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Abstract
This study was carried out to assess the effect of methyl jasmonate (MeJA) applied at different concentrations (0.2mM and
0.4mM) after harvest on nut quality characteristics of the ‘Erfelek’ chestnut cultivar during cold storage. Chestnuts were
kept at 0± 0.5°C and 90± 5% relative humidity for 80days. As a result of cold storage, it was observed that the MeJA
treatment had a positive effect on nut quality compared to the control. The effect of 0.2mM MeJA treatment on weight
loss, moisture and firmness values of the chestnuts was more significant than other treatments. While vitamin C, total
phenolic and antioxidant activity (DPPH and FRAP assays) were similar between MeJA treatments, they were significantly
preserved compared to the control. In addition, at the end of cold storage, the highest protein and the lowest ash content,
which is important for nutritional quality, were observed in chestnuts treated with MeJA. On the basis of the results, we
can conclude that MeJA treatments can be used as an effective tool to maintain post-harvest quality losses in the ‘Erfelek’
chestnut cultivar and to protect bioactive compounds during cold storage.
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Introduction

Chestnut (Castanea sativa Mill.) is an important and popu-
lar type of nut in many European countries. Its high nutri-
tional value has played an important role in human nutrition
since ancient times (Mert and Ertürk 2017). In addition
to their low fat and salt content, chestnuts, an important
source of carbohydrates, are also rich in dietary fibre, min-
erals such as potassium and calcium, and B-group vitamins
(Mujić et al. 2010). As such, its properties make it suitable
for human nutrition and health.

Chestnut is a seasonal fruit that can maintain its opti-
mum commercial quality, turgescence and health for a short
time. Preventing deterioration events seen in this product is
among the biggest challenges (Jermini et al. 2006). The
shelf life of the chestnut is limited and short due to its high
metabolic activity, the porous and non-lignified character-
istic of the epicarp, and moisture and sugar content (Sac-
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chetti et al. 2005; Correia and Beirão-da-Costa 2010; Mert
and Ertürk 2017). In particular, the high water and sugar
content affect the emergence of insects and moulds such
as Gnomoniopsis castanea and Sclerotinia pseudotuberosa
during storage (Vettraino et al. 2020). Moulds similar to
these that occur in the post-harvest period in chestnut play
a role in the occurrence of diseases and spoilage that re-
duce the market value of the product (Donis González et al.
2010). To increase the post-harvest storage period of chest-
nut, techniques such as curing water, underground storage
and dehydration by charcoal fires with minimal air have
been used (Mignani and Vercesi 2003).

In recent years, different techniques such as methyl
jasmonate (MeJA) in kiwifruit (Cao et al. 2009), gib-
berellic acid (GA3) in sweet cherries (Ozkan et al. 2016),
aminoethoxyvinylglycine (AVG) in kiwifruit (Ozturk et al.
2019) and Aloe vera gel (AV) in papaya (Farina et al. 2020)
have been used to minimize post-harvest losses in fruits.
Of these, MeJA, is known to regulate important aspects of
plant physiology, act as a signal in plant cellular responses
and modulate the biosynthesis of other phytohormones.
At the same time, MeJA is a phytohormone that reduces
oxidative stress and secondary metabolite accumulation in
plant cells. It is reported that MeJA can be used as a stim-
ulating tool for improving the nutritional content of food
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products (Wang et al. 2021). In addition, MeJA has effects
that increase fruit quality (Serrano et al. 2018), prevent chill
injury (Aghdam and Bodbodak 2013; Barman et al. 2018),
increase resistance to diseases in the post-harvest period
and prolong storage life in fruit. Accordingly, there is no
study in the literature investigating the effect of MeJA on
the quality preservation of chestnuts. Therefore, the present
study aimed to determine the effects of MeJA treatment at
different concentrations after harvest on nut quality during
cold storage for the ‘Erfelek’ chestnut cultivar.

Materials andMethods

Plant Materials

The plant material of the study consisted of nuts belonging
to the ‘Erfelek’ chestnut cultivar grown in Sinop province
(Turkey). A total of 15kg of nuts was hand-harvested for
the research. The harvested nuts were brought to the post-
harvest laboratory of Ordu University after being separated
from the capsules. In addition, care was taken to ensure that
the chestnuts were of similar size, had no visual defects and
were free from diseases and pests.

Experimental Design and Treatments

Nuts were randomly divided into three groups at the begin-
ning, each weighing 5kg. Those allocated to the first group
were immersed with distilled water (5min) and then put into
12 packages (plastic net sacks) of 400g each to be evaluated
as a control. Chestnuts in the second group were placed in
12 packages after being immersed in 0.2mM MeJA solu-
tion for 5min. The chestnuts in the third group were placed
in 12 packages after dipping them in 0.4mM MeJA solu-
tion. Chestnuts other than these were used to determine the
harvest period measurements.

Measurement periods were planned to be on the 20th,
40th, 60th and 80th day in addition to the harvest. Measure-
ments of the treatments were made in three replications in
each period. Also, the net packages prepared for the treat-
ments were placed in 36 plastic boxes, nine to be used for
each measurement period. All chestnuts were pre-cooled
with cold air at 90± 5% relative humidity (RH) until the
pulp temperature dropped to 1°C. They were then stored at
0± 0.5°C and 90± 5% RH for up to 80days.

Weight Loss, Moisture, Respiration Rate and
Firmness

The initial weights of each chestnut package (Wi) were de-
termined with a digital precision scale of 0.01 precision
(Radwag, Poland). Then, the weight changes occurring on

the 20th, 40th, 60th, and 80th day of storage were regu-
larly determined in the final weight (Wf). Accordingly, the
weight loss (WL) during storage was determined as a per-
centage using the equation WL (%)= 100× (Wi-Wf) / Wi
(Faizy et al. 2021).

The moisture content of chestnuts was determined by
modifying the AOAC 979.12 method. Accordingly, approx-
imately 40g of nut (m) from each replication was peeled
by hand and placed in Petri dishes that were tared before-
hand. This was kept in a vacuum oven at 105°C for 12h.
At the end of this period, the Petri dishes were taken to the
desiccator to cool, and their final weights were measured.
Finally, the percent moisture content was calculated (AOAC
1995).

Respiration rate was determined as three replications for
each treatment, measuring the amount of CO2 released for
15 fruits in each replication with an infrared CO2 gas anal-
yser (Vernier, OR, USA). The results are shown as mL CO2

kg–1 h–1 (Yarılgaç et al. 2019).
The textural analysis carried out in the Central Research

Laboratory of Ordu University determined the firmness of
chestnuts. For each replication, measurements were made
after eight nuts were manually separated from their skins,
and the results are expressed in N.

Crude Protein, Dry Matter and Ash

The protein ratio was determined based on the Kjeldahl
method. Percent protein values were calculated by multi-
plying the obtained percent nitrogen values by 6.25. For the
dry matter, the samples dried at 105°C were then gradually
increased (250–300°C) in the muffle furnace and burned
at 550°C for approximately 10h, and the percentage was
calculated (Venkatachalam and Sathe 2006).

Soluble Solids Content, Titratable Acidity and
Vitamin C

In each replication, 25 fruits were manually separated from
their shells and ground with a blender (Model No. Promix
HR2653, Philips, Turkey). Then, 20g of fruit samples was
weighed and homogenized with 80g of distilled water.
The prepared sample was filtered for soluble solids content
(SSC), titratable acidity (TA) and vitamin C measurements.
A digital refractometer (Atago PAL-1, Atago Co., Ltd.,
Bellevue, WA, USA) was used to measure SSC, which
is expressed as %. To measure TA, 10mL of fruit juice
was taken, and 0.1N NaOH solution was added until the
pH value was 8.2. The TA was calculated according to the
amount of NaOH consumed in the titration and expressed as
g malic acid kg–1. Vitamin C measurements were performed
with a reflectometer (RQflex plus 10, Merck, Germany).
A total of 0.5mL of 5% oxalic acid was added to 0.5mL of
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juice. Then, measurements were made using ascorbic acid
test strips (Catalog no. 116981, Merck, Germany). Results
are expressed as mg 100g–1 (Ozturk et al. 2021).

Total Phenolics and Antioxidant Activity (DPPH and
FRAP)

A total of 25 fruit peels were separated by hand and ground
in each measurement period with a blender. They were
then stored in falcon tubes at –20°C until analysis. Frozen
samples were thawed at room temperature before starting
the analysis. Methanol (10mL) was added to 1g of fruit
sample and left for 2 days. The samples were centrifuged at
12,000× g at 4°C for 35min. The resulting filtrate was used
for total phenolics and antioxidant assays. Total phenolics
and antioxidant activity assays were performed using a UV-
Vis spectrophotometer (Shimadzu, Kyoto, Japan). Total
phenolics were determined following the method described
by Yılmaz et al. 2019 and are expressed as g GAE (gallic
acid equivalent) kg–1. The antioxidant activity of chestnut
was determined according to two different procedures: 2,2-
diphenyl-1-picryl-hydrazyl-hydrate (DPPH; Blois 1958)
and ferric ions (Fe+3) reducing antioxidant power (FRAP;
Benzie and Strain 1996), and the results are expressed in
mmol Trolox equivalent (TE) kg–1 fw.

Statistical Analysis

The experiment was established in a completely random-
ized design with three replications for each treatment. Data
were analysed by one-way analysis of variance (ANOVA),
and the means were separated using Tukey’s test (p< 0.05).
Data analyses were performed in JMP (version 16.0 soft-
ware).

Results

Weight Loss, Moisture, Respiration Rate and
Firmness

Weight loss occurred in chestnut fruits during cold storage.
However, it was observed that the MeJA treatments delayed
weight loss during specific periods of cold storage. On the
20th, 40th, 60th and 80th day of cold storage, weight loss
in the control was 12.09%, 21.95%, 26.30% and 28.01%,
respectively. Compared to the control, it was determined
that 0.4mM MeJA treatment significantly delayed weight
loss at 40 (17.79%) and 60days (22.51%), and 0.2mM
MeJA treatment at 40 (16.16%), 60 (20.72%), and 80days
(24.33%). The moisture content of chestnuts decreased dur-
ing cold storage, but MeJA treatments delayed moisture loss
in chestnuts. While the moisture content was 50.33% dur-

ing the harvest period of the control, it was determined as
41.35%, 36.87%, 34.77% and 33.27% on the 20th, 40th,
60th and 80th day of cold storage, respectively. Regarding
moisture content, 0.4mMMeJA treatment was significantly
higher at 20 (44.85%), 40 (42.11%), and 60days (37.61%),
and 0.2mM MeJA treatment at 20 (45.52%), 40 (43.21%),
60 (38.21%), and 80days (34.88%) compared to the con-
trol. The differences between the respiration rate of the
chestnut fruits at harvest and on the 20th day were non-sig-
nificant between all treatments. While the respiration rate
of control fruits increased significantly, especially between
the 40th (20.58 CO2 kg–1 h–1), 60th (29.99 CO2 kg–1 h–1)
and 80th day (48.52 CO2 kg–1 h–1), MeJA treatments signif-
icantly delayed the respiration rate on the 40th, 60th, and
80th day. While the respiration rate was 15.27 CO2 kg–1 h–1,
24.37 CO2 kg–1 h–1 and 27.79 CO2 kg–1 h–1 in chestnuts
treated with 0.2mM MeJA on days 40, 60 and 80, respec-
tively, it was determined as 13.38 CO2 kg–1 h–1, 22.33 CO2

kg–1 h–1 and 25.61 CO2 kg–1 h–1, respectively, in the treat-
ment with 0.4mM MeJA. The firmness of chestnut fruits
increased rapidly from the 20th day of cold storage. The
firmness measurements of the control were determined as
6.09N, 8.29N and 8.64N, respectively, on the 40th, 60th
and 80th day of cold storage. These measurements were de-
termined as 5.33N, 7.29N, 8.11N in chestnuts treated with
0.2mM MeJA, and 5.20N, 7.98N and 8.75N in chestnuts
that were treated with 0.4mM MeJA, respectively. While
the firmness level was significantly lower with all MeJA
treatments on the 40th day of cold storage, the fruits treated
with 0.2mM MeJA on the 60th and 80th day preserved the
firmness level significantly compared to the other treatments
(Fig. 1).

Dry Matter, Crude Protein and Ash Content

The dry matter, crude protein and ash content of chest-
nut fruits increased during the cold storage period, starting
from the harvest period. The difference between the MeJA
treatments and the control on the 40th, 60th and 80th day
of cold storage was statistically significant in terms of dry
matter content. Dry matter content was found to be 65.40%,
67.37% and 67.78% on the 40th, 60th and 80th day of
control, respectively. During these measurement periods,
the dry matter content of chestnuts treated with 0.2mM
MeJA was determined as 63.10%, 65.78% and 66.10%,
respectively, while it was determined as 63.25%, 66.23%
and 66.18% in chestnuts treated with 0.4mM MeJA. Ac-
cordingly, the dry matter content of chestnuts treated with
MeJA on day 40, 60 and 80 was significantly lower than
the control group fruits. In the analyses performed on the
20th, 40th and 60th day of cold storage, no significant dif-
ferences were observed between the treatments in terms
of protein content. While the highest protein content was
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a b

c d

Fig. 1 Effect of methyl jasmonate (MeJA) treatment on weight loss (a), moisture (b), respiration rate (c) and firmness (d) of chestnut fruit during
cold storage. The differences between the means indicated with lowercase letters are significant (Tukey’s test, p< 0.05). Vertical bars indicate the
standard errors

seen in chestnuts treated with 0.2mM MeJA with 4.42% on
the 80th day measurement, the lowest protein content was
found in the control with 4.02%. Ash content was signif-
icantly higher in fruits treated with 0.4mM MeJA on the
20th (1.42%) and 40th day (1.53%) of cold storage than
in other treatments. During these periods, the ash content
of the control group was determined as 1.29% and 1.37%,
while it was determined to be 1.28% and 1.34% in chest-
nuts treated with 0.2mM MeJA. The differences between
treatments were not significant in the analyses performed
on the 60th day of cold storage. In addition, the highest
ash content was determined in the control (1.84%) on the
80th day and the lowest in chestnuts treated with 0.4mM
MeJA (Fig. 2).

Soluble Solids Content, Titratable Acidity and
Vitamin C

While SSC increased in chestnuts during cold storage from
harvest, on the contrary, TA decreased. Regarding SSC, the
effect of MeJA treatments was significant on the 20th and
40th day compared to the control, while there was no signif-
icant difference between treatments in the other periods. In

the measurements made on the 20th and 40th days of cold
storage, the SSC was determined as 8.2% and 12.0% in
the control, 7.0% and 11.2% in the 0.2mM MeJA treat-
ment, and 6.4% and 11.0% in the 0.4mM MeJA treat-
ment. In terms of TA, it was determined that the fruits
treated with MeJA had higher values in all measurement
periods after harvest compared to the control. The differ-
ence between them was statistically significant. Accord-
ingly, the TA content of the control was determined as
0.106%, 0.086%, 0.081% and 0.050%, respectively, on the
20th, 40th, 60th and 80th day of cold storage. In the anal-
yses carried out during the same periods, the TA content
of chestnuts treated with 0.2mM MeJA was determined as
0.113%, 0.105%, 0.100% and 0.086%, while it was deter-
mined as 0.115%, 0.102%, 0.094% and 0.089% in chest-
nuts treated with 0.4mM MeJA. The vitamin C content of
chestnuts increased until the 20th day after harvest and then
decreased in all measurement (40th, 60th, and 80thday) pe-
riods. It was determined that chestnuts treated with MeJA
preserved their vitamin C content significantly compared to
the control on the 40th, 60th, and 80th day of cold storage.
Accordingly, the vitamin C content of the control was de-
termined as 28.0mg 100g–1, 22.8mg 100g–1 and 11.4mg
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Fig. 2 Effect of methyl jas-
monate (MeJA) treatment on
dry matter (a), crude protein
(b) and ash (c) of chestnut fruit
during the cold storage. The
differences between the means
indicated with lowercase letters
are significant (Tukey’s test,
p< 0.05). Vertical bars indicate
the standard errors

a

b

c
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Fig. 3 Effect of methyl jas-
monate (MeJA) treatment on
soluble solids content (SSC, a),
titratable acidity (b) and vita-
min C (c) of chestnut fruit during
cold storage. The differences be-
tween the means indicated with
lowercase letters are significant
(Tukey’s test, p< 0.05). Vertical
bars indicate the standard errors

a

b

c
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Fig. 4 Effect of methyl jas-
monate (MeJA) treatment on
total phenolics (a) and antioxi-
dant activity (b, c) of chestnut
fruit during cold storage. The
differences between the means
indicated with lowercase letters
are significant (Tukey’s test,
p< 0.05). Vertical bars indicate
the standard errors

c

b

a
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100g–1 in the measurements made on the 40th, 60th and
80th day, respectively, while it was 36.0mg 100g–1, 26.4mg
100g–1, 15.8mg 100g–1 in the 0.2mM MeJA treatment, and
35.4mg 100g–1, 26.0mg 100g–1 and 17.4mg 100g–1 in the
0.4mM MeJA treatment (Fig. 3).

Total Phenolics, Antioxidant Activity (According to
DPPH and FRAP Assays)

Total phenolics and antioxidant activity of chestnuts de-
creased during cold storage. Compared to the control, the
effect of MeJA treatment on the preservation of total pheno-
lics was significant at the 40th, 60th, and 80th measurement
periods. In the analyses performed during these measure-
ment periods, the total phenolics content of the control was
determined as 15.2g GAE kg –1, 14.8g GAE kg –1 and
11.5g GAE kg –1, respectively. In addition, while it was de-
termined as 15.9g GAE kg –1, 15.3g GAE kg –1 and 13.2g
GAE kg –1 in chestnuts treated with 0.2mM MeJA, it was
determined as 15.9g GAE kg –1, 15.3g GAE kg –1 and 12.9g
GAE kg –1 in the 0.4mM MeJA treatment. Antioxidant ac-
tivity according to the DPPH assay, in all MeJA treatments,
was higher in the 60th and 80th measurement periods com-
pared to the control. In the measurements made during these
periods, DPPH content was determined as 4.75µmol TE
kg–1 and 4.64µmol TE kg–1 in the control, 4.87µmol TE kg–1

and 4.73µmol TE kg–1 in the chestnuts treated with 0.2mM
MeJA, and 4.86µmol TE kg–1 and 4.74µmol TE kg–1 in the
chestnuts treated with 0.4mMMeJA. Also, according to the
FRAP analysis, antioxidant activity was found to be signifi-
cantly higher in chestnuts treated with MeJA on days 40, 60
and 80 compared to the control. On days 40, 60 and 80, the
FRAP content in the control was determined as 8.8µmol
TE kg–1, 8.0µmol TE kg–1 and 5.6µmol TE kg–1, respec-
tively. These values were determined as 9.7µmol TE kg–1,
8.4µmol TE kg–1 and 6.4µmol TE kg–1 in chestnuts treated
with 0.2mM MeJA and were determined as 9.6µmol TE
kg–1, 8.5µmol TE kg–1 and 6.6µmol TE kg–1 in the 0.4mM
MeJA treatment, respectively (Fig. 4).

Discussion

Post-harvest water loss in fruits and vegetables is an essen-
tial factor that negatively affects fruit quality. Fruit quality
is mainly affected by weight loss due to relative humidity
and respiration events in the storage environment during
storage (Vettraino et al. 2020). Weight loss occurs with an
increase in the respiration rate of the fruit and a decrease
in moisture content. This is undesirable as it causes post-
harvest economic losses in the products (Nunes and Emond
2007). With the moisture loss of 15–30% in chestnuts, some
of the starch in dried fruits turns into sugar, and the desired

characteristic taste is formed. However, since chestnut is
a perishable fruit under normal conditions, delaying these
losses and keeping the humidity at specific rates are essen-
tial for good preservation. Otherwise, the seed will shrink,
become firm and quality losses will occur (Özçağıran et al.
2007). Therefore, delaying water loss is crucial in maintain-
ing the chestnut market value. The moisture content of the
fruits in the chestnut species is generally around 45–50%.
This ratio decreases as the storage period increases. This
situation was similarly observed in fruits kept cold during
the study. In the study, water loss was significantly de-
layed in fruits treated with MeJA during storage compared
to the control. Also, the respiration rate was slowed down
considerably in fruits treated with MeJA. Similarly, Öztürk
and Yücedağ (2021) reported that MeJA caused less weight
loss by suppressing the respiratory rate in kiwifruit treated
with MeJA.

Dry matter content (DMC) in fruits consists of water-sol-
uble and insoluble carbohydrates, protein, minerals, organic
acids and other compounds (Suni et al. 2000; Goke et al.
2018). Determining the DMC at harvest is important in re-
vealing the storage potential of the fruit. It is reported that
DMC is positively correlated with SSC at harvest and TA
after harvest in different fruit species (Vieira et al. 2018).
It has been previously reported that DMC can be used as
a quality indicator in fruit species such as kiwi (Crisosto
et al. 2012), apple (Palmer et al. 2010) and mango (An-
derson et al. 2017). Turan and İslam (2016) reported that
the decrease in the amount of moisture in hazelnut during
storage increases the amount of dry matter; accordingly, the
amount of nitrogen and the protein rate increase in the fruit.
Similarly, in this study, the DMC of the control group fruits
with the highest moisture loss was found to be at the highest
level. Therefore, the dry matter remained lower during stor-
age with MeJA treatments. However, the highest values of
crude protein content, considered important in determining
the nutritional value of foods, were observed in chestnuts
treated with MeJA at the end of storage. Accordingly, it
is thought that the MeJA treatment can be used as an ef-
fective tool for preserving protein and moisture content in
chestnuts.

Fruit contains a wide range of phytochemical compounds
that exhibit antioxidant activity, which vary widely in chem-
ical structure and function. The most common are pheno-
lics, carotenoids and vitamins, which have protective ef-
fects against several chronic diseases (Serrano et al. 2018).
Accordingly, consumers especially prefer fruits with high
nutritional content, leading producers to products with high
quality and nutritional content in this case (Faizy et al.
2021). In the study, the total phenolics, antioxidant activ-
ity and vitamin C content, which significantly affect hu-
man health, were preserved in the chestnuts treated with
MeJA compared to the untreated chestnuts during cold stor-
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age. Similarly, the positive effects of MeJA on bioactive
compounds have been reported in previous studies in ap-
ples (Öztürk et al. 2014), table grapes (García-Pastor et al.
2019), and cherries (Faizy et al. 2021).

Conclusion

In this study, it was determined that methyl jasmonate
(MeJA) treatments positively affected the preservation of
post-harvest nut quality characteristics such as weight loss,
moisture content, dry matter content, firmness and respi-
ration rate in ‘Erfelek’ chestnut during cold storage. In
addition, MeJA treatments resulted in better preserved total
phenolics, antioxidant activity and vitamin C, which sig-
nificantly affect consumer preference and are beneficial to
human health. A dose of 0.2mMMeJA is more effective on
weight loss, moisture, firmness and total phenolics contents
compared with other treatments. Therefore, we suggest that
0.2mM MeJA can be used as an effective tool to extend
the post-harvest storage life of chestnuts and preserve their
quality characteristics.

Conflict of interest S. Uzun declares that he has no competing inter-
ests.
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