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 This study aimed to extend the shelf life of walnut kernels by appropriate packaging conditions 

and physical methods. For this purpose, the kernels were heated at 50 or 70°C for 2 or 10 

minutes. About 100g of walnuts were packed in low-density polyethylene (LDPE) packages 

under ordinary, vacuum or nitrogen conditions. Samples were stored for 18 months at room 

temperature. Peroxide value and acidy number were determined after 6, 12 and 18 months of 

storage. The results of the variance analysis showed that the effect of packaging conditions on 

peroxide value, and the effect of all factors on the acidity of the samples were significant 

(p<0.01) for the 6- month storage. Walnuts packaged under nitrogen conditions had lower 

peroxide value than others, and the samples preheated at 70˚C had a lower acidity. After 12 

months of storage, the effect of all factors on peroxide and the acidy number of walnuts were 

significant (p<0.01). The lowest peroxide value and acidity were observed for walnuts 

preheated at 50˚C for two minutes. Finally, based on the obtained results, we recommend that 

walnut kernels should be preheated at 70˚C for two minutes and packaged under nitrogen or 

vacuum conditions. In this way, they could be stored for six months without perceived 

oxidation. The oxidation of walnuts would increase during storage for 12 to 18 months 

gradually, and their peroxide value and the acidity would exceed the desirable limits. 

 

Introduction 

Walnuts, with the scientific name of Juglans, belong 

to the Juglandasse family. Iran's walnut is one of the 

most valuable varieties in the world and is an 

economically valuable product (Hassankhah et al., 2017; 

Farsi et al., 2018). The oil content of different walnut 

varieties is between 60% and 75%, and linoleic acid is 

the dominant fatty acid (44.84-68.44%). It also contains 

other nutrients, including vitamins A, B, E, and F, and 

various minerals, therfore, kernels are prone to rapid 

degradation by chemical and microbial agents (Tajeddin, 

2004; Golzarri et al., 2013). According to FAO 

statistics, in 2012, Iran was ranked second in the world 
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with production of 4,500,000 tons of walnuts (FAO, 

2014). As mentioned, walnut kernels contain high levels 

of triglycerides and unsaturated fatty acids and are 

therefore highly susceptible to hydrolytic oxidation. For 

example, packaging almonds in non-permeable laminate 

films could reduce the oxidation of almond oil 

(Ziaolhagh, 2011). On the other hand, many plants, 

including walnuts, contain lipoxygenase. It contains iron 

and oxidizes unsaturated fatty acids (Boranasump et al., 

2007). Therefore, preventing walnut kernels from 

exposing to oxygen and inactivating the lipolytic 

enzymes are among approaches to prevent the oxidation 

of oils, including those present in walnut kernels. 

Temperature, degree of O2 barrier of the packaging and 

lighting conditions are the main factors influencing the 

quality of walnuts during storage (Mexis et al., 2009). 

The pre-storage thermal processing has been used by 

many researchers to inactivate lipolytic enzymes in 

peanuts (Mitchell and Malphrus, 1977), hazelnuts 

(Laskawy et al., 1983; Cam and Kilic, 2009), pecan 

kernels (Senter et al., 1984), almonds (Zacheo et al., 

2000; Buranasompob et al., 2003) and walnuts 

(Buranasompob et al., 2003; Ling et al., 2014). Besides, 

heating treatment could significantly improve the 

nutritional qualities of walnuts (Han et al., 2018).  

Han et al. (2018) showed that the contents of protein, 

soluble sugar, minerals, and carbohydrates were 

increased with the rise of temperature to 105°C. They 

demonstrated that total flavonoids and total polyphenols 

of the thermally processed walnuts were increased at 

140°C. 

Hosseini et al. (2014) investigated the oxidative 

stability of walnuts over a one-year storage period under 

different conditions. They did not observe any 

significant difference between the oxidative stability of 

walnuts stored in vacuum packages and those containing 

carbon dioxide gas. Ziaolhagh (2013) stored almond 

kernels for 20 months at room temperature and showed 

that the best packaging material and packaging 

conditions for the storage of almond kernels were PA-

PE-PE-PA laminate in vacuum conditions. 

John et al. (1988) showed that walnuts packed in 

nitrogen at 5°C maintained their quality after 16 months 

of storage. Prabhakar & Hamavathi (1979) investigated 

the effect of antioxidants, neutral atmosphere, and 

polyethylene packaging on walnut shelf life and showed 

that the oxidation rate was increased by using 

polyethylene bags compared to wooden boxes. They 

found CO2-containing cans to be more effective than 

nitrogen-containing or vacuum cans for long-term 

storage. Mexis (2009) examined the effect of packaging 

and storage conditions on walnut quality. In this study, 

the peroxide value for fresh walnut kernels was 0.3 and 

for walnuts packed in PE bags kept for 12 months, was 

31.4 meq O2 / kg oil. The results showed that the 

acceptable shelf life of walnuts in PE bags with air was 

about 2 months, in PET/PE bags with nitrogen 

atmosphere was 4 to 5 months, and in PETSiOx / PE 

bags with nitrogen was at least 12 months at 20°C. 

Young et al. (1991) reported that almond, macadamia, 

and pistachio kernels were acceptable at 38°C after 6 to 

9 months of storage, but that of hazelnut, peanut, and 

walnut were preserved only 2 to 5 months at this 

temperature and subsequently oxidized.   

In the first stage of kernel oxidation, peroxides and 

hydroperoxides are produced. Peroxide value is used to 

study oxidative deterioration in the kernels. Walnut 

kernel oil peroxide value of less than 3 meq O2/ kg 

indicates acceptable walnut kernel quality (Gutteridge, 

1986). The percentage of free fatty acids in walnut 

kernels heated at 55 or 60°C after storage for 60 days 

was less than 1.5% based on oleic Acid (Buranasompob 

et al., 2003). Koyuncu et al. (2003) showed that the 

decline in quality of walnut kernel was greater than the 

whole walnut and walnuts that were dried in the sun 

could be stored for up to 12 months at 21°C and 50-65% 

relative humidity. 
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Little work has been done on walnuts’ quality and 

shelf life in Iran (Habibie et al., 2019), and most studies 

on walnut in Iran are concerned with the chemical 

composition of walnut and its gardening issues. 

However, the effects of different processing conditions 

on the quality of walnuts have been investigated by 

many researchers in the world (Christopoulos and 

Tsantili, 2011; Leahu et al., 2016; Tatarov et al., 2017; 

Han et al., 2018; Talebi Habashi, 2019; Grosso et al., 

2020).  

By increasing the shelf life and proper packing of 

walnut kernels, it can be exported overseas with 

favorable quality and reasonable price and significant 

exchange can be obtained thereby. The purpose of this 

research was to extend the shelf life of the walnuts by 

pre-storage thermal processing and packaging them in 

appropriate packages. In this way, the added-value 

walnut kernels could be sold for a longer time and the 

income of the gardeners, exporters or producers would 

increase. In addition, it can be valuable as part of the 

non-oil exports of the country. 

Materials and Methods 

The walnuts used for the project was prepared by a 

gardener in Dibaj village in Damghan in mid-November 

and transferred to the Agricultural Engineering 

Department laboratory of the Agricultural and Natural 

resources research center of Shahrood, Iran. All walnuts 

were collected from one tree of an orchard. Walnuts 

were enucleated in the laboratory and preliminary tests 

including moisture content, oil content, peroxide value 

and acid number were measured. Walnut kernels were 

uniformly mixed and heated at 50 and 70°C for 2 and 10 

minutes. This temperature range was selected based on 

enzyme inactivation (Zacheo et al., 2000; Ling et al., 

2014; Han et al, 2019). The kernels were kept at room 

temperature for about 20 minutes to cool down and then 

they were packed into polyethylene-polyamide-

polyethylene bags with a thickness of 0.1 mm. One-third 

of them were packaged under normal atmospheric 

conditions, one-third under vacuum (using the vacuum 

packing machine BOXER42 made in the Netherlands), 

and one-third under nitrogen atmosphere. Experiments 

included peroxide value, acidity, as well as sensory test. 

The measurements were carried out after 6, 12 and 18 

months of storage. 

To measure the moisture content, an oven 

(Froilabco, France) was used at 105°C. Five grams of 

sample (with three replications) were placed in the oven, 

their moisture content was calculated after fixing the 

weight (equation 1), and the mean of three replicates 

was reported as the average moisture content (Parvaneh, 

2006). 

                    
                           

              
 

    (1) 

Soxhlet method was used to measure walnut oil content. 

The walnuts were first ground using a homemade grater 

and then sifted with an 18-mesh sieve. About five grams 

of the milled sample was poured into a filter paper cup 

and placed into the extractor unit. The hexane solvent 

was used to extract the oil, and the extraction was 

continued for eight hours. After the solvent was 

evaporated, and the weight of the balloon containing oil 

was fixed, the percentage of oil samples was obtained by 

weight difference (Parvaneh, 2006). 

Since heat reduces the produced peroxide in the oil, 

cold extraction was used to measure the peroxide value 

and acidity. Each sample was then unpacked, and 

ground by a hand mill. After passing through an 18-

mesh sieve, about 50 to 60g of the specimens were 

poured into a 1-litre beaker containing about 300 cm
3
 of 

n-hexane. The beaker was coated with aluminum foil to 

prevent solvent evaporation. The specimens were kept in 

the dark for 72 hours and stirred continuously. About 

150 cm
3
 of fresh solvent was also added to increase the 

solvent extraction power. The aluminium foil was then 

removed from the beaker, and the samples were filtered 

using mesh and filter paper to separate the solvent and 
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oil mixture from the pulp. The filtered samples were 

kept in the dark until the weight was fixed. Then the 

residual oil was used for experiments (Ziaolhagh, 2011& 

2017). 

Peroxide value was measured by weighting 

approximately five grams of the extracted oil sample 

into a 250 mL Erlenmeyer flask and adding 30 cm
3
 

acetic acid-chloroform solution to it in a ratio of three to 

one. After shaking to dissolve the oil in the solvent, 

about 0.5cm
3
 of saturated potassium iodide was added 

and stirred well. After two minutes, 30 cm
3
 of distilled 

water was added and titrated with 0.1N sodium 

hyposulphite in the presence of starch as an indicator. 

The peroxide value was obtained from equation 2: 

               
        

 
  (2) 

S is the titration of the sample, N is the normality of 

sodium hyposulphite, and M is the sample weight 

(Parvaneh, 2006). 

Acidity was measured by adding 20 cm
3 

of alcohol 

and 20 cm
3
 of chloroform into an Erlenmeyer and 

neutralizing it in the presence of phenolphthalein 

reagent. It was then added to another Erlenmeyer flask 

containing ten grams of walnut oil, and after stirring to 

dissolve the oil, it was titrated with 0.1N NaOH, and the 

acidity was obtained from equation 3: 

            
        

 
                                     (3) 

N is the titration of the sample and M is the sample 

weight (Parvaneh, 2006). 

The five-point hedonic method was used for sensory 

examination. For this purpose, 15 untrained employees 

of Shahroud Agricultural Research Center were selected 

and asked to consume walnut samples and give them a 

score of 1 to 5 for their taste and odour. 

Statistical analysis of the project was done using 

MSTATC software and completely randomized design 

in factorial format. 

Results  

In this study, the percentage of walnut oil was 

73.36%, and its moisture content was 3.082%. The 

results of the variance analysis (Table 1) showed that 

only the effect of packing conditions on the peroxide 

value of the samples was significant and the thermal 

treatments had no significant effect on the peroxide 

value. As shown in Fig. 1, samples kept under normal 

conditions had the highest peroxide value, and samples 

kept under N2 atmosphere had the lowest peroxide 

values during six months of storage. This shows that the 

nitrogen conditions could prevent the production of 

peroxide, which is one of the signs of oxidation of oils, 

more than vacuum or atmospheric conditions. Besides, it 

has shown that the peroxide value has increased as the 

storage time extended from 6 months to 18 months (Fig. 

1). As can be seen in table 1, all treatments had 

significant effects (p <0.01) on the acidity of the 

samples. 

 

Table 1. Mean squares of the effect of different factors on peroxide and acidic numbers of walnut kernels after 6, 12 and 18 months. 

Source 

Deviation 

Degree of 

freedom 

Mean Squares for 6 months Mean Squares for 12 months Mean Squares for 18 months 

Peroxide value Acidity Peroxide value Acidity Peroxide value Acidity 

A 1 0.321
ns 

0.514
** 

36.14
** 

4.027
** 

10.737
ns 

0.013
ns 

B 1 0.49
ns 

0423
** 

41.92
** 

0.548
** 

1.596
ns 

0.026
ns 

A×B 1 1.361
ns 

0.034
** 

304.095
** 

1.941
** 

10.912
ns

 0.692
ns 

C 2 36.13
** 

0.302
** 

141.118
** 

0.095
ns 

9.371
ns 

1.646
ns 

A×C 2 0.354
ns 

0.212
* 

48.387
** 

3.141
** 

2.773
ns 

0.808
ns 

B×C 2 1.021
ns 

0.141
ns 

60.833
** 

5.942
** 

2.025
ns 

1.153
ns 

A×B×C 2 2.55
ns 

0.009
ns 

103.876
** 

3.309
** 

29.839
ns 

0.712
ns 

error 26 2.78 0.046 2.664 0.123 13.613 1.39 

       A: temperature, B: time, C: Packaging conditions, ns not significant, ** significant at p<0.01, * significant at p<0.05 
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Fig. 1. Effect of packing conditions on walnut peroxide value. Different letters indicate significant differences (Duncan test, P<0.01). 

According to Table 1, after 12 months of storage, the 

effect of all treatments on the peroxide value of the 

samples, and the effect of all treatments except the 

packing conditions on the acid number of samples was 

significant (p<0.01). After 18 months of storage, the 

effect of different factors on the peroxide and acid 

numbers of the samples was not significant (p<0.01). 

However, the peroxide value of all samples was above 

the permissible limit, and the sensory evaluator group 

refused to use them. 

Regarding the effect of heating temperature on the 

acid number of samples, it can be seen from Fig. 2 that 

the acid value of the samples treated at 50°C was higher 

than the acid value of the sample treated at 70°C. This 

result suggests that the temperature of 70°C is more 

effective in preventing the oxidation of walnut fat.  
 

 

Fig.2. The effect of heating temperature on the acidic value of walnut. Different letters indicate significant differences (Duncan test, P<0.01). 

The effect of the heating period on the oxidation of 

the samples was shown in Fig. 3. The effect of 2 minutes 

of heating in preventing oxidation was greater than 10 

minutes of heating. The acidity value of the samples 

heated for 2 minutes was less than the acidity value of 

samples heated for 10 minutes.  

Comparison of means by Duncan's method showed 

that the temperature of 70°C for 2 minutes significantly 

prevented oxidation compared to other treatments and 

the corresponding samples had a less acidic number, as 

shown in Fig. 4. 
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Fig. 3. Effect of heating time on the acidic value of walnut. Different letters indicate significant differences (Duncan test, P<0.01). 

 

Fig. 4. Interaction of temperature and heating time on the acidic value of walnut. Different letters indicate significant differences (Duncan test, P<0.01). 

Discussion 

Packaging under nitrogen conditions prevented the 

production of peroxide better than packaging under 

vacuum or atmospheric conditions. The reason for the 

low peroxidation value in our study is probably because 

the nitrogen atmosphere prevents the loss of the phenolic 

compounds of walnut. Phenolics are compounds that are 

important in preventing oxidation (Christopoulos et al. 

2008; Cheniany et al., 2010). This is in line with the 

results of Jensen et al. (2003) who showed that walnut 

kernels could be stored in nitrogen conditions, without 

altering their quality significantly. Salagegheh and 

Tajeddin (2020) who studied on the effect of modified 

atmosphere packaging on walnut kernel shelf life also 

showed that the peroxide value of kernels packed in 

laminated films containing 92% N2 was much lower 

than those packed in atmosphere conditions or 80% N2. 

Lipid oxidation could be inhibited by using a packaging 

material with low oxygen permeability or by packaging 

walnuts in controlled atmospheres with low oxygen 

content (Mate et al. 1996). Lin et al. (2014) suggested 

that vacuum packages could be used to keep the quality 

of walnut paste at 4°C during two years of storage.  
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Jaleh Rezaei (1999) showed that oxidation intensity 

was directly correlated with the amount of oxygen in the 

environment, and packing almonds in the vacuum 

increased its storage life. Mazinani et al. (2011) showed 

that the total amount of phenolic compounds in walnut 

kernels was higher than those in pistachio and almond 

kernels and that walnut oil had lower thermal stability 

despite the higher amount of phenolic compounds. Also, 

tocopherols in the walnut kernels protect them against 

lipid oxidation and extend their storage life. Alpha-

tocopherol is a natural antioxidant that inactivates free 

radicals, thereby delays oxidative corruption (Zacheo et 

al., 2000).  

The temperature of 70°C was more effective in 

preventing the oxidation of walnut fat due to the 

inactivation of more related enzymes such as 

lipoxygenase at this temperature. This is in line with Lin 

et al. (2014), who showed that the FFA values of the 

heated walnut paste were the highest compared with 

unheated walnut kernels. Boranasumbo et al. (2003) also 

showed that heating the walnut kernel prevents their 

oxidation during storage. Boranasumbo et al. (2007) 

showed that a temperature of 55°C for 2 minutes or 

more decreased the activity of lipoxygenase and thereby 

delayed walnut and almond kernel oxidation. Severini et 

al. (2003) also showed that peroxide value and oxidation 

rate of almond triglycerides after roasting were low. 

They attributed this to the reaction between peroxide 

radicals or carbonyl compounds derived from peroxides 

and the products of the Millard reaction. 

Heating the walnuts in a long period increased the 

oxidation and thus the acidity value, because heating 

may accelerate the oxidation of oils (thermal oxidation). 

Conclusions 

Walnut kernels are oxidized rapidly during storage due 

to their high unsaturated fatty acids content. In this 

research, we aimed to extend the shelf life of walnut 

kernels by inactivating the oxidizing enzymes and by 

proper packaging. In this way, we were able to store the 

walnuts for 12 months. The oxidation of walnut kernels 

stored for more than this period increased gradually and 

the walnuts developed off odor and flavor. In this 

research, it was shown that the pre-storage thermal 

processing of walnut kernels was an effective way to 

prevent lipolysis reactions. In addition, the gas 

composition in the packages was important in extending 

the storage life of walnut kernels. The kernels were 

preserved best when packaged under vacuum or N2 

atmosphere. Finally, to store walnut kernels for 6-12 

months, it is recommended to preheat the walnut kernels 

at 50°C for 2 minutes before packaging them in 

polyethylene-polyamide-polyethylene bags under 

nitrogen atmosphere. 

Acknowledgements 

The authors are grateful to the Agricultural 

Engineering Research Institute and Semnan (Shahrood) 

Agricultural and Natural Resources Research and 

Education Center for providing funding and facilities for 

the implementation of this project. 

References 

Buranasompob A, Tang J, Powers JR, Reyes J, Clark S, 

Swanson BG (2007) Lipoxygenase activity in 

walnuts and almonds. LWT - Food Science and 

Technology. 40(5), 893–899.  

Buransompob A, Tang J, Mao R, Swanson BG (2003) 

Rancidity of walnuts and almonds affected by 

short time heat treatments for insect control. 

Journal of Food Processing and Preservation. 

27(6), 445–464.  

Cam S, Kilic M (2009) Effect of blanching on storage 

stability of hazelnut meal. Journal of Food 

Quality. 32(3), 369-380. 

Cheniany M, Ebrahimzadeh H, Masoudi-Nejad A, 

Vahdati K, Leslie CA (2010) Effect of 

endogenous phenols and some antioxidant 



S.H.R. Ziaolhagh et al                                                                                                                Journal of Nuts 11(2) (2020) 159-168 

 

166 
 

enzyme activities on rooting of Persian walnut 

(Juglans regia L.). African Journal of Plant 

Science. 4(12):479-487. 

Christopoulos MV, Tsantili E, Papageorgiou Komaitis 

VMR (2008) Effects of package atmosphere 

and temperature on phenolics, total antioxidant 

capacity and colour in kernels of “franquette” 

walnuts during 8-month storage. ISHS Acta 

Horticulturae 858: III International Conference 

Postharvest Unlimited 2008.  

Christopoulos MV, Tsantili E (2011) Effects of 

temperature and packaging atmosphere on total 

antioxidants and colour of walnut (Juglans 

regia L.) kernels during storage. Scientia 

Horticulturae. 131, 49-57. 

FAOSTAT (2014) Retrieved September 27, (2014), 

http://faostat.fao.org/site/339/default.aspx. 

Accessed 24 June 2019. 

Farsi M, Fatahi Moghadam MR, Zamani Z, Hassani D 

(2018) Effects of scion cultivar, rootstock age 

and hormonal treatment on minigrafting of 

Persian walnut. International Journal of 

Horticultural Science and Technology. 5(2), 

185-197. 

Golzari M, Rahemi M, Hassani D,Vahdati K, Dalalpour 

Mohammadi N (2013) Protein content, fat and 

fatty acids of kernel in some persian walnut 

(Juglans regia L.) Cultivars affected by kind of 

pollen. Iranian Journal of Food Science and 

Technology. 10(38), 21-31. [In Persian] 

Grosso AL, Asensio CM, Grosso NR, Nepote V (2020) 

Increase of walnuts' shelf life using a walnut 

flour protein-based edible coating. LWT Food 

Science and Technology. 118, 108712. 

Gutteridge JMC (1986) Aspects to consider when 

detecting and measuring lipid peroxidation. 

Free Radical Research Communications. 1(3), 

173–184. 

Habibie A, Yazdani N, Kooshesh Saba M, Vahdati K 

(2019) Ascorbic acid incorporated with walnut 

green husk extract for preserving the 

postharvest quality of cold storage fresh walnut 

kernels. Scientia Horticulturae, 245, 193–199. 

Han Y, Zheng Y, Li S, Mo R, Long X, Liu Y (2019) 

Effects of drying process with different 

temperature on the nutritional qualities of 

walnut (Juglans regia L.). Food Science and 

Technology Research. 25(2), 167-177. 

Hassankhah A, Vahdati K, Rahemi M, Hassani D, 

Sarikhani Khorami S (2017) Persian walnut 

phenology: effect of chilling and heat 

requirements on budbreak and flowering date. 

International Journal of Horticultural Science 

and Technology. 4(2), 259-271. 

 

Hosseini H, Ghorbani M, Sadeghi Mahoonak A and 

Maghsoudloo Y (2014) Effect of atmospheric 

contact surface and two normal storage 

temperatures on the oxidative stability of 

walnut kernels. Iranian Food Science and 

Technology Research Journal. 9(4), 348-358. 

[In persian] 

Jaleh Rezaei H (1999) Effective factors in preserving 

almond kernels.  Proceeding of the first 

national conference on Almond (Abstract 

book), August 24-27, 1999  hahrekord -  ran . 

[In Persian] 

Jensen PN, Sørensen G, Engelsen SB, Bertelsen G 

(2001) Evaluation of quality changes in walnut 

kernels (Juglans regia L.) by Vis/NIR 

spectroscopy. Journal of Agricultural and Food 

Chemistry. 49(12), 5790–6.  

Koyuncu M, Koyuncu F, Bakir N (2003) Selected 

drying conditions and storage period and 

quality of walnut selections. Journal of Food 

Processing and Preservation. 27(2), 87–99.  

http://faostat.fao.org/site/339/default.aspx.%20Accessed%2024%20June%202019
http://faostat.fao.org/site/339/default.aspx.%20Accessed%2024%20June%202019


S.H.R. Ziaolhagh et al                                                                                                                Journal of Nuts 11(2) (2020) 159-168 

 

167 
 

Laskawy G, Senser F and Grosch W (1983) Storage 

stability of roasted hazelnuts. Review for 

Chocolate, Confectionery and Bakery. 8(3), 

21-23. 

Leahu A, Oroian M, Ropciuc S (2016) The quality and 

stability of walnut oil under the influence of 

storage conditions. book: Scientific papers of 

Animal Science Series, University of 

Agricultural Sciences and Veterinary 

Medicine, Iasi, Romania. 65, 230-236. 

Ling B, Hou L, Li R, Wang S (2014) Thermal treatment 

and storage condition effects on walnut paste 

quality associated with enzyme inactivation. 

LWT-Food Science and Technology. 59(2), 

786-793. 

Mate JI, Saltveit ME, Krochta JM (1996) Peanut and 

walnut rancidity: effects of oxygen 

concentration and relative humidity. Journal of 

Food Science. 61(2), 465-469. 

Mazinani S, Elhamirad AH, Piravi Vanak Z, Naghavi 

MR (2011) Evaluation of the thermal stability, 

antioxidant activity, total phenolics and fatty 

acids profile in some edible nut oils (pistachio, 

walnut, almond). 3(2), 45-52. [In persian] 

Mexis SF, Badeka  AV, Riganakos KA, Karakostas KX 

and Kontominas MG (2009) Effect of 

packaging and storage conditions on quality of 

shelled walnuts. Food Control. 20(8), 743–751.  

Mitchell JH, Malphrus RK (1977) Lipid oxidation in 

spanish peanuts: the effect of moist heat 

treatments. Journal of Food Science. 42(6), 

1457-1461. 

Parvaneh V (2006) Quality control and the chemical 

analysis of food.University of Tehran Press. 

pp. 2,11-13, 212-215, 217-219. [In persian] 

Prabhakar JV, Hemavathy J (1979) Influence of 

antioxidants, inert atmosphere and polyethilene 

packing on shelf life of walnut kernels. In First 

symposium of Association of Food scientists 

and Technologists. pp. 48. 

Salajegheh F, Tajeddin B (2020) The Effect of Modified 

Atmosphere Packaging and Packaging Material 

on Walnut Kernel Shelf-life. Journal of 

Research and Innovation in Food Science and 

Technology. 8(4), 357-368. 

Senter S, Forbus W, Nelson S, Wilson R, Horvat R 

(1984) Effects of dielectric and steam heating 

treatments on the storage stability of pecan 

kernels. Journal of Food Science. 49(3), 893-

895. 

Severini C, Pill TDE, Baiano A, Gomes T, Agro-

zootecnici S (2003) Autoxidation of packed 

roasted almonds as affected by two packaging 

films. Journal of Food Processing Preservation. 

27, 321–335.  

Tajeddin B (2004) The effect of polymer films on 

walnut packaging. Pajouhash and Sazandegi. 

62, 2-8. [In Persian] 

Talebi Habashi R, Zomorodi S, Talaie A, Kalateh Jari S 

(2019) Evaluation of shelf life of walnut kernel 

coated by antioxidants in combination with 

packaging under different storage conditions. 

Journal of Postharvest Technology. 7(3), 87-

95. 

Tatarov P, Sandulachi E, Ivanova R, Baerle A (2017) 

Quality changes in oil of walnut (Juglans regia 

L.) during storage. Lucrări tiinifice. Editura 

“ on  onescu de la Brad. 187-190. 

Young CK, CS (1991) Exploring the partnership of 

almonds with cereal foods. Cereal Foods 

World. 36(5), 412–418. 

Zacheo G, Cappello MS, Gallo A, Santino A, Cappello 

AR, Agroalimentari B, Prunus A (2000) 

Changes Associated with Post-harvest Ageing 

in Almond Seeds. LWT-Food Science and 

Technology. 33, 415–423. 



S.H.R. Ziaolhagh et al                                                                                                                Journal of Nuts 11(2) (2020) 159-168 

 

168 
 

Ziaolhagh H (2011, September) Study on the best 

packaging material and packaging conditions 

on the rancidity of almond kernels. In 1 

International Symposium on Mycotoxins in 

Nuts and Dried Fruits. 963. 113-118.  

Ziaolhagh H (2013) Effect of packaging on shelf life of 

almond kernels. International Journal of 

Agriculture and Crop Sciences. 5(1), 15-20. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ziaolhagh S, Mazaheri Tehrani M, Razavi SMA, 

Rashidi H (2017) Roasting process 

optimization of walnut kernels for the 

preparation of walnut cream using response 

surface methodology. Journal of Nuts. 8(1), 

31-40. 

 


