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I. INTRODUCTION 

Walnut (Juglans regia L.) is one of the finest nuts from temperate regions. It has high nutritional value, very 

positive effects on human health [1] , [2] and appreciated medicinal importance [3], [4]. Walnut is a significant 

component in a variety of traditional dishes that are eaten raw or roasted in some countries [5]. Additionally, it 

is of great economic value for the various food industries [6]. Unfortunately, walnut is sensitive to pre and post-

harvest fungal invasion and as a result of inappropriate storage conditions, it may be contaminated by  toxigenic 

fungal species [7]. Infection can occur during growth, harvesting, transportation or storage of walnuts [8]. 

Numerous fungi have the ability to attack walnut during storage under improper conditions [9]. Among these, 

Aspergillus and Penicillium are the most dominant fungi that  invade commoditized walnut [10].  These two 

common groups of storage fungi are involved in the production of mycotoxins [11]  and simultaneously 

deteriorate dried commodities as they are able to grow at water activity (aw) as low as 0.64  [12]. Unfortunately, 

accumulation of such mycotoxic compounds could affect the nut quality [13], [14] and harm the consumer [15], 

[16]. The present study is aimed to investigate the natural occurrence of Aspergillus  and Penicillium species 

associated with dried walnut kernels and the first report of  co-occurrence of  aflatoxins and sterigmatocystin 

detected from  market samples of J&K state. 

 

II. MATERIALS AND METHODS 

A. Isolation and identification of aspergilli and penicilli associated with walnut kernels 

Market samples of  walnuts kernels (in-shell, shelled half and shelled broken) were collected in pre-sterilized 

polythene bags from local  markets of J&K. These sample bags were sealed over flame to avoid external 

contamination and brought to the laboratory for further studies. Aspergilli and penicilli associated with the 

walnut kernels were determined by following the method of  [17]. In this method, 5g sample was taken in an 

Erlenmeyer flask (250 ml capacity), containing 45ml sterilized distilled water and shaken vigorously on a rotary 

shaker for 30 minutes to obtain a homogenous suspension. Ten fold serial dilutions were prepared and 1ml 

portion of suitable dilution was poured in petriplates by using a sterilized pipette. For recovery of maximum 

number of Aspergillus and Penicillium species from each sample, three different media- modified Czapek Dox 

agar (CDA), dichloran 18% glycerol agar (DG-18) and malt salt agar (MSA) were used. For each of these three 

media, 5 replicates were maintained. The medium was poured by making a gentle rotational movement of the 

petriplates to ensure uniform spreading of the sample. These petriplates were incubated for 7 days at 28±2
o
C. 
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X 100 

After incubation, observations for fungal colonies were made. Identification of the isolated aspergilli and 

penicillia was done by using relevant literature [18], [19]. Percentage frequency of occurrence of each species 

was calculated as follows:  

Frequency (%) = Number of samples from which an organism was isolated    

                                         Total number of samples tested 

B. Extraction of Aflatoxins and Sterigmatocystin From Walnut Kernels 

A total of 90 samples of various grades of walnut kernels were analysed for a flatoxin and sterigmatocystin 

contamination by using modified multimycotoxin method developed by Roberts and Patterson [20]. In this 

method, 25g of finely ground kernels  were taken in an Erelenmeyer flask (250 ml capacity) and 100 ml mixture 

of acetonitrile and 4% potassium chloride (90:10 v/v) was added to it. The flask containing mixture was kept for 

horizontal shaking on a rotary shaker for 30 minutes. Thereafter, extract was filtered through Whatman no. 41 

filter paper and the filtrate was defatted twice with 50 ml iso-octane in a separating funnel (250ml capacity). 

When the layers separated clearly, upper iso-octane layer was discarded and the lower acetonitrile layer was re-

extracted with 50ml iso-octane. Discarded the upper lipid containing layer and added 12.5ml distilled water to 

the lower acetonitrile layer. This layer was extracted thrice by using 20ml chloroform each time. Lower 

chloroform – acetonitrile layer was collected in a conical flask and drained through Whatman no. 41 filter paper 

having a bed of anhydrous sodium sulphate. The extract was collected in a beaker and marked as extract I. The 

aqueous layer left in the separating funnel was acidified with 1ml of 1.0N HCL and the acidic mycotoxins were 

extracted from it thrice by using 10 ml chloroform each time. Lower chloroform layers were combined, passed 

through anhydrous sodium sulphate bed, collected in a beaker and marked as extract II. Extracts I and II were 

combined and then evaporated to dryness on a water bath. After evaporation, the residue was dissolved in 1ml 

of chloroform and stored in small screw cap vials for qualitative and quantitative estimation of aflatoxins and 

sterigmatocystin. 

 

C. Estimation of  aflatoxins (AF’s) 

Qualitative estimation  of aflatoxins was done by spotting known amount of sample extracts  (100µl) with the 

help of micropipette on the activated TLC plates. The aflatoxin standards  (B1 , B2 , G1 and G 2) were also 

spotted on the TLC plates as reference spots. The TLC plates were then developed with a solvent system 

consisting of toluene: isoamyl alcohol: methanol  (90: 32 : 2 v/v). Developed plates were examined under long 

UV light (365 nm) and the various  spots of aflatoxins were located and marked with a sharp needle after 

comparing  their fluorescence colour and Rf value  with the standard  spots. Chemical confirmation  of 

aflatoxins was done by spraying 0.25 % H2SO4 , which changed the blue  fluorescent spots to yellow  [21]. 

High Performance Liquid Chromatography (HPLC) was used for quantitative estimation of aflatoxins. This was 

done by standardizing the method described by Sigma -Aldrich [22]. The analytical equipment  for HPLC 

consisted of a liquid chromatography pump (Class – LC -10 Schimadzu) , an autoinjection system SIL-10 A 

with a 50µl sample loop , a variable wavelength  absorbance UV/VIS detector SPD-10 A set at 365 nm. The 

analytical  column was C-18 (250 x 4.6 mm), filled with ODS (M) , RP-18 material, 5 µm particle size (Merck). 

The mobile phase consisted of  acetonitrile : methanol : water (30:10:60), at a flow rate of 1.5 ml/min. Analysis 

was performed at room temperature  (25-30
o 

C) and data was recorded in HP Desk Jet 670. Injection volume for 

extract solution varied between 10-40 µl. Estimation was done by comparison of retention time  (afla B1-6.2 min 

and B2-5.2 min) and peak areas observed in the aflatoxin standards with those observed  for samples. 

 

D. Estimation of sterigmatocystin (STC) 

Detection of sterigmatocystin was done by following the method of Athnasios and Kuhn [23]. In this method, 

100µl of sample extracts were spotted on TLC plates along with the standard. The plates were developed in a 

solvent system consisting of benzene : acetic acid (9:1 v/v), air dried and sprayed with 20% AlCl3 solution and 

heated for 10 minutes at 80ºC. Sterigmatocystin spots were located under short wave UV light as yellow 

fluorescent spots.                

Quantitative estimation of sterigmatocystin was done by modifying the HPLC method given by Engelhart et al 

[24]. The mobile phase consisted of methanol: water (80:20v/v) at a flow rate of 1.5ml/min. A variable 

wavelength UV/VIS detector set at 365 nm was used. Injection volume for extract solution was 10µl. 

Quantification was done by comparing retention time 3.9 min and peak area observed in the standard with those 

observed for samples. 

 

III. RESULTS AND DISCUSSION 

A. Aspergilli and Penicilli associated with Walnut kernels 

During the present investigation, Aspergillus and Penicillium species were the most dominant represented by 25 

and 34 species respectively (Table 1). Some of the common xerophilic aspergilli and penicilli recovered from 

the walnut samples included Aspergillus flavus, A. niger, A. japonicus, A. fumigatus, A. ochraceus, A. 

versicolor, A. tamarii, A. sydowii, Penicillium brevicompactum, P. chrysogenum, P. citrinum, P. fellutanum, 
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P.griseofulvum and P.waksmanii. Dominance of Aspergillus and Penicillium species from dried fruits and nuts 

has also been reported earlier by Sekar et al. [25] and Kumar et al. [26]. Species of Aspergillus and Penicillium 

are considered versatile in their  water activity (aw) requirements and these are most numerous in low aw habitats 

[27]. Aspergilli and penicilli grow on a large number of substrates and their ability to thrive at high temperatures 

(30-40
o
C) and relatively low available water (xerophilic nature) makes them well suited to colonize a number of 

nut crops. The maximum number of species of penicilli and aspergilli were isolated from in-shell samples (36) 

followed in decreasing order from shelled broken (33) and shelled half kernels (25). These results show that 

post-harvest operations have  a major influence on  the walnut mycoflora as they  were found to be  colonized 

by several species of Aspergillus and Penicillium. As walnuts contain substantial amount of fatty acids and other 

growth promoting elements, the invading mycoflora deteriorate the quality of walnuts during prolonged storage. 

Further, differences in the number and type of aspergilli and penicilli associated with the three grades of walnut 

kernels  may be due to the fact that the shelled half kernels  and  shelled broken  kernels undergo processes like 

sun-drying and  sorting  before marketing, which leaves behind lesser number of contaminated kernels. 

However,  differences detected in the mycoflora of shelled half kernels and  shelled broken  kernels might be 

due to the fact that the broken grade of walnut  kernel provides larger surface area for the colonization of fungal 

species than that of the  shelled half kernels.  Perusal of results (Figure 1) also show that the maximum number 

of fungal species (36) were associated with the in-shell grade of walnuts as it provides natural congenial 

atmosphere for the growth of fungal species on the kernels within the shell. In addition, temperature and 

humidity are also maintained within the shell, which favour the growth and multiplication of a large number of 

fungal species.  

B. Mycotoxins associated with walnut kernels 

(a) Detection of Aflatoxins 

During the present investigation, only two members of the aflatoxin group, that is,  AFB1 and AFB2 were 

detected  as contaminants of some of the samples of in-shell, shelled half and shelled broken kernels of walnut. 

This is probably due to the presence of A. flavus as a dominant contaminant in all the screened samples (Table 

1). However, inspite of the dominance of A. flavus in the investigated grades of walnut kernels, the magnitude of 

AFB1 and AFB2 contamination varied with the type of  kernel grade, storage conditions and aflatoxigenic 

potential of the A. flavus strains. Earlier, toxigenic strains of A. flavus have been reported to produce aflatoxins 

in nuts and  other dried fruits when the environmental conditions are favourable for their growth [28]. During 

the present investigation, 23.33% of the samples were detected to be positive for AFB2 and only 11.11% 

samples were positive for AFB1 contamination (Figure 2). Inspite of the high frequency percent of A. flavus in 

all the three grades of walnuts (Tables 1), production of aflatoxins in these grades was comparatively low (Table 

2). Earlier, Abbas et al. [29] also recorded great variation in aflatoxin production  by A. flavus. Other researchers 

who have reported aflatoxin contamination from walnuts and other nuts include Andrade [30], Khodavaisy et al. 

[31] and Abdulla [32]. While investigating the walnut kernels of J&K state mycoflora, A. parasiticus, which is 

reported to produce AFG1 and AFG2 [33] was detected in only 17 percent of the shelled half samples (Table 1). 

However, all the A. parasiticus positive samples were found to be negative for AFG1 and AFG2  contamination, 

which may probably be  due to the association of  atoxigenic strains of A. parasiticus or due to the unfavourable 

storage conditions. Earlier, Steiner et al. [34] and Juan et al. [35] detected AFG1 contamination  from dried figs.  

As depicted in figure 3, among the in-shell kernels of walnuts, incidence of AFB2  contamination was more than  

that of AFB1  contamination. However, concentration of AFB1 was  detected to be higher in the  in-shell kernels 

and ranged between 0.123-0.246 µg/g, whereas the concentration of AFB2 ranged between 0.064-0.233 µg/g 

(Table 2). Only two aflatoxin positive samples were detected to have both AFB1 and AFB2 contamination. In 

both these samples, concentration of AFB1 was  detected to be higher than that of  AFB2. Earlier, Fuller et al 

[36] and  Luttfullah and Hussain [37]  detected more than 1 µg/kg of AF’s in the in-shell walnut samples 

procured from California and Pakistan. Perusal of data presented in table 2 shows that the shelled half kernels 

were even more contaminated with aflatoxins than the  in-shell walnut kernels. Among  the investigated samples 

of shelled half kernels, only 10.0% samples were positive for AFB1 contamination, whereas AFB2 was  detected 

from 30.0% samples. The contamination  range of AFB1 was higher (0.391-0.983 µg/g) than that of  AFB2 

(0.146-0.297 µg/g), which was however  detected in more  number of investigated samples (Table 1). Only three 

samples were detected to have both AFB1 and AFB2  contamination (Table 1).  

 In case of shelled broken kernels, it was found that A. flavus possessed  lower frequency percentage  (33 

percent)  in comparison  to other two grades of walnut kernels (Table 1). Corroborating with these results, it was 

detected through HPLC analysis that 16.66 percent samples of the broken kernels were contaminated with AFB1 

(0.45-4.55µg/g), whereas AFB2 was found to be present in 20.0 percent of the investigated samples and the 

contamination range  varied from 0.19- 0.51µg/g. Low spore count of A. flavus  and aflatoxin contamination  

has also been detected from  pistachio  nuts and almonds [38]. Detection of aflatoxins in shelled broken kernels 

is of great concern as this particular grade of walnut is commonly used in bakery and confectionary and may 

affect the health of consumers. 
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 Levels of AFB1 and AFB2 detected in aflatoxin positive samples of in-shell and shelled half kernels were below 

the permissible limits, which may be  due to the presence of antioxidants within the  walnut kernels. According  

to  Molyneux et al. [39],  presence of specific antioxidant hydrolysable tannin in walnuts can suppress AF’s 

formation. The antioxidants present in the nuts also play an important role against microbial growth and 

proliferation [40], [41].  Earlier, Patterson et al. [42] reported that many fungi that produce mycotoxins can also 

degrade them under specific conditions. However, the maximum level for AFB1 in dried fruit for human 

consumption is 2 µg/kg, for total aflatoxins it is 4 µg/kg and for dried fruit to be subjected to sorting or other 

physical treatment, the maximum levels are 5 µg/kg for AFB1 and 10 µg/kg for total aflatoxins [43].  

(b) Detection of Sterigmatocystin 

Sterigmatocystin (STC) is a mycotoxin produced by many Aspergillus species viz., A. nidulans, A. sydowii and 

A. versicolor . Only 6.66% samples of in-shell kernels were detected with contamination of sterigmatocystin, 

which varied from 1.133-2.237 µg/g (Table 1). However, only one sample (3.33%) of shelled half kernels was 

found to be positive for sterigmatocystin with concentration of 1.709 µg/g and no sample of shelled broken 

kernel was contaminated with this mycotoxin (Figure 3). Absence of STC in the shelled broken kernels was 

quite surprising as these samples harboured Aspergillus versicolor, which is known producer of STC.  

Sterigmatocystin is a carcinogenic compound and classified as 2B carcinogen by the International Agency for 

Research on Cancer [44]. There are many reports about toxicity and mutagenicity of STC [45], [46]. STC is a 

precursor of AFB1 during biological transformation [47].  As shown in figure 2, very few samples of walnut 

kernels were found to be contaminated with STC and therefore there is no significant risk to the consumers. 

During the present investigation, co-occurrence of aflatoxins and sterigmatocystin was also observed  in 2.22% 

of the investigated samples. Further, it was also found that in such samples, amount of sterigmatocystin was 

much more than that of aflatoxins (Table 1).  

 

IV. CONCLUSION 

All these facts allow a conclusion that different grades of walnuts that are sold in J&K markets are susceptible to 

fungal deterioration and mycotoxin contamination, which could be due to the favourable climatic conditions 

especially humidity and temperature. Although a large proportion of samples had fairly low levels of individual 

mycotoxins, this should be of concern as the co-occurrence of these mycotoxins may generate additive or 

synergistic effect in humans, especially if the respective grades are consumed on a daily basis.  
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Table 1. Percentage frequency of Aspergillus and Penicillium species recovered from dried walnut 

kernels. 

            
          Fungal Species  In-shell kernels Shelled half   

    kernels 

Shelled broken  

       kernels 

Aspergillus candidus 17.0 - - 

A. carneus 14.0 3.0 - 

A.chevalieri - - 17.0 

A. clavatus 14.0 10.0 - 

A.ficuum - 13.0 - 

A.flavipes - 7.0 10.0 

A. flavus 53.0 40.0 33.0 

A. flavus var. columnaris 23.0 - - 

A. fumigatus 17.0 17.0 33.0 

A. glaucus 13.0 - - 

A. japonicus 33.0 - 17.0 

A. niger  63.0 50.0 43.0 

A. ochraceus 20.0 - 17.0 

A. oryzae 17.0 - - 

A.parasiticus - 17.0 - 

A. penicilloides 7.0 - - 

A.subolivaceus - - 17.0 

A. sulphureus 7.0 - - 

A. sydowii 17.0 7.0 - 

A.tamari - 10.0 17.0 

A. terreus 17.0 - - 

A.terricola var. americana - 10.0 - 

A.terricola var.indicus - - 7.0 

A.tubingensis - - 10.0 

A. ustus 13.0 - 10.0 

A. versicolor 17.0 - 13.0 

A.wentii - 17.0 - 

Penicillium arenicola 10.0 - - 

P. aurantiogriseum 7.0 - 7.0 

P. brevicompactum 37.0 23.0 27.0 

P. canescens 3.0 - - 

P. chrysogenum 33.0 23.0 20.0 

P. citrinum 27.0 17.0 20.0 

P.corylophilum - 13.0 - 

P. expansum 3.0 - - 

P. fellutanum 23.0 7.0 10.0 

P.fennelliae - - 7.0 

P. griseofulvum 20.0 13.0 - 

P.griseoroseum - - 7.0 

P. granulatum 7.0 - - 

P.hirsutum - - 7.0 

P.islandicum - - 10.0 

P. italicum 7.0 - - 

P.janczewskii - 3.0 - 

P. dalae 7.0 - - 

P. melinii 3.0 - - 

P.miczynskii - 7.0 7.0 

P. olivicolor 7.0 -  

P. olsoni 17.0 - 13.0 

P. oxalicum 10.0 - 7.0 

P.paxilli - - 7.0 

P.piceum - 3.0 3.0 

P.pinophilum - - 20.0 

P. puberulum 7.0 - 13.0 

P. purpurogenum 10.0 - - 

P.restrictum - - 10.0 

P. variabile  - 13.0 - 
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P.velutinum - 10.0 3.0 

P.verrucosum - 10.0 7.0 

P. viridicatum  - - 7.0 

P. waksmanii 33.0 23.0 - 

 

 

Table 2. HPLC analysis of walnut kernels for aflatoxin (AFB1 and AFB2) and sterigmatocystin             

(STC) contamination (µg/g).  

SAMPLES 

ANALYSED 

               IN-SHELL    

               KERNELS 

            SHELLED HALF     

                 KERNELS 

SHELLED BROKEN           

         KERNELS 

AFB1  AFB2  STC  AFB1  AFB2  STC  AFB1  AFB2  STC  

1 - - - - - - - - - 

2 - - - - - - 4.556 - - 

3 - 0.233 2.237 - - - - - - 

4 - - - - - - - - - 

5 - - - - - - - - - 

6 - - - - - - - - - 

7 - - - - - - - 0.195 - 

8 - - - - - - - 0.275 - 

9 - - - - - - - - - 

10 - - - - - - - - - 

11 - - - 0.391 0.288 - - - - 

12 - - - - 0.261 - - - - 

13 - - - - 0.297 - - - - 

14 - 0.070 - - - - - - - 

15 - - - - 0.146 - - - - 

16 - - - - - - - - - 

17 - - - - - - -  - 

18 - - - - 0.256 - 0.480 0.512 - 

19 - - - - - - - - - 

20 0.246 0.134 - - - - - - - 

21 - 0.129 - - - - - - - 

22 - - - - - - - - - 

23 - - - - - - 0.901 0.282 - 

24 - - - - - - - - - 

25 - 0.064 - - 0.269 - - - - 

26 0.123 0.067 - 0.983 0.257 1.709 - - - 

27 - - - 0.486 0.263 - - - - 

28 - - - - - - 0.455  - 

29 - - 1.133 - 0.206 - 0.494 0.258 - 

30 - - - - - - - 0.269 - 
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No. of positive 

samples 

  

2 

 

6 

 

2 

 

3 

 

9 

 

1 

 

5 

 

6 

    

 - 

%age of 

positive 

samples 

 6.66 20.0 6.66 10.0 30.0 3.33 16.66 20.0 - 

 

 

 
 

 

Figure 1: Total number of Aspergillus and Penicillium recovered from market samples of dried walnuts 

kernels. 

 

 
Figure 2: Percentage of walnut kernel samples contaminated with  aflatoxins (AFB1 and AFB2) and 

sterigmatocystintoxins. 
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Figure 3: Mycotoxin contamination (µg/g) detected from market samples of in-shell, shelled half and 

shelled broken walnut kernels. 

 


