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ABSTRACT 

The purpose of the study was to assess the storability of unripe hazelnuts in the husk of four cultivars: 

‘Hall’s Giant’, ‘Catalan’, ‘Webb’s Prize Cob’ and ‘Cosford’. The nuts were stored in normal and controlled 

atmospheres, and in Xtend® bags for three months. A quality assessment was performed based on the 

following parameters: weight of the nut in the husk and without the husk, weight of the kernel, percentage 

of nuts with husk attached, dry matter content in kernels, infection with fungal diseases, and the presence 

of physiological disorders. The study demonstrated that hazelnuts stored in Xtend® bags and under a con-

trolled atmosphere had a higher weight for the nut in the husk and without the husk, as well as a higher 

weight of the kernel and water content when compared to batches of hazelnuts stored in a normal atmos-

phere. The percentage of nuts remaining in the husk was also higher when stored under such conditions. 

For the majority of investigated cultivars the storage in Xtend® bags, and to a lesser extent under normal 

atmosphere conditions, resulted in a substantial increase in nuts infected with fungal and abiotic diseases. 

Among investigated cultivars, ‘Hall’s Giant’ turned out to be the most resistant to storage diseases. 

 

Key words: fresh hazelnut, controlled atmosphere, Xtend® bags, morphological features, dry matter, storage diseases 

 

INTRODUCTION 

 

Only 5% of hazelnut kernels are consumed in 

an unprocessed form; most of them are used after 

processing to enrich chocolate and confectionery 

products (Anonymous 1995). Hazelnuts are usually 

consumed after they reach full harvest maturity, 

when it is easy to detach them from the husk. At this 

stage they reach the highest nutritional value (Pis-

kornik 1994; Thompson et al. 1996; Wieniarska et 

al. 2004). After reaching their harvest maturity, and 

after postharvest drying, hazelnuts can be stored at 

0-2 °C and 60-70% air humidity for up to two years 

(Koyuncu et al. 2005; Leuty et al. 2012; Ghirardello 

et al. 2013). Hazelnuts stored at temperatures above 

10 °C and humidity above 70% are more suscepti-

ble to infections with molds and contamination with 

mycotoxins (Simsek et al. 2002; Campbell et al. 

2003; Navarro 2006). Hazelnuts in the husk, picked 

before reaching physiological maturity, are much 

rarer on the market. Some consumers are more will-

ing to buy this type of hazelnut, before the full rip-

ening of fruits if available on the market. Consum-

ers also feel convinced that nuts in the husk are fresh 

and were harvested in the same year. An argument 

supporting the consumption of unripe hazelnuts 

sold in the husk is their higher content of polyphe-

nols and some fatty acids, as well as better palata-

bility (Ebrahem et al. 1994; Farinelli et al. 2001; 

Ciemniewska-Żytkiewicz et al. 2015). The higher 

water content, reflected in higher weight, with 41% 

share of the husk, is an advantage, important for 

producers (Ebrahem et al. 1994; Zdyb 2012; Ciem-

niewska-Żytkiewicz et al. 2015).  

Although the unripe hazelnuts in husk are 

characterized by significantly shorter storability 

than the fully ripe nuts, there is a distinct lack of 

information regarding the storage of unripe hazel-

nuts in the husk. Limited studies aimed at storage 

of unripe hazelnuts under modified atmosphere 
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conditions have been carried out by Italian scien-

tists (Moscetti et al. 2012). According to their re-

sults, the application of modified atmosphere for 

the storage of unripe, fresh hazelnuts had a signif-

icant impact on maintaining not only their chemi-

cal composition, but also physical and organoleptic 

characteristics.  

With regard to the storage of ripe hazelnuts, cur-

rent literature clearly indicates that for this type of 

fruit, controlled and modified atmosphere conditions 

may have a positive impact on their quality and nu-

tritional value (Keme et al. 1980; San Martin et al. 

2001; Mencarelli et al. 2008; Massantini & Contini 

2009; Ghirardello et al. 2013). The results of numer-

ous experiments on the storage of different kinds of 

ripe nuts suggest that controlled and modified atmos-

phere, aside from having a positive effect on the sen-

sory features and chemical composition, can reduce 

nut weight losses, thus enabling longer storage (Maté 

et al. 1996; Maskan & Karataş 1998; Mexis et al. 

2009; Christopoulos & Tsantili 2011; Ghirardello et 

al. 2014, Christopoulos & Tsantili 2015). 

Among different kinds of modified atmos-

phere storage, the method using Xtend® bags has 

become more and more popular, as it can be used by 

producers which don’t have access to controlled at-

mosphere facilities. Due to respiration of fresh prod-

ucts closed in Xtend® bags, the oxygen concentra-

tion inside the bag decreases, while at the same time 

the amount of carbon-dioxide increases. Simultane-

ously, as the product transpires, the relative humid-

ity in the bag increases, however, the controlled dif-

fusivity of the Xtend® material allows any excess 

moisture to escape, keeping the RH at the level 90-

95%, which is highly favorable for storage and 

shelf-life extension (Artes et al. 2000; Aharoni et al. 

2008). Such storage conditions seem to be benefi-

cial for fresh unripe hazelnut storage, especially as 

an alternative, where modified atmosphere condi-

tions are available for producers or retailers 

equipped only with standard cold storage.  

The purpose of the presented study was to 

evaluate the effect of different storage conditions on 

the quality of unripe hazelnuts in the husk stored for 

up to three months. The nut quality expressed by 

weight losses, de-husking tendency and the suscep-

tibility to spoilage was investigated for nut batches 

stored in normal and controlled atmosphere condi-

tions including the Xtend® bags as well as after 

a simulated shelf-life test. 

 

MATERIALS AND METHODS 

 

The experiment was carried out at the Re-

search Station, University of Warmia and Mazury 

(UWM) in Olsztyn (Poland), in 2013-2014, on the 

fruit of four hazelnut cultivars: ‘Hall’s Giant’ (HG), 

‘Catalan’ (Cat), ‘Webb’s Prize Cob’ (WPC) and 

‘Cosford’ (Cos). Unripe hazelnuts were harvested 

manually, three weeks before reaching physiological 

maturity (HG and Cos on August 23rd, 2013 or 2014, 

Cat and WPC on September 2nd, 2013 or 2014). All 

hazelnuts at harvest were in the husk (100%).  

Immediately after harvest, the nuts were 

chilled to 5 °C. The nuts were kept for three months 

in the following conditions: normal atmosphere 

(NA – standard cold storage, 0-1 °C, 85-95% hu-

midity); controlled atmosphere (CA – 3% O2 : 3% 

CO2, 85-95% humidity) and Xtend® MA/MH 

Packaging (Modified Atmosphere Packaging bags) 

intended for stone fruit, capacity 5 kg (StePac, Is-

rael). The Xtend® bags with nuts were stored in 

a normal atmosphere at 0-1 °C and 85-95% humid-

ity. Air composition inside the Xtend® bags was 

measured twice before opening them (after two- and 

three-month storage) in three replicates using a gas 

analyzer (WITT OXYBABY® M+ O2/CO2). After 

two months of storage the modified atmosphere in-

side Xtend® bags consisted of 19.2% O2 and 2% CO2 

(for HG and Cos), and 18% O2 and 3.4% CO2 (for 

WPC and Cat); after three months it amounted to 

18.1% O2 and 3% CO2, and 18.4% O2 and 3.1% CO2, 

respectively for the same groups of cultivars. Nuts 

stored under NA and CA were packed 20 kg in 

0.3 m3 air-tight containers made of polyethylene 

(PE) with PMMA-Plexiglas lids. Nuts stored in 

Xtend® bags were packed 5 kg. The experiment 

was twice replicated in two consecutive years. The 

1 kg samples of nuts for each variety and storage var-

iant were taken for the assessment of morphological 

parameters in two replicates. The percentage of nuts 

in the husk and without husk, and their infection with 

diseases were analysed on 10 kg samples in two rep-

licates. Additionally, after harvest and a three-month 
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storage, hazelnuts in the husk were stored for one 

week at a room temperature of 21-23 °C and air hu-

midity 40-60% (simulated shelf-life test).  

The quality parameters of hazelnuts were mon-

itored at harvest, then again after being subjected to 

a 1 week simulated shelf-life test (0M + 1W). The 

nuts being stored for two and three months were as-

sessed just after removing out of the store (2M + 0W 

and 3M + 0W) and after one week of simulated shelf-

life test applied for nuts stored for three months (3M 

+ 1W). The following parameters were evaluated: 

weight of a hazelnut in the husk, weight without the 

husk (in-shell) and weight of the kernel (for shelled 

nuts). For each combination, the dry matter content 

was determined using a gravimetric method (drying 

to constant weight at 105 °C). Before weighing, nuts 

with husk attached were counted, and the results were 

converted into percent. The percentage of infection 

of nuts with fungal diseases and the occurrence of 

physiological disorders were assessed after a three-

month storage. Nuts with visible signs of fungal in-

fection or physiological disorders unsuitable for mar-

keting were categorized as infected. Hazelnuts af-

fected by physiological disorders clearly had over-

ripe husks and shells, manifested mainly by the dark-

brown color of the outer tissue. No preparation con-

trolling development of pathogens during storage 

was not applied in the orchard before harvest. 

Data obtained from the experiment were ana-

lysed statistically using one-way analysis of vari-

ance (ANOVA) based on mean values from two 

seasons. The effect of the storage period on the qual-

ity parameters of nuts was analysed separately for 

each cultivar and storage variants. The effect of 

storage conditions was analysed separately for each 

hazelnut cultivar after two and three months of stor-

age and one week of simulated shelf-life. Differ-

ences between means were analysed with t-Tukey’s 

test at significance level α = 0.05% for the weight of 

nuts in the husk and without husk and weight of the 

kernel, and at α = 0.01% for dry matter content. 

 

RESULTS 

 

The statistical analysis demonstrated a signi-

ficant effect of storage conditions and storage time 

on the quality characteristics of the investigated 

hazelnuts. Moreover, the analysed parameters 

were strongly modified depending on the cultivar. 

The highest weight, and not different from that af-

ter harvest, was found for HG, Cat and WPC nuts 

in the husk stored in Xtend® bags for three months 

or also for two months for WPC (Table 1). There 

were no differences in the weight between CA and 

Xtend® bags for the WPC stored through three 

months. Regardless of the storage time, the great-

est losses in the weight of nuts in the husk were 

found for Cos nuts. When considering the losses of 

weight of nuts in the husk during the simulated one 

week shelf-life test, the losses for freshly picked 

nuts varied between 27 (for HG and WPC) and 

43% (Cos) of the initial weight. The observed 

weight losses during one week of shelf-life after 

three month of storage were more diversified and 

depended on kind of atmosphere and ranged be-

tween 12-18% for NA, 34-36% for CA and 36-

50% for Xtend® bags. Although apparently the 

weight losses during shelf-life after NA and CA 

stored nuts were lower than that found for freshly 

picked batches, the final weigh of nuts was almost 

twice lower than for these at harvest, with little dif-

ferences between storage variants. 

The weight of husk free nuts at harvest was 

on average 30% lower than those with husk (Ta-

ble 1 & 2). Nuts without husk stored in Xtend® 

bags lost significantly less their weight but in WPC 

and Cos there were no differences between CA and 

Xtend® bags variants (Table 2). For the HG, there 

were no differences depending on the storage var-

iant after two months and for WPC after three 

months of storage. The weights of WPC nuts 

stored in Xtend® bags after two and three months, 

and in CA after two months were comparable to 

the weight at harvest. A similar relationship was 

observed for HG nuts after three-month storage in 

Xtend® bags. Similarly as for nuts in the husk, 

during the simulated shelf-life test, the weight of 

de-husked nuts decreased significantly, however 

the losses were not greatly influenced by storage 

conditions.  

The lowest loss in kernel weight was reported 

for nuts of all cultivars stored in Xtend® bags, both 

after a two- and three-month storage, and for WPC 

and Cos stored for two months in CA (Table 3). 
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Table 1. Changes in the weight of hazelnuts in the husk during storage and after simulated shelf-life test. The weight 

of a single nut (g) is expressed as the mean for seasons 2013-2014 

 

Means followed by the same letter are not significantly different at α = 0.05, according to Tukey’s test. Small letters 

in a line mark the effect of storage period for each storage condition and cultivar separately. Capital letters in a column 

mark the effect of storage conditions for each cultivar and storage period separately – after two and three months of 

storage and one week of simulated shelf-life. NA - normal atmosphere, CA - controlled atmosphere, Xtend® - pack-

aging bags (0-1 °C, 85-95% RH). 

 

 

Table 2. Changes in the weight of hazelnuts without husk during storage and after simulated shelf-life test. The weight 

of a single nut (g) is expressed as the mean for seasons 2013-2014 

 

Explanation, see Table 1 

 

  

Cultivars 
Storage 

conditions 

Storage period: months (M) + weeks of shelf-life (W) 

At harvest 0M + 1W 2M + 0W 3M + 0W 3M + 1W 

‘Hall’s Giant’ 

NA 6.8 a 4.3 cd 5.2 b B 4.8 bc B 3.9 d A 

CA 6.8 a 4.3 c 5.3 b AB 5.0 b B 3.3 d B 

Xtend® 6.8 a 4.3 c 6.0 b A 6.8 a A 3.4 d B 

‘Catalan’ 

NA 6.9 a 5.0 b 4.8 bc C 4.3 c C 3.6 d AB 

CA 6.9 a 5.0 b 5.4 b B 5.2 b B 3.4 c B 

Xtend® 6.9 a 5.0 c 6.1 b A 6.3 ab A 4.0 d A 

‘Webb’s Prize Cob’ 

NA 5.9 a 4.3 b 4.5 b C 4.1 b B 3.4 c A 

CA 5.9 a 4.3 c 5.5 ab B 5.2 b A 3.7 d A 

Xtend® 5.9 a 4.3 b 6.1 a A 5.7 a A 3.6 c A 

‘Cosford’ 

NA 5.7 a 3.2 b 3.3 b B 3.1 bc C 2.7 c A 

CA 5.7 a 3.2 c 4.0 b A 3.7 b B 2.4 d B 

Xtend® 5.7 a 3.2 c 4.2 b A 4.4 b A 2.5 d AB 

Cultivars 
Storage  

conditions 

Storage period: months (M) + weeks of shelf-life (W) 

At harvest 0M + 1W 2M + 0W 3M + 0W 3M + 1W 

‘Hall’s Giant’ 

NA 4.8 a 3.7 bc 4.1 b A  3.9 bc B 3.5 c A 

CA 4.8 a 3.7 b 3.8 b A 3.7 b B 2.9 c B 

Xtend® 4.8 a 3.7 b 4.1 b A 4.6 a A 3.0 c B 

‘Catalan’ 

NA 4.8 a 4.3 b 3.9 bc B 3.6 c C 3.2 d A 

CA 4.8 a 4.3 b 4.0 b B 4.0 b B 3.0 c A 

Xtend® 4.8 a 4.3 b 4.5 ab A 4.6 ab A 3.2 c A 

‘Webb’s Prize Cob’ 

NA 4.3 a 3.7 b 3.7 b B 3.4 bc B 3.0 c A 

CA 4.3 a 3.7 b 4.2 a A 4.0 ab A 3.2 c A 

Xtend® 4.3 a 3.7 b 4.4 a A 4.2 a A 3.1 c A 

‘Cosford’ 

NA 3.7 a 2.7 b 2.7 b B 2.6 bc C 2.3 c A 

CA 3.7 a 2.7 c 3.1 b A 2.9 bc B 2.1 d B 

Xtend® 3.7 a 2.7 c 3.1 b A 3.3 b A 2.2 d AB 
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Table 3. Changes in the weight of hazelnut kernels during storage and after simulated shelf-life. The weight of a single 

nut kernel (g) is expressed as the mean for seasons 2013-2014 

Explanation, see Table 1 

 

Storage of nuts in NA resulted in the greatest 

loss in their kernel weight, but HG nuts had the 

greatest loss in kernel weight in CA after two-month 

storage. The weight of the kernel in Cat hazelnuts 

stored in Xtend® bags for two and three months was 

higher than their weight at harvest. The kernel 

weight in WPC nuts stored in Xtend® bags for two 

and three months and in HG stored for three months 

was similar to the kernel weight at harvest. For 

WPC nuts, this correlation was also found under CA 

conditions, and, exceptionally for Cat nuts after 

two-month storage in NA. A significant effect of 

storage conditions on the kernel weight after one 

week of simulated shelf-life was found for HG and 

Cos cultivars, and lower losses were recorded in 

nuts stored in NA.  

The dry matter content in kernels of HG nuts 

stored in NA and CA was higher compared to the 

nuts stored in Xtend® bags (Table 4). The dry mat-

ter content in kernels was the highest for WPC nuts 

stored in NA for three months and for Cos nuts 

stored in NA for two and three months. Irrespective 

of cultivar, the dry matter content in the kernel was 

lowest in the nuts stored in Xtend® bags and 

showed a tendency to decrease slightly with storage 

time elongation. In the case of Cat, regardless of 

storage duration (two and three months), the storage 

atmosphere did not influence dry matter content 

(Table 4). Generally for NA and CA conditions, the 

dry matter increased successively during storage. 

After three months of storage and the successive 

shelf-life test the dry matter content, on average, 

was almost twice higher than for nuts at harvest. The 

one week shelf-live test reduced nut moisture con-

tent more than during two-three months in cold stor-

age, which resulted in substantial increases of dry 

matter content. 

The percentage of husk losses differed signifi-

cantly between cultivars (Table 5). Cat and Cos 

were de-husked easily already during the simulated 

shelf-life of freshly picked nuts, which amounted to 

46 and 35%, respectively. Cultivars HG and WPC 

did not show a tendency to de-husk, neither during 

the shelf-life test just after harvest, nor during cold 

storage. Generally, nut storage in NA stimulated the 

de-husking process, which was especially revealed 

for Cat and Cos cultivars. After the shelf-life test 

following the storage, they lost up to 90% of husks, 

while in the comparable conditions the losses for 

WPC were not more than 11%.  

Fungal diseases and physiological disorders 

most frequently affected Cat and at the lowest extent 

Cos nuts, and least frequently the HG nuts (10-

14%), regardless of the storage conditions (Fig. 1). 

The highest percentage of healthy nuts in Cat, WPC 

and Cos cultivars was found after storage in CA. Cat 

nuts stored in Xtend® bags were infected in 93% 

and Cos in 54%.  

Cultivars 
Storage  

conditions 

Storage period: months (M) + weeks of shelf-life (W) 

At harvest 0M + 1W  2 M + 0W 3M + 0W 3M + 1W 

‘Hall’s Giant’ 

NA 2.1 a  1.5 b 1.7 b AB 1.5 b B 1.2 c A 

CA 2.1 a  1.5 b 1.6 b B 1.5 b B 1.0 c B 

Xtend® 2.1 a  1.5 c 1.8 b A 2.1 a A 1.0 d B 

‘Catalan’ 

NA 2.1 a 1.9 a 1.9 a B 1.5 b C 1.3 c A 

CA 2.1 a 1.9 ab 2.0 ab AB 1.8 b B 1.2 c A 

Xtend® 2.1 ab 1.9 b 2.2 a A 2.2 a A 1.3 c A 

‘Webb’s Prize Cob’ 

NA 2.1 a 1.6 b 1.7 b B 1.5 b C 1.2 c A 

CA 2.1 a 1.6 b 2.0 a A 1.8 b B 1.3 c A 

Xtend® 2.1 a 1.6 b 2.1 a A 2.2 a A 1.3 c A 

‘Cosford’ 

NA 1.7 a 1.1 b 1.1 b B 1.0 b C 0.9 c A 

CA 1.7 a 1.1 c 1.4 b A 1.3 b B 0.7 d B 

Xtend® 1.7 a 1.1 c 1.5 b A 1.6 ab A 0.8 d AB 
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Table 4. Changes in the dry matter content of hazelnut kernels in the husk during storage and after simulated shelf-

life. The dry matter content (%) is expressed as the mean for seasons 2013-2014 

 

Means followed by the same letter are not significantly different at α = 0.01, according to Tukey’s test. Small letters 

in a line mark the effect of storage period for each storage condition and cultivar separately. Capital letters in a column 

mark the effect of storage conditions for each cultivar and storage period separately – after two and three months of 

storage and one week of simulated shelf-life. NA - normal atmosphere, CA - controlled atmosphere, Xtend® - pack-

aging bags. 

 

Table 5. Percentage of hazelnuts in the husk and without husk during storage and after simulated shelf-life test in the 

years 2013-2014 (%) 

 

*number of hazelnuts in the husk/number of hazelnuts without husk 

NA – normal atmosphere, regular cold storage, CA – controlled atmosphere, Xtend® – packaging bags 

 

Cultivars 
Storage  

conditions 

Storage period: months (M) + weeks of self-life (W) 

At harvest 0M + 1W 2M + 0W 3M + 0W 3M + 1W 

‘Hall’s Giant’ 

NA 46.3 c 59.5 b 57.7 b A 65.5 b A 84.7 a A 

CA 46.3 c 59.5 b 56.4 bc A 57.9 bc A 88.2 a A 

Xtend® 46.3 c 59.5 b 46.4 c B 44.7 c B 86.2 a A 

‘Catalan’ 

NA 52.0 b 59.8 b 56.0 b A 65.4 b A 85.7 a A 

CA 52.0 b 59.8 b 53.2 b A 57.4 b A 86.9 a A 

Xtend® 52.0 b 59.8 b 52.6 b A 52.7 b A 85.1 a A 

‘Webb’s Prize Cob’ 

NA 57.3 d 75.3 b 69.8 c A 71.7 bc A 91.5 a A 

CA 57.3 c 75.3 ab 61.2 bc AB 64.7 bc A 88.7 a A 

Xtend® 57.3 c 75.3 b 56.4 c B 54.2 c A 86.0 a A 

‘Cosford’ 

NA 54.1 c 68.5 b 66.6 b A 71.2 b A 90.5 a A 

CA 54.1 b 68.5 b 53.7 b B 59.8 b AB 90.6 a A 

Xtend® 54.1 c 68.5 b 47.0 c B 44.5 c B 89.3 a A 

Cultivars 
Storage 

conditions 

Storage period: months (M) + weeks of shelf-life (W) 

At harvest 0M + 1W 2M + 0W 3M + 0W 3M + 1W 

‘Hall’s Giant’ 

NA 

100/0* 93/7 

97/3 97/3 60/40 

CA 100/0 97/3 55/45 

Xtend® 100/0 100/0 69/31 

‘Catalan’ 

NA 

100/0 54/46 

49/41 53/47 10/90 

CA 76/24 64/36 9/91 

Xtend® 93/7 96/4 40/60 

‘Webb’s Prize Cob’ 

NA 

100/0 92/8 

99/1 98/2 90/10 

CA 100/0 100/0 89/11 

Xtend® 100/0 100/0 93/7 

‘Cosford’ 

NA 

100/0 65/35 

72/28 64/36 20/80 

CA 84/16 73/27 15/85 

Xtend® 97/3 93/7 25/75 
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NA – normal atmosphere, CA – controlled atmosphere, Xtend® – packaging bags 

 

Fig. 1. Degree of infestation with fungal and physiological diseases of hazelnuts in the husk after three months of 

storage in the years 2013-2014 (in %) 

 

DISCUSSION 

 

The assessment of nut weight at harvest indi-

cated that the husk accounted on average for 30% of 

the total nut weight. Zdyb (2012) reported that the 

husk can constitute up to 41% of the total weight of 

a hazelnut. This is important for the producers of 

hazelnuts, as the weight of nuts in the husk is higher 

at harvest, and also after a storage. 

The highest weight of nuts in the husk and 

without husk, as well as the weight of the kernels, 

was found in the hazelnuts stored in Xtend® bags 

and, for some cultivars, also in CA. The values of 

these parameters correlated with higher water content 

in nuts. Also over-ripening was much slower in nuts 

stored in Xtend® bags compared to NA, because of 

limited oxygen migration or its low concentration. 

Similar findings on the content of water in the kernels 

of unripe nuts stored for two weeks in modified at-

mosphere were made by Moscetti et al. (2012). 

A significant effect of modified and controlled at-

mosphere on the water content in the kernels of 

stored ripe nuts was reported by Keme et al. (1980), 

Ghirardello et al. (2013) and Guiné et al. (2015). 

The higher weight of kernels in the Cat nuts 

compared to the weight of nuts at harvest could be 

associated with physiological changes taking place 

during the post-harvest ripening in the storage period. 

In addition, this cultivar has a fleshier husk and thick 

shell (Piskornik et al. 1989; Zdyb 2012), which protect 

the kernel against water loss and hence weight loss. 

An important quality parameter for the nuts in 

the husk is their ability to remain in that state, as 

the de-husking process not only diminishes their 

attractiveness, but also impacts losses of total nut 

weight. The strength of husk adherence depended 

on hazelnut cultivar and storage conditions, but 

was physiologically associated with the maturing 

of nuts. The adherence of the husk was lowest in 

long-husked hazelnut cultivars. Farinelli et al. 

(2001) and Zdyb (2012) reported that the quality of 

hazelnuts assessed was based on the adherence of 

the husk to the shell, and the husk length mainly 

depends on the cultivar and maturity phase. In our 

experiment, the effect of storage conditions caus-

ing easier detachment of the husk from the shell 

was associated with faster loss of water by nuts, 

which, combined with higher levels of atmospheric 

oxygen, accelerated their ripening (Table 4 & 5). 

The storage of ripe, pre-dried nuts under condi-

tions of high oxygen levels results in the faster 

transformation of nutrients inside nuts, and hence 

over-ripening (Keme et al. 1980; San Martin et al. 

2001; Ghirardello et al. 2013). 
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Nuts stored in Xtend® bags were more se-

verely affected by fungal diseases and physiological 

disorders, than those stored in other conditions, es-

pecially at CA. High water content in nuts con-

nected with high oxygen levels (mean 18.5%) inside 

Xtend® bags promoted the postharvest diseases de-

velopment. In the case of cultivars more susceptible 

to storage disorders, like Cos or Cat (Fig. 1), the 

storage in Xtend® bags caused 54 and 93% of nut 

losses, respectively, which indicates a strong need 

for adapting both the kind of Xtend® bags and care-

ful cultivar selection. The major factors impact fun-

gal growth during the storage of nuts are higher wa-

ter content in nuts, temperature, and air humidity 

over 70% (Simsek et al. 2002; Campbell et al. 2003; 

Navarro 2006). Studies investigating the storage of 

fruits in Xtend® bags indicated that the adjustment 

of package type to the specific type of fruit allows 

for maintaining optimal humidity during storage, 

which largely limits the development of storage dis-

eases (Aharoni et al. 2008). In our experiment, the 

highest percentage of nuts unaffected by disease 

was found for storage in CA conditions. The low 

oxygen concentration and the presence of carbon di-

oxide during nut storage in CA effectively inhibited 

their respiration (Keme et al. 1980; San Martin et al. 

2001; Ghirardello et al. 2013), and at the same time 

limited the development of fungal diseases and 

physiological disorders (Leuty et al. 2012). 

 

CONCLUSIONS 

 

1. Three-month storage in Xtend® bags and in CA 

resulted in higher weight of hazelnuts (both with 

and without the husk), higher kernel weight as 

well as higher water content and percentage of 

nuts with adhering husk when compared to 

batches stored in a normal atmosphere. 

2. For two of the four investigated cultivars stored in 

Xtend® bags, small weight losses caused an al-

most complete loss of commercial value due to 

being heavily infected with fungal and abiotic dis-

eases, which indicates the need for further studies 

on both Xtend® bags and cultivar selection. 

3. The highest percentage of nuts with attached 

husk after storage was found to be for ‘Hall’s 

Giant’ and ‘Webb’s Prize Cob’ cultivars. These 

cultivars showed a low tendency to de-husk, both 

during cold storage and simulated shelf-life. 

4. Among the investigated cultivars ‘Catalan’ 

turned out to be the most susceptible, while 

‘Hall’s Giant’ the most resistant to the develop-

ment of fungal diseases and physiological disor-

ders during storage. Irrespective of storage con-

ditions, after three months of storage the infec-

tion of the latter did not exceed 14%.  
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