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Introduction: Roasting process improve the taste, 

colour, texture, and overall acceptability of the tree nuts. 

Materials and Methods: In this study, raw pistachio 

were placed in a solution containing 10, 15, 20 and 25% 

salt for 15 min to select suitable conditions of salting and 

roasting. Then pistachio roasted in oven and fluidized bed 

roaster for 10-25 min (130-190˚C). Sensory evaluation was 

carried out in terms of frangibility, salt percent, oil 

rancidity, flavor, color of shell, splitting of shell and 

overall acceptability. Salted and roasted pistachio samples 

stored at 25˚C for one year. Peroxide value, acid value, 

amount of salt and moisture content was measured each 

two months during storage period. 

Results: The pistachio salted in 10% salt solution and 

roasted in fluidized bed roaster at 130˚C (30 min), 190˚C 

(10 min) and 190˚C (30 min) obtained highest score 

respectively. Quality test results showed that salted and 

roasted pistachios maintain its quality up to 10 months.  

Conclusion: The best condition for salting and roasting 

of pistachio was salting in 10% salt solution and roasting at 

130˚C for 30 min in fluidized bed roaster.  
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1. Introduction 

Pistachio is one of the most delicious and 

nutritious nuts. Splitted pistachios both roasted 

and salty, or even unsalted are consumed as 

snacks. Non- splitted Pistachio is also used in 

the production of oil, butter, chocolate and 

halva. Pistachio is also an additive used in the 

sausage, confectionery and sauces industry [1]. 

Roasting is a process step used in the tree nuts 

industry to improve the taste, colour, texture, 

and overall acceptability of the product [2- 4]. 

In general, the purpose of roasting is to 

increase the desire for food and produce 

foodstuffs with different flavors, aromas and 

textures. It also destroys enzymes and 

microbes, resulting in preserving food [5]. 

Changes in food texture depend on the type of 

food, moisture, the relative composition of 

fats, proteins, and structural carbohydrates 

(cellulose, starch, and pectin), and the roasting 

temperature and its duration. Many aromatic 

compounds are produced during roasting 

which have been elaborated [6, 7]. According 

to Kader et al. (1980), extreme heating 

conditions cause Millard reactions between 

glucose and amino acids in food [8]. 

If the temperature rises during drying  

(116 to 138°C), the over-roasting can occur. 

Many studies have been done in this area. For 

example, the effect of different heating 

methods on fat quality, sensory evaluation and 

percentage of pistachio splitting showed that 

different methods of pistachio drying had no 

significant effect on free fatty acids and 

peroxide value but their impact on pistachio 

appearance and splitting percentage is 

significant [9]. Reducing moisture content of 

pistachio nuts during the roasting process to 

4% improves the sensory properties compared 

with higher moisture content (6-11%)[10]. 

Shakerardekani et al. (2011) reported that 

hardness and colour attributes (‘L’ and ‘b’ 

values, yellowness index) of kernels could be 

used to monitor the roasting quality of whole-

kernels [11]. Oxidation of fats occurs at low 

amounts of water activity due to the free 

radicals. Above this amount of monolayer 

water, the antioxidants and the constituents of 

the complex with metals dissolve and reduce 

the rate of oxidation. Most enzymes are 

ineffective in water activity less than 0.85. But 

lipase can be active up to 0.3 or even 0.1 water 

activity. This range has a protective effect on 

the oil's oxidation [12]. 

According to Maskan and Karatas (1997), 

the lowest rate of lipid oxidation and 

hydrolysis reactions occurs in pistachio nuts 

when its water content is reduced to a 

monolayer. Under this situation, it can be 

concluded that salted pistachio is stable under 

all storage conditions [13]. Lipid oxidation 

may be controlled by minimizing changes of 

nut microstructure. Non-enzymatic browning 

also forms antioxidants [14]. 

Generally, two methods including dry 

roasting and roasting in oil are used for 

roasting kernels. In the dry roasting method, 

the heating is produced using warm air or 

microwave radiation, and in the second 

method the kernels are immersed in boiling oil 

and then the extra oil is removed. In the first 

method, nuts such as hazelnuts are exposed to 

hot air for 5 to 60 minutes at temperatures 

between 100 and 180°C [15, 16]. As the 

temperature increases, the nut's moisture 

decreases, for example, when the nut's internal 

temperature increase from 121 to 148°C,  
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the nut's moisture content decrease to about 

one percent. In addition to reducing the 

moisture content, the aromatic and volatile 

compounds are produced in nuts. These 

compounds impart a good taste [15]. 

The development of roasting odor depends 

both on the roasting temperature and time, as 

well as on the type of tree nuts and roasting 

method. The appropriate temperature and 

timing of macadamia roasting for consumption 

as a snack is 135°C for 20 minutes which has 

been reported [17]. Texture properties of 

whole grains are also affected by roasting 

conditions. During roasting, the moisture 

content of most tree nuts decreases [18] and 

the texture  becomes brittle, in other words, 

their hardness softens [19]. In respect to 

texture changes during roasting, many 

researchers have considered hardness as a 

qualitative indicator in products such as 

pistachios [20, 21]. During roasting, the 

reactions of caramelization and browning 

occur, resulting in the formation of brown 

pigments [22]. The effect of roasting 

conditions on color changes by several 

researchers in their studies on peanuts [23], 

hazelnuts[24, 25], sesame [26] and Macadamia 

[27] have been reported. Other studies in the 

field of pistachios have focused on the effect 

of roasting conditions on nutrients [28, 29] and 

its stability during storage [20, 21]. In this 

study, in order to achieve the optimum 

conditions for salting and roasting of pistachio, 

the effect of salt on salting and also the effect 

of two types of hot air roasters (oven and 

roasting with fluidized bed) and temperature 

and roasting time on quality, shelf life and 

nutritional value of pistachio were evaluated. 

 

2. Materials and Methods 

In this study, pistachio samples of Ohadi, 

Ahmad Aghaei, Kalleh Ghoochi and Akbari 

were selected. Initially, protein content, sugar 

content and fat content were measured by 

Kjeldahl method, Fehling method and Soxhlet 

method using Wrolstad et al. (2001) method in 

three replications, respectively [30]. The 

pistachios immersed in a solution containing 

0.5% citric acid and 10 and 25% Sodium 

Chloride (independent variable), for 10 

minutes. At this stage, moisture content and 

salt absorbed by the pistachios were measured. 

Salted pistachios were then placed at ambient 

temperature for several hours to remove their 

apparent moisture content. Roasting of 

pistachios was carried out at 130 to 190°C  

(10 to 25 minutes) in two ovens (Memmert 

model, Germany) and fluidized bed roaster 

(RFB-S model, Germany). The first part of the 

experiment was a factorial experiment with 

four factors including type of device, salt 

concentration, roasting time and roasting 

temperature for each cultivar separately and in 

3 replications. Sensory evaluation on 7 traits 

of frangibility, salinity, fat rancidity, roasting 

rate, shell colour, splitting rate (ratio of 

number of splitting pistachios to total number 

of pistachios per 100 g) and overall 

acceptability by 32 panelists (not good at all: 

1, Not good: 2, not good or bad: 3, good: 4, 

very good: 5). panelists were given three 

pistachios each time and this experiment was 

repeated three times. Samples were randomly 

numbered [31]. The means were compared 

using Tukey's test. Salted and roasted 

pistachios were selected from the sensory 

evaluation stage for one year at ambient 

temperature (25°C). at the beginning and at 
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intervals of two months, peroxide number, 

acid number, salt content and moisture content 

were measured. Protein, sugar and fat levels 

were also measured in the best treatments to 

determine the effect of saline and roasting of 

pistachio on its nutritional value. The second 

part of the research was completely 

randomized with treatments selected from the 

first stage and analyzed in 3 replications. 

Finally, suitable conditions were suggested for 

roasting and roasting of pistachios. 

 

 

 

3. Results  

The percentage of measured salts in 

pistachio nuts immersed in brine solution 

containing 10 and 25% salts were 0.9 and 3.1 

respectively. The final moisture content of 

pistachios in these solutions was 10.1 and 

8.8%, respectively. The results for different 

pistachio cultivars are shown in Table 1.  

The amount of moisture in different pistachio 

cultivars was not significant. Sugar content in 

Kale Ghoochi and Ahmad Aghaei cultivars 

was not significantly different. Other pistachio 

cultivars had significant differences in protein, 

sugar and fat. 
 

Table 1- Protein, Sugar, Fat and Moisture Content of Akbari, Kalle Ghoochi, Ohadi and Ahmad Aghaei 

Cultivars 

 

 

 

 

 

 

 
 

3.1. Sensory Test 

The results showed that roaster type, time 

and temperature have a significant effect on 

frangibility. Shakerardekani et al. (2011) 

reported similar report for roasting of pistachio 

kernel. Salt and temperature factors have the 

same effect on salinity and roasting rate, 

respectively. Also interaction effect of roaster 

type, salt and temperature on shell color was 

significant (P< 0.05). Interaction effect of 

roaster type and time have similar effect on 

splitting rate (P< 0.05). In terms of overall 

acceptability, which is a sum of sensory 

characteristics, salt factors, time and type of 

roaster have significant effect on sensory score  

 
 

(P<0.05). The results of the sensory test are 

presented in Table 2. According to the results 

(Table 3), the salted pistachio formulations in 

10% brine and roasted in a fluidized bed 

roaster at 130°C (30 min), 190°C (10 min) and 

190°C, (30 minutes) have earned the most 

points respectively. The type of cultivar had 

no significant effect on the quality of salting 

and roasting. Hojjati et al. (2013) reported that 

raw pistachios had lower concentrations of 

most volatiles than roasted. A total of 26 

compounds were detected in roasted 

pistachios. These compounds effect on the 

sensory evaluation of the roasted pistachios 

[32]. 

Cultivar Protein Carbohydrate Fat Moisture 

Akbari 22.7 ± 0.2 b 14.4 ± 0.1 b 56.5 ± 0.5 d 4.4 ± 0.4 a 

Kale Ghoochi 21.3 ± 0.1 c 15.7 ± 0.1 a 56.8 ± 0.5 c 4.2 ± 0.2 a 

Ohadi 23.6 ± 0.2 a 12.7 ± 0.1 c 57.4 ± 0.6 a 4.3 ± 0.2 a 

Ahmad Aghaei 20.9 ± 0.1 d 15.8 ± 0.1 a 57.1 ± 0.6 b 4.3 ± 0.2 a 
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3.2. Nutritional Value of Roasted and 

salted Pistachio 

Results of protein, sugar and fat 

measurement in the first treatment (10% salt, 

fluid bed, 10 min at 190°C) and the second 

one (10% salt fluid bed, 30 min at 130°C) 

which have better shelf life, are listed in  

Table 4. According to these results, protein, 

sugar and fat content decreased during salting 

and roasting. Also, 10% salt, fluidized bed 

treatment (30°C at 130°C) had higher protein 

and fat content than 10% salt, fluidized bed 

treatment (190°C for 10 minutes). 

Table 2- Mean of sensory scores for salty and roasted pistachio treatments 

 

Table 3- Quality test for three treatments selected from sensory test 

Treatment 
Storage 

Month 

Peroxide value 

(meq/kg) 
Acid Value (%) Salt (%) Moisture (%) 

10% salt, FB, 10 min, 190°C 

0 0.60 ± 0.1 0.59 ± 0.1 1.12 ± 0.1 1.60 ± 0.1 

2 1.32 ± 0.1 0.71 ± 0.1 1.11± 0.1 1.65 ± 0.1 

4 1.91 ± 0.1 1.12 ± 0.1 1.09 ± 0.1 1.78 ± 0.1 

6 2.54 ± 0.2 1.20 ± 0.1 1.01 ± 0.1 2.05 ± 0.1 

8 3.13 ± 0.2 1.39 ± 0.1 0.96 ± 0.1 2.50 ± 0.1 

10 4.98 ± 0.3 1.58 ± 0.1 0.94 ± 0.1 3.00 ± 0.2 

12 6.74 ± 0.4 1.81 ± 0.2 0.93 ± 0.1 3.11 ± 0.2 

10% salt, FB, 30 min, 130°C 

0 0.55 ± 0.0 0.62 ± 0.1 0.93 ± 0.1 1.31 ± 0.1 

2 1.14 ± 0.1 0.73 ± 0.1 0.91 ± 0.1 1.43 ± 0.1 

4 1.73 ±0.1 1.11 ± 0.1 0.88 ± 0.1 1.57 ± 0.1 

6 2.32 ± 0.1 1.17 ± 0.1 0.84 ± 0.1 1.91 ± 0.1 

8 2.98 ± 0.1 1.32 ± 0.1 0.83 ± 0.1 2.02 ± 0.1 

10 4.76 ± 0.3 1.49 ± 0.1 0.79 ± 0.1 2.61 ± 0.1 

12 5.81 ± 0.4 1.64 ± 0.1 0.75 ± 0.1 2.96 ± 0.2 

10% salt, FB, 30 min, 190°C 

0 0.70 ± 0.0 0.58 ± 0.1 0.90 ± 0.1 1.12 ± 0.1 

2 1.41 ± 0.0 0.65 ± 0.1 0.87 ± 0.1 1.29 ± 0.1 

4 2.05 ± 0.0 1.03 ± 0.1 0.84 ± 0.1 1.59 ± 0.1 

6 2.64 ± 0.1 1.10 ± 0.1 0.78 ± 0.1 1.98 ± 0.1 

8 3.42 ± 0.2 1.24 ± 0.1 0.73 ± 0.1 2.32 ± 0.1 

10 5.49 ± 0.4 1.37 ± 0.1 0.72 ± 0.1 2.64 ± 0.2 

12 6.83 ± 0.4 1.59 ± 0.1 0.69 ± 0.0 2.88 ± 0.2 

Treatment Frangibility Saltiness Rancidity Roasting rate Shell Color Splitness 
Overall 

Acceptability 

10% salt, oven, 10 min, 130°C 3.58 ± 0.2b 3.52± 0.3a 3.55 ± 0.3a 3.76 ± 0.4 ab 3.94± 0.4ab 3.91± 0.4b 3.74± 0.3b 

10% salt, oven, 10 min, 190°C 3.56 ± 0.2b 3.52 ± 0.3a 3.60 ± 0.3a 3.76 ± 0.4 ab 3.90± 0.4ab 3.95± 0.4b 3.75± 0.3b 

10% salt, oven, 30 min, 130°C 3.68 ± 0.3ab 3.56 ± 0.3a 3.50 ± 0.2a 3.79 ± 0.4 a 3.94 ±0.4ab 4.08± 0.4ab 3.68 ±0.3b 

10% salt, oven, 30 min, 190°C 3.78 ± 0.3ab 3.57 ± 0.3a 3.50 ± 0.2 a 3.62 ±0.3 b 3.74± 0.3b 4.06±0.4b 3.84 ±0.4b 

10% salt, FB, 10 min, 130°C 3.64 ± 0.3ab 3.57 ± 0.3a 3.52 ± 0.3a 3.72 ± 0.4ab 3.95±0.4ab 4.15±0.4ab 3.76 ± 0.3b 

10% salt, FB, 10 min, 190°C 3.75 ± 0.3ab 3.57 ± 0.3a 3.53 ± 0.3a 3.77 ±0.4 a 3.98 ± 0.4ab 4.04 ±0.4b 3.95± 0.4a 

10% salt, FB, 30 min, 130°C 3.79 ± 0.3ab 3.58± 0.3 a 3.62 ± 0.3a 3.80 ± 0.4a 4.07 ± 0.2a 4.25±0.4a 4.05 ± 0.3a 

10% salt, FB, 30 min, 190°C 3.81± 0.3a 3.58 ± 0.3a 3.49 ± 0.2a 3.59 ± 0.2b 3.75± 0.3b 4.25± 0.4a 3.98 ±0.4a 

25% salt, oven, 10 min, 130°C 3.60 ± 0.2b 2.47 ± 0.2b 3.47 ± 0.2a 3.70 ± 0.2ab 3.91 ± 0.4ab 3.89 ± 0.3b 3.54 ± 0.2bc 

25% salt, oven, 10 min, 190°C 3.65 ± 0.2ab 2.47 ± 0.2b 3.48 ± 0.2a 3.76 ± 0.3a 3.87 ± 0.4 ab 3.95 ± 0.4b 3.48± 0.2c 

25% salt, oven, 30 min, 130°C 3.72 ± 0.3ab 2.47 ± 0.2b 3.48± 0.2a 3.78 ± 0.3a 3.90 ± 0.4ab 3.93± 0.4 3.62 ± 0.2bc 

25% salt, oven, 30 min, 190°C 3.80± 0.3ab 2.42± 0.2b 3.51 ± 0.3a 3.60 ± 0.3 b 3.75 ± 0.2b 4.05± 0.4b 3.57 ± 0.2bc 

25% salt, FB, 10 min, 130°C 3.70 ± 0.3ab 2.45 ±0.2b 3.52 ± 0.3a 3.71 ± 0.3ab 3.95 ± 0.4ab 4.16± 0.4ab 3.48 ± 0.2c 

25% salt, FB, 10 min, 190°C 3.67 ± 0.2ab 2.46 ± 0.2b 3.50 ± 0.2a 3.70± 0.3 ab 3.96 ± 0.4ab 4.07 ± 0.4b 3.50 ± 0.2c 

25% salt, FB, 30 min, 130°C 3.76 ± 0.3ab 2.44 ± 0.2b 3.49 ± 0.2a 3.80 ± 0.4a 3.97± 0.4ab 4.07 ± 0.4b 3.67 ± 0.2bc 

25% salt, FB, 30 min, 190°C 3.84 ± 0.3a 2.47 ± 0.2b 3.50 ± 0.2a 3.60 ± 0.2b 3.74 ± 0.2b 4.35 ± 0.4a 3.61 ± 0.2bc 
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Table 4- Comparison of protein, sugar and fat content (%) in salted, roasted and raw pistachios 

Treatment Protein Carbohydrate Fat 

Raw pistachio 23.5 ± 2.1 a 12.8 ± 1.2 a 57.7 ± 4.1 a 

10% salt, FB, 10 min, 190°C 22.4 ± 2.0 b 11.1 ± 1.0 c 48.7 ± 4.2 b 

10% salt, FB, 30 min, 130°C 22.5 ± 2.1 b 11.5 ± 1.1 b 48.9 ± 4.3 b 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Discussion 

The results of quality test including 

peroxide value, acid value, salt content and 

moisture content showed that according to the 

conditions mentioned in National Standard 

No. 15, the maximum shelf life of salted and 

roasted pistachios was up to 2 months in two 

10% salt treatments. It was Fluidized bed, 10 

minutes at 190°C and 10% Salt, Fluidized bed, 

30 minutes at 130°C. The peroxide value was 

the most important limiting factor. This result 

is in agreement with the report of Maskan and 

Karatas [13] on the peroxide value [33]. 

Results of protein, sugar and fat measurement 

in the first treatment (10% salt, fluid bed, 10 

min at 190°C) and the second one (10% salt 

fluid bed, 30 min at 130°C) which have better 

shelf life, are listed in Table 4. According to 

these results, protein, sugar and fat content 

decreased during salting and roasting. Also, 

10% salt, fluidized bed treatment (30°C at 

130°C) had higher protein and fat content than 

10% salt, fluidized bed treatment (190°C for 

10 minutes). 

In general, according to the results of the 

first part of the design, the salted pistachio 

formulations, diluted in 10% brine, and 

roasted in a fluidized bed roast at temperatures  

 

 

 

of 130°C (30 min), 190°C (10 min) and 190°C 

(30 minutes) respectively, have earned more 

points. According to Balasubramanian and 

Srinivasakannan [34], the advantages of 

fluidized bed application are effective surface 

contact, high degree of material mixing and 

uniformity of the final product [34]. According 

to Topuz, Gur and Gul [35], this method 

reduces roasting time. 

5. Conclusion 

Considering the nutritional value of the 

formulas, it is observed that the amount of 

protein, sugar and fat in roasted and salted 

pistachio decreased due to the Millard reaction 

between sugars and amino acids. In respect to 

sensory test, quality test and nutritional value 

of salted pistachio in 10% saline solution and 

roasted in a fluidized bed roast at 130°C (30 

min) was selected as the best treatment. 

Conflict of Interest 

The authors declare no conflict of interest. 

Acknowledgements 

The authors would like to thank the 

Pistachio Research Center for its financial 

support. 

 



Shakerardakani et al./ Effect of Different Salting and Roasting Methods in Oven 

Pistachio a Pistachio and Health Journal/ Vol. 2, No. 2, Spring 2019, 26-33 

32 

References 

1. Ardakani AS. The vital role of pistachio 

processing industries in development of Iran non-

oil exports. In: Javanshah A, Facelli E, 

Wirthensohn M, editors. Proceedings of the IVth 

International Symposium on Pistachios and 

Almonds; May 22-25, 2005; Tehran, Iran. Tehran: 

ISHS; 2006: 579-81. 

2. Saklar S, Katnas S, Ungan S. Determination of 

optimum hazelnut roasting conditions. Int J Food 

Sci & Technol. 2001;36(3):271-81. 

3. Pittia P, Dalla Rosa M, Lerici CR. Textural 

changes of coffee beans as affected by roasting 

conditions. Lebensmittel-Wissenschaft und-

Technologie. 2001;34(3):168-75. 

4. Ozdemir M, Devres O. Kinetics of color changes 

of hazelnuts during roasting. J Food Eng. 

2000;44(1): 

31-8. 

5. Fellows PJ. Food processing technology: 

principles and practice: Elsevier; 2009. 

6. Acena L, Vera L, Guasch J, Busto O, Mestres M. 

Determination of roasted pistachio (Pistacia vera 

L.) key odorants by headspace solid-phase 

microextraction and gas chromatography-

olfactometry. J Agric & Food Chem. 

2011;59(6):2518-23. 

7. Acena L, Vera L, Guasch J, Busto O, Mestres M. 

Comparative study of two extraction techniques to 

obtain representative aroma extracts for being 

analysed by gas chromatography–olfactometry: 

Application to roasted pistachio aroma. J 

Chromatogr A. 2010;1217(49):7781-7. 

8. Kader AA, Labavitch JM, Mitchell FG, Sommer 

NF. Quality and safety of Pistachio nuts as 

influenced by postharvest handling procedures. 

The Pistachio Assoc. Ann Rpt. 1980:44-52. 

9. Kashani Nejad M, Tabil L, Mortazavi A, Safe 

Kordi A. Effect of drying methods on quality of 

pistachio nuts. Dry Technol. 2003;21(5):821-38. 

10. Kader AA, Heintz CM, Labavitch JM, Rae HL. 

Studies related to the description and evaluation of  

 

 

pistachio nut quality. J Am Soc Hortic Sci. 

1982;107(5):812-6. 

11. Shakerardekani A, Karim R, Mohd Ghazali H, 

Chin NL. Effect of roasting conditions on 

hardness, moisture content and colour of pistachio 

kernels.  

Int Food Res J. 2011;18:704-10. 

12. Wan PJ. Introduction to fats and oils technology: 

American Oil Chemists' Society; 1991. 

13. Maskan M, Karatas S. Sorption characteristics of 

whole pistachio nuts (Pistacia vera L.). Dry 

Technol. 1997;15(3-4):1119-39. 

14. Perren R, Escher F. Impact of roasting on nut 

quality. Improving the safety and quality of nuts: 

Elsevier; 2013. p. 173-97. 

15. Demir AD, Celayeta JMF, Cronin K, Abodayeh 

K. Modelling of the kinetics of colour change in 

hazelnuts during air roasting. J Food Eng. 

2002;55(4):283-92. 

16. Sandmeier D. How roasting affects hazelnut 

quality. The Cracker. 1996;3:18-21. 

17. Birch J, Yap K, Silcock P. Compositional 

analysis and roasting behaviour of gevuina and 

macadamia nuts. Int J Food Sci & Technol. 

2010;45(1):81-6. 

18. Emily LB, Terri DB, Lester AW. Effect of 

cultivar and roasting method on composition of 

roasted soybeans. J Sci Food & Agric. 

2009;89(5):821-6. 

19. Vincent JFV. Application of fracture mechanics 

to the texture of food. Eng Fail Anal. 

2004;11(5):695-704. 

20. Nikzadeh V, Sedaghat N. Physical and sensory 

changes in pistachio nuts as affected by roasting 

temperature and storage. American-Eurasian J 

Agric & Environ Sci. 2008;4:478-83. 

21. Raei M, Mortazavi A, Pourazarang H. Effects of 

packaging materials, modified atmospheric 

conditions, and storage temperature on 

physicochemical properties of roasted pistachio 

nut. Food Anal Methods. 2009;3(2):129-32. 



Shakerardakani et al. / Effect of Different Salting and Roasting Methods in Oven  

Pistachio a Pistachio and Health Journal/ Vol. 2, No. 2, Spring 2019, 26-33 

 

33 

22. Cammarn SR, Lange TJ, Beckett GD. Continuous 

fluidized-bed roasting. Chem Eng Prog. 

1990;86(6):40-6. 

23. Cammerer B, Kroh LW. Shelf life of linseeds and 

peanuts in relation to roasting. LWT- Food Sci & 

Technol. 2009;42(2):545-9. 

24. Ozdemir M, Açkurt F, Yildiz M, Biringen G, 

Gurcan T, Loker M. Effect of roasting on some 

nutrients of hazelnuts (Corylus avellena L.). Food 

Chem. 2001;73(2):185-90. 

25. Ozdemir M, Devres O. Analysis of color 

development during roasting of hazelnuts using 

response surface methodology. J Food Eng. 

2000;45(1):17-24. 

26. Kahyaoglu T, Kaya S. Determination of optimum 

processing conditions for hot-air roasting of hulled 

sesame seeds using response surface methodology.  

J Sci Food & Agric. 2006;86(10):1452-9. 

27. Wall MM, Gentry TS. Carbohydrate composition 

and color development during drying and roasting 

of macadamia nuts (Macadamia integrifolia). 

LWT- Food Sci & Technol. 2007;40(4):587-93. 

28. Kashani GG, Valadon L. Effect of salting and 

roasting on the lipids of Iranian pistachio kernels. 

International J Food Sci & Technol. 

1983;18(4):461-7. 

29. Kashani GG, Valadon L. Effect of salting and 

roasting on the carbohydrates and proteins of 

Iranian pistachio kernels. Int J Food Sci & 

Technol. 1984;19(2):247-53. 

30. Wrolstad RE, Acree TE, Decker EA, Penner MH, 

Reid DS, Schwartz SJ, et al. Current Protocols in 

Food Analytical Chemistry. New York: Wiley; 

2001. 

31. Meilgaard M, Civille GV, Carr BT. Sensory 

Evaluation Techniques. Boca Raton: CRC Press; 

1999. 

32. Hojjati M, Calin‐Sanchez A, Razavi SH, 

Carbonell‐Barrachina AA. Effect of roasting on 

colour and volatile composition of pistachios 

(Pistacia vera L.). International J Food Sci & 

Technol. 2013;48(2):437-43. 

33. Maskan M, Gogus F. The fitting of various 

models to water sorption isotherms of pistachio 

nut paste. J Food Eng. 1997;33(3-4):227-37. 

34. Balasubramanian N, Srinivasakannan C. Drying 

of granular materials in circulating fluidized beds. 

Adv Powder Technol. 2007;18(2):135-42. 

35. Topuz A, Gur M, Gul MZ. An experimental and 

numerical study of fluidized bed drying of 

hazelnuts. Appl Therm Eng. 2004;24(10):1535-47. 

 

 

 


