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1. Introduction 
 The cashew (Anacardium occidentale L.) is a small to medium sized tree (7-20 m length) belonging to the family 
Anacardiaceae. The fruit is a kidney–shaped achene about 3cm long with a hard gray–green pericarp about 0.025 - 0.03m 
length and 0.02 - 0.025m width. Also, it has a red or yellow pseudo-fruit with dimensions of 0.04 -0.12m length. [20]. 
originally a native of North South America, it is now widely grown in the tropical climates for its cashew fruits and cashew 
seeds. The leaves are spirally arranged, leathery texture, elliptic to obviate. The flowers are produced in a panicle or 
corymbs up to 26cm long. The largest cashew tree covers about 7,500 square meters (81,000sq ft.). The fruits of the 
cashew tree are accessory fruits (sometimes called Pseudocarp or false fruits). The cashew tree can handle temperatures 
above 40o C (105o F) well. An average day temperature for growing cashew is around 25o C (77o F) which is mostly ideal. 
Cashew can be grown either by grafting or planting of seeds and can grow like weeds as long as water is available. They 
are fairly drought resistant and can grow well even on marginal soil for where other fruit trees would fail. But the best soil 
for growing cashew is the sandy soils, well drain and free from strong wind. The plants are perennial and they produce 
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 Abstract:  

A survey was carried out on moulds and mycotoxins associated with deterioration of the cashew fruits in Keffi, 
Nasarawa State. The disease survey covered four locations in Keffi. The locations include AngwanLambu, G.R.A, 
DadinKowa and Cross-3. The four locations were visited four times and a total of 80 cashew fruits were collected and 
sampled. Forty-five (45) fruits were infected with different fungal diseases while thirty-five (35) were free from fungal 
infection. The fungal species isolated and identified were Aspergillus flavus, Aspergillus oryzae, Aspergillusversicolor 
and Rhizomucorpusillus. Their percentages of occurrence were 46.7 %, 20.0 %, 13.3% respectively and are independent 
of the different locations. G.R.A has the highest percentage of occurrence (46.7 %) and Cross-3 has the least occurrence 
(13.3 %). Analysis of the nutritional contents of infected cashew fruits shows a reduction in the moisture content, crude 
protein, and fibre and carbohydrate level compared with the uninfected fruits. The relative humidity of the survey area 
was very high thereby predisposing the fruits to fungal growth and mycotoxin production. Aspergillus flavuswas the 
most virulent, while Aspergillusversicolorwas the least virulent. The result showed the occurrence of Aflatoxins B1 in 
three of the sample fruits with their RF values; 0.51, 0.51, 0.51. Therefore, it is necessary to avert the situation in this 
area by controlling factors which enhances the spread of the pathogens. 
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fruits once a year before the onset of rainy season. Although the cashew tree has a well-developed root system and can 
tolerate drought condition 
 Blossoming takes place between November and January. A typical cashew tree starts fruiting at the three years of 
planting, while grafted cashew, fruits within 18 months.  The trees are genuinely tropical and very frost sensitive. The 
cashew trees grow in a wide spectrum of climates regions between the 25o N and S latitudes [1]. The growth and 
production of cashew trees can be enhanced by establishing clonal orchards, and improving fertilizing and irrigational 
paction.  
 Globally, the cashew nuts are esteemed and highly priced food delicacy because of their pleasant taste and 
flavour. Medicinally, the cashew is a useful tree as different parts of it are used either individually or collectively to treat 
several diseases [13]. The fresh or hot water extract of different plant part is useful orally as aphrodisiac, anti-dysenteric, 
anti- Hemorrhagic and externally as anti-inflammatory.  
 In Nigeria however, despite the cultivation of cashew in plantations and the establishment of cashew 
processing factories, shortages are still being experienced on the finished products due to fungal attack [23]. All plants 
weather diseased or healthy is host to a variety of fungi that can be categorized broadly in several biological groups. On the 
fungi associated with cashew nuts bio-deterioration, 14 fungi belonging to 5 genera were recovered at varying levels 
[3,23]. Most of the cashew fungi are obligate parasites or biotrophs. These fungi spread from one plant to another and 
from one location to another in several ways. The pathogens produce spores, either through asexual or sexual 
reproduction that aid in the dissemination of the fungus. Fungi have serious impacts on the economic, social and ecological 
realms. They have also led to cashew losses, increased cost of breeding program and scarcity of cashew caused by 
epidemics of cashew rot [16].  
 Mycotoxins are toxic secondary metabolites produced by aerobic, mycelial, microscopic fungi, especially from 
the genera Aspergillus, Fusarium, and Penicillium [7, 8, 10]. They are increasingly recognized as threat to food and 
nutritional security globally [5]. The risk assessment applied to Mycotoxin research has predicted that the geographical 
risk area for crop contamination is expanding and there is a need for inclusion of another variable which is the effect of 
climate change [2, 5, 11, 14, and 15]. 

 
2. Materials and Methods 
 
2.1. Study Area 
 The study was carried out in Plant Science and Biotechnology Unit Laboratory, Department of Biological 
Sciences, Faculty of Natural and Applied Sciences, Nasarawa State University, Keffi, Nigeria. 
 
2.1.1. Survey and Sample Collection  
 A total of 80 cashew samples were collected from four different locations (20 each), in Keffi Local Government Area 
of Nasarawa State. All the fruits obtained were stored in a cold temperature at -4o C until when required for the 
investigation. These locations include: Angwan Lambu, G. R. A, DadinKowa and Cross-3. These selected locations form part 
of the Guinea Savannah region of Nigeria tropical climate. 
 
2.1.2. Samples Preparation 
 The cashew fruits that were obtained from the four different locations in Keffi Local Government Area of 
Nasarawa State were taken to the Laboratory for disinfection. The cashew fruits were washed with tap water to remove 
dirt. Then put in 70 percent of ethanol for 5 minutes, it was also put in sodium hypochloride solution for 20 minutes and 
rinsed with distilled water for three times in other to remove all microorganism. These procedures were carried out for all 
cashew fruits collected from the four different locations [6, 24]. Then the disinfected cashew fruits were kept in a sterilized 
bottle and covered for fungi growth and development forfive days. After three days, there was fungi structures 
development on the cashew fruit in form of mycelium and spores indicating that they can be cultured. They were cut into 
small fragments since the cashew fruit is large and cannot properly enter the plates. 
 
2.1.3. Culturing of Fungal Isolates in the Media (SDA) 
 To ensure a successful culturing of the fungi isolates, certain aseptic conditions were observed as follows; 

 The dip containing the blade holder and forceps contains 70 percent ethanol. 
 Spirit lamp flame was also used to flamed these tools for further sterility, before inoculated into the medium, the 

medium was placed close to the spirit lamp flame before covering. The procedure was repeated for all until 
culturing was completed. Lastly, the medium was sealed using a masking cello tape to prevent the entry of other 
microorganisms. The method used in the isolation of these fungi is the direct surface Agar plating method [24]. 
Finally, the cultured media were kept in an incubator at a temperature of about 37 o C for three days, for further 
investigation.   

 
2.1.4. Identification of Fungal Isolates  
 The identification of fungi was done by studying the cultural characteristics of each of isolate [21, 19]. Five 
days after which the fungi structures have been well developed in each plate the fungi structures were collected stained 
with lacto phenol on a slide and then mounted on a microscope for examination. An identification key was used to identify 
correctly the established fungus on the fruits in each media [4, 9]. The morphological features (keys) used for the 
identification of fungi species are as follows: Shape of their hyphae, types of conidia, color characteristic of spores. A total 
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number of four fungi species were isolated from the cashew samples obtained from the four different locations in Keffi 
Local Government Area, Nasarawa State. The species of these fungi isolated from the cashew samples are:Aspergillus 
flavus, Aspergillus oryzae, Aspergillusversicolor, Rhizomucor pusillus. These four fungi species were further incubated at a 
temperature of 300 C for 12 weeks for Mycotoxin examination [12]. 
 
2.1.5. Test for Pathogenicity of Fungal Isolates 
 To establish that the fungal isolate causes the disease condition (i.e., cashew Fruits deterioration) two fresh 
cashew fruits were washed with 10 percent (10 %) sodium hypochloride and rinsed in distilled water and allow to dry. A 
hole 8-10mm in diameter was made on healthy cashew fruits with a cork borer and each isolate inoculated into each hole. 
The samples incubated for the characteristic symptom to develop. Symptoms of the disease were seen to develop on the 
fresh fruits (cashew) after five days of inoculation. The isolate was re-isolated and re-identified. 
 
2.1.6. Mycotoxin Extraction from the Deteriorated Cashew Samples 
 Mycotoxin extraction was carried out using 12 weeks deteriorated cashew samples from which fungi species 
have been identified. All the four fungal isolates from the four different locations were kept at room temperature (270C-30 

0C) according to [17,22]. The laboratory procedure involves; crush mill pulverized samples were weighed into 500ml 
Erlenmeyer flask. Twenty-five milliliters of 1M phosphoric acid and twenty-five milliliters of methylene chloride were 
added. The Erlenmeyer flask was shaken for 30 minutes in a rotary shaker and contents filtered with 3cm wide rapid 
filtrate paper in a Buckner funnel. At least 200ml of the filtrate were collected. 50 milliliter aliquots were placed into 
separate 100ml flask and were evaporated to dryness in a water bath at 600C. For assay of Mycotoxin, the dried extracts 
were re-dissolved in 250ml chloroform, centrifuged for 30 minutes and 10 milliliter vials and evaporated to dryness. The 
residues were re-dissolved in 200ml benzene and shaken thoroughly for 30 seconds to ensure complete dissolution of 
toxins. 
 
2.1.7. Chromatographic Running of the Extracted My cotoxins 
 Pre-coated chromatographic plate (20 cm × 20cm silica gel) were used and each was activated at 1100C for 30 
minutes before spotting, then the stock solutions of standard toxins were thoroughly shaken twice besides the sample 
spots, 5μl of standard Mycotoxin were spotted at the bottom of the plate. Three samples extracted were spotted.  
 
2.1.8. Detection of Mycotoxins in Spotted Samples 
 The developing plates were allowed to dry and examined visually under ultra-violet light. The Mycotoxin 
samples were detected by matching the fluorescence color, intensities and the RF values of the sample spot with those of 
standard spot. Sample spots whose fluorescence intensities, color and RF value matched those of the standards were 
presumptively considered positive and were used for confirmation. 
 
2.1.9. Confirmation of Mycotoxins Presence 
 The TLC plates that were presumptively considered positive were sprayed, firstly dried and viewed again at 
365nm to confirm the presence of Mycotoxin detected. 

 
3. Results 
 During the study, 80 cashew fruits were collected and sampled for fungi species (Table 1). Forty-five 45 fruits 
had fungi species while 35 fruits sample were without fungi species. The fungal isolates were Aspergillus flavus, 
Aspergillusversicolor, Aspergillus oryzae and Rhizomucorpusillus. Their percentage occurrences were 46.70, 20.00, 20.00, 
and 13.33 respectively (Table 2).  
 

Locations Number of Locations Number of Fruits Total Number of Fruits 
Collected 

AngwanLambu 4 5 20 
G.R.A 4 5 20 

DadinKowa 4 5 20 

Cross-3 4 5 20 

Total 20 20 80 

Table 1: Specimen of Cashew Fruits Collected for Sampling 
G.R.A= Government Reserve Area 
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Table 2: Incidence of Fungal Isolates with Relation To Locations in Keffi Local Government Area 

*Values in Parenthesis Are in Percentage. 
(+) = Positive, (-) = Negative 

 
 From the four different locations (AngwanLambu, G.R.A, DadinKowa and Cross-3), G.R.A has the highest 
incidence of fungal infection (18.75) while cross-3 had the least fungi infection. (10.00). The Pathogenicity test showed 
that Aspergillus flavushad the highest percentage of infection and was observed as the most virulent after 14 days of 
inoculation, while Aspergillus versicolor showed the least virulent traits(Table 3). Proximate compositions showed the 
percentage of infected and uninfected fruits as each value is a replicate of three measured values. The result also revealed 
that the nutritional contents of the infected cashew fruits showed a reduction in the crude protein, crude fibre and crude 
carbohydrate level compared tothe uninfected cashew fruits (Table5). 

 
Fungi Isolates 

 
No. of Cashew fruits 

 
Percentage Infection after 

Inoculated14 days 
Aspergillus flavus 
Aspergillus oryzae 

Aspergillus versicolor 
Rhizomucor pusillus 

Total 

5 
5 
5 
5 

20 

100 
80 
20 
60 

100 

Table 3: Percentage Infection of Cashew Fruits Artificially Inoculated with 
Fungi Diseased Samples (Pathogenicity Test) 

 

 

Table 4: Chi-Square Analysis on the Incidence of Fungi Species in Different Locations in  
Keffi Local Government Area 

*Number in Parentheses Is the Expected Frequencies 
 

 There was no significant difference (P< 0.05) in the incidence of different isolates in relation to locations. 
The Mycotoxin result of the 12-week deteriorated cashew samples showed the multi-thin layer chromatographic analysis 
of benzene acetonitrile extracts of fungi infested fruits compared with that of standard Mycotoxin (Table 6). Extract of the 
four different cashew samples gave different colors under ultra-violet light with RF values; 0.51, 0.51, 0.51 and 0.10. Under 
the ultra-violet light at 365nm, standard Aflatoxins B1 fluoresced. 
 

 
 

Table 5: Proximate Composition (in %) of Cashew Fruits 
*Each value is a replicate of three measured values 
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Samples                          Moulds RF values Mycotoxin 
Detected 

1Aspergillus flavus   
2 Aspergillus oryzae   
3 Aspergillus versicolor      
 4Rhizomucor pusillus            

0.51 
0.51 
0.10 
0.51 

Aflatoxins 
Aflatoxins 

 
Aflatoxins 

B1 
B1 

Not detected 
B1 

Table 6: Mould Growth and Mycotoxins Extracted from Cashew Fruits after 12 
Week Inoculation 

*RF = Retention Factor of Standard Mycotoxins Availability in A Sample 
 
4. Discussion  
 This study revealed a range of mycotoxic fungi are associated with the deterioration of cashew fruits in Keffi Local 
Government Area of Nasarawa State, Nigeria. High relative humidity and temperature was observed in the locations 
surveyed; this may be responsible for the fungal infection of the fruits. This agrees with the findings of [18] that very high 
relative humidity may have aided in the spread of the organisms in these areas. This study revealed that there was high 
incidence of Aspergillus flavus in the different locations when compared to others fungi isolates in the same locations. Also, 
the non-detection of fluorescence in one of the fungal infected sample (Aspergillusversicolor) indicates the absence of any 
mycotoxins in the sample. 
 
5. Conclusion 
 Cashew fruits are naturally perishable under unfavorable conditions therefore caution should be taken to 
ensure that they are handled properly at the field and during storage so that the infestation of fungus on this plant via 
natural opening and injuries inflicted on the plant are avoided to the barest minimum. Farmers should have better 
understanding on the farming system suitable for cashew production for proper disease management (usually plantation). 
The use of proper chemical control against fungus causing deterioration on fields and store cashew crops should be 
enhanced and the adoption of natural cooling method during preservation of the cashew fruits can help farmers to control 
the growth of fungus as most of them are thermophilic. 
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