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ABSTRACT 

The experiment was conducted under laboratory conditions of plant 

protection Department, College of Agricultural Studies, Sudan University of 

Science and Technology (SUST), During March and April 2015. The 

objective of this research is to detect, identify seed borne fungi associated 

with seeds of groundnut, (Arachis haypogaea L.), and test the effect of 

ethanol extracts of (Ginger rhizomes Zingiber officinale Roscoe) and Neem 

(leaves Azadirachta indica A.Juss)، against fungi Aspergillus flavus strain. 

Seeds samples of groundnut was collected from four regions in Sudan 

(Algeneina, Nyla, New hafa and Alrahad-alfao), two samples from each 

region of seasons (2013-2014 and 2014-2015), the study covered Seed 

health Testing process, detection and identification of Seed borne fungi 

before-after cultured seeds of groundnut on PDA media and Filter papers 

methods. Five types of fungus were detected, identificated and isolated, 

these fungus are Aspergillus flavus, Aspergillus niger, Penicillium digitatum, 

Alternaria alternata and Rhizopus. The result showed that the degree of 

inhibition of fungi increase with the increasing of ethanol extract 

concentration which   added with concentrations (25%, 50% and 100%) to 

A. flavus strain, moreover the ethanol extracts of Ginger and Neem at 

concentration of 100% gave the highest redaction of the growth on A. flavus 

in the last day from incubation, the inhibition growth was (89% and 86.4%), 

respectively.  

 Ethanol extracts contain antifungal compounds which could be used as 

alternatives for the fungicides for assurance the safety of human and plant 

from risk of fungicides. 
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CHAPTER ONE 

INTRODUCTION 

Groundnut (Arachis haypogaea L.) plant belongs to the family Fabaceae 

(Gregory, 1973). It is the 3rd most important food crop and 4th most 

important oil seed crop of the world. This crop is known throughout the 

world by different names, Peanut, Earthnut, Monkey-nut and Goobers. It is 

grown in nearly 100 Countries. The origin of the groundnut South American,   

(Hommons, 1994 and weiss, 2000).  

The main producing Countries are China, India, Nigeria, USA, Indonesia 

and Sudan (Mondal; et al., 2006). In addition it is widely grown in many 

Countries such as Myanmar, Vietnam, Senegal, the Democratic Republic of 

Congo, Chad, Burkina Faso, Zimbabwe, Mali, Mozambique, Uganda, and 

Tanzania (Shiferaw et al., 2004). China and India together are the world's 

leading groundnut producers accounting for nearly 60% of the production 

and 52% of the crop area. Especially in the developing countries, groundnut 

has to play an important role both as oil and food crop. Most of the 

groundnuts are used for extraction of oil for domestic consumption and 

export. For example, Sudan accounted for 17% of the world groundnut 

export trade (Abulu, 1978). 

Groundnut is growing primary as an oilseed crops and most of the produces 

is used for oil production (Singh, 1982). It is consumed directly in processed 

food and snacks as valuable source of protein, energy, minerals, oil, meal 

and confectionery products (Abu Assar et al., 2008). Groundnut is growing 

for food that including peanut butter, roasted in the shell, candy, and as 

shelled whole seed that are salted, or dry-roasted (Isleib and Wynne, 1992). 

The seed cake and hay are valuable source animal feed. Shells maybe used 
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as a source of heat and raw source of many products, (e.g.) activated carbon, 

organic chemicals and combustible gases. 

In the Sudan groundnut is produced under two environmental conditions 

irrigated and rain fed conditions. Irrigated areas include Gazira, Rahad, New 

Halfa, Suki, Blue and White Nile schemes. Rain-fed areas include South, 

West, North and East Darfur, South and North Kordofan. Irrigation peanut is 

producing on heavy black cracking of central Sudan, where only late 

maturing (Virginia) types are grown (Khidir, 1997 and Ismail, 2000). 

Groundnut production in Africa has suffered from fluctuation and downward 

trend low yield in the Eastern Africa, that have been attributed to the 

variable rains with recurrent drought, lack of high-yielding cultivars, insect 

pests and diseases, as well as low input used in groundnut cultivation 

(Mahmoud, 1995). Groundnuts that are used as raw materials for peanut 

butter processing are liable to colonization by fungal molds during harvest-

handling, storage and transportation, exposing them to the risk of 

contamination with aflatoxin (Polixeni and Panagiota, 2008; Mutegi, 2012). 

The main aflatoxin producing fungi in groundnuts are Aspergillus flavus, 

(CAST, 1998), which mostly infect groundnuts as a complex. (Varga, 2012;  

Mutegi,  2012) reported A. flavus L-strain, A. flavus S-strain, and A. niger as 

the major fungal pathogens infecting groundnuts and groundnut products 

from Busia and Homa Bay districts in Western Kenya. Aspergillus flavus 

and aflatoxin have been reported in groundnuts in Sudan (Omer, et al.; 

2001) and Egypt (Abdelhamid, 1990). Aspergillus flavus is the main 

producer of aflatoxin, only grows in groundnut when the moisture content 

exceeds 9% and has optimum growth conditions of between 25 and 30oC 

(Ribeiro, et al.;  2006). The warm and humid environmental conditions in 

Africa are ideal for growth of A. flavus making aflatoxin contamination of 
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food, including groundnuts, a widespread problem across the continent 

(Bankole, 2006; Wagacha and Muthomi, 2008). Acute exposure of humans 

to aflatoxins leads to outbreak of a disease condition known as aflatoxicosis 

contributing significantly to the disease burden in Africa, chronic effects of 

aflatoxins result from continuous exposure to relatively low levels of toxins 

over a prolonged period (Mehan, 1991). 

Some of the common effects of chronic aflatoxicosis include impaired food 

conversion, slower rates of growth, and a decrease in absorption of various 

micronutrients (Jolly, 2007). Aflatoxin contamination of groundnuts 

therefore poses a risk to human health and has been identified as a major 

constraint to trade in Africa (Mutegi, 2009). Peanut butter is one of the main 

products of groundnut processing (Campos-Mondragón, 2009). 

If raw groundnuts are contaminated with aflatoxins, there is a high risk of 

exposure to the consumer through consumption of peanut butter processed 

from such groundnuts practices such as poor storage and handling within the 

peanut butter cottage industry could contribute to further aflatoxin 

contamination of peanut butter. High aflatoxin levels up to 22 mg/kg in 

groundnut products such as roasted nuts and peanut butter have been 

reported in Nairobi (Mutegi, 2010). 

The significant economic and health hazards caused by fungi and mycotoxin 

especially in developing countries that have poor food storages is of great 

concern so to ensure a healthy food supply thereby minimizing 

consequences to food security, international trade and animal and human 

health, there is a need to monitor fungal and mycotoxin contamination 

periodically so as to meet international and national mycotoxin regulatory 

standards (128 Afr. J. Food Sci.). 
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This study therefore conducted to determine the status of fungi 

contamination in groundnuts on four regions. Standard laboratory methods 

used for the detection of the fungi Aspergillus flavus from Seed of groundnut 

samples. 

In this regard, the objectives of this study are to:  

• Validate and determine the contamination of groundnut by the fungi 

associated with seeds of groundnut.  

• Detection, identification and isolation the fungi Aspergillus flavus from 

groundnut Seed samples. 

• Inhibit the Aspergillus flavus growth by using ethanol extracts of 

botanical, (Ginger rhizomes and Neem leaves), and use the fungicide 

Topas Ec.100 as a standard to control Aspergillus flavus. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 The Groundnut 

Groundnut or peanut (Arachis hypogea Linn), is a plant which belongs to the 

family of Fabaceae (Eke-Ejiofor, et al.; 2012). Botanically, groundnut is a 

legume although it is widely identified as a nut and has similar nutrient 

profile with tree nuts (Ros, 2010). This annual plant is generally distributed 

in the tropical, sub-tropical and warm temperate areas and represents the 

second most important legume in the world based on total production after 

soybean (Pattee and Young, 1982; Redden, et al.; 2005).  

Groundnut (Arachis hypogea Linn), consumed directly in processed food 

and snacks constitute valuable source of protein, energy and minerals, 

utilization of oil, meal and confectionery groundnuts is increasing 

concurrently with a gradual shift away from oil and meal into confectionery 

products and snacks. Groundnut is primarily used for oil extraction in Sudan. 

It is also consumed directly because of its high food value. The total area 

under groundnut production is approximately one million hectares with an 

average yield of 855 kg ha-1 and total production of 826,000t. High yielding 

Virginia types with different seed size categories have been released for the 

irrigated sector (El Ahmadi, 1993; Abu Assar, et al.; 2000). 

 

 

 

 

 

 



6 

 

 

(www.itis.gov/servlet/singleRpt.) 

2.1.2 Importance 

Peanuts are among the most common nuts included in many diets worldwide 

and play an important role in the diets of several African populations, 

especially children, because of their high content of protein (approximately 

25%), fat and carbohydrate. (Kamika and Takoy, 2011). 

The average world production of groundnut pods amounted to about 35.88 

million tons/year from 24.4 million hectare and the total production in sub-

Saharan Africa was 8.2 million tons/year from 9.5 million hectare (USDA, 

2012). The main producing Countries are China, India, Nigeria, United 

States, Indonesia and Sudan. Peanut constitutes a major annual oilseed crop 

and a good source of protein containing high lysine content, which makes it 

a good complement for cereal (Okaka, 2005). The proximate biochemical 

composition of mature groundnut Seeds /100gm edible portion, moisture 

2.1.1 Scientific classification 

Kingdom : Plantae  

Subkindom : Viridiplantae  

Infrakindom : Streptophyta  

Superdivision : Embryophyta  

Division : Tracheophyta  

Subdivision : Spermatophytina  

Dlass : Magnoliopsida  

Superorder : Rosanae  

Order : Fabales  

Family : Fabaceae  

Genus          : Arachis  

Species    : Arachis hypogaea L.  
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(6.5g), protein (25.8 g), lipids (49.2 g), carbohydrate(16.1g), dietary fibre 

(8.5 g), calcium (92 mg), magnesium(168 mg), phosphorus (376 mg) and 

iron (4.6 mg) (USDA, 2010). However, peanut contains some antinutritional 

factors as physic acid, condensed tannins, trypsin and amylase inhibitor, that 

may limit its usage and nutritional value (Njintang, et al.; 2001). 

 2.2 The diseases 

Peanut (Arachis hypogaea L.) is one of most important and widespread oil 

crops. One of the major problems in peanut production worldwide is 

aflatoxin contamination, which is of great concern in peanut as this toxin can 

cause teratogenic and carcinogenic effects in animal and human. Infection of 

peanut by A. flavus occurs not only in post-harvest but also in pre-harvest 

conditions. Several biotic (soil-born and insects) and abiotic (drought and 

high temperature) factors are known to affect pre-harvest aflatoxin 

contamination, while the late season drought (20-40 days before harvest) 

which predispose peanut to aflatoxin contamination is more important in the 

semi-arid tropics. Irrigation in late season can reduce peanut pre-harvest 

aflatoxin contamination, but this cultural practice seems to be impractical in 

some areas, especially in semi-arid and arid areas, (Wang, 2010). 

Moreover, groundnuts are liable to fungal contamination during handling, 

storage and transportation, exposing them to the risk of contamination with 

aflatoxin (Polixeni and Panagiota, 2008; Mutegi, 2012). Indeed, groundnuts 

can be contaminated with aflatoxin during pre-harvest and post-harvest 

processing and the risk of contamination increases along the marketing chain 

due to poor handling practices (Kladpan, 2004; Kaaya, 2006). The main 

aflatoxin producing fungi in groundnuts are Aspergillus flavus, Aspergillus 

parasiticus and Aspergillus nomius, which mostly infect groundnuts as a 

complex (Varga, 2012).  
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A. flavus grows in groundnuts when the moisture content exceeds 9% and 

has optimum growth conditions of between 25 and 30ºc, and water activity 

of 0.99% with a minimum of 0.83%, while production of aflatoxin occurs 

optimally at 25ºc and water activity of 0.99%. (Ribeiro, et al.; 2006). 

According to (IARC, 2002), aflatoxin produced by Aspergillus spp., has 

immune suppressive effects and epidemiological studies have shown a 

positive correlation between aflatoxin intake and the incidence of liver 

cancer. Peanuts and its derivatives are often classified as street food which 

satisfies essential need of the urban population by being affordable and 

available (Donkor, et al.; 2009). Peanut seeds are eaten raw, boiled or 

roasted, made into butter or paste and are used for thickening soups 

(Campos-Mondragón, et al.; 2009).  

Peanut butter is made by grinding dry roasted groundnuts into a paste 

(Mutegi, et al.; 2009). Peanuts are also used as major ingredients in the 

formulation of weaning food with other cereals such as sorghum, corn, and 

millets because of their high protein and omega 6 fatty acid contents (Iro, et 

al.; 1995). All the fungal densities are based on the wet mass of final soil 

preparation used for inoculating seeds. 

2.2.1 Seeds born fungi 

Seeds play a vital role in the production of healthy crops. Healthy seed is the 

foundation of healthy plant; a necessary condition for good yields (Diaz, et 

al.; 1998). Seed is the most important input for crop production. Pathogen 

free healthy Seed is urgently needed for desired plant populations and good 

harvest. Many plant pathogens are seed-borne, which can cause enormous 

crop losses; reduction in plant growth and productivity of crops (Kubiak and 

Korbas, 1999; Dawson and Bateman, 2001; Islam, 2009).  
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Fungi, or moulds in this context to differentiate them from single celled 

yeasts, are destructive agents causing losses of agricultural commodities in 

many zones of the world, ranking alongside insects and weeds for crop loss 

or yield reduction. They can occur on growing in-field crops as well as 

harvested commodities, leading to damage ranging from rancidity, odor, 

flavor changes, loss of nutrients, and germ layer destruction. This can result 

in a reduction in the quality of grains, as well as gross spoilage and possible 

mycotoxin production (Oerke and Dehne, 2004). 

2.2.1.1 Aspergillus spp. 

The role of Aspergillus spp. in food spoilage is well-established (KRN Reddy, et 

al.; 2010). Many Aspergilli are xerophilic and present particular problems during 

commodity harvest, and during subsequent drying and storage. About 30 species 

of Aspergillus or their teleomorphs are associated with food spoilage, these 

include: Aspergillus flavus, Aspergillus parasiticus, Aspergillus nomius, 

Aspergillus ochraceus, Aspergillus candidus, Aspergillus restrictus, Aspergillus 

penicillioides, Aspergillus niger, Aspergillus carbonarius, Aspergillus fumigatus, 

Aspergillus clavatus, Aspergillus carbonarius, and Aspergillus versicolor. (Haq 

Elamin, 1988). However, (Haq Elamin NH, 1988; Yousif,et al,; 2010; and 

Olusegun, et al,; 2013). Reported that Aspergillus species tend to be associated 

more with tropical and warm temperate crops, for example oilseeds and nuts, 

since they prefer to grow at relatively high temperatures. They concluded that, 

Aspergillus flavus, Aspergillus parasiticus and Aflatoxins typically affect 

oilseeds, including groundnuts, soya, tree nuts, maize and various oilseed-based 

animal feed stocks - cotton seed cake, copra, sunflower, but can also affect rice, 

wheat, sorghum, figs, coffee and sweet potatoes, for example. Aflatoxins are also 

noted in milk, via contaminated animal feed. 
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2.2.1.2 Penicillium spp.  

Penicillium as well is a large genus containing 150 recognized species, of 

which 50 or more occur commonly. Many species of Penicillium are isolated 

from foods causing spoilage; in addition, some may produce bioactive 

compounds. Some of the most important toxigenic species in foods are 

Penicillium expansum, Penicillium citrinum, Penicillium crustosum and 

Penicillium verrucosum. A much larger number of Penicillium species are 

mainly associated with food spoilage. 

Those include Penicillium aurantiogriseum, Penicillium chrysogenum, 

Penicillium digitatum, Penicillium griseofulvum, Penicillium italicum, 

Penicillium oxalicum and Penicillium viridicatum; some of these produce 

mycotoxins. However, Penicillium species are associated more with cool 

temperate and temperate crops, mainly cereals, since most species do not 

grow very well above 25-30°c (Pitt J.I., 2006). Obviously, Fusarium species 

causes a huge range of diseases on an extraordinary range of host plants. As 

mentioned earlier the fungus can be soil borne, airborne or carried in plant 

residue and can be recovered from any part of the plant from the deepest 

root to the highest flower (Booth 1971; Summeral, et al,; 2003). 

2.2.1.3 Alternaria spp. 

Alternaria species are plant pathogens that can produce toxins in both pre- 

and post-harvest commodities. They are characterized by very large brown 

conidia with a characteristic "beak" at the tip. The most common species is 

Alternaria alternata; others include Alternaria tenuissima, Alternaria 

infectoria, Alternaria citri, Alternaria brassicicola and Alternaria brassicae. 

The species Aternaria alternata and Alternaria tenuissima are pathogenic to 

a wide range of crops; the other species have more limited host ranges 

(Agrius 2005). 
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2.2.1.4 Rhizopus spp.  

These species typically affect fruits and vegetables, since they can only grow 

at relatively high water activities (Agrius 2005). 

2.2.1.5 Aspergillus niger 

Aspergillus niger belonges to section Asperogillus flavi. These species 

typically affect grain in moisture conditions, Aspergillus niger is prevalent in 

warm and dry climatic zones and its incidence ranges from 2% to 14% 

(Pande and Narayana Rao 2000). The pathogen attacks groundnut plants at 

all the growth stages and causes pre-emergence rotting in seeds, soft rot in 

emerging seedlings, and crown rot in mature plants. 

2.3 Control management  

2.3.1 Seed health testing 

Seed health testing for the presence of seed borne pathogens is an important 

step in the management of crop diseases. This is simply because, seed-borne 

diseases have been found to affect the quality and quantity of food crops. 

Accordingly, the importance of seed health testing cannot be under 

estimated. The pathogens can present externally or internally or associated 

with the seed as contaminant. 

A number of laboratory seed health testing methods for detecting fungi 

sampling were in use. This include, examination of dry seeds, washing test, 

blotter method and its modification, agar plate method, embryo and seedling 

symptom test). However, Blotter test is the simplest and most widely used 

method especially in developing countries (Mathur and Kongsdal, 2003). In 

respect of the blotter test, seeds are typically surface sterilized with dilute 

hypochlorite solution and planted in 6×9 inches blotters. These are incubated 

and observed for 7–10 days. Fungal growth is recorded and confirmed with 
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microscopic examination (www.worldseed.org). It is possible that two 

methods may be required to detect a pathogen.  

2.3.2 Practices and biological control 

Fungal pathogens associated with food grains are major problem of many 

economically important food crops. Some are soil-borne pathogen, which 

can live in the soil for long periods of time, so rotational cropping is not a 

useful control method. It can also spread through infected dead plant 

material, so cleaning up at the end of the season is important (Jones, 1982). 

The potential for using microorganisms to detoxify mycotoxins has been 

reported by (Murphy, et al.; 2006) to be promising. One of the management 

strategies that had been developed is biological control using the competitive 

exclusion mechanism, which has been successfully implemented in the 

USA; biological control has been used to reduce aflatoxin contamination in 

various crops such as cotton, maize and groundnut. The International 

Institute for Agricultural research (IITA) has pioneered this technique in 

Nigeria, by the development of its product called Aflasafe. Aflasafe has 

proven successful and is being tried on a number of crops. (Bandyopadhyay 

and Cardwell, 2003).  

2.3.3 Fungicides and extracts 

One of the control methods is to improve soil conditions because soil borne 

pathogens spreads faster through soils that have high moisture and bad 

drainage. Other control methods include removing infected plant tissue to 

prevent over win (Smith, et al.; 1988). Control of the disease using soil and 

botanical extracts. 

(Thomas, 1998), reported that it is difficult to find a biological control 

method because research in a green house can have different effects than 

testing in the field. However, the best control method found for soil borne 
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fungi is planting resistant varieties, although not all have been bred for every 

forma specialist. 

Group of studies were carried out to investigate the antifungal activity of 

plant extract. In fact the antifungal activities of some plants extracts in 

controlling different pathogens have been reported by several workers who 

pointed out that  the active compounds present in plants were influenced by 

many factors which include the age of plant, extracting solvent, method of 

extraction and time of harvesting plant materials, (Tewarri and Nayak, 1991; 

Amadioha, 2000). 

(Babu Joseph, et al.; 2008) reported that Antifungal activity of the in vitro 

efficacy of different plant extracts Azadirachta indica, were found to control 

wilt pathogens. Systemic fungicides to eradicate the pathogen from the soil, 

flood, fallowing, and using clean seeds each year are very common methods 

(Booth, 1971). 

However, alternative methods of controlling the disease have been studied 

with emphasis on novel compounds derived from plant sources 

(Alabouvette, 1999). Plant extracts and plant essential oils have been 

reported to be effective antimicrobials against food and grain storage fungi, 

foliar pathogens and soil borne pathogens (Bowers and Locke, 2000). Many 

plants and their products have been reported to possess pest control 

properties. These are good alternatives to chemical pesticides, as they are 

readily biodegradable in nature (Singha, et al.; 2010). 

2.4 Asperogillus flavus 

A. flavus fungi belong to A. flvus, section flavi, commonly invade oil seeds 

and grain, such as peanut and in which they produce the carcinogenic 

aflatoxin (payne, 1998). Aflatoxins show considerable toxicity in some 

animal and humans (Hussain and Barasel, 2001). And epidemiologically 
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studies of human populations that prolonged ingestion of aflatoxin result in 

an increase in heptacellular carcinoma when interacting with repetitive 

viruses (Turner, et al.; 2002). A. flavus unlike most fungi is favored by hot 

dry conditions. The optimum temperature for growth is 37ºc (98.6F), but the 

fungus readily grows between the temperatures of 25-42cº (77-108F), and 

will grow at temperatures from 12-48ºc (54-118F). Such a high temperature 

optimum contributes to its pathogenicity on humans. (Payne, 1998, 

Scheidegger, and Richard, and Payne, 2003). 

2.4.1 Ecology and distribution 

Like other Aspergillus species, A. flavus has a worldwide distribution. This 

probably results from the production of numerous airborne conidia, which 

easily disperse by air movements and possibly by insects. Atmosphere 

composition has a great impact on mould growth, with humidity being the 

most important variable (Gibson, et al.; 1994). A. flavus grows better with 

water activity between 0.86 and 0.96 (Vujanovic, et al.; 2001). The optimum 

temperature for A. flavus to grow is 37ºc, but fungal growth can be observed 

at temperatures ranging from12 to 48ºc. Such a high optimum temperature 

contributes to its pathogenicity in humans. 

2.4.2 Soil and air 

A. flavus appears to spend most of its life growing as a saprophyte in the 

soil, where it plays an important role as nutrient recycler, supported by plant 

and animal debris (Scheidegger and Payne, 2003). The ability of A. flavus to 

survive in harsh conditions allows it to easily out-compete other organisms 

for substrates in the soil or in the plant (Bhatnagar, et al.; 2000). A. flavus 

has been particularly prevalent in the air of some tropical countries (Gupta, 
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et al.; 1993; Adhikari, et al.; 2004). Climatic conditions markedly influence 

the prevalence of A. flavus in outdoor air (Calvo, 1980). 

2.4.3 Genome 

The sequencing of A. flavus is in progress, and will provide a rich source the 

primary assembly indicates that the A. flavus genome is 36.3 Mb in size and 

consists of eight chromosomes and 13 071 predicted genes. The mean gene 

length is 1384 bp (Yu, et al.; 2005).  

2.4.4 Taxonomy and classificatio 

2.4.4.1 Scientific classification 

Kingdom    : Fungi 

Division   : Ascomycota 

Class        : Eurotiomycete 

Order       : Eurotiales 

Family     : Trichocoaceae 

Genus      : Aspergillus 

Species       : Aspergillus flavus 

Agrios, (2005) 

 2.4.4.2 Classification 

Classically, the systematic of Aspergillus and its associated teleomorphs 

have been based primarily on differences in morphological and cultural 

characteristics (Raper and Fennel, 1965; Samson, 2000). Moreover, the 

taxonomy of the A. flavus complex group is further complicated by the 

existence of morphological divergence amongst isolates of the same species 

(Klich and Pitt, 1988). 

2.4.5 Identification 

Accurate species identification within A. flavus complex remains difficult 

due to overlapping morphological and biochemical characteristics. In 
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general, A. flavus is known as a velvety, yellow to green or brown mould 

with a goldish to red brown reverse. The conidiophores are variable in 

length, rough, pitted and spiny. They may be either uniseriate or biseriate. 

They cover the entire vesicle, and phialides point out in all directions. 

Conidia are globose to subglobose, conspicuously echinulate, varying from 

3.5 to 4.5 mm in diameter. Based on the characteristics of the sclerotia 

produced, A. flavus isolates can be divided into two phenotypic types. The S 

strain produces numerous small sclerotia (average diameter 400 mm). The L 

strain produces fewer, larger sclerotia (Cotty, 1989). 

2.4.6 Molecular typing 

Phenotypic methods to discriminate A. flavus showed only a moderate 

discriminatory power for distinguishing isolates (Rath, 2001). Genotypic 

methods that have been used for typing A. flavus isolates (Moody and Tyler, 

1990; James, 2000; Rath, 2001; Heinemann, et al.; 2004). And microsatellite 

polymorphism analysis (Guarro, 2005). Restriction endonuclease analysis of 

total cellular DNA has not proven. 

2.4.7 Contamination levels 

Aflatoxin is the name for a group of toxins known as B1, B2, G1, G2, M1 

and M2 (carcinogenic compounds) that are produced mainly by two fungi 

called (A. flavus and A. parasiticus). These toxins occur naturally and have 

been found in a wide range of commodities (including peanuts) used for 

animal and human consumption. Depending on their levels, toxins can 

severely affect the liver and induce a human carcinogen, i.e., causes cancer. 

In many developing countries, aflatoxin is a major health risk to both 

humans and animals due to the high levels of the contaminated products 

consumed (Wright, 2002).  
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The causative agents grow on food and feed grains at moisture level of 15% 

or greater in the presence of warm temperatures (21ºc- 37ºc). The toxin can 

be found in a variety of grains but most often occurs in peanut and corn. 

Contamination can occur while the grain is standing in the field, and soon 

after harvesting and during storage before or after the grain is processed into 

food or feed (Allen, 2003). Considered as the most important mycotoxins 

aflatoxin is a natural potent carcinogen known to affect both humans and 

animals. Mycotoxins, secondary metabolites produced by fungi, are toxic to 

both animals and humans and their occurrence in the food chain may have 

public health effects (Wu, 2011). The International Agency for Research on 

Cancer ( IARC, 1993), has reported that Aflatoxins, especially aflatoxin B1 

(AFB1), are the most potent natural carcinogenic substances and are being 

linked to severe illnesses and also increase the risk of liver cancer in 

humans. Several food crops such as peanut (Arachis hypogaea L.), are 

susceptible to contamination by aflatoxigenic fungi (Aspergillus spp.) 

(Kamika and Takoy, 2011).  

Aflatoxins are more prevalent in tropical and sub-tropical areas where 

environmental conditions such as high temperature and humidity prevail, 

which favors the growth of fungi and production of mycotoxins on the crops 

(Klich, 2007). There was variation in aflatoxin levels among groundnut and 

peanut butter. The wide variation in aflatoxin contamination in peanut butter 

could be attributed to contamination during processing in the cottage 

industry and using groundnuts that were already infected by aflatoxin-

producing fungi. For instance, the processor whose peanut butter recorded 

the highest aflatoxin contamination did not grind roasted nuts immediately 

after roasting but stored them to grind later based on customer purchase 

orders. It was also observed that the processor had not cleaned the grinder 
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after the previous peanut butter production. This practice could predispose 

the peanut butter to increased aflatoxin levels, on the other hand, the 

processor from whose peanut butter Aflatoxins were not detected observed 

hygiene in processing and was also a trained food technologist. Defective 

nuts are more likely to be infected with aflatoxin–producing fungi than 

sound nuts. (Omer, 2001). Reported that aflatoxin B1 causes liver cancer in 

Sudan. High aflatoxin content (25–600 ppb) was reported in groundnut in 

Sudan. The occurrence of liver cancer in Sudan could be substantially 

reduced by lessening contamination of food with aflatoxins to internationally 

accepted levels. (Younis and Malik 2003). Studied aflatoxin contamination 

in Sudanese groundnut and groundnut products and found that percentage of 

aflatoxin contamination was 2%, 64%, 14% and 11% for kernels, butter, 

cake and roasted groundnuts, respectively. They confirmed that aflatoxin B1 

was predominant in all samples followed by G1, B2, and G2. 

The economic impact of aflatoxins was derived directly from crop, livestock 

losses, and indirectly, from the cost of regulatory programs designed to 

reduce risks to animal and human health. The Food and Agriculture 

Organization (FAO) estimates that 25 % of the world's food crops are 

affected by mycotoxins, of which the most notorious are aflatoxins. 

Aflatoxins losses to livestock and poultry producers from aflatoxin-

contaminated feeds include death and the more subtle effects of immune 

system suppression, reduced growth rates, and losses in feed efficiency.  

Other adverse economic effects of aflatoxins include lower yield for food 

and fiber crops (Anon, 1989). Aflatoxin contamination of groundnut is a 

major problem in most of the groundnut production regions across the 

world. It is mostly influenced by the occurrence of drought during the late 

seed filling duration. It is caused by the growth of the moulds Aspergillus 
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flavus and toxicity of groundnut from aflatoxin endangers the health of 

humans and animals and lowers market value, (Abdalla, 2005). Hence, it is a 

problem to groundnut producers as well as consumers. The moulds are 

common saprophytic fungi found in soils throughout the major groundnut 

producing areas of the world (Griffin and Garren 1974) reviewed the 

influence of changing environmental conditions on the activity of the 

moulds on groundnuts; Aflatoxin is more serious during and following 

alternating dry and wet periods. (Pettit and, 1973; 1971) observed that 

peanuts grown under dry land conditions and subjected to drought stress 

accumulated much more aflatoxin before digging than peanuts grown under 

irrigation. (Wilson and Stansell, 1983) reported that water stress during the 

last 40-75 days of the crop contributed to higher aflatoxin 21 levels in 

mature kernels. 

In a field study in A. niger, (Craufurd, 2006) confirmed that infection and 

aflatoxin concentration in peanut can be related to the occurrence of soil 

moisture stress during pod filling when soil temperatures are near optimal 

for A. flavus, (Cole, 1985; Dorner, et al.; 1989) have shown that preharvest 

contamination of aflatoxin requires drought period of 30-50 days and a mean 

soil temperature of 29 - 31ºC in the podding zone. In Sudan, the irrigated 

region (Central Sudan) used to be free from aflatoxins while the rainfed 

region (Western Sudan) showed high levels of aflatoxin contamination, (Hag 

Elamin, 1988). In the same study, temperature of 30o C and relative 

humidity of 86% were identified as optimum conditions for aflatoxin 

production. (Rachaputi, et al.; 2002) observed aflatoxin contamination to be 

widespread in the Queensland region of Australia during the 1997-98 

seasons with severe and prolonged end of season drought and associated 
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elevated soil temperature and lower aflatoxin risk during 1999-2000 seasons 

with well-distributed rainfall and lower soil temperatures. 

2.4.8 Control methods 

Although drought stress is known to predispose peanut to aflatoxin 

contamination limited researches were reported on the mechanism of late 

season drought stress aggravating the A. flavus infection. (Dorner, et al.; 

1989).  Observed that drought stress could decrease the capacity of peanut 

seeds to produce phytoalexins, and thus resulted in higher aflatoxin 

contamination. The active water of seeds is the most important factor 

controlling the capacity of seeds to produce phytoalexins. Application of 

fungicides at the beginning of windrow or storage periods may reduce this 

problem (JACKSON, 1965). The chemical treatment efficiency depends on 

the ability of the sprayed substances to cross the shell barrier. 

2.5 The extract of botanicals 

Antioxidants are recognized for their potential in promoting health and 

lowering the risk for cancer, hypertension and heart disease (Wolfe and Liu, 

2003; Valko, et al.; 2007). The uses of natural antioxidants from plant 

extracts have experience growing interest due to some human health 

professionals and consumer’s concern about the safety of synthetic 

antioxidants in foods (Sun and Ho, 2005; Suhaj, 2006).  

2.5.1 Tree of Neem 

Neem is versatile tree, it is considered to be one of the most promising trees 

of the 21 century. research in Sudan started in the 60 concentrating on it is 

use as pesticide. Currently three is extensive research, reported and projects 

published by the National Centre for Research (Khartoum, Sudan) NCR and 

many other universities (El-abjar, 1992). 



21 

 

2.1.2 Scientific classification 

Kingdom  : Plantae 

Division : Magnoliophyta 

Order       : Rutales 

Suborder : Rutinease 

Family     : Meliaceae 

Genus      : Azadirachta 

Species : Azadirachta indica 

Binominal name : Azadirachta indica A.Juss 

https://en.m.wikipedia.org/wiki/Neem 

 2.5.1.2 Uses of the Neem  

Neem as biohebicides or control to plant diseases and Neem is deemed very 

effective in the treatment of scabies although only preliminary scientific 

proof exists which still has to be corroborated and is recommended for those 

who are sensitive to Permethrin. A known insecticide which might be 

irritants and also the scabies mite has yet to become resistant to Neem, so in 

persistent cases Neem has been shown to be very effective, there is also 

anecdotal evidence of its effectiveness. In treating infestations of head lice in 

humans, it is also very good for treating worms (soak the branches and 

leaves in lukewarm water and drink it). In the traditional medicine Neem 

trees originated on the Indian subcontinent. 

The Neem twig is nature’s tooth brush to over 500 million people daily in 

India alone. Herbal medicine is the oldest form of therapy practiced to be 

mankind and much of the oldest medicinal use of plants seems to have been 

based on highly developed ‘dowsing instinct’ (Grigs, 1981,. Siddig, 1993). 
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2.5.2 The Ginger 

Ginger is commonly use in food as spice. (Kim, et al,; 2007, and Schwertner 

and Rios 2007), reported that the main components of ginger are 6-gingerol, 

6-shogaol, 8-gingerol and 10-gingerol and these constituents had exhibited 

strong antioxidative activity. Antioxidants are recognized for their potential 

in promoting health and lowering the risk for cancer, hypertension and heart 

disease (Wolfe and Liu, 2003; Valko et al., 2007). 

2.5.2.1 Scientific classification 

Kingdom             : Plantae  

Clade                   : Angiosperms 

Clade  : Monocots 

Clade                     : Commelinids 

Order                      : Zingiberales 

Family                    : Zingiberlaceae 

Genus                    : Zingiber 

Species                   : Z. officinale 

Binominal name : Zingiber officinale Roscoe 

(https://en.m.wikipedia.org/wiki/Ginger) 

2.5.2.2 Uses of the Ginger 

Many scientists have reported antimicrobial properties of several plants. The 

antimicrobial, (Khalil, et al,; 2005; Akroum, et al,; 2009; Omoya and 

Akharaiyi, 2012), anti-inflammatory and anti-necrotic (Lin and Huang, 

2002; Omoya and Akharaiyi, 2012) activities have been reported from the 

use of plants extracts. In many parts of the world, Zingiber officinale has 

medicinal and culinary values (Omoya and Akharaiyi, 2012).  

The volatile oil gingerol and other pungent principles not only give ginger 

its pungent aroma, but are the most medically powerful because they inhibit 
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prostaglandin and leukotriene formation, which are products that influence 

blood flow and inflammation (Longe, 2005; Omoya and Akharaiyi, 2012). 

Ginger has been found to be more effective than placebo in multiple studies 

for treating nausea caused by seasickness, morning sickness and 

chemotherapy (Ernst and Pittler, 2000), though ginger was not found 

superior to placebo for presumptively treating postoperative nausea (Omoya 

and Akharaiyi, 2012). These studies also show superiority of odansetron 

over ginger in the treatment of chemotherapy related nausea. Ginger 

compounds are active against a form of diarrhea which is the leading cause 

of infant death in developing countries. Zingerone is likely to be the active 

constituent against enterotoxigenic Escherichia coli heat-labile enterotoxin-

induced diarrhea (Ernst and Pittler, 2000; Chen, et al,; 2007). 

2.6 The fungicide 

The chemical Topas 100 Ec. Is Fungicide used as standard control their 

active ingredient contended 100 of liter penconazol, made of Suasra, 

signature in Sudan under No. 673. The Active ingredient (a.i) of Topas 100 

Ec. is dosage 100gm/litter Binchonazol.(R.S)-1-(2-(4,2-Dichlorophynile)-N-

Phynile)-1-ASH-1,2,4 Trapzole. Mode of action systemic Fungicide with 

penetrated of plant and effect on fungi hypha growth stage. 

2.6.1Chemical identification  

Penconozole, Calcium alkyl benzene, Sulphonate, Aromaticpetroleum 

hydrocarbon liquid Poisoning symptoms in laboratory animals were non-

specific. Stable under standard conditions. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1  Study location 

This study was conducted in the laboratory of plant pathology, Department 

of Plant Protection, College of Agricultural Studies, Sudan University of 

Science and Technology, during, March and April 2015. The aim of this 

Study was to detect and identify fungi Aspergillus  flavus , associated with 

seeds samples  collected from four location , each  one from different Estate 

of Sudan, to explore the methods of control under laboratory conditions 

where temperature around 25-28ºc. 

3.2 The materials 

3.2.1 Tools and equipments used 

All materials and tools except seeds, which used in the experiments, were 

sterilized using 70% ethyl alcohol. Formalin (10%) was used for Petri plate 

sterilization. Cotton blue and lacto phenol were used for staining of the 

fungal cytoplasm and for providing a light blue background, against which 

the walls of hyphae can readily be seen (Aneja2004). 

3.3 The methods 

3.3.1 Samples collection 

Eight groundnut  seeds  samples were obtained from four  different regions 

in Sudan (Nyala , Algeneina , Alrahad and New halfa ), two samples from 

each region , one from storage (post harvest in year of 2013) and the other 

from field (harvested in year 2014). Randomizes and homogeneous as 1 kg. 

was secured from each samples. Seed samples were drawn according to 

international standards for seed testing association (ISTA, 1966). Collected 

samples were labeled and kept separately in sealed paper bags and 

transported to the laboratory where they were ready to test. 
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3.3.2 Dry seed inspection 

Two hundred (200) seeds of each seed sample were randomly selected and 

examined under stereoscopic , binocular , microscope (25-4x),  by magnified 

lens and naked eye according to the international seed testing association 

(ISTA Rules,1966). The samples were examined for impurities, plant debris, 

weed seeds, discoloration and malformation.  

3.3.3 Detection and isolation of seed borne fungi 

The seed samples were tested by the standard blotter method and media 

(PDA) potato dextrose agar method for detection of seed borne fungi as 

described by IST. Normal and discolored seeds were tested separately for 

seed borne fungi.   

3.3.3.1 Blotter method 

For the detection of seed borne fungi, standard blotter method as described 

by the International Seed Testing Association (ISTA 1996), was used for the 

detection of the seed-borne fungi associated with each seed sample. The 

seed samples in their various forms according to their crops were then 

platted on moistened filter papers (dia. 9.0 cm) in 9.0 cm sterilized plastic 

Petri-dishes. in case of groundnut, 3 seeds were arranged at the periphery of 

the plate and 2 at the centre with three replications, were used and then kept 

in dark place for seed germination. 

After seven days from incubation, seeds were then examined for fungal 

growth under a stereo microscope. Fungi identification by habit character 

was supplemented by microscopic examination of spores and fruiting bodies 

using a compound microscope. (Mathur, P Neergaard, 1975; Mathur and 

Kongsdal; 2003). Infection levels were recorded as the percentage of 

infected seeds in each sample.  
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3.3.3.2 Agar bate method 

All seed samples was pre-treated with sodium hypochlorite 1% solution for 

5m, then washed three times with sterilized distilled water and dried 

between tow filter papers. The seed samples were plated in the sterilized 

glass Petri-dishes on potato dextrose agar medium (PDA). The plates were 

incubated for 7 days at 250C. In the 8th days the Seeds were examined under 

light Microscopes using slides preparation. (Lioyd, et al,; 2011). 

3.3.4 Slide preparation  

The samples of fungus were taken randomly from any each seed samples. 

These samples were identified on the basis of colony characteristics and 

microscopic examinations. Standard books and research papers were 

consulted during the examination of these fungi (Aneja, 2004).The binocular 

compound microscope was also used to determine the type of fungus in each 

plate. Fungi identified and their percentage frequency (PF) of occurrence of 

fungal was calculated by applying the following formula: 

PF = (No. of seeds on which fungus appear / Total number of seeds) x100 

3.3.5 Pure culture preparation of fungi  

The amount of the mycelium of (A.  flavus, A. niger  Penicillium digitatum, 

Rhizopus spp., Alternaria spp., Colletotricum Phoma spp., isolated from 

seed samples of groundnut were  picked and cultured into sterilized  glass  

Petri-dishes(9.0 cm in diameter) containing PDA media for further 

identification with the help of various keys (Raper and Fennel, 1965; Booth, 

1971). Fungal growth continued for 5-7 days and then kept in the 

refrigerator as a stock for further investigation. 
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3.3.6 Identification of fungi  

The identification of the fungi was based on visual culture characteristics. 

Furthermore, Microscopic examinations were carried out for Mycelial and 

conidia structure based on the method of (Booth1977). 

3.3.7 Plant extracts preparations 

Neem leaves were collected from Shambat area and brought to the 

laboratory was dried in shade. Ginger rhizomes’ of parched collected from 

local market of bahri. Ginger and Neem leaves were crushed separately to 

obtain fine powder. 

3.3.7.1 Ethanol extracts preparations 

The powder prepared from each plant material mentioned above was used 

for preparing the different botanical treatments for the study. Preparation of 

the methanol extracts started 3 days before the experiment time. Exactly 

60gm powder was extracted in ethanol for 6 hours using a soxhlet. The 

extracts were concentrated using rotary flash evaporator and preserved at 

58°C in airtight brown bottles for further use.    

An additional methanol extract from each Neem leaves and ginger were 

prepared separately. The fresh Neem leaves and Ginger rhizomes were 

washed. After drying, Neem and Ginger slices were ground to fine powder 

separately using electric blender. 10 g powder of each was soaked in 100 ml 

of methanol separately. The flasks were incubated at room temperature for 

72 hours with shaking at 120 rpm. The crude extracts were centrifuged at 

3000 rpm for 10 minutes at 25°C. The extracts were evaporated at 50°C. All 

dried extract samples were dissolved in distilled water separately to the final 

concentration of 100 mg/ml and centrifuged again at 10,000 rpm to remove 

the undissolved residues. The extract solutions were stored at 4°c. 
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3.3.7.2 Ginger and Neem extracts 

Fresh rhizomes of Ginger and Neem leaves plants their names (rhizomes of 

Zingiber officinale), (leaves of Azadirachta indica), respectively was 

powdered with grinding and obtain 60gm from each one for ethanol extracts. 

After that we must be have three concentrations from each extract, as well as 

25, 50 and 100%.      

3.3.8 Preparation of fungicide Topas Ec. 100  

The chemical tested were Topas Ec.100  fungicide 5 ml dissolved in 100 ml  

methanol to give  25 , 50, 100 ppm respectively .For this solution 25, 50, 

100 were completed to 100 ml by adding sterilized potato dextrose agar 

medium to give final concentration.    

The PDA media was amended with the required concentration from Neem, 

Ginger and fungicide Topas Ec.100, (25, 50 and 100ml from each) before 

being solidified in a conical flask of 250 ml, agitated and poured it into 

sterilized Petri dishes. Three plates were assigned for each concentration and 

left to solidify. The other three plates with PDA medium were served as 

control. 

The Petri dishes of each concentration were incubated at 25 ºC for 5 days. 

The growth of the fungus was measured and calculated successfully after 3 

to 5 days after inoculation.  

The effect of each extracts was evaluated as percentage of reduction in 

diameter of fungal growth (R) where:- 

� =
dc − dt

��
X100% 

Where R = Percentage reduction of the growth, dc=diameter of controlled 

growth and dt= diameter of treated growth 
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3.4 Effect of botanical extracts and fungicide on the linear growth of 

A. flavus in vitro 

The PDA media was amended with the required concentration from Neem 

leaves ;(25ml, 50 and 100ml from each) before being solidified in a conical 

flask of 250 ml, agitated and poured it into sterilized Petri dishes.                                          

Three plates were assigned for each concentration and left to solidify. The 

other three plates with PDA medium were served as control. 

The Petri dishes of each concentration were incubated at 25ºC for 5 days. 

The growth of the fungus was measured and calculated successfully after 3 

to 5 days after inoculation.  

3.5 Fungicides Topas Ec. 100 Ec. 

The chemical Topas 100 Ec. Is Fungicide used as standard control their 

active ingredient contended 100 of liter penconazol, made of Suasra, 

signature in Sudan under No. 673. 

3.6 Experimental design 

These experiments were arranged in a Complete Randomized Design (CRD)  

3.7 Statistical analysis 

The data was collected statistically analyzed according to analysis of Mstat 

variance (ANOVA); - Duncan's Multiple Range Test was used for mean 

separation. 
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CHAPTER FOUR 

RESULTS 

 This study was conducted under laboratory conditions of plant protection 

Department, College of Agricultural Studies, Sudan University of science 

and Technology (During March and April 2015).The aim of this study was  

to detect and identify seed borne fungi associated with seeds samples of 

groundnut, (Arachis haypogaea L.). Eight samples collected from four 

regions in Sudan, seasons (2013-2014 and 2014-2015) from each region, to 

evaluate the antifungal activity of ethanol extracts of Ginger and Neem with 

fungicide Topas Ec. 100 (as standard), to inhibit the growth of the Fungus 

Aspergillus flavus in vitro.  The study also covers Seed Health Testing, 

detection and identification of seed borne fungi.  

4.1 Detection and isolation of seed borne fungi from Groundnut samples  

4.1.1 Dry Seed inspection  

Two hundred (200) seeds from each sample of the four Ground nut regions 

(Algeneina, New Halfa, Nyala and Alrahad) were tested. The result revealed 

the presences of impurities, plant debris, broken, discoloration, and disease 

symptom as shown in table (1) and plate (1). The results showed that 

Algeneina scored a higher percentage of healthy seed (83.5%) but New 

Halfa scored a higher percentage of unhealthy seed (22.5%) and Nyala 

scored a higher percentage of broken seed (2%) season (2013-2014). 
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Table 1 Dry inspection of seed groundnut showing different categories of 200 seeds   

             tested, Seasons (2013-2014 and 2014-2015). 

             Regions    
                            Seasons  
Categories 

Algeneina Alrahad New halfa Nyala 
2013 
2014 

2013 
2014 

2013 
2014 

2013 
2014 

2013 
2014 

2013 
2014 

2013 
2014 

2013 
2014 

Healthy  
Number  160 168 149 161 158 175 156 160 

percentage%  80 83.5 79.5 80.5 66.5 82.5 78 80 

Unhealthy  
Number  38 32 39 38 45 23 40 37 

percentage%  19 16 19.5. 19 22.5 11.5 20 18.5 

Broken  
Number  2 1 2 1 2 2 4 3 

percentage%  1 0.5 1 0.5 1 1 2 1.5 
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 Plate 1 the composite samples and two hundred seeds to process of dry  

             inspection test. 
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4.1.2 Blotter Method (filter papers) 

One hundred (100) groundnut seeds from each region were treated with 

Sodium hypochlorite 5%; the treatment by this chemical disinfectant has 

excluded all saprophytic fungi carried on the surface of seeds. Fungi 

detected in groundnut seeds are, Alteenaria solani , Aspergillus flavus, 

Aspergillus niger, Pencillium digitatum, Rhyzopus nigrican in the two 

season but in season (2013-2014) the incidence was higher and, A. flavus 

was scored the higher incidence percentage in the 3rd, 4th and 5th day from  

incubation (4.5 , 5.5 and 8%)  respectively,  as shown in Tables (2,3 and 4).  

4.1.3 Agar Plate Method (PDA) 

One hundred seeds of groundnut (Arachis haybogaea) from four regions 

were tested using agar plate method. The fungi were detected from 

groundnut Seeds were, Alternaria solani, Aspergillus flavus, Aspergillus 

niger, Pencillium digitatum, Rhyzopus nigricans. nigrican in the two season 

but in season (2013-2014) the incidence was higher and, Aspergillus flavus 

was scored the higher incidence percentage in the 3rd, 4th and 5th day from 

incubation (4.25, 5.5 and 8%) respectively, as shown in Tables (5, 6 and 7).   

  



 

 

 

Plate 2 processes of dry inspection test fo

             samples 
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Plate 2 processes of dry inspection test for 200 seeds from each one of eight 

 

 

r 200 seeds from each one of eight     
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Table 2 Fungi incidence on seed of groundnut by blotter method in the 3
rd

 day  

              from incubating (disease incidence %)  

Regions 
Algeneina Alrahad New halfa Nyala 

                 Seasons 

Species 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

2013 

2014 

2014

2015 

2013 

2014 

2014 

2015 

Alternaria  alternata   0 0 0 1 0 0 0 0 

Aspergillus flavus  10 2 6 0 1 0 1 2 

Aspergillus niger  2 0 0 2 0 1 0 0 

Penicillium digitatum  1 1 0 0 6 2 6 1 

Rhizopus nigricans  0 0 0 1 1 4 1 1 

Mean   2.6 0.6 1.2 0.8 1.6 1.4 1.6 0.8 
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Table 3 Fungi incidence on seed of groundnut by blotter method in the 4th day  

              from incubating (disease incidence %)  

Regions 
Algeneina Alrahad New halfa Nyala 

                 Seasons 

Species 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

2013 

2014 

2014

2015 

2013 

2014 

2014 

2015 

Alternaria alternata 0 0 0 1 0 0 0 0 

Aspergillus flavus  12 8 8 4 3 4 9 4 

Aspergillus niger  2 3 3 2 0 1 1 1 

Penicillium digitatum  0 4 1 0 7 3 1 4 

Rhizopus nigricans  1 0 3 1 3 4 3 1 

Mean   3 3 3 1.8 2.6 2.4 2.8 2 
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Table 4 Fungi incidence on seed of groundnut by blotter method in the 5th day  

              from incubating (disease incidence %)  

Regions Algeneina Alrahad New halfa Nyala 

                 Seasons 

Species 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

2013 

2014 

2014

2015 

2013 

2014 

2014 

2015 

Alternaria  alternata 0 0 0 1 0 0 0 4 

Aspergillus flavus  12 8 8 4 3 4 9 1 

Aspergillus niger  2 3 3 3 0 1 1 4 

Penicillium digitatum  0 4 1 0 7 3 1 1 

Rhizopus nigricans  1 0 3 2 2 4 3 0 

Mean   3 3 3 2 2.4 2.4 2.8 2 
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Table 5 Fungi incidence on seed of groundnut by Aga plate-method in the 3
rd

  

              day from incubating (disease incidence %)  

Regions Algeneina Alrahad New halfa Nyala 

                 Seasons 

Species 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

2013 

2014 

2014

2015 

2013 

2014 

2014 

2015 

Alternaria alternata 0 2 3 6 3 9 0 4 

Aspergillus flavus  7 7 4 3 4 0 2 0 

Aspergillus niger  0 0 0 1 0 2 0 0 

Penicillium digitatum  3 5 0 0 0 0 0 1 

Rhizopus nigricans  5 1 0 1 0 0 0 1 

Mean   3 3 1.4 2.2 1.4 2.2 0.4 1.2 
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Table 6 Fungi incidence on seed of groundnut by Aga plate-method in the 4th   

              day from incubating (disease incidence %) 

Regions Algeneina Alrahad New halfa Nyala 

                 Seasons 

Species 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

2013 

2014 

2014

2015 

2013 

2014 

2014 

2015 

Alternaria alternata 0  0 7 6 3 10 0 4 

Aspergillus flavus  9 7 7 6 1 2 5 4 

Aspergillus niger  0 5 1 0 0 1 0 0 

Penicillium digitatum  0 0 0 0 1 0 3 1 

Rhizopus nigricans  5 1 0 3 10 0 0 1 

Mean   2.8 2.6 3 3 3 2.6 1.6 2 
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Table 7 Fungi incidence on seed of groundnut by Aga plate-method in the 5th  

              day from incubating (disease incidence %) 

Regions Algeneina Alrahad New halfa Nyala 

                 Seasons 

Species 

2013 

2014 

2014 

2015 

2013 

2014 

2014 

2015 

2013 

2014 

2014

2015 

2013 

2014 

2014 

2015 

Alternaria  alternata   0 0 0 1 0 0 0 4 

Aspergillus flavus  12 8 8 4 3 4 9 1 

Aspergillus niger  2 3 3 2 0 1 1 4 

Penicillium digitatum  0 4 1 0 7 3 1 1 

Rhizopus nigricans  1 0 3 1 3 4 3 0 

Mean   3 3 3 1.6 2.6 2.4 2.8 2 
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4.2 Isolation and identification of A. flavus strain  

4.2.1 Identifications of A. flavus in groundnut 

Tables 8 and 9 showed that the growth of the A. flavus in groundnut seed, 

after culturing in Agar plate (PDA media) and Blotter methods (Blotter-filter 

papers), after the 3rd, 4th and 5th day from incubation.  

Identification was performed depending on the cultural characteristics and 

conidia, hyphae, mycelium, sclerotia and spores shapes as described by 

(Booth 1977; and Agrios 2005)  
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Table 8 The growth of A. flavus in the 3
rd

 day from treatment on Blotter-method     

              (growth/day)  
Days after  Algeneina Alrahad New halfa Nyala 

incubation 
Seasons  

2013 
2014 

2014 
2015 

2013 
2014 

2014 
2015 

2013 
2014 

2014 
2015 

2013 
2014 

2014 
2015 

after 3
rd
day 10 2 6 0 1 0 1 2 

 after4
th
day 12 8 

 

8 4 3 4 9 4 

after 5
th
day 12 8 8 4 3 4 9 1 

Mean   34 18 22 8 7 8 19 7 
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Table 9 The growth of A. flavus in the 3rd day from treatment on Agar plate- 

              method(growth/day)  

Days after  Algeneina Alrahad New halfa Nyala 

incubation 
Seasons  

2013 
2014 

2014 
2015 

2013 
2014 

2014 
2015 

2013 
2014 

2014 
2015 

2013 
2014 

2014 
2015 

after 3
rd
day 7 7 4 3 4 0 2 0 

 After 4
th
day 9 7 7 6 1 2 5 4 

after 5
th 

day 12 8 8 4 3 4 9 1 

Mean   28 23 19 13 8 6 16 5 
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4.2.2 Isolated of A. flavus from groundnut 

Plate 3 showed the A. flavus strain isolated from groundnut seed in the 5th 

day after incubation on PDA media and re-culturing on pure culture of PDA 

media, and then obtained pure strain of A. flvus. Also Plate 3 showed the 

slide of A. flavus isolated from groundnut samples. 

4.3 Effect of ethanol extracts of botanicals and fungicide were used to  

       inhibition growth of A. flavus in vitro 

plate 5 showed the comparison between effect of ethanol extract of botanicals 

(Ginger and Neem), Fungicide Topas 100 Ec. and control in the 5th day from the 

test of experimental were shown as the results of three concentrations 25%, 50% 

and 100% for each one of inhibitory materials (fungicide and ethanol extract of 

Ginger rhizomes and Neem leaves), showing as flowing:  

 A=Fungicide, B= Neem, C=Ginger and D= control. (Plate 5) 

  



45 

 

 

Plate 3 A. flavus strain isolated from seed samples and re-culturing on PDA in  
               the 5th day from incubation 
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Plate 4 slides of A. flavus isolated from groundnut seed samples 
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A

B

C

D
Plate 5 inhibition of Aspergillus flavus in the 5th day from incubation  

            comparison between ethanol A=fungicide, B= extract of Neem and     

            C= extract of Ginger with D=control. 
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4.4 Effects of the fungicide and ethanol extract of Ginger and Neem on  

       the liner growth of A. flavus in vitro  

The antifungal activity of Ginger rhizomes and Neem leaves extracts to 

study the effects of plant extracts on the growth of A. flavus in vitro after 

48houre from incubation. The results showed that fungicide and the ethanol 

extracts of Ginger and Neem were effective in reducing the mycelia growth 

of A. flavus. All concentrations of fungicide and extracts of botanicals 

(Ginger and Neem) were given different significantly of inhibition growth 

percentage against fungus A. flavus. That there was a significant decrease in 

the mycelia growth of the A. flavus with an increase in fungicidal 

concentration. Figure (1, 2 and 3) 

4.4.1 Effect of fungicide and ethanol extract of Ginger and Neem   

         on the liner growth of A. flavus in vitro in the 3rd day. 

Table 10 and figure 1 shown result in the 3rd day from incubation the fact, all 

concentrations of fungicide and extracts Ginger and Neem were given 

different significantly of inhibition growth percentage against fungus of A. 

flavus in vitro. Ginger were given (12.4, 49.6 and 70.2 %), Neem were given 

(25, 49.8 and 60.7 %), fungicide were given (41.3, 73.2 and 89.3 %) 

respectively. The sensitivity of mycelial growth of A. flavus was checking 

against fungicide. That there was a significant decrease in the mycelia 

growth of the fungus with an increase in fungicidal concentration. 
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Table 10 Effects of fungicide and ethanol extracts of Ginger and Neem on the    

                liner growth of A. flavus in vitro in the 3
rd 

day from incubation   

 Treatments Inhibition growth %   

 
Ginger  25%  12.4(20.2) e 

 

 
 50%  49.6(44.8)c 

 

 
 100%  70.2(57.3)e 

 
 

Neem 25%  25(29.8)de 

 
 

 50%  49.8(44.9)c 

 
 

 100%  60.7(51.3)bc 

 
 

Fungicide  25%  41.3(40)cd 

 
 

 50%  73.2(59)b 

 
 

 100%  89.3(74.5)a 

 

 
Control                   0 (0.7) c 

 

 

LSD   11.58  

 

 

SE±   3.89  

 
 

C.V %        16.12%  

 
Statistical analysis was performed transformations by using Table X Angular. 

(Appendix, 8 and 9) 

 

 



 

Figure 1 Effects the Ginger and Neem ethanol extracts and fungicide on

               growth of A. flavus
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Figure 1 Effects the Ginger and Neem ethanol extracts and fungicide on

A. flavus in vitro in the 3rd day from incubation. 
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4.4.2. Effect of the fungicide and ethanol extract of Ginger and 

            Neem on the liner growth of A. flavus in vitro in the 4th day. 

Table 11 and figure 2 shown results in the 4th day from incubation. The fact, 

all concentrations of fungicide and extracts Ginger and Neem were given 

different significantly of inhibition growth percentage against fungus of A. 

flavus in vitro. Ginger concentrations (25, 50, and 100%) were given (28.7, 

82.5 and 85.1 %) respectively.  Neem concentrations (25, 50 and 100 %) 

were given (35.9, 79.3 and 84.3 %) and fungicide concentrations (25, 50, 

and 100%) were given (60.3, 84.5 and 89.2 %) respectively. The Ginger 

gives the highest reduction than the Neem. 
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Table 11 Effects of fungicide and ethanol extracts of Ginger and Neem on the  
                liner growth of A. flavus in vitro in the 4th 

 
day from incubation   

 Treatments   Inhibition growth %   

 Ginger 25%  28.7(32.2)e 
 

  50%  82.5(62.7)bc 
 

  100%  85.1(70.7)ab 
 

 Neem 25%  53.9(47.3)d 
 

  50%  79.3(60.7)c 
 

  100%  84.3(66.7)abc 
 

 Fungicide 25%  60.3(51)d 
 

  50%  84.5(66.9)abc 
 

  100%  89.2(70.9)a 
 

 Control                   0 (0.7) c 

 

 
LSD   11.58 

 

 

SE±   4.08 

 

 
C.V %   14.55% 

 

Statistical analysis was performed transformations by using Table X Angular. 

(Appendix, 8 and 9) 



 

   

Figure 2 Effects the Ginger and Neem ethanol extracts and fungicide on the

               liner growth of 

 

 

 

0

10

20

30

40

50

60

70

80

90

100

Control

In
hi

bi
ti

on
s 

gr
ow

th
%

53 

Figure 2 Effects the Ginger and Neem ethanol extracts and fungicide on the

liner growth of A. flavus in vitro in the 4th day from incubation.
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Figure 2 Effects the Ginger and Neem ethanol extracts and fungicide on the 

day from incubation. 
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4.4.3. Effect of the Fungicide and ethanol extract of Ginger and 

          Neem on the liner growth of A. flavus in vitro in the 5th day. 

Table 12 and Figure 3 shown results in the 5th day from incubation. The fact 

all concentrations of Ginger, Neem and fungicide were gives different 

significantly of inhibition percentage against fungus. In fungicide 

concentrations (25, 50 and 100%) were gives (60.3, 84. and 89.2 %) 

respectively. Ginger concentrations (25, 50 and 100 %) were gives (32.7 83.5 

and 89%) respectively, Neem concentrations (25, 50, and 100%) were gives 

(60.8, 83.8 and 86.4 %) and fungicide r concentrations (25, 50 and 100 %) 

were gives (83, 89.8 and 94.5 %) respectively.  
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Table 12 Effects of fungicide and ethanol extracts of Ginger and Neem on the  
                liner growth of A. flavus in vitro in the 5th day from incubation  

 

 Treatments   Inhibition growth %   

 
Ginger 25%      32.7 (34.8)b 

 

 
 50%  83.5 (66)a 

 

 
 100%  89 (70.8)a 

 

 
Neem 25%  60.8 (54.3)b 

 

 
 50%  83.8 (66.3)a 

 

 
 100%  86.4(68.4)a 

 

 
Fungicide 25%  83 (65.2)a 

 

 
 50%  89.8 (67.9)a 

 

 
 100%  94.5(76.6)a 

 

 
Control                    0 (0.7) c 

 

 

LSD   11.91  

 

 

SE±    4.07  

 

 
C.V %       12.10%  

 

Statistical analysis was performed transformations by using Table X Angular. 

(Appendix, 8 and 9) 



 

 

Figure 3 Effects the Ginger and Neem ethanol extracts and fungicide on the

               liner growth of 
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Figure 3 Effects the Ginger and Neem ethanol extracts and fungicide on the

liner growth of A. flavus in vitro in the 5th day from incubation
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CHAPTER FIVE 

 DISCUSSION 

Mycotoxin-producing by fungi Aspergillus spp. is significant contaminant 

and destroyers of agricultural products and seeds in the field, during storage 

and processing, and in the markets reduces their nutritive value (Jimoh and 

Kolapo, 2008). Mycotoxin as Aflatoxin contamination indeed increases 

under drought stress (Girdthai et al., 2010) because of decrease in the water 

activity, that creates cracks in pod wall that allow the penetration of the 

Aspergillus flavus. Damaged pods are likely to contain more aflatoxin than 

pods with undamaged shells (Sudhakar et al., 2007). 

Aflatoxin, a toxin produced by fungi A.flavus,is acutely toxic to some 

animals but also carcinogenic to humans (Thirumala-Devi et al., 2002). High 

level of aflatoxin contains groundnut-derived products for consumption is 

one of the main problems related to groundnut commercialization. Breeding 

groundnut for aflatoxin contamination resistance would havea broad impact 

on groundnut kernel quality, thereby enhancing the economic return and 

wellbeing of smallholder farmers, and health of consumers. However, 

contamination by aflatoxin is a multi-stage process and it is not clear what 

among these is the most critical to curb the final aflatoxin content (Liang et 

al., 2006;Cotty et al., 2007). 

Fungal contamination of edible greasy seeds, mostly pistachio and almond 

were reported in different countries. Previous study revealed that the 

presence of Aspergillus in soil may be the main causes of the contaminations 

in groundnuts. Regarding to direct contact of the soil with the groundnuts in 

growth phases, fungi can penetrate through the groundnut’s shell and grow 

there (Pitt, et al.; 1991).  

This study was investigated occurrences of the seed borne fungi on the 
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groundnut in two seasons (2013-2014 and 2014- 2015), the study found that 

the high incidence of fungal contamination of groundnuts, it seems in the 

late season compared to the early season, this contamination could be due to 

long-term storage, marketing under non-hygienic conditions of the food 

products in the poor environmental conditions including high moisture and 

temperature. Also the traditional methods of handling grains during 

harvesting in the field, drying process and transferring lead to mechanical 

damages of grains that due to the high incidence of fungal contamination of 

groundnuts. In this condition, broken and ground grains are more vulnerable 

to fungal attack than whole grains. These results are similar to those (Lund, 

2000) who reported that the 27 samples of groundnut and their products 

showed positive to Aflatoxins This similar to the eight samples of 

groundnut studied in this study. Also (Suliman, 2007) reported that the 

stored peanut kernels showed positive to Aflatoxins this resembles result in 

our study the shown A. flavus that response present of Aflatoxins. . 

Identification was performed depending on laboratory investigation    

(cultural characteristics and conidia, hyphae, mycelium, sclerotia and spores 

shapes as described by (Booth 1977).  

Eight seed samples of groundnut were obtained from four regions in Sudan 

(Algeneina, Alrahad, New Halfa and Nyala), for two seasons (2013-2014 

and 2014-2015). The samples were tested for seed-borne fungi by the 

internationally accepted techniques.  International Seed Testing Association 

according to (ISTA 1966). The study cleared presence of species of fungi 

after incubation by blotter and Agar plate methods. The fungi were 

presences are: - Aspergillus flavus, Aspergillus niger, Alternaria alternate, 

Penicillium digitatum, Rhizopus nigricans.   
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Present investigations revealed that the in vitro growth of Aspergillus flavus 

was significantly checked by ethanol extracts of Ginger rhizomes and Neem 

leaves at all concentration, results showed that, Ginger have the highest 

antifungal activity against A. flavus which gave 25% inhibition reduction at 

concentration 25% in the 3rd day from incubation. In concentration 50% the 

effects shown as (49.6 and 49.8), inhibition of the Ginger and Neem are 

similar. In concentration 100% the inhibition of Ginger highest than the 

inhibition of Neem (70.2 and 60.7%) respectively.  

In the 4th day after incubation the experimental it was noticed that the effect 

were shown when the concentrations 25% (32.7 and 60.8) the low inhibition 

in Ginger and medium in Neem, respectively. In concentration 50% (83.5 

and 83.8), inhibition of the Ginger and Neem are similar. In concentration 

100 % the effect showed as (89 and 86.4) the inhibition of Ginger better than 

the inhibitory of Neem.  

However the higher inhibition of reduction result recorded in Ginger 

followed by Neem leaves at all dose compared with control .who is the 

reported less inhibition in the experimental. 

In the 5th day after the incubation the experiment it was noticed that the low 

effect were shown when the concentrations 25% the effect shown as (28.7, 

53.9 and 60.3) Ginger, Neem and fungicide respectively. In concentration 

50% the effects shown as (82.5, 79.3 and 84.5) Ginger, Neem and fungicide 

respectively, inhibition reduction of the Ginger and Neem are closely, and 

best inhibition in fungicide. At concentration 100 % the effect shown as 

(85.1, 84.3 and 89.2) the Ginger better than the Neem, and the high 

inhibition was in fungicide. The result of this all treatment were comparisons 

with control who is the reported less inhibition in the experimental. 
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In this experimental the three test of inhibition reduction growth of A. flavus 

Tables (10, 11 and 12) and Figures (1, 2 and 3) showed the different 

significant in reduction growth to the fungus of A. flavus and the some 

different significant was explained in concentrations 25% and 50% , that the 

means the inhibition growth increase with increasing of concentration. 

The results also demonstrated that the Ginger extract exhibited more 

inhibitory effect than the Neem extracts in concentrations 50% and 100%, 

this could be attributed to the high concentration of the bioactive inhibiting 

compound in the Ginger extracts than the Neem extracts. Moreover, the data 

on concentrations from each plants ethanol extract exhibited different 

inhibitory abilities on fungal growth. 

The highest concentrations of the botanical extracts (100%) were the most 

suppressive followed in a descended order by 50% and 25%. Likewise the 

test organism responded differently to the different concentrations of 

extracts. This variability in response which expressed by test organism to 

different plants extracts was also reported by (Aiyelaagbe 2001). In his 

investigation, the explained that the majority of the studies involving plant 

extracts demonstrated their inhibitory effects on infectious or harmful 

microorganisms at variable degree. Our results are in agreement with the 

study of (Reem, Alhadi and Faiza, et al.; 2012). 

Comparison of the inhibitory activity of the both ethanol extracts, the 

botanical ethanol extracts revealed the highest zone of inhibition against the 

fungi A.flavus strain, and they possess antifungal compounds which could be 

used as substitutes for the antibiotics. 

Also present study signs the interesting assurance of designing potentially 

antifungal active real agents from the both (Zingiber officinale and 

Azadirachta indica).  
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CONCOLUSSION 

Aspergillus flavus is the second most important causing infections. The 

importance of this fungus increases in regions with a dry and hot climate. 

Commercial formulation based on extracts of Neem leave and Ginger 

rhizomes, have been successfully used in past as fungicide and control of the 

plants diseases (with respect to pathogenic and mycotoxins producing 

fungi), based on experimental investigations carried out to the present study.  

All the treatment had three replicates and the experiment was not repeated. 

This study has examined the relationship between growth of A. flavus and 

the impact of ethanol extracts of botanicals and fungicide. Thus optimum 

conditions for growth of this of A. flavus strain were (30-35)ºc  with 

marginal conditions at (15-40)ºc production optimum conditions were (25-

30)ºc. The results showed that the 100 % best concentration for the inhibitory 

of the largest amount of the A. flavus. The Tables (10, 11 and 12) showed 

significant differences between the three treatments Ginger, Neem and 

fungicide at three concentrations (25%, 50% and 100%). 

This result was generalized by pairing isolate of A. flavus with fungicide and 

ethanol extracts of botanicals. Inhibitor growth of A. flavus accept 

Fungicide, the Ginger that the best than the Neem in concentrations 50% and 

100%, however all test means the botanical extracts of ethanol has good in 

vitro activity against a range  growth of A. flavus. Observed that severe 

drought promoted growth and persistence of A. flavus population leading to 

high aflatoxin contamination. 

Hopefully, recently published information about the Aspergillus genomes 

will help us to better understand the pathogenesis of these infections, as well 

as providing insights into toxin production and allergens 
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RECOMMENDATIONS 

Although, in this study the Ginger rhizomes and the Neem leafs ethanol 

extracts have been proven to inhibit fungi Aspergillus falvus, there are still 

many aspects that need more research. 

       The storage of groundnut in optimum conditions, the moisture content must 

be less than the 9%, and temperature is above 35oc. 

• Further researches should be carried out for finding other botanical 

extracts to inhibit the fungi. 

• Further experiments should be done to investigate the influence of 

botanical extracts on fungi inhibition.  

• It is better to cooperate with economic professionals for evaluating 

and comparing between botanical extracts from economic perspective. 

• Use the clean healthy seeds and selective seed for producing food.  

• Add powder of Neem in storages and container of groundnut. 

The abstract article focuses on experimental advances of the extracts of 

Ginger and Neem as antifungal 
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APPENDIXS 

Appendix 1 
 
                     A N A L Y S I S   O F   V A R I A N C E   T A B L E 
                        Degrees of             Sum of                   Mean 
                        Freedom                 Squares                Square              F-value        Prob. 
------------------------------------------------------------------------------------------------------- 
Between              9                         12222.565            1358.063          29.367        0.0000 
Within                 20                       924.893                46.245 
-------------------------------------------------------------------------------------------------------- 
Total                    29                       13147.459 

Coefficient of Variation = 16.12% 

 

Appendix 2 
                A N A L Y S I S   O F   V A R I A N C E   T A B L E 
                  Degrees of              Sum of                   Mean 
                  Freedom                 Squares                 Square                 F-value    Prob. 
-------------------------------------------------------------------------------------------------------- 
Between           9                      13462.323            1495.814             30.610     0.0000 
Within              20                     977.347                 48.867 
-------------------------------------------------------------------------------------------------------- 
Total                 29                     14439.670 

Coefficient of Variation = 12.10% 

 

Appendix 3 
                   A N A L Y S I S   O F   V A R I A N C E   T A B L E 
                    Degrees of                Sum of                    Mean 
                    Freedom                   Squares                  Square               F-value       Prob. 
--------------------------------------------------------------------------------------------------------- 
Between            9                           13008.668             1445.408            120.914      0.0000 
Within              20                          239.080                 11.954 
---------------------------------------------------------------------------------------------------------- 
Total                 29                          13247.748 

   Coefficient of Variation = 6.58% 
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Appendix 4 

Table  11 Effects of fungicide and ethanol extract of Ginger and Neem on    

               the liner growth of A. flavus in vitro in the 4th day from incubation 

Treatment Inhibition zone 

Product Concentration R1 R2 R3 

Ginger 25% 15(22.8) 16.7(24.1) 5.6(13.7) 

50% 60(50.8) 44.4(41.8) 44.4(41.8) 

100% 55(47.9) 72.2(58.2) 83.3(65.9) 

Neem  25% 25(30) 16.7(24.1) 33.3(35.2) 

50% 55(47.9) 50(45) 44.4(41.8) 

100% 60(50.8) 72.2(58.2) 50(45) 

Fungicide 25% 35(36.3) 50(45) 38.9(38.6) 

50% 75(60) 66.7(54.8) 77.8(62) 

100% 90(71.6) 77.8(61.9) 100(90) 

Control 0 (0.7) 0 (0.7) 0 (0.7) 

LSD 

SE± 

C.V % 

11.58 

3.89 

16.12% 

 

 

Statistical analyses were performed transformations by using Table X Angular. 
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Appendix 5 

Table  11 Effects of fungicide and ethanol extract of Ginger and Neem on    

               the liner growth of A. flavus in vitro in the 4th day from incubation 

Treatment Inhibition zone 

Products Concentration R1 R2 R3 

Genger 

25% 28.1(32) 37.2(37.6) 20.7(27.1) 

50% 80.4(63.7) 80.4(63.7) 75.9(60.6) 

100% 88.2(69.9) 85.1(77.3) 82.1(65) 

Neem 

25% 62.1(52) 53.4(47) 46.2(42.8) 

50% 73.7(59.3) 78.4(62.3) 85.9(60.6) 

100% 83.7(66.2) 83.8(66.3) 85.5(67.6) 

Fungicide 

25% 71.2(57.5) 62.8(52.4) 46.9(43.2) 

50% 86.3(68.3) 82.4(65.2) 84.8(67.1) 

100% 91.5(73.1) 87.8(69.6) 88.3(70) 

Control 0(0.7) 0 (0.7) 0 (0.7) 

LSD 

SE± 

C.V % 

5.89 

4.08 

4.55% 

 

 

Statistical analyses were performed transformations by using Table X Angular. 
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Appendix 6 

Table  11 Effects of fungicide and ethanol extract of Ginger and Neem on  

               the liner growth of A. flavus in vitro in the 5th day from incubation 

Treatment Inhibition zone 

Product Concentration  R1 R2  R3  

Genger 

25% 36.4(37.1) 35.7(36.7) 25.9(30.6) 

50% 85(67) 85(67.2) 80.6(63.9) 

100% 91.4(73) 89.3(71) 86.3(68.3) 

Neem  

25% 70(65.8) 60(50.8) 52.5(46.4) 

50% 84.3(66.7) 85(67.2) 82(64.9) 

100% 87.1(69) 86.4(68.4) 85.6(67.7) 

Fungicide 

25% 85.7(67.8) 82.1(65) 79.1(62.8) 

50% 93.6(74.4) 88.6(70.3) 87.1(59) 

100% 92.9(74.6) 95.7(78) 95(77.1) 

Control 0(0.7) 0 (0.7) 0 (0.7) 

LSD 

SE± 

C.V % 

11.91 

4.07 

12.10% 

 

 

Statistical analyses were performed transformations by using Table X Angular. 
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Appendix 7 
 

               Informations of fungicide Tops 100 Ec 
 
Product Name     = Topas=100 Ec systemic fungicide 

Synonym            = C GA71818 

Other Name        =  Product code:  A6209Q 

Company Details= Syngenta Crop Protection Pty Limited ABN 33 002 933 717 

®
 Registered trademark of a Syngenta Group Company 
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