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The main objective of this work was to determine the incidence of fungal growth 
in commercial cashew nuts. The highest mould count in cashew nuts was 658.05 
UFC/g (sales point 1).  The incidence of moulds in cashew nuts in the first testing 
period was between 91,67 and 31.25% and in the second period it was between 
89.58 and 62.5% for sales points 1, 2, 3 and 4. The incidence of Aspergillus flavus 
and Aspergillus parasiticus in cashew nuts was 5.74% and 0.49%, respectively, 
and the differences were not significant. The concentrations of aflatoxins 
recovered from cashew nuts were between 20.67 and 11.33 ppb, for all sales 
points. 
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Introduction 

Cashew plant (Anacardium occidentale L) is a small tree, 7 - 20 m length, and real 
fruits are seeds which have a reniform shape covered with a hard grey-green 
pericard, 0.025 - 0.03m length and 0.02 - 0.025m width. It represents about 8 - 
12% of the total fruit. Also it has a red or yellow pseudo-fruit with dimensions of 
0.04 -0.12m length. (Perozo et al., 2006).  The pseudo-fruit is consumed like fresh 
fruit for its high level of vitamin C, and seeds have industrial uses in cosmetology, 
resins, varnishes, pastry, and others (Avilán et al., 1992 and Román, 1991 
mentioned by Perozo et al., 2006).  
Worldwide cashew nuts are known for being expensive and are recognized by their 
delicate and delicious flavor. In Venezuela they are commonly cultivated at a small 
scale and consumed roasted, which means the process of burning off the shell, of 
cooking the seed and of removing the pericarp. Cashew nuts are also included in 
many Venezuelan desserts such as nougats or marzipans (Sindoni et al., 2005). 
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Besides, cashew nut is characterized by the high percentage of lipids and 
carbohydrates that makes them vulnerable to the attack of moulds, specifically the 
lipolytics kind, found in the genre of Aspergillus and Penicillium (Doyle et al., 
2001). Aspergillus flavus and Aspergillus parasiticus are two of the most important 
toxigenic moulds (Requena et al., 2005). Only, some of the isolates of A. flavus 
originate B1, B2 and cyclopiazonic acid.  A. parasiticus originates aflatoxin B1, B2, 
G1, and G2 and all the isolates are toxigenic (Kosalec and Pepeljnjak, 2005). 
Aflatoxin B1 and M1 are the most harmful, being M1 a secondary metabolic 
derivate from aflatoxin B1, followed by G1, M2, B2, M2 (Bolet and Socorrás, 2005). 
Aflatoxins are classified into heterocycles, which are extremely heat-resistant 
above 373 K (100ºC) (Hayes, 1993). They are some of the most studied and 
controlled heterocycles, by their toxicity related to cell damage, carcinogenic, 
teratogenic and mutagenic effects in animals and humans (Bogates et al., 2004).   
Studies on the levels of fungal contamination for cashew nuts in Venezuela are 
scant, and there are hardly any reports on toxigenic moulds and their hazard on 
human health. Knowing this deficient, this investigation had as principal objective 
to determine the incidence of mould growth and the presence of aflatoxins in 
toasted and retail cashew nuts sold in Maturín, Monagas state, Venezuela. 

 
Materials and methods 

Samples 

Samples were taken in two period of time; the first one began in May.  A total of 3 
samples of 0.2 kg from each sales point of retail cashew nuts was obtained. The 
sales points were: point 1 (Furrial town), 2 (Candelaria town), 3 (Corozo town) and 
4 (downtown of Maturin), that were within the municipality. The second period of 
analysis began in July, following the procedure used in the first period. 

Total mould count 

We followed the methodology described by COVENIN 1126-89 (1989) and 
COVENIN 1337-90, (1990). The physical conditions of the packaging and the 
external appearance of the nuts were noted. The initial dilution was prepared by 
adding 0.05 kg of sample to 0.05 L of diluents (peptone water 0.1%), and shaking 
vigorously for 50 times in an angle of 45 degrees.  Decimal dilutions (0.011 + 
0.099 L) were prepared down to 10-5, and spread plated in duplicate, 0.001 L per 
plate. Potato Dextrose Agar (PDA)  (2% chloramphenicol) was the only medium 
used, because it showed better results at pilot assays. Plates were incubated upright 
at 293 - 298 K (20 - 25ºC) for 5 days. 

Incidence of mould growth 

For the incidence of mould growth we followed the method mentioned by Adebajo 
and Diyalou (2003). Twenty whole nuts were obtained randomly for the assay. The 
cotyledons (2 per nut), were hand separated, then the surfaces were disinfected 
with an aqueous solution of sodium hypochlorite 2% for 60 seconds. This was 
followed by three washes with sterile distilled water, before four cotyledons were 
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plated together equispaced on the medium (PDA agar plus chloramphenicol 2%). 
The plates were incubated upright 293-298 K (20 - 25ºC) for 7 days. The fungal 
incidence was expressed as a percentage of the total of samples evaluated. 

Macroscopic and microscopic identification of Aspergillus flavus and Aspergillus 
parasiticus 

Colonies of A. flavus and A. parasiticus were identified according to the report by 
Abarca (2000) and Singh et al., (1991) respectively. Before the identification, a 
microculture was prepared in a plate following the procedure described by 
Granados and Villaverde (2002), using Potato Dextrose (PDA) agar with 2% of 
chloramphenicol and a slide was equipped with cotton-blue indicator to observe the 
microscopic characteristics of the moulds. 
Microscopic identification was done using the Samson and Hoekstra’s key (1995), 
and Onions et al., (1981) for both microorganisms, taking into account the 
difference in the surface of the conidia between the moulds. A. parasiticus has 
equinulated conidia and A. flavus presents smooth conidia. 

Incidence of Aspergillus flavus and Aspergillus parasiticus and determination of 
aflatoxins 

The incidence of A. flavus and A. parasiticus was expressed as a percentage, 
calculated with the positive colonies found after the microscopic identification and 
the total of the samples. A RIDA® QUICK Aflatoxin kit was used to determinate 
the presence of aflatoxin in the sample. The test was done following the indications 
of the kit and the results were expressed as a ppb (parts per billion) value. The 
results were taken by the time that last the sample in react with the kit and appear 
the red band. 

Experiments design 

A randomized block design (4x2) was employed, the factors taken into account 
being sales points (4) and sampling periods (2).  The statistical data were analyzed 
by means of an ANOVA using Statistix 8.0 program with a probability level of 
P<0.05. If statistical differences were determined, the MSD was determined. For 
the samples of aflatoxin the Kruskal-Wallis test was employed. 

 
Results and discussion 

Total fungal count 

In many cases it is possible to find certain levels of microorganisms in fruits 
directly taken from tree like the cashew nuts (Davis et al., 1996). However, when 
seeds are entirely covered by pericard, this works like a perfect barrier against the 
attack of microorganisms, but if the pericard is injured by animals or insects, 
contamination is always present, and fungal invasion quickly happens (ICMFS, 
2001). The manipulation during transportation from fields to the processing 
industry may damage the shell and help to contaminate the rest of the healthy 
seeds. Besides, the contamination provided by an unclean transportation may be 
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significant (ICMFS, 1985). However, no information exists in Venezuela about the 
total fungal count in cashew nuts, as, for example, it is found for corn or peanut.   
Table 1 describes the total fungal count for samples of retail cashew nuts. 
Statistical differences were found for media values per all sales points (p<0.05). 
The total fungal count ranged between 658.05 – 58.92 UFC/g, sales point 1 being 
the most contaminated (658.05 UFC/g). This value is above those reported by 
COVENIN 1337-90 (maximum value 100 UFC/g) for total fungal count in foods, 
and also reported by FRUTAL ES (2002) for cashew nuts (500 UFC/g). This fact 
reflects a contamination post-heat treatment and a deficient hygienic practices 
during storage (Adams and Moss, 1997). Moisture and temperature conditions are 
important to avoid mould growth on seeds. Frazier and Westthoff (2000) mention 
that most moulds require a low quantity of water, and a 14-15% in dry fruits and 
flours are needed to maintain them without mould growth. 
 

Table 1. Average of total mould count (UFC/g) for retail cashew nuts sold in Maturin, 
Venezuela 

Nut Nº of Sales points Total C.C.V 
 samples 1 2 3 4 average  

Cashew nut 24 658.05 99.00 58.92 88.25 226.05 98.29 
C.C.V: Comparison of critical values.  

Incidence of mould growth  

Temperature and moisture are factors that trigger the mould growth, toxins 
dissemination and production. In other hands, conditions during harvest, storage 
and transportation are also important (Cerovich and Miranda, 2004). The incidence 
of mould growth per 4 sales points in two periods of time, May and July, for retail 
cashew nut are shown in Table 2.  Significant differences were found between the 
testing periods of time and the interaction sales points-assays period (p< 0.05). The 
results for period 1 ranged between 91.67 - 31.25%, and for period 2 were between 
89.58 - 62.50%.  
 
Table 2. Incidence of moulds (%) in cashew nuts studied in 4 sales points per two periods 

of time (May and July) 

 
An increase of mould incidence in period 2 (July) compared to period 1 (May) can 
be explained by the weather conditions between May and July, registering 300,3 
K(27.3ºC) temperature, 64.1mm monthly rainfall, and relative humidity of 73% in 

Period  Sales points 
1 2 

1 58.33 % 72.92 % 
2 91.67 % 62.50 % 
3 52.08 % 89.58 % 
4 31.25 % 77.08 % 

Comparison of critical values 31.01 
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May. But July presented 299.7K (26.7ºC) of temperature, 249.7mm of monthly 
rainfall and 82% of relative humidity (Estación Meteorológica de Maturin, 2009).  
The increase of rainfall and relative humidity could help to raise the incidence of 
moulds.    

Incidence of Aspergillus flavus and A. parasiticus 

Table 3 shows the incidence (%) of both micotoxigenic moulds in 24 samples of 
cashew nuts and the results were 5,74% and 0,49%, respectively, not being 
significant (p<0.05). Although the there are not similar investigations in 
Venezuela, Mazzani et al., (2000) reported presence of Aspergillus flavus in corn 
seeds, from Guarico state. Also, Adebajo and Diyaolu (2003), denoted 3% in 
MA40 and 9 % in MY50G media for incidence of Aspergillus flavus in cashew 
nuts in Nigeria, and Adbel-Gawad and Zohri (1993) found the presence of A. flavus 
and A. parasiticus in five types of dry fruits, including cashew nuts. 
 
Table 3. Average incidence of Aspergillus flavus and Aspergillus parasiticus (%) 

in seeds of cashew sold at retail in Maturin, Venezuela. 

Cashew nuts Nº  of samples Total average 
Aspergillus flavus 24 5.74 % 

A.  parasiticus 24 0.49% 
 
Even if of these values were not statistically significant, this kind of retail products 
count with ideal conditions for fungal growth, and without the control of 
temperature and humidity, A. flavus or A. parasiticus may rapidly reproduce 
representing a food safety problem, and a dormant risk for the production of 
aflatoxins. Furthermore, Aspergillus genre can easily grow up to 40ºC, pH between 
2.2 and 8 and water activity above 0.77-0.88, and optimum conditions for 
development of aflatoxins are 27-33ºC, pH 5-6 and water activity between 0.82-
0.99 (Richard, 2007). 

Presence of aflatoxins  

Table 4 describes the values of aflatoxins expressed in ppb (parts per billion) found 
during the analysis of cashew nuts. Statistical differences were not found between 
sales points neither the ANOVA applied to the ranges. Aflatoxin content was 
between 11.33 and 20.67ppb beating in all cases the value reported by FRUTAL 
ES (2002) (10ppb).  
Aflatoxins are secondary metabolites produced by a series of micotoxigenic 
moulds, including A. flavus and A. parasiticus (Izquierdo et al,. 1995). When 
microorganisms produce the toxin, it is difficult to eliminate it from food because 
of its thermo-resistance (Richard, 2007).  These results reaffirm that even though 
seeds presented a low incidence of A. flavus and A. parasiticus, aflatoxins may be 
present. Thus the consumption of mouldy cashew nuts could be a potential hazard 
for public health. 
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Table 4. Presence of aflatoxins in cashew nut (ppb) according to sales points 

Sales points  
Nut 

N° of 
samples 

1 2 3 4 

Kruskal-Wallis 
Statistics 

P-value 
Chi square 

Cashew 
nut 

12 11.33 20.33 20.67 15.00 4.2706 0.2337 

 
Conclusions 

The interaction between sales points and the period of assay was significant, being 
the most influenced testing. The incidence of A. flavus and A. parasiticus in cashew 
nuts was not significant, but at the same time, is an alert about the presence of 
aflatoxins. And these secondary metabolites are harmful for humans as it they are 
to animals. Thus, the presence of aflatoxins in cashew nuts is a huge hazard for 
public health, and is independent of the presence of A. flavus and A. parasiticus.   
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