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ABSTRACT 

The effects of heat stress (HS) and ultra low oxygen (ULO) in controlled (CA) or modified (MA) atmosphere on chest-
nut (Castanea sativa L. cv. Rodiana) fruit quality and storability were investigated. Chestnuts exposed to ULO (1% O2 

for 1 h) or dipped in water bath (at 55˚C for 15 min) and then stored to CA or MA conditions at 6˚C for up to 90 days. 
The HS dipping and storage in CA or MA increased sprouting (up to 60%) as well as mould severe on chestnuts com-
paring with the control. In MA conditions, HS and ULO increased respiration rate. Total starch content increased (up to 
30%) in MA-HS and MA-ULO treatments comparing with the control the first 60 days of storage. The first 30 days of 
CA and MA storage, chestnut moisture content decreased. No major differences observed in total sugar, total fat and 
total phenolic content as well as in the incidence of hole with or without worm in chestnut fruit. Following sensory 
evaluation, 57% of panelist marked differences among treatments, while the greater preference (67%) observed in 
chestnut treated with HS and stored in MA. Additionally, MA-HS enhanced (up to 30%) the chestnut appearance while 
no difference observed in aroma, sweetness and texture among treatments and storage conditions. Thus, the impacts of 
HS on chestnuts maintain fruit quality, with benefits in CA storage, as increased panelists’ preference. 
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1. Introduction 

The chestnut is one of the popular nuts in the oriental 
world. Raw fresh chestnut is largely utilized by peeling, 
roasting and boiling, or is processed mainly into syrup 
packs. The chestnut is rich in carbohydrate and low in fat, 
with high moisture content and thus it is susceptible to 
insect damage after harvest [1] with high perishability. 
The major factors in postharvest depreciation are mold-
ing or rotting caused by fungi and the larval development 
of insects [2,3]. Insect damage is usually due to infesta-
tions of Cydia splendana and Curculio elephas, which 
attack the fruits while still on the trees. Besides insect 
attack, sprouting normally occurs in chestnut after 2 - 3 
months of dormant periods. The chestnut is rich in nutri-
ents (protein 9.3%, lipid 2.7%, sugars 7.4%, amino acids 
5.1% and starch 51.3%) and has a unique flavor and taste 
[4]. 

As a consequence, different treatments have been used 
to keep the fresh commodities against physiological and 
biological losses during postharvest periods, such as fu- 

migation (CS2, phosphine, methylbromide), low tem-
perature and controlled atmosphere (CA) storage, irra-
diation, and submerging in icy water for peeled fruit [5]. 
Most fumigants are very simple to use with a potent ef-
ficacy, but have an inherent weakness in terms of their 
safety. Positively, the United States has proposed that 
irradiation be used as an alternative treatment for fruits 
that are host to quarantine pests [6]. 

Controlled atmospheres have been demonstrated to 
reduce fungal growth on fruits (as reviewed by Balla and 
Holb [7]). Additionally, storage under ultra low oxygen 
(ULO) atmospheres has been shown to suppress devel-
opment of pathogenic fungi [8] and kill insect pests [9]. 
Barkai-Golan [8] suggested that refrigerated ULO stor-
age reduced decay by directly suppressing pathogen 
growth and by indirectly maintaining resistance of the 
host to infection. They both highlighted the importance 
of low temperature in combination with ULO for opti-
mum suppression [7]. High temperatures (above 35˚C) 
inhibit ripening of many fruits [10]. The effect of high 
temperature, applied as heat shock, on inhibition of eth-  *Corresponding author. 
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ylene production has been studied in the last few years 
[11,12]. However, this technology may lead to physio-
logical disorders [13]. Other recent preservation methods 
in development are lyophilization, which results in 
high-quality products but with high costs, and the com-
bined methods by means of osmotic dehydration and 
convective air-drying [14,15]. 

Thus, there is much research in chestnuts preservation 
against microbes while only few studies focused in fruit 
quality related parameters [16,17]. The present work was 
to investigate comparative effects of heat stress and ultra 
low oxygen in controlled and modified atmospheres on 
the pest control and quality attributes of chestnuts. 

2. Materials and Methods 

2.1. Plant Material and Treatments 

Chestnut fruit (Castanea sativa L. cv. Rodiana) were 
hand harvest (in November) for hilly area (Prasses vil-
lage) of Chania, Creece. Chestnuts (mean average weight 
~10 g) shorted, washed and healthy fruits used for further 
studies. A sample of 10 fruits was randomly selected to 
record fruit quality characteristics. A set (72 fruits) of 
uniform fruits and free of defects were either exposed in 
low O2 atmospheres (ULO) by subjecting the fruit to a 
continuous humidified gas flow (60 - 70 ml·min–1) of 1% 
O2 (balance N2) for 1 h at 20˚C or kept in water bath (HS: 
heat stress dipping) at a constant temperature of 55˚C for 
15 min. Untreated fruits used as control. Following that, 
fruits were split in two batches and stored at 6˚C up to 90 
days either in control atmosphere (CA: continuous air 
flow of 40 ml·min–1) in glass vase (5 L capacity) with 3 
openings for to achieve the open flow system (one of 
them was use for gas sampling of CO2 and O2) or in 
modified atmosphere (MA: in commercial sealed bags 
with 5 L capacity which were aerated biweekly). Thus 
the experiments consisted of six treatments (3 applica-
tions/treatments × 2 storage conditions) with 3 replicates 
each (36 fruits/replication). Filter paper moistened with 
water placed into each container, maintaining high rela-
tive humidity (RH ~95%) during the storage period. 
Measurements were conducted on biweekly or monthly 
basis, as analyzed latter on. 

2.2. Decay Evaluation 

Incidence of eye expansion (sprouting), fruit rot decay 
and brown rot as well as chestnut worm (Lumbricus cas-
taneus) were assessed (up to 36 chestnuts) on a monthly 
basis. The percentage of external and internal mould and 
brownish, chestnut with hole but no worm, chestnut with 
hole and worm and chestnut with expanded eye were 
evaluated. 

2.3. Water Loss and Respiration Rates of 
Chestnut 

Healthy (no-infected) chestnuts were labeled and the 
weight recorded prior to exposure to ambient air or HS or 
ULO in CA and MA conditions. Fruits were weighed on 
a monthly basis up to 90 days and percent weight loss of 
original weight was computed. 

Respiration was measured biweekly, automatically by 
an infrared gas analyzer, as CO2 (SERVOMEX I.R Gas 
Analyzer PA 404) and O2 (SERVOMEX Oxygen Ana-
lyzer 571) production, in the gas phase of the jars. 

2.4. Soluble Sugar, Total Starch, Total Fat 
Content and Total Phenolic Content of 
Chestnut 

Soluble sugars contents were determined by Dubois et al. 
[18] modified method. A 1.0 g of fresh homogenized 
tissue were mixed with 5.0 ml aliquot of methanol (80%) 
in glass tubes covered at the top and boiled at 80˚C for 
40 min. After cooling the mixture, a 0.5 ml aliquot of the 
extract was mixed with 0.5 ml H2O, with 1.0 ml of phe-
nol (5% v/v) and 5.0 ml of concentrated sulfuric acid. 
After agitation and cooling of the reagent mixture, A490 
was read using methanol as blank. Soluble sugars con-
centration was calculated using sucrose solution as a 
standard curve. 

The remaining chestnut tissue in the glass tubes was 
used for the total starch content [18]. Thus, 1.2 ml acetate 
buffer (0.1 M sodium acetate and 0.1 N acetic acid; pH 
4.5) was added and then added 0.2 ml enzymes buffer 
(300 U amyloglucosidase and 25 U amylase) and incu-
bated overnight at 45˚C. Samples were centrifuged and 
supernatant aliquots were analyzed as above. Total starch 
content concentration was calculated using sucrose solu-
tion as a standard curve. 

Total fat extraction was performed according to the 
published AOAC [19] methods, using a Soxhlet appara-
tus for 16 h with petroleum ether as the extraction sol-
vent. The solvent was removed by rotary evaporation and 
the residue was dried for 1 h at 105˚C. 

Total phenolic concentration was determined (Fo-
lin-Ciocalteu Assay, Tzortzakis et al. [20]) from blended 
fruit (6 individual fruits) tissue extracts (2.5 g) of fol-
lowing repeated (2-fold) addition of 2.5 ml of 50% (v/v) 
methanol under ultrasonication. Aliquots were collected 
and centrifuged for 5 min at 4˚C at 3000 g. The super-
natant was transferred to a fresh Eppendorf tube and 200 
μl pipetted into a fresh test tube, to which 1425 μl of wa-
ter (Milli-Q), 125 μl of Folin-Ciocalteu’s reagent (Sigma 
Aldrich, Athens, Greece) and 1250 μl of 7% (w/v) so-
dium carbonate were added. The reaction mix (3 ml) was 
incubated in the dark for 1.5 h, prior to reading the ab-
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sorbance at 755 nm (Genesys 10 Vis, ThermoSpectronic, 
Rochester, USA). Results were expressed in terms of 
gallic acid equivalents (GAE; Sigma Aldrich, Athens, 
Greece). 

2.5. Sensory Evaluation 

The tasting panel consisted of a group of 18 people 
ranging in age from 24 to 60 years old. All panelists had 
at least some training in the sensory evaluation of chest-
nuts and chestnuts products. Six chestnuts (three whole 
and three half-cut chestnuts) of each treatment were 
placed on a dish for each panelists. The attributes of dif-
ference (yes or no), preference, appearance (poor to ex-
cellent), sweetness (sharpness to very sweet), texture 
(soft to hard) and aroma (mild to very strong) were eva-
luated. Especially for aroma it was noted as vanilla, 
chestnut, fresh bread, mould, wood and paper. The pan-
elists were asked to indicate their judgment on a 5-point 
scale. Panel tests were conducted in isolation in booths in 
the same room to prevent interchange between panel 
members and without time limit. 

2.6. Statistical Analysis 

Data were first tested for normality, and then subjected to 
analysis of variance (ANOVA). Sources of variation 
were time of storage and treatments. Significant differ-
ences on percentage values (weight loss) were logarith-
mic transformed prior to using ANOVA. Statistical ana-
lyses were performed using SPSS (SPSS Inc., Chicago, 
USA) and graphs were produced using Prism v.2.0 
(Graph Pad Inc., San Diego, USA). 

3. Results and Discussions 

The moisture content of chestnut fruit before HS or ULO 
treatments and storage in CA or MA was 55% with av-
erage mean fresh weight 10.3 g (seed coat weight 1.3 g, 
endoderm weight 0.7 g), total sugars of 36.8 mg/g fresh 
weight (fwt), total starch of 39.8 mg/g fwt, total phenols 
of 10.2 GAE/100 g fwt, total fats of 1.96% on dry matter 
basis. 

The HS dipping and storage in CA or MA resulted in 
increased percentage (from 20% to 60%) of sprouting in 
chestnuts while no differences observed in the equivalent 
control treatments and ULO-treated chestnuts. Regarding 
the incidence of hole with or without worm in chestnut 
fruit, there were no differences among treatments (data 
not presented). 

The greater percentage of nuts, externally, with moulds 
as well as the greater mould severe observed in chestnuts 
treated with HS, which enhanced the mould development, 
with more effects marked in CA rather than in MA stor-
age (Figure 1). Indeed, an average of 30% of nuts, in  
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Figure 1. Quantitative (%) evaluation of nuts with mould 
development and mould severe in chestnut fruits either 
treated with heat stress (HS) or ultra low oxygen (ULO) 
and stored in controlled (CA) or modified (MA) atmos-
pheres up to 90 days at 6˚C. Vertical bars represent stan-
dard errors. 
 
ternally, marked mould severe for all the treatments after 
60 days of storage (data not presented), and this is due to 
the long storage period. The microorganisms that macro-
scopically identified were the fungi of genus Penicillium 
and Aspergillus and bacteria as well. In previous studies, 
it was reported that fungal diseases enhanced when 
chestnut stored in room temperature comparing with low 
temperature storage [16], with temperature acted as a 
major factor in disease development. Fungal develop-
ment was combined with malodor, increased relatively 
humidity and increased CO2 concentration during chest-
nut storage [16]. 

Respiration rates of chestnuts did not differ in fruits 
stored in CA conditions, while in MA storage, respiration 
rate increased (69% and 39%) through storage period in 
MA-HS and MA-ULO treated chestnut respectively 
comparing with the control (MA) fruits, reaching a peak 
after 75 d (Figure 2). 

ANOVA revealed that moisture content was differen-
tiated (with greater reduction in ULO treated chestnuts) 
the first 30 days of CA and MA storage (Figure 3). Fol-
lowing 90 days of storage, chestnuts maintained moisture 
content in CA storage while MA-HS treatments in-
creased (up to 5%) comparing with MA and MA-ULO. 
According to Breisch [3], who stated that the humidity 
content of chestnuts should not be lower than 49% or 
higher than 60% for an adequate conservation, all of the  
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Figure 2. Respiration rate of chestnut fruits either treated with heat stress (HS) or ultra low oxygen (ULO) and stored in 
controlled (CA) or modified (MA) atmospheres up to 90 days at 6˚C. Vertical bars represent standard errors. 
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Figure 3. Moisture content of chestnut fruits either treated with heat stress (HS) or ultra low oxygen (ULO) and stored in 
controlled (CA) or modified (MA) atmospheres up to 90 days at 6˚C. Vertical bars represent standard errors.  
 
measurements had suitable water contents for stability. 

No major differences observed in total sugar content 
among treatments in CA and MA storage (see Figure 4) 
rather than a stimulate increase through storage period. 
Indeed, total starch content was significantly (P < 0.05) 
increased/maintained (up to 30%) in MA-HS and MA- 
ULO treatments comparing with the control the first 60 
days of storage but then followed by a substantial reduc-
tion at 90 days of storage and resulted in no differences 
with the control treatment (Figure 4). 

The decrease in starch and the constant and concomi-
tant increase in sucrose during storage at low (at 1˚C) 
temperatures were described previously by other workers 
[21] and is in accordance (comparing with the control 
treatments) with the present study for the first 60 days of 
storage, while a steady increase of starch content took 
place thereafter, which is possible due to different stor-
age conditions and/or variety. However, values of total 
sugar and starch content are within levels and in accor-
dance with previous reported values in Italy [22]. 

Although the pathways and the physiological interpre-
tation of the cold- and warm-water bath of chestnuts for 
starch degradation and sucrose accumulation have not yet 
been clarified, our results indicate a storage threshold for 
starch decrease and sucrose increase in the fruits, which 
probably corresponds to a change in the physiological 
processes of the nuts, which is in accordance with previ-

ous studies [17]. Nomura et al. [21] found no clear cor-
relation between starch decrease, sucrose increase and 
enzymatic activity in chestnut fruits. It is possible that, as 
other workers have suggested, the fact that chestnut fruit 
is a seed, which evolves naturally towards germination, 
plays a role [3]. During storage at low temperature, phy-
sicological processes related to seed respiration, dor-
mancy, postmaturation and germination cannot be ex-
cluded [17]. 

No differences observed in total phenolic content 
among treatments with exception the slight increased 
(13%) of CA-HS compared with the control (CA) fruits 
(Figure 5). Additional, the total fat content was more or 
less similar in fruits exposed to HS or ULO and stored in 
CA or MA conditions (Figure 6). 

Following sensory evaluation, 57% of panelist marked 
differences among treatments, while the greater prefer-
ence (67%) observed in chestnut treated with HS and 
stored in MA, followed with 11% preference in CA-HS, 
CA-ULO and MA. Additionally, MA-HS enhanced (up 
to 30%) the appearance of chestnut stored in MA, while 
no difference observed among chestnut stored in CA 
under HS or ULO treatment (Table 1). Aroma, sweet-
ness and texture did not differ among treatments and sto-
rage conditions. The similarity of sweetness as estimated 
by the panelists corresponded fairly well with the meas-
ured sugar content (Figure 4).    
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Figure 4. Soluble sugar and total starch content of chestnut fruits either treated with heat stress (HS) or ultra low oxygen 
(ULO) and stored in controlled (CA) or modified (MA) atmospheres up to 90 days at 6˚C. Vertical bars represent standard 
errors. 
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Figure 5. Total phenols content of chestnut fruits either treated with heat stress (HS) or ultra low oxygen (ULO) and stored in 
controlled (CA) or modified (MA) atmospheres up to 90 days at 6˚C. Vertical bars represent standard errors. 
 

0 30 60 90
1

2

3

4 CA
CA-HS
CA-ULO

Days

T
o

ta
l 

fa
t 

co
n

te
n

t 
(%

)

0 30 60 90
1

2

3

4 MA
MA-HS
MA-ULO

Days  

Figure 6. Total fat content of chestnut fruits either treated with heat stress (HS) or ultra low oxygen (ULO) and stored in 
controlled (CA) or modified (MA) atmospheres up to 90 days at 6˚C. Vertical bars represent standard errors. 
 

Short-term exposure to ultra-low O2 concentrations as 
a potential quarantine treatment for the control of insects 
in fruit and vegetables has recently been examined as an 
alternative to chemical fumigation [23,24]. Most fresh 
fruit and vegetables do not tolerate these low O2 atmos-

pheres for prolonged periods, though some can tolerate 
them for short periods [25]. Low oxygen levels slow the 
rate of metabolic conversion and maintain fruit quality 
for longer than normal air storage. Fruit fermentation 
occurs when ambient oxygen levels fall below some  
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Table 1. Quantitative analysis of the impacts of heat stress (HS) or ultra low oxygen (ULO) on sensory attributes of chestnut 
fruits following storage in controlled (CA) or modified (MA) atmospheres up to 90 days at 6˚C and 95% RH. Values repre-
sent mean of assessments made by 18 panelists per treatment. 

 Preference Appearance Aroma Sweetness Texture 

CA 0 c 50 b 43 a 53 a 74 a 

CA-HS 11 b 59 b 54 a 50 a 74 a 

CA-ULO 11 b 49 b 46 a 57 a 71 a 

MA 11 b 53 b 45 a 61 a 71 a 

MA-HS 67 a 76 a 52 a 60 a 73 a 

MA-ULO 0 c 63 ab 38 a 54 a 69 a 

In each column, mean values followed by the same letter do not differ significantly at P = 0.05 according to Duncan’s MRT. 

 
critical level, which is typically shown by an increase in 
respiratory quotient (RQ: the ratio of moles of CO2 pro-
duced divided by moles of O2 utilized), ethanol produc-
tion, or both [26]. Undesirable responses include the in-
duction of fermentation, development of disagreeable 
flavors, reduction in aroma biosynthesis, induction of 
tissue injury and alteration in the makeup of microbial 
flora [27,28]. 

In previous studies, under CA storage maintained 
chestnut quality for longer period in low temperature and 
ULO conditions, resulting in lower chestnut mould [16] 
while the low temperature comparing with room tem-
perature, is the main factor that affect chestnut quality. 

4. Conclusion 

The impacts of HS on chestnuts before storage revealed 
greater respiration rates, increased panelists preference 
but with a slightly higher infection percentage comparing 
with the other treatments/storage and it may considered 
for chestnut preservation technique, especially the under 
CA storage conditions. However, further exploitation is 
needed before commercial applications. 
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