  



 95

 

Preparation of essential oil 

     Fresh leaves (256.90 g) of M. longifolia (flowering) were subjected to hydrodistillation in 

an all glass Clevenger-type apparatus for 3 h according to the method described in the British 

Pharmacopoeia.16 This gave 9.24 g of the oil corresponding to a percent yield of 3.6 (w/w). 

The oil was stored in an air-tight container at 4˚C. 

 

Animal grouping and administration of essential oil 

    The rats were completely randomized into five groups consisting of five rats each. Group 

A (control) received orally, 1µl/kg body weight of distilled water on a daily basis for 14 

days, while Groups B, C, D and E were treated like the control except that they also received 

125, 250, 375 and 500 µl/kg body weight of the essential oil, respectively. The oil and the 

distilled water were administered daily at 0900 – 1000 hr.  

 

Preparation of serum  

     The method described by Yakubu et al.17 was used in the preparation of the serum. The 

rats were initially weighed before the sacrifice. Under ether anaesthesia, the neck area of the 

rats was quickly shaved to expose the jugular veins. The veins after being slightly displaced 

(to avoid contamination with interstitial fluid) were sharply cut with a sterile scalpel blade 

and an aliquot (2 ml) collected into EDTA sample bottles (BD Diagnostics, Preanalytical 

Systems, Midrand, US) for the haematological analysis while the remainder (5 ml) was 

allowed to clot for 10 min at room temperature. The clotted blood was centrifuged at 1282 g 

x 5 min using Hermle Bench Top Centrifuge (Model Hermle, Z300, Hamburg, Germany). 
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The serum was stored frozen overnight before being used for the assay. The heart, liver and 

kidney samples were, thereafter, excised from the animals, blotted in tissue paper and then 

weighed for the determination of the organ-body weight ratio.  

 

Determination of biochemical parameters 

Adopting the method of Tietz et al.18, the levels of creatinine, uric acid, calcium and chloride 

ions, urea, sodium, potassium ions and phosphorus were determined. Total cholesterol, LDL-

C, HDL-C, triglyceride, albumin, bilirubin, protein, alkaline phosphatase, gamma-glutamyl 

transferase, alanine and aspartate aminotransferase were determined using assay kits from 

Roche Diagnostics, GmbH, Germany, on a Roche modular (model P800), Mannhein, 

Germany. The Advia 2120 (Bayer, Germany) was used for the determination of 

haematological parameters.  

     

Statistical analysis  

Data obtained were subjected to one way analysis of variance (ANOVA) and means were 

separated by Duncan’s Multiple Range Test.19 Percentage data were transformed to arcsine 

before analysis. Significant levels were tested at P<0.05.  

 

Results 

     The essential oil from Mentha longifolia leaves produced no definite pattern on the white 

blood cells (WBC) at all the doses investigated whereas the neutrophils, monocytes,  large 

unstained cells (LUC) and mean corpuscular volume (MCV) increased significantly 

(P<0.05). While there was significant decrease (P<0.05) in the red blood cells (RBC) and 
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lymphocytes, the eosinophils, basophils, packed cell volume (PCV), haemoglobin (Hb), 

mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration 

(MCHC) were not significantly altered (Table 1).  

     The essential oil at all the doses increased (P<0.05) the liver-body weight ratio whereas 

the heart-body weight ratio compared favourably with the control. The highest dose (500 

µl/kg body weight) also increased the kidney-body weight ratio (Figure 1). 

     Apart from the increase in serum inorganic phosphorus as well as reduction in serum urea 

concentration, the essential oil did not produce any appreciable change in the serum 

concentrations of creatinine, uric acid, sodium, calcium, chloride and potassium ions (Table 

2). Similarly, aside from the 125 µl/kg body weight that increased the serum concentration of 

total protein, albumin, total bilirubin as well as conjugated bilirubin, the values of these 

indices were not significantly different at other dose levels (Table 2). 

     The serum alkaline phosphatase activity increased at all the doses whereas the activities of 

gamma-glutamyl transferase, alanine and aspartate aminotransferases in the serum compared 

favourably (P>0.05) with their controls (Figure 2).  

     Administration of the essential oil from Mentha longifolia leaves increased the serum 

cholesterol, triglyceride and high density lipoprotein-cholesterol (HDL-C) concentrations. 

The serum low density lipoprotein-cholesterol (LDL-C) content was not significantly 

different from the control. The computed atherogenic index was also reduced by the essential 

oil (Figure 3).  
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Discussion 

         Assessment of haematological parameters can be used to determine the extent of 

deleterious effect of a foreign compound including plant extracts on the blood. It can also be 

used to explain blood relating functions of a plant extract or its products.20 In this study, the 

significant decrease in RBC may be an indication that the extract impaired the production of 

the blood cells or the rate of destruction of the matured red blood cells was greater than the 

rate of its production from the bone marrow. However, the non-significant effect of the 

essential oil of Mentha longifolia on the Hb implied that the blood parameter was not 

adversely affected. The MCV, MCH and MCHC relate to individual red blood cells and are 

of particular importance in the diagnosis of anaemia.21, 22 The non-effects on these indices 

imply that the extract did not affect the incorporation of haemoglobin into red blood cells.22 It 

also indicates that the average size of RBC (microcytes) and haemoglobin weight per RBC 

were unaffected by the oil. Similarly, the non-significant effect of the oil on PCV implies that 

the percentage of blood volume taken up by red blood cells was not altered.  All these are 

indications of selective toxicity of the oil on the red blood cells and their related parameters.  

     The reduction in WBC only at the least dose of the essential oil (125 µl/kg body weight) 

may be due to an attempt by the animals to adapt to the effect of the extract since the other 

dose levels did not produce any significant change on the parameter. The non-significant 

effect on the platelets may imply that thrombopoietin was not affected by the oil.23 

Neutrophils are matured cells that attack and destroy bacteria in the blood.24 The significant 

increase in the neutrophils by the oil may imply enhancement in the ability of the blood 

component to phagocytose. Lymphocytes are the main effector cells of the immune system.25 
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The administration of the essential oil appears to exhibit stimulatory effect on the effector 

cells of the immune system. The fact that the eosinophils and basophils were not altered in 

this study implies the selective toxicity of the oil on the haematological parameters. This 

contrasts with findings of Spindler and Madsen15 which showed that the haematological 

parameters following the administration of the oil from Mentha piperita and Mentha arvensis 

were within normal range. 

     The biochemical indices evaluated in this study are useful parameters to assess the 

functional capacity of the liver and kidney.26 In this study, the significant increase in the liver 

and kidney-body weight ratios may indicate a toxic effect of the essential oil. This agreed 

with the findings of Madsen et al.27 after dosing rats with menthone, a component of 

peppermint oil. Therefore, the effect of the essential oil on the organ-body weight ratio in this 

study may be attributed to its menthone constituent. In contrast, the non-significant effect on 

the heart might be that the essential oil did not adversely affect the organ.  

     Inorganic electrolytes occur in large quantities in both extracellular and intracellular 

fluids. They comprise the most single important factor in the transfer and movement of 

electrolytes between the extracellular and intracellular compartments.28 Phosphate normally 

released during cell breakdown is used in building nucleic acid of cells. The observed 

significant increase in phosphorus suggests adverse effect on the normal tubular reabsorption 

or excretion of this ion by the kidney. On the other hand, the non-effect of the oil on sodium, 

calcium, chloride and potassium ion may be an indication that these ion-dependent processes 

were not adversely affected. Urea is the major nitrogen-containing metabolic product of 

protein catabolism. The reduction in the serum urea concentration observed in this study 

suggests abnormality in the physiological excretion of urea caused by a non-renal factor 
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which is the essential oil in this study. The effect produced by the oil on the uric acid and 

creatinine indicate non-impairment in the glomerular, tubular and renal functions. This 

further shows that the oil is selective in its effect on the kidney function indices. 

     Bilirubin, a metabolic breakdown product of heme derived from senescent red blood cells, 

is also one of the most commonly used liver function tests. The increase in total protein, 

albumin, total bilirubin and conjugated bilirubin observed with the least dose may be 

adduced to increase in the functional activity of the liver.26 This selective dose specific 

increase in the serum proteins may be an adaptation attempt to the effect of the oil. This 

adaptation became evident when higher doses did not produce any significant change in the 

liver function parameters (Table 2).  

     Alkaline phosphatase (ALP) is a ‘marker’ enzyme of damage for the plasma membrane 

and endoplasmic reticulum.29,30 It is frequently used to assess the integrity of the plasma 

membrane.31  Enzymes from diseased or damaged tissues may become recognizable in the 

serum presumably by leakage through altered cell membrane of the rat organs.32 The increase 

in serum ALP activity in this study confirmed that damage was inflicted on the plasma 

membrane.26 Such increase in the activity of the enzyme may be due to disruption of the 

ordered lipid-bilayer of the membrane structure of the affected organ. Therefore, the oil 

might have labialized the plasma membrane of the rat tissues.  

    Γ-glutamyl transferase is a membrane bound enzyme which catalyses the transfer of γ-

glutamyl group between peptides and amino acids.33 Similarly, aminotransferases are 

cytosolic enzymes that can be used to assess damage to the liver and heart.30,34 The non-

significant effect of the oil on these serum enzymes suggest that their levels were not altered.  
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     Alterations in the concentration of major lipids like cholesterol, high-density lipoprotein 

cholesterol, low-density lipoprotein cholesterol and triglycerides can give useful information 

on the predisposition of the heart to atherosclerosis and its associated coronary heart 

disease.35, 36 High blood cholesterol concentrations is an important risk factor for 

cardiovascular disease.37, 38 Therefore, the elevated serum cholesterol concentration observed 

with the oil may be due to an increase in the concentration of acetyl CoA arising probably 

from increased β-oxidation of fatty acids, since acetyl CoA is a key substrate in the 

biosynthesis of cholesterol.39 Although acetyl CoA was not measured in this study, 

nevertheless, the increase in serum cholesterol concentration may not be beneficial to the 

animals as it may enhance the incidence of atherosclerosis and hypertension.40 The increase 

in serum triacylglycerol concentration observed in this study may be attributed to accelerated 

lipolysis which may deplete the store of fatty acids.38  

 

High-density lipoprotein cholesterol (HDL-C) is considered to have anti-atherogenic 

properties, since there is a negative correlation between HDL and risk of cardiovascular 

disease.  The increase in HDL-C may be clinically beneficial to the animal. It has been 

demonstrated that an increase in the concentration of HDL-C correlates inversely with 

coronary heart disease.41 The biochemical importance of HDL-C lies in the fact that it 

removes cellular cholesterol, transferring it for excretion. Therefore, the increase in serum 

cholesterol concentration as observed in this study may not constitute health hazards since 

there was a corresponding increase in HDL-C which may assist in the excretion of 

cholesterol.  
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 Low-density lipoprotein cholesterol (LDL-C) is a primary carrier of plasma cholesterol and 

has been implicated in atherosclerosis.42 The non-significant effect of the oil on LDL-C 

coupled with the reduced atherogenic index further lend credence to the non-predisposition to 

atherosclerosis and coronary heart disease by the essential oil from Mentha longifolia leaves. 

Despite increasing the cholesterol and triacylglycerol contents of the serum, it is unlikely that 

the risk of atherosclerosis and coronary artery diseases will be enhanced by the essential oil, 

since the reduction in atherogenic index was accompanied by  an increase in HDL-C. 

     Our study has shown that the essential oil from Mentha longifolia leaves may not 

predispose the rats to atherosclerosis despite the alterations produced in the serum lipids. The 

study also showed that the essential oil from the leaves of Mentha longifolia exhibited dose 

and parameter specific effects on the biochemical parameters investigated. Therefore, the 

essential oil from Mentha longifolia may not be completely ‘safe’to use as an insecticide in 

stored maize grains.  
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Table 1: Effect of the essential oil of Mentha longifolia L. on  haematological parameters 

  of rats.  

  Amount of essential oil administered per kg body weight 
Haematological  
Parameters 

Control 
 

125µl  250µl 
 

375 µl 
 

500 µl 
 

WBC (X 109/l) 8.10±0.36ab 6.07 ±0.36c 8.69±0.81bc 7.25±0.28a 8.98 ±0.60ab 

RBC (X 1012/l) 9.09±0.07a 8.28±0.17 b 8.81±0.17ab 8.63±0.14ab 8.41±0.19b 

PCV (l/l) 0.51± 0.01a 0.51± 0.01a 0.50± 0.01a 0.50± 0.01a 0.51± 0.01a 

Hb (g/dl) 16.20±0.06a 15.75±0.38 a 15.75±0.28a 15.70±0.25a 15.98±0.20a 

MCV (fl) 56.65±0.20 b 60.45±1.11a 57.03±0.93ab 57.53±0.70ab 60.00±1.80ab 

MCH (pg) 17.80±0.23a 18.93± 0.46a 17.88±0.36a 18.20±0.40a 19.00±0.23a 

MCHC (g/dL) 31.45±0.49a 31.15±0.22a 31.38±0.22a 31.65±0.37a 31.68±0.31a 

Platelet (X109/l) 887.50± 

41.86a 

996.75±37.26a 970.00±50.83a 913.50±32.84a 1026.75±53.42a 

Neutrophils (%) 8.10±0.12a 10.43±0.37b 11.08±1.96b 11.48±1.20b 10.83±0.80b 

Monocytes (%) 20.15± 0.49c 24.88±0.33bc 26.70±1.54b 25.00±0.83bc 33.93±0.49a 

Lymphocytes (%) 61.30±0.82a 54.68±0.51b 54.73±1.24b 54.65±1.30b 46.15±3.22c 

LUC (%) 16.30±0.86c 18.28±1.04ab 18.98±0.71b 18.15±0.93ab 19.68±0.19a 

Eosinophils (%) 5.40±0.35a 5.33±0.20a 5.40±0.63a 6.30±0.76a 5.48±0.62a 

Basophils (%) 3.85±0.12a 4.23±1.00a 4.05±0.17a 4.00±0.24a 4.50±0.22a 

 
Data are mean ± SE values. 
Means with the same letter across the rows are not significantly different (P <0.05). WBC, 
white blood cell; RBC, red blood cell; PCV, packed cell volume; Hb, hemoglobin; MCV, 
mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; LUC, large 
unstained cell. 
 
 
 



 111

 
Table 2: Effect of the essential oil of Mentha longifolia L. on the liver and kidney 

   function indices of rats. 

  Amount of essential oil administered per kg body weight 
  
Parameters 

      Control 
 

125µl  250µl 375 µl 
 

500 µl 
 

Sodium 

(mmol/l) 

   144.67 ± 1.50a 163.33 ± 5.10a 143.33 ± 0.90 a 144.67 ± 0.9 0a 143.67 ± 0.90 a 

Potassium 

(mmol/l) 

      5.87 ± 0.27b 8.10 ± 1.9a 6.18 ± 0.43ab 5.73 ± 0.29b 6.03 ± 0.24b 

Chloride 

 ( mmol/ l)  

 110.67 ± 0.70ab 112.00 ± 2.00a 107.00 ±1.20b 109.33 ± 

0.90ab 

107.67 ±  1.20b 

Phosporus 

Inorganic 

(mmol /l)  

      
      2.73 ± 0.28b 

 
3.60 ± 0.30a 

 
3.23 ± 0.22ab 

 
3.03 ± 0.09ab 

 
3.20 ± 0.06ab 

Calcium  

(mmol/l)  

      2.33 ± 0.05a 2.32 ± 0.10a 2.33 ± 0.02a 2.36 ± 0.01a 2.38 ± 0.03a 

Urea (mmol/l)       7.60 ±  0.30a 7.23 ± 0.33ab 6.27 ± 0.13b  6.33 ± 0.55b 6.03 ± 0.35b 

Creatinine  

(mmol/l) 

       
     46.67 ± 3.67a 

 
47.33 ± 4.33a 

 
48.67 ± 2.03a 

 
51.67 ± 3.53a 

 
48.00 ± 2.08a 

Uric acid 

(mmol/l) 

      0.10 ± 0.02a 0.17 ± 0.02b 0.12 ± 0.03a 0.11 ± 0.02a 0.13 ± 0.02a 

Bilirubin total 

(µmol/l) 

     10.33 ± 2.85a 28.67 ± 1.67a 11.00 ± 1.53a 8.00 ± 0.58a 10.00 ± 1.00a 

Bilirubin 

Con- jugated   

(µmol/l) 

 

      
       4.33 ± 0.67a 

 
10.33 ± 0.33b 

 
5.33 ± 0.88a 

 
5.00 ±  0.58a 

 
4.33 ± 0.33a 

Albumin 

(mmol/l) 

 

      50.20±0.14a 52.66±0.11b 50.41±0.07a 50.39±0.08a 50.20±0.17a 
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Total protein 

(g/l) 

 

     60.67 ± 2.85a 81.33 ± 1.33a 61. 67 ± 0.88a 60.00 ± 0.58a  61.00 ± 2.08a 

 
Data are mean ± SE values. 
Means with the same letter across the rows are not significantly different (P <0.05).  
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Figure 1: Effect of the essential oil of Mentha longifolia L. on organ body weight ratio of 

     rats. Histograms of an organ with the same letter are not significantly different 

     (P< 0.05). 
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Figure 2: Effect of the essential oil from Mentha longifolia L. on some enzyme activities  

   of rat serum. Histograms (in a group) with the same letter are not significantly  

   different (P< 0.05). 

 



 115

aa

c

c

c

ba

a

bc

ab

ba

b

ab

ab

ba

b

abc

b

ba

ab

a

a

0

0.5

1

1.5

2

2.5

cholesterol
triglycerides

HDL cholesterol
LDL cholesterol

Atherogenic index

(mmol / l)

S
er

u
m

 li
p

id
 p

ro
fil

e

Control

125µl/kg body
weight
250µl/kg body
weight
375µl/kg body
weight
500µl/kg body
weight

 

Figure 3: Effect of the essential oil of Mentha longifolia L. on serum lipid profile of 

               rats. Histograms (in a group) with the same letter are not significantly  

               different (P< 0.05). 
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Chapter 9 

DISCUSSION AND CONCLUSIONS 

Postharvest losses due to insect damage is a major challenge facing farmers in tropical and 

sub-tropical Africa. In the absence of insect control, the threats of malnutrition and hunger 

loom over millions of people in the developing world especially in africa where most of the 

grains are grown for consumption and the ravages of stored-product insects are the greatest 

(Donahaye, 2000). Thus, the protection of farm produce against the deleterious effect of 

insect pests is very important in order to attain food security in the phase of the ever 

increasing African annual population (Schult 1994, in Eicher and Byerlee, 1997). To ensure 

food security among the people, there is a need for adequate control of insect pest damage on 

stored food. 

The search for safe and environmentally-friendly pest control agents has led to the 

exploration of natural products from plants for potential alternatives. In this study, 

information gathered from the literature shows that the protection of stored agricultural 

products (including maize) using plant materials has been an age-long practice in South 

Africa. Also, plants from several families are known to exhibit various modes of actions 

against a wide range of insects, some of which have been scientifically validated (Chapter 2) 

The present study has highlighted the importance of farmers’ knowledge and experience of 

indigenous insect pest control. A survey conducted as part of the study revealed that 63% of 

the farmers were aware of indigenous knowledge of insect pest control, despite the fact that 

such methods are currently being neglected and the knowledge of its application fast eroding. 

Insects and other pests were reported to be a major threat to most of the cultivated crops. The 



 118

maize storage weevil (Sitophilus zeamais) was identified as the cause of huge losses of 

harvested maize. Poor storage condition were observed in most of the visited farms, where 

maize grains were either spread on the ground inside an open room, stored in plastic 

containers and synthetic bags or spread on top of the roofs. Some of these storage conditions 

may encourage rapid insect development (Chapter 3). Interestingly, from this study, majority 

of farmers were eager to adopt new insect control methods if available. 

 

Recently, there has been a growing interest in research regarding the possible use of plant 

extracts as alternatives to synthetic insecticides. Essential oils are among the best known 

plant products tested against insects (Papachristos and Stamopoulos, 2002, Formisano et al, 

2008). Plant essential oil is a group of botanical insecticide that has recently been 

commercialized in the United States (Isman, 2008). However, thousands of plants with 

potential insecticidal properties are still there in the forest /vegetation unexplored. In the 

course of the present study, the essential oil of M. longifolia exhibited different levels of 

toxicity against S. zeamais at the various concentrations investigated. The dose of the oil at 

0.50µl /g of maize grains in the contact bioassay caused 100% mortality of S. zeamais. The 

level of fumigation toxicity exhibited by the oil was moderate at 24 and 32 µl of oil per litre 

of air. However, the oil evoked a very high repellency against the insect. Also, T. minuta oil 

acted similarly in the contact bioassay causing 100% mortality at 0.375µl /g of maize grains. 

The repellent effect of the oil against S. zeamais was well pronounced. Contrarily, the 

essential oils of R. officinalis, H. oddoratissimum and P. graveolens had weak contact and 

fumigation effects against S. zeamais. The results from this study shows that the essential oils 

of M. longifolia and T. minuta have the potential to be employed in the control of S. zeamais. 
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This study further revealed that the essential oil of M. longifolia and T. minuta had no major 

adverse effect on the proximate composition of maize grains stored with the oils over a 

period of three months. M. longifolia had no significant change in the colour of the treated 

grain throughout the storage period. However, the oil affected on the grain odour at the 

earlier storage period, which was found to decrease as the storage period progressed. A 

similar trend was also observed for the oil of T. minuta. 

 

Several cases of pesticide poisoning have been reported in human food across the globe. The 

problems of chemical residues in treated crops and grains have been of a great concern to the 

public. This has led to the increasing demand for quality food uncontaminated by insecticidal 

residues (Donahaye, 2000). The results obtained from this study indicated that the essential 

oil from M. longifolia leaves may not lead to atherosclerosis but might disrupt the cell 

membrane, and cause dysfunction in the rat liver. T. minuta oil had mild effect on the 

parameters investigated at certain doses. It is, therefore, advised that the essential oils from 

these plants not be used as insecticides for protection against S.  zeamais, in maize grains that 

are intended for human consumption, at the doses investigated.  
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Appendix 1. Questionnaire administered for the survey on the farmer’s knowledge and 

experience of indigenous insect pest control in the Eastern Cape, South Africa. 

(Chapter 3). 

 
The aim of this questionnaire was to obtain baseline information on the plants used for insect 

pest control by the farmers. 

 

Questionnaire 

Village……………………    Questionnaire………………….. 

Location…………………..    Date………………………….. 

       Sex……………………………. 

       Age…………………………… 

 

PERSONAL INFORMATION 

1. Educational background…………………. 

2. Major source of income………………….. 

 

FARMING EXPERIENCE 

3. Do you grow crops? If yes 

4. What crops do you grow? 

 

5. Why do you grow these crops? 
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i) For home consumption   (    ) 

ii)  Selling                             (    ) 

iii)  For livestock            (    ) 

iv) Others                              (    ) 

6. How long have you been growing these crops? 

Crop <1 

year 

2-5 

years 

6-10 

years 

>10 

years 

Maize 

Beans 

Cabbage 

Others 

    

 

7. Where do you plant these crops? 

 Size 

Home gardens  

Arable fields  

 

8. Do you have any insect problem in growing/ storing these crops? If yes 

9. What type of insect (s)? 

 

 

10. What is the nature of damage caused by these insects? 

11. At what stage are your crops affected? 
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i)  Seedling (    ) 

ii) Vegetative (    ) 

iii) Flowering (    ) 

iv) Fruiting (    ) 

v) Post-harvest (    ) 

 

12. In what way does this damage affect your yield, quantity of produce or quality of 

produce? 

 

 

13. At what time of the year do you experience these problems? (Summer, Spring…….. 

14. What other type of pest problem do you encounter…………..? 

15. What do you do with the harvested produce? 

      Keep in; 

      Barn 

      Tanks 

            Others……………. 
     16. What materials do you use to make the storage units? 
 
 
 
      17. What are the various ways you control the insect pest problems? 
                          

i) At growing stage 
 

ii) In storage 
  18. Do you buy any of the materials you use to control the insect pest? 

          
            If yes, what do you buy? 
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- Where do you buy them from? 
 
- How do you pay for them? 

 
- How do you use them? 

 
19. Do you know of any other methods that these insect problems were controlled in the  

        olden days? 

 20. Are there plants that are used to control insect pest? If yes? 

 i) What is the name of the plant? 

 ii) Which part of the plant do you use? 

 a) Leaves (    ) 

 b) Stem (    ) 

 c) Bark  (    ) 

 d) Root (    ) 

 iii) How is it prepared? 

    iv) How is it used? 

21. What are your suggestions for the control of these insects? 
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Appendix 2a. Assessment sheet for grain quality parameters (Chapter 6) 
 
 
 
 

ASSESSMENT SHEET FOR MAIZE GRAIN 
 
 
 
Sheet no…….  
Date of 
assessment…………. 

 
Odour Assessed 

by…………………. 
Sample 1 2 3 4 5 

A1      

A2      

A3      

B1      

B2      

B3      

C1      

C2      

C3      

D1      
D2      
D3      
E1      
E2      
E3      
F1      
F2      
F3      
 
 
Scale: 1-5 
 

1- No difference in grain  odour. 
2- Grain has little offensive odour. 
3- Grain has moderately offensive odour. 
4- Grain has offensive odour. 
5- Grain has very offensive odour. 
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Appendix 2b. Assessment sheet for grain quality parameters (Chapter 6) 
 
 
 

ASSESSMENT SHEET FOR MAIZE GRAIN 
 
 
 
Sheet no…….  
Date of 
assessment…………. 

 
Colour Assessed 

by…………………. 
Sample 1 2 3 4 5 

A1      

A2      

A3      

B1      

B2      

B3      

C1      

C2      

C3      

D1      
D2      
D3      
E1      
E2      
E3      
F1      
F2      
F3      
 
 
Scale: 1-5 
 

1- No detectable change i.e natural white with a few yellow/ red grains. 
2- Slight change (≤ 5%) from natural white/ yellow/ red to light brown. 
3- Moderate change (> 5 to 30%) from natural white/ yellow/ red to brown. 
4- Great change (> 30- 50%) from natural white/ yellow/ red to dark brown. 
5-Highly significant change (> 50 %) making grain unacceptable for human  
    consumption. 
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Appendix 4. Typical output on Analysis of Variance and DMRT for the effect of 

administration of the essential oil from Tagetes minuta L. leaves in Wistar Rats 

(Chapter 7). 

                                            
Dependent Variable: WBC  
 
                                                                  Sum of 
                   Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
                   Model                        4     28.30518000      7.07629500       2.98    0.0539 
 
                   Error                       15     35.63407500      2.37560500 
 
                   Corrected Total      19     63.93925500 
 
 
 
                                       Duncan's Multiple Range Test for WBC 
 
                                            Alpha                        0.05 
                                            Error Degrees of Freedom       15 
                                            Error Mean Square        2.375605 
 
 
                               Number of Means          2          3          4          5 
                               Critical Range       2.323      2.435      2.505      2.552 
 
 
                               Means with the same letter are not significantly different. 
 
 
                               Duncan Grouping          Mean      N    trt 
 
                                             A                       7.820      4    C 
 
                                             B                        5.353      4    D 
                                             B 
                                             B                        5.235      4    B 
                                             B 
                                             B                        5.235      4    E 
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                                             B 
                                             B         4.250      4    A 
                                                     
 
 
 
    Dependent Variable: RBC  
 
                                                                  Sum of 
                   Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
                   Model                        4      2.35432000      0.58858000       3.21    0.0433 
 
                   Error                       15      2.75377500      0.18358500 
 
                   Corrected Total      19      5.10809500 
 
 
 
                                       Duncan's Multiple Range Test for RBC 
 
 
 
                                            Alpha                        0.05 
                                            Error Degrees of Freedom       15 
                                            Error Mean Square        0.183585 
 
 
                               Number of Means          2          3          4          5 
                               Critical Range       .6458      .6769      .6963      .7095 
 
 
                               Means with the same letter are not significantly different. 
 
 
                                    Duncan Grouping          Mean      N    trt 
 
                                               A                        9.1375      4    E 
                                               A 
                                        B    A                         9.0375      4    D 
                                        B    A 
                                        B    A    C                   8.9775      4    C 
                                        B           C 
                                        B           C                   8.3975      4    B 
                                                      C 
                                                      C                  8.3225      4    A 
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Dependent Variable: Neutrophils  
 
                                                                  Sum of 
                   Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
                   Model                        4      89.1126117      22.2781529       5.39    0.0068 
 
                   Error                       15      61.9953935       4.1330262 
 
                   Corrected Total       19     151.1080052 
 
 
 
                                       Duncan's Multiple Range Test for Neutrophils 
 
             
 
 
                                            Alpha                        0.05 
                                            Error Degrees of Freedom       15 
                                            Error Mean Square        4.133026 
 
 
                               Number of Means          2          3          4          5 
                               Critical Range       3.064      3.212      3.304      3.366 
 
 
                               Means with the same letter are not significantly different. 
 
 
                                  Duncan Grouping          Mean      N    trt 
 
                                                 A                   16.394      4    A 
                                                 A 
                                           B    A                   14.598      4    B 
                                           B    A 
                                           B    A                   14.281      4    D 
                                           B 
                                           B     C                  12.306      4    E 
                                                  C 
                                                  C                  10.232      4    C 
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Dependent Variable: Hb 
 
                                                                  Sum of 
                   Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
                   Model                        4      3.20300000      0.80075000       2.63    0.0764 
 
                   Error                       15      4.57500000      0.30500000 
 
                   Corrected Total       19      7.77800000 
 
 
                                       Duncan's Multiple Range Test for Hb 
 
                                            Alpha                        0.05 
                                            Error Degrees of Freedom       15 
                                            Error Mean Square           0.305 
 
 
                               Number of Means          2          3          4          5 
                               Critical Range       .8324      .8725      .8975      .9145 
 
 
                               Means with the same letter are not significantly different. 
 
 
                                  Duncan Grouping          Mean      N    trt 
 
                                                 A       16.1250      4    E 
                                                 A 
                                           B    A       16.0250      4    C 
                                           B    A 
                                           B    A       15.3500      4    A 
                                           B    A 
                                           B    A       15.2500      4    D 
                                           B 
                                           B              15.2000      4    B 
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Dependent Variable: PCV 
 
                                                                  Sum of 
                   Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
                   Model                        4      0.00238000      0.00059500       1.04    0.4202 
 
                   Error                       15      0.00860000      0.00057333 
 
                   Corrected Total      19      0.01098000 
 
                                       Duncan's Multiple Range Test for PCV 
 
             
                                            Alpha                        0.05 
                                            Error Degrees of Freedom       15 
                                            Error Mean Square        0.000573 
 
 
                             Number of Means           2           3           4           5 
                             Critical Range       .03609      .03783      .03891      .03965 
 
 
                               Means with the same letter are not significantly different. 
 
 
                               Duncan Grouping          Mean      N    trt 
 
                                             A                     0.53500      4    E 
                                             A 
                                             A                      0.53250      4    C 
                                             A 
                                             A                      0.51750      4    D 
                                             A 
                                             A                     0.51250      4    A 
                                             A 
                                             A                      0.50750      4    B 
                                                     
 
     
          
 
Dependent Variable: MCV 
 
                                                                   Sum of 
                   Source                      DF         Squares     Mean Square    F Value    Pr > F 
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                   Model                        4     41.38700000     10.34675000       4.62    0.0125 
 
                   Error                       15     33.62250000      2.24150000 
 
                   Corrected Total      19     75.00950000 
 
 
                                                                        Duncan's Multiple Range Test for MCV 
 
 
 
                                            Alpha                        0.05 
                                            Error Degrees of Freedom       15 
                                            Error Mean Square          2.2415 
 
 
                               Number of Means          2          3          4          5 
                               Critical Range       2.256      2.365      2.433      2.479 
 
 
                               Means with the same letter are not significantly different. 
 
 
                                    Duncan Grouping          Mean      N    trt 
 
                                               A                        61.400      4    A 
                                               A 
                                        B    A                        60.225      4    B 
                                        B    A 
                                        B    A     C                 59.200      4    C 
                                        B            C 
                                        B            C                 58.425      4    E 
                                                      C 
                                                      C                 57.225      4    D 
Dependent Variable: MCH 
 
                                                                  Sum of 
                   Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
                   Model                        4      5.46700000      1.36675000       6.48    0.0031 
 
                   Error                       15      3.16250000      0.21083333 
 
                   Corrected Total     19      8.62950000 
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                                       Duncan's Multiple Range Test for MCH 
 
             
 
                                            Alpha                        0.05 
                                            Error Degrees of Freedom       15 
                                            Error Mean Square        0.210833 
 
 
                               Number of Means          2          3          4          5 
                               Critical Range       .6920      .7254      .7462      .7603 
 
 
                               Means with the same letter are not significantly different. 
 
 
                                  Duncan Grouping          Mean      N    trt 
 
                                                A                    18.4750      4    A 
                                                A 
                                           B   A                    18.0750      4    B 
                                           B   A 
                                           B   A                    17.9000      4    C 
                                           B 
                                           B                          17.6750      4    E 
 
                                                C                     16.9000      4    D 
                                                     The SAS System                      
 

 

 

 

 
 
 
 
 
 
 



 135

 
 
 
 
 


