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ABSTRACT: The main aim of this study was finding a new method to prevent aflatoxin hazard in 
pistachio kernels. In this study qualitative and quantitative properties of pistachio kernels covered with 
concentrations 260 ppm, 500 ppm and 750 ppm chitosan have been investigated by imaging through 
electron microscope with SEM. Some indicators such as thickness, smoothness and the size of 
porosities of edible and anti microbial cover in chitosan have been analyzed. The results indicated that 
there is no breakage in any of covers and covering has been done well. Regarding to pictures attained 
by surfaces of samples we observed that covers of 500 ppm and 750 ppm were smoother than cover of 
250 ppm. Comparing covers of 500 ppm and 750 ppm showed that cover of 500 ppm is smoother than 
cover of 750 ppm. Investigating cross section of samples indicated that cover of 500 ppm is better than 
250ppm and 750 ppm in terms of compression and cohesiveness. Conclusion The results of picture 
analysis indicate that cover of 500 ppm has porosity number and average size of porosity less than two 
other samples. In total, investigating and comparing pictures and tables related to the surface and cross 
section of kernels covered with chitosan and observed sample showed that the cover of 500 ppm is the 
best and most proper cover in any terms. 
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INTRODUCTION 
 

 Pistachio with the scientific name pistacia vera from the family Anacardiaceae is one of the main products for 
exporting and our country is one of the largest producer and exporter of this crop. In the case of unfavorable 
conditions during storage, molding, production of aflatoxin by Aspergillus flavus and Aspergillus parasiticus, 
absorption of moisture, texture degradation and emergent flavor of oldness and harshness the quality of the 
product will decrease seriously (Sedaqati etal. 2010, Mortazavi and Tabatabai 1997). One of the methods for 
preventing these problems is to use edible covers. Edible covers are thin layers of materials which create a barrier 
against transmitting moisture, oxygen and aromatic and volatile materials in food products and can be eaten by the 
consumer. Chitosan produced by wastes of crab and shrimp can be used as edible films (Sinvayki and Alkhatib 
2003). Covering a crop such as pistachio which has very useful diet influences with chitosan causes decreasing of 
mold during storage and as a result it decreases the possibility of producing aflatoxin in it and on the other side it 
produces very useful food product which make its export better. As you can see in figure 1 chitosan is a copolymer 
from 2-amino-2-deoxy-D-glucose (glucosamine) and 2-acetamido-2-deoxy-D-glucose (N-acetyl glucosamine) which 
is produces by N-distillation chitin treated from hard-skinned animals wastes (Kamil etal. 2002). 
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Figure 1. Chitosan Chemical Structure 

 
 Usually chitosan is recognized as chitinic material with acetilation more than 50%. Commercial chitosans have 
usually distillation more than 70% and molecular weight between 10,000 to 1.2 millions Daltons. Chitosan is in the 
form of polycationic in PH less than 6 and reacts easily to negative-charged compounds such as proteins, anionic 
polysaccharides, fat acids and phospholipids (Barzegar and Mesbahi 2006). This material has no color and odor 
(Kamil etal. 2002) and is of proper consistency with living tissues and it is a non-poisoned material and can be 
broke down in the nature. Chitosan has various applications in food industries, pharmaceutics, medicine, paper-
making and water treatment (Barzegar and Mesbahi 2006). Among the applications of chitosan in food industries 
we can refer to preventing food materials from microbes, production of films and covers with biodegradability, 
recovering wastes from food materials processing in the process of making fruit juices transparent (Rajabi etal. 
2008). Anti microbial and anti oxidant properties are important properties of chitosan and many studies have been 
done about these properties and its application in food industries (Barzegar and Mesbahi, 2006). Anti microbial 
activities of chitosan have been investigated firstly by Mozarly etal (1990) and have been documented by Kamil etal 
(2002). 
 

MATERIALS AND METHODS 
 

Preparing Pistachio 
 Regarding to this fact that almost in any raw pistachio cultivar Akbari half of its weight is bone skin and the 
other half is kernel so for any 2 kilograms kernel it is necessary to remove the kernel of 4 kilogram pistachio. This is 
done with hand. In removing the kernels care is necessary to remove the kernel with its top thin skin and without 
any breaking. After removing all kernels for creating similar conditions it is necessary to mix all kernels and keep 
them in zipped plastic bag from heavy polyethylene with proper volume (for preventing penetration of moisture and 
oxygen).. 
 
Preparing Solution of Chitosan 
 Divide 2 kilograms of prepared kernels into 4 packages of 0.5 kilograms regarding to exact computations so 
that one package is used as observer and the other 3 for covering with the solution of chitosan with concentrations 
250-500-750 ppm. For covering by the method of plunging we used American chitosan Fluka with the medium 
molecular weight, acid citric 1%, beaker 500 milliliters and adjusted magnet unit on 1000-1200 rpm and 
temperature 50-60. We placed the beaker containing acid acetic on magnet unit and adjusted the temperature and 
after a time the temperature of solution reached the considered temperature. Then we adjusted the speed of 
rotation on the mentioned number and add chitosan needed for each concentration gradually to the solution (if we 
add chitosan suddenly the mucilage layer will be created in the surface of solution and will prevent solving 
chitosan). About 30-45 minutes is necessary for chitosan to be solved completely. The transparent solution 
obtained is full of air bubbles. So we leave the solution for 3 hours so that all bubbles can be removed and the 
temperature of the solution reaches the ambient temperature. Now the chitosan solution is ready for covering. 
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Covering 
 For covering in any concentration 0/5 kilograms kernels of pistachio are poured inside a breaker containing 
cold chitosan. The air of the breaker has been removed. After 5 minutes we mix it slowly and completely so that 
chitosan can cover the surface of kernels well. When covering is completed we pour the breaker and the remaining 
solution of chitosan inside plastic strainer and we place it diagonally for 10 minutes so that the extra and remaining 
solution of chitosans goes out. Then we spread foil on a tray and place the kernels on it and spread it well. Then 
we place the tray inside oven manufactured by Shimaz Iran Company so that tray of kernels with concentration 250 
ppm is placed on the top and 500 ppm is in the middle and the concentration 750 ppm is in the bottom. The 
temperature is 25 centigrade’s and the time is 3 days. The samples will be dried during this time. 
 
Packaging 
 The samples of 0.5 kilograms which have been covered and dried in zipped plastic bags were placed in bags 
sizing 25 in 35 cm with the mark Zip Plast Parsa manufactured by Parsa industrial and commercial group.  
 
Imaging with Electron Microscope by SEM 
 Preparing pictures was done by SEM manufactured by Philips company model XL30 and gold covering was 
done by Sputer Coater unit model Bal Tek SCD 500. For investigating covering of each sample two series of 
pictures were prepared by magnifying the surface and cross section of kernel.  
 For preparing the samples of cross section of kernels we used Quick Freezing-Vacuum Drying so that first we 
placed the samples for 30 seconds in liquid nitrogen and then we broke them and dried them in vacuum tank. Then 
for gaining conductivity we covered the surface of samples with gold and pictured it with electron microscope SE. 
For imaging the surface of samples it is not necessary to prepare cross section of samples similarly. Only for 
gaining conductivity we covered the surface of samples with gold.  
 Regarding to this fact that recognizing porosity in software of analyzing picture is based on the degree of 
separating picture it is necessary to select pictures not involving factors other than porosity in measurements. So 
we must prepare both the pictures of returned electron (BSE) and secondary electron (SE) from a special area. 
With comparing them we can recognize real porosities. On the other hand, change of color in the pictures of BSE is 
due to change of phase and existence of porosity. So in order to prepare these pictures the surface of samples 
should not be smooth. Regarding to this issue that in the samples of pistachio there is no possibility of preparing 
smooth sample of cross section (for preparing smooth sample it is necessary that the surface of sample to be 
polished) and since porosities are clear in SE pictures for investigating the size of porosities the pictures became 
ready with SE and the pictures were analyzed by software Image tool. 
 
 

RESULTS AND DISCUSSION 
 

Thickness of Cover 
 Figure 2 indicates that all covers have good compression. Regarding the comparison of average amounts of 
cover thickness of samples we can say although cover thickness of sample C is less than other samples comparing 
pictures in figure 2 shows that in terms of compression and cohesiveness this sample has the highest compression 
and cohesiveness. The reason of the least thickness in this cover is this same high compression and cohesiveness 
of layers in this concentration. 
 

  

A B 
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Figure 2. cover thickness A) observer sample B) sample 250 ppm C) sample 500 ppm D) sample 750 ppm 
 

Smoothness of Cover 
 Investigating pictures of cross section of samples indicates that the surface of samples has been covered well 
and there is no breakage in covers. As figure 3 indicates roughness level of the surface of samples is different. 
Comparing pictures in this figure shows that generally covers D and C are smoother than cover B and comparing 
covers D and C shows that cover C is smoother than D.  
 

 
Figure 3. smoothness of cover A) observer sample B) sample 250 ppm C) sample 500 ppm D) sample 750 ppm 

 

The Size of Porosity of Cover 
 The results of analyzing pictures of figure 4 for determining the size of porosities of each cover have been 
provided in table 1.  
 
 
 
 
 

D C 
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Figure 4. the size of porosities of cover A) sample 250 ppm B) sample 500 ppm C) sample 750 ppm 

 
Table 1. the size of porosities of covers 

Sample Code  Mean 

Sample A  1.86 
Sample B  1.61 
Sample C 1.9 

 
 Table 1 and this figure indicate that cover of sample A has more porosity than B and C and the average 
porosity in sample B is less than C.  
 

CONCLUSION 
 

1- Regarding to the pictures obtained by the surface of samples, covers 500 ppm and 750 ppm are smoother than 
the cover 250 ppm and comparing covers 500 ppm and 750 ppm indicates that cover 500 ppm is smoother than 
the cover 750 ppm. 
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2- Investigating cross section of samples indicates that the cover of sample 500 ppm is better than the samples 
250 ppm and 750 ppm in terms of compression and cohesiveness. 
3- Results of analyzing pictures indicate that the sample 500 ppm has more number of porosity and more average 
size of porosity than the other two samples. 
 In total, comparing and analyzing pictures and table related to the surface and cross section of kernels covered 
with chitosan and observer sample we can see that firstly the cover had more compression and cohesiveness and 
secondly, the surface of that cover has less roughness and more smoothness and thirdly, it has less number of 
porosity and size of porosity. So investigating the parameters of thickness, smoothness and size of porosity about 
the tested covers shows that the kernels covered with the concentration 500 ppm of chitosan are the best and most 
proper covers in any terms.   
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