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ABSTRACT

The study was carried out to investigate the effect of methyl jasmonate
(MeJA) treatments (0.5 and 1.0 mM MeJA) on quality characteristics
such as weight loss, respiration rate, ethylene production, color, total
phenolic content (TPC), total antioxidant capacity (TAC) and antioxidant
enzyme activities of sour cherry fruit (Prunus cerasus L. cv. ‘Kiitahya’)
during cold storage. Fruit were stored at 0+1 °C and 90+5% RH for 36

total phenolic content, total antioxidant capacity and quality and were also
effective on superoxide dismutase (SOD), catalase (CAT), ascorbate
peroxidase (APX), malondialdehyde (MDA), ethylene production and
respiration rate. In conclusion, 0.5 mM MeJA treatment showed the best
maintaining of fruit quality among the concentrations of MeJA. It can be
suggested that sour cherry could be stored successfully for 36 days at
0 °C following treatment of MeJA.

days. The results indicated that MeJA treatments showed higher levels of
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1. Introduction

Sour cherry (Prunus cerasus L.), a stone fruit species and originated from northeastern Anatolia, belongs to the Rosaceae family
(Onal 2002; Ferretti et al. 2010). Total annual production of sour cherry was 1.52 million tones worldwide in 2018 (FAO 2020).
Turkey is one of important countries in terms of sour cherry production and the fruit has been widely consumed as fruit juice,
jam, vine or dried fruit (Eksi & Akdag 2007; Loncari¢ et al. 2016). The fruit is rich in anthocyanins which known as an
antioxidant due to ability to counteract oxygen free radicals. Sour cherry has an important nutritional value because of its high
level of vitamins, fibers, and polyphenolids (anthocyanins and other flavonoids), in addition to alkaloids and melatonin (Jia et
al. 2012).

Although fresh consumption of this fruit has not been widely common (Lon¢ari¢ et al. 2016), recent studies showed that there
has been an increasing demand for fresh consumption due to its health benefits resulted from regular intake of anthocyanins and
polyphenolics (Beattie et al. 2005; Kim et al. 2005; Piccolella et al. 2008).

Methyl Jasmonate (MeJA) is a natural compound used both preharvest (Saracoglu et al. 2017) and postharvest (Oztiirk et
al. 2019) to extend shelf life, as well as maintain the quality of products. The treatment of MeJA increases antioxidant activity
during postharvest period since stimulates the activities of several antioxidant enzymes such as superoxide dismutase (SOD)
(Cao et al. 2009a), catalase (CAT) (Asghari & Hasanlooe 2015), ascorbate peroxidase (APX) (Cao et al. 2009b), polyphenol
oxidase (PPO) (Asghari & Hasanlooe 2015). Moreover, the treatments of MeJA poise membrane structure and bring down
lipid peroxidation (Ziosi et al. 2008). So, the postharvest treatment of MeJA in horticultural crops is remarkable in order to
maintaining storage quality, delaying senescence and improving resistant responses.

Unfortunately, there have been no published studies about the effect of MeJA on sour cherry quality and postharvest life.
So, the aim of this study was to investigate the effect of MeJA treatments with stretch film on sour cherry quality, ripening and
senescence at 0 °C storage temperature and during 36 days.
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2. Material and Methods
2.1. Plant materials

The sour cherry fruit (Prunus cerasus L. cv. ‘Kiitahya’) were manually harvested at optimal harvest date (when the entire
surface of fruit had light red color) in Gevas ( 38° 32’ 28” N, 43° 26’ 03" E, 1730 m in elevation) district of VVan Province,
Turkey and used in this study. The samples were pre-cooled for 12 hours at +4 °C temperature.

2.2. Methods

The fruit suitable for experiment, as in the same size and free from defects were selected and divided into three groups. Samples
in the first group was immersed in distilled water as a control for 10 minutes. The second and third group fruit were immersed
in 0.5 and 1.0 mM MeJA (PubChem CID: 5281929, 95% Sigma Aldrich, cat n0.392707) solutions for 10 minutes, respectively.
After treatments, all fruit were dried on papers at room condition (25 °C). Later, the fruit were placed in foam plates (each
package per 400 g) and covered with stretch film having 8 p thickness, then stored for 36 days at 0 °C temperature and 90-95%
relative humidity (RH). During storage period, changes in fruit quality were determined some physical, chemical and
physiological analysis mentioned below.

2.3. Weight loss

Weight loss during the storage period was measured daily and calculated as percentage of initial weight.

2.4. Titratable acidity (TA), fruit juice pH, soluble solids content (SSC), color

Titratable acidity (TA) was measured by titrating of fruit juice by 0.1 N NaOH till pH= 8.1 and the results were assessed in %
citric acid (Cemeroglu 2007). The pH values were measured by a pH meter (AZ 8601, Hengxin Company, China). Soluble
solids content (SSC) was detected with a digital hand refractometer (Atago, Tokyo, Japan) and results were presented as percent.
Fruit color was measured by a chromameter (Minolta CR-400; Osaka, Japan) in L*, a*, C" and h “color space system and 10
fruits were measured randomly for each replication.

2.5. Total phenolic content (TPC) and total antioxidant capacity (TAC)

Total phenolic content was determined with a spectrophotometer (Thermo Scientific Genesys 10S UV-VIS) at 725 nm as
described by the Swain & Hillis (1959) and was assessed in gallic acid equivalent (GAE) mg100 g* FW.

Ferric Reducing Antioxidant Power (FRAP) method was utilized to evaluate the total antioxidant capacity at 593 nm and
was assessed in pmol trolox equivalent (TE) g** FW (Benzie & Strain 1996).

2.6. Antioxidative enzyme analyzes

The activity of superoxide dismutase (SOD) and catalase (CAT) enzymes was spectrophotometrically measured according to the
methods of Jebara et al. (2005), Bagc1 (2010), Alp & Kabay (2019) at 560 nm and 240 nm, respectively. Ascorbate peroxidase
(APX) activity was also measured at 290 nm as in Nakano et al. (1981). The levels of lipid peroxidation were assessed with
regard to malondialdehyde (MDA) content according to Bagc1 (2010)s’ method.

2.7. Respiration rate and ethylene production

For respiration rate determinations, fruit (each replication an average of 250 g) were kept at room temperature in closed jars for
2 hours and the carbon dioxide (CO2) emission of fruit was detected in headspace gas sample with the Headspace Gas Analyzer
GS3/L analyzer. The respiration rate values presented as mL CO, kg h (Cavusoglu et al. 2020).

The ethylene production of samples was assessed in aforementioned headspace gas samples with a gas-tight syringe and a
GC-FID (GC-2010 Plus) as described by Guillén et al. (2013). The ethylene production was presented is assessed as uL CoHa
kgth
2.8. Oxygen and Carbon dioxide concentrations in the packages
The oxygen (O) and CO; concentrations in the packages was detected by Headspace Gas Analyzer GS3 / L analyzer.

2.9. Statistical analysis

This study was carried out as completely randomized experimental design with three replications and each package was
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considered one replication. Descriptive statistics for the studied variables were presented as Mean and Standard Error of Mean
(SEM). Two-way Factorial ANOVA was performed to data. Treatments at different MeJA concentrations and storage period
were considered as factors. Duncans’ Multiple Range Test comparisons were also used to identify different levels of treatment
and storage factors. Statistical significance level was considered as 5% and SPSS (Ver. 21) statistical program was used for all
statistical computations.

3. Results

3.1. Weight loss

The weight loss was 7.33% in control fruit at the end of storage period and, respectively, higher than in sour cherry fruit treated
with 1 mM and 0.5 mM MeJA (Table 1). Among the storage periods, weight losses were significant in all the sampling.

Table 1- The changes in weight loss during storage of ‘Kiitahya’ sour cherry (Prunus cerasus L.) fruit during 36 d at 0 °C.
Data was presented as means £ SEM

Parameters S;g:%%e Control 0.5 mM MeJA 1 mM MeJA Means
0 0.000 + 0.000 0.000 + 0.000 0.000 + 0.000 0.000+ 0.000 F*
5 1.001 £0.101 0.922 +0.044 0.928 +£0.009 0.950 +£0.032 E
10 2.523+0.332 2.089 £0.020 2.127 £0.405 2.246 £0.161 D
Weight loss 15 3.577 £ 0.463 2.949 £0.028 2.986 +0.409 3.170+£0.205C
25 5.685+0.724 4.666 +0.042 4.272+0.014 4.874+0.325B
36 7.331 £1.449 6.384 +£0.057 6.847 £0.003 6.853 £0.412 A
Means 3.352+0.795 2.834 +0.653 2.859 +0.681

Significant effects; Ptreatment = 0.846 Pstorage = 0.001 Ptreatment x Pstorage = 0.890

1. Letters show differences among storage periods at P<0.05 error level

3.2. Titratable acidity (TA), fruit juice pH, soluble solids content (SSC), Color

The results in table 2 showed that the fruit treated with MeJA resulted in higher levels of TA compared with untreated fruit. The
highest level of TA was detected in fruit treated with 1 mM MeJA followed by fruit treated with 0.5 mM MeJA after 36 days of
storage period. Among storage periods, TA values were significantly changed in all treatments. Significant differences were
observed between fruit treated with MeJA and control fruit in terms of TA values.

Table 2- The changes in titratable acidity (TA), pH and soluble solids content (SSC) during storage of ‘Kiitahya’ sour cherry

(Prunus cerasus L.) fruit during 36 d at 0 °C. Data was presented as means + SEM

Parameters S;g:%%e Control 0.5 mM MeJA 1 mM MeJA Means
0 2.320+£0.144 A a 2.320+£0.144 A a 2.320+£0.144 A a 2.320 +0.064
5 1.277+£0.054 CD ¢ 1.677 £0.205 BC b 1.725+0.131 BC a 1.559 +0.110
10 1.568 £0.038 BCb 1.975+£0.029 AB a 1.991£0.134 AB a 1.844 +0.094
TA 15 1.824+0.288Ba 1.120+£0.032 E ¢ 1.456 £0.029Cb 1.466 +0.148
25 1.002 £0.029 Eb 1.200£0.003 CD a 1.037+0.006 Db 1.079 +0.039
36 1.479+£0.116 BCD b 1.527+0.041 CD a 1.555+£0.154Ca 1.520 + 0.052
Means 1.578 +£0.132 1.636 +0.130 1.680+0.127
Significant effects; Ptreatment = 0.856 Pstorage = 0.001 Ptreatment x Pstorage = 0.015
0 3.195+0.015 3.195+0.015 3.195+0.015 3,195+ 0,006 B!
5 3.400 +0.040 3.325+0.015 3.405 +£0.035 3,376 £ 0,021 A
10 3.380 +£0.030 3.405 +£0.005 3.365 £ 0.055 3,383 +0,017 A
H 15 3.345+0.015 3.385+0.015 3.310+£0.020 3,346 £ 0,015 A
P 25 3.395+0.025 3.390 £ 0.020 3.365+£0.025 3,383+0,012 A
36 3.440 + 0.000 3.405 +0.005 3.410+0.010 3,418 £ 0,007 A
Means 3.359 £0.024 3.350 £0.022 3.341 +£0.023
Significant effects; Ptreatment = 0.875 Pstorage = 0.001 Ptreatment X Pstorage = 0.260
0 15.900 = 0.100 A at 15900 £ 0.100 BC a 15.900 £ 0.100 B a 15.900 +£0.044
5 13.000+0.300Chbc 14.000 = 0.800 CD b 19.050 £ 0.650 A a 15.350 +£1.216
10 13.650 £ 1.050 BC b 16.750 £0.050 A a 16.000 £0.100 B a 15.466 + 0.650
SSC 15 13.750 £ 0.050 BC a 13.250+£0.050 D a 12.600 £0.200 D b 13.200 £ 0.217
25 10.050£0.350D ¢ 13.700 £0.400 D a 12.150 £0.050 D b 11.966 +0.217
36 15.100 £0.100 AB a 15250 +0.150 BC a 14.500 £0.000 Cb 14.950 + 0.152
Means 13.575+0.575 14.808 +0.395 15.033 +£0.705

Significant effects; Ptreatment = 0.169 Pstorage = 0.001 Ptreatment x Pstorage = 0.001

1. Differences among storage periods was shown with capital letters for the same treatment (P<0.05), differences among treatments was shown with small
letters for the same storage period (P<0.05)
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The level of pH increased in all fruit, regardless of treatment, during the storage period. The least level of pH (3.40) was
found in fruit treated with 0.5 mM MeJA at the end of storage period (Table 2). The difference of pH values among the storage
periods was significant (P<0.05) in all the sampling times. It was determined that SSC levels decreased at the end compared with
the beginning of storage period. The highest value was 15.25% in fruit treated with 0.5 mM MeJA after 36 days of storage (Table
2). Among storage periods, SSC contents were significantly in both fruit treated with MeJA and control fruit. Significant
differences were observed between fruit treated with MeJA and control fruit (Table 2).

Although there were fluctuations in all treatments during the storage period, a decrease trend in L", a", C" and h° values were
observed during storage period. The highest values of L™ observed in fruit treated with 1 mM MeJA. Also, the least values of a*
was found in fruit treated with MeJA at the end of storage period (Table 3). Among storage periods, L", a", C" and hue angle
values were significant in in all the sampling.

Table 3- The changes in L", a", C"and h° during storage of ‘Kiitahya’ sour cherry (Prunus cerasus L.) fruit during 36 d at 0 °C.
Data was presented as means =+ SEM

Parameters S;g:%%e Control 0.5 mM MeJA 1 mM MeJA Means
0 27.215+0.895 27.215+0.895 27.215+0.895 27.215+0.400 C!
5 30.475 £ 0.065 30.520 £ 0.790 30.305 +0.435 30.433 +£0.237 A
10 30.010 +0.220 30.545+0.895 30.545 +£0.565 30.366 = 0.301 A
. 15 28.940 + 0.430 28.065 +£0.165 25.945 +0.495 27.650+0.588 C
L 25 27.910 + 0.030 28.915 +£0.045 28.490 + 0.450 28.438+0.218B

(Lightness) 36

24.365 + 1.655

24.295 +1.495

26.125 +1.655

24.928 +0.810 D

Means

28.152 £ 0.657

28.259 £ 0.697

28.104 £0.613

Significant effects; Ptreatment = 0.986 Pstorage = 0.001 Ptreatment x Pstorage = 0.435

0 23.150+£0.810 23.150 £ 0.810 23.150 +£0.810 27.215+0.400 C
5 25.050 £0.630 23.640 £ 1.060 23.210 £ 0.470 30.433+0.237 A
10 21.525 £ 1.375 23.705 £ 1.245 22.195+0.295 30.366 +0.301 A
15 21.595 +£0.485 17.410 + 1.200 18.185+0.325 27.650 +0.588 C
a* 25 23.190 £0.990 22.795 £0.225 19.765 £ 1.405 28.438+0.218 B
36 21.625 £1.715 19.105 £ 1.875 18.880 +0.700 24,928 +0.810 D
Means  22.689 + 0.504 21.634 £ 0.821 20.897 £ 0.655

Significant effects; Ptreatment = 0.183 Pstorage = 0.001 Ptreatment x Pstorage = 0.205

0 24.680 = 0.970 24.680 +0.970 24.680+0.970 24.680+0.433B
5 26.740 £ 0.570 25.215+1.445 24.960 £ 0.570 25.638 + 0.553 A
10 22.745 £1.405 25.050 + 1.510 22.050 +0.950 23.281+0.820C
15 22.785 +£0.735 18.150 + 1.320 19.330 £ 0.040 20.088 +0.962 D
c’ 25 24.255 £ 1.065 23.885+0.215 20.620 + 1.540 22.920+0.877C
36 23.085 £ 1.755 20.050 + 1.990 19.810 £ 0.700 20.981+0.972 D
Means  24.048 +0.549 22.838 +£0.919 21.908 +0.725

Significant effects; Ptreatment = 0.143 Pstorage = 0.001 Ptreatment x Pstorage = 0.241

0 19.180 £ 0.720 19.180 + 0.720 19.180 £ 0.720 19.180+0.321 A
5 19.220 £ 0.690 18.500 +£0.910 18.950 £ 0.680 18.890 +0.367 B
10 17.870 £ 0.630 17.870 £ 1.190 19.415 + 1.685 18.385+0.645B
15 17.250 £ 0.860 16.440 + 0.060 18.740 +2.060 17476 £0.716 C
h° 25 16.235 +£ 0.445 16.425+£0.315 16.835 +0.425 16.498 +0.210 D
36 16.155 £ 0.045 17.160 £ 0.240 16.600 + 0.440 16.638 = 0.225 D
Means 17.651 £0.418 17.595 £0.373 18.286 +0.494

Significant effects; Ptreatment = 0.462 Pstorage = 0.001 Ptreatment x Pstorage = 0.894

1. Differences among storage periods was shown with capital letters for the same treatment (P<0.05)

3.3. Total phenolic content (TPC) and total antioxidant capacity (TAC)

The level of total phenolics decreased regularly in all fruit, during storage period. The highest value (22.702 mg100 g) was
determined in fruit treated with 0.5 mM MeJA at the end of storage period (Table 4). Furthermore, similar patterns were found
in antioxidant capacity and the antioxidant capacity in fruit treated with MeJA was higher than in the control fruit (Table 4).
Among storage periods, total antioxidant capacity (TAC) and total phenolic content (TPC) were significant in all the sampling.
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Table 4- The changes in total antioxidant capacity (TAC) and total phenolic content (TPC) during storage of ‘Kiitahya’ sour
cherry (Prunus cerasus L.) fruit during 36 d at 0 °C. Data was presented as means + SEM

Parameters Storage period Control 0.5 mM MeJA 1 mM MeJA Means
0 28.851 +1.984 28.851 +£1.984 28.851 +1.984 28.851 +0.887 Al
5 25.326 £0.395 26.185+0.079 26.309 +0.559 25.939 +0.264 AB
10 23502 +0.214 24.766 +0.784 24.243 +£0.603 24.170 +£0.349 BC
15 22.872 £0.840 23.766 +0.095 23.830+3.131 23.489 +0.859 BC
TPC 25 20.728 +2.022 23.125 + 3.634 22484+ 1.116 22.111+1.200 C
36 19.409 + 0.262 22.703 +£0.284 21.413 +£0.001 21.174+0.614 C
Means 23.448 +0.998 24.898 + (0.820 24.521 +£0.887
Significant effects; Ptreatment = 0.508 Pstorage = 0.001 Ptreatment x Pstorage = 0.997
0 0.749 £0.033 0.749 +0.033 0.749 +0.033 0.749 £0.014 A
5 0.682 +0.006 0.711 £0.113 0.663 +0.091 0.685+0.038 B
10 0.638 +£0.003 0.679 +0.003 0.654 +0.011 0.656 +0.008 C
15 0.565 +£0.005 0.660 +0.022 0.619 +0.017 0.614+0.018 D
TAC 25 0.541 +0.005 0.629 + 0.074 0.598 + 0.008 0.589 = 0.025 E
36 0.546 £0.073 0.606 + 0.041 0.575+0.024 0.575+0.025 E
Means 0.619 £0.025 0.672 +0.023 0.642 £0.021

Significant effects; Ptreatment = 0.294 Pstorage = 0.001 Ptreatment x Pstorage = 0.994

L:Differences among storage periods was shown with capital letters for the same treatment (P<0.05)

3.4. Antioxidative enzyme analyzes

During the storage period, the enzyme activity of CAT and SOD reached a peak at 15" day in 0.5 mM MeJA treated fruit. In
addition, the highest levels of SOD, APX and CAT were found in fruit treated with 0.5 mM MeJA followed by fruit treated with
1 mM MeJA at the end of storage period (Table 5). In addition, the level of MDA increased in all treatments during the storage
period. However, the lowest level of MDA was found in fruit treated with MeJA (Table 5).

Table 5- The changes in CAT (mmol g FW), APX (mmol g* FW), SOD (unit g FW) and MDA (nmol g™ FW) enzyme activities during
storage of ‘Kiitahya’ sour cherry (Prunus cerasus L.) fruit during 36 d at 0 °C. Data was presented as means = SEM

Parameters S;grri% %e Control 0.5 mM MeJA 1 mM MeJA Means

0 0.021 £0.001 0.021 £ 0.001 0.021 £0.001 0.020 + 0.000 B
5 0.042 +0.003 0.098 +0.058 0.069 + 0.002 0.069 +£0.018 A
10 0.044 + 0.005 0.126 + 0.000 0.075 £ 0.004 0.081 +£0.015 A

CAT 15 0.075+£0.011 0.148 £ 0.002 0.089 £0.016 0.103 +0.015 A
25 0.067 = 0.008 0.140 £ 0.001 0.072 £ 0.003 0.092 £+ 0.015 A
36 0.066 +0.058 0.134 £0.001 0.074 £0.001 0.091 £ 0.020A

Means 0.052 +0.009 bt 0.111+£0.014a 0.066 = 0.006 b

Significant effects; Ptreatment = 0.002 Pstorage = 0.010 Ptreatment x Pstorage = 0.709

0 150.013 £ 6.652 150.013 £ 6.652 150.013 £ 6.652 150.012 £ 20.975 D
5 171.022 £11.733 240.633 +£21.189 285.671 £26.298 232.441 £23.023C
10 213.161 + 15.863 294.347 £12.174 295.218 £21.268 267.575 +18.786 B
15 268.846 = 20.070 337.808 £ 31.940 302.535 £ 6.280 303.062 = 16.001 A
SOD 25 195.592 +65.981 264.959 + 56.428 229.757 £21.595 230.102 £ 26.344 C
36 137.772 £0.814 210.237 +£83.514 174.075 +0.473 174.028 + 25.299 D
Means 189.400 £15.887 249.665 £ 22.491 239.544 + 18.783
Significant effects; Ptreatment = 0.075 Pstorage = 0.001 Ptreatment x Pstorage = 0.810
0 0.326+0.014 0.326+0.014 0.326+0.014 0.326 +£0.006 D
5 0.356 £0.007 1.243 +£0.218 1.576 +0.093 1.058 +£0.238 C
10 0 .804 = 0.006 1.168 =0.088 1.483 £0.716 1.151+0.223C
APX 15 0.881+0.017 1.531 £0.882 1.558 £0.185 1.323+0.271C
25 1.678 £0.031 1.932 £0.020 1.724 +1.384 1.777 £0.360 B
36 1.958 +0.020 2.460 +0.239 2.287+0.134 2234 +0.117 A
Means 1.000 +0.186 1.443 £ 0.231 1.492 +£0.262
Significant effects; Ptreatment = 0.261 Pstorage = 0.001 Ptreatment x Pstorage = 0.964
0 38.469 £2.035 38.469 +£2.035 38.469 +2.035 38.468 £0.910 E
5 49.243 +2.604 47.509 +3.573 49.490 + 0.005 48.747 £1.207D
10 56.926 + 1.535 50.446 +£2.419 51.772 £0.138 53.047 +1.452 C
MDA 15 59.712 +£2.022 53.765 +1.839 56.590 £0.671 56.689 + 1.306 BC
25 63.545+1.778 56.847 +£1.982 59.010 £6.201 59.800 +2.143 B
36 69.717 +4.927 67.400 + 3.159 65.095 +7.898 67.404 +2.674 A
Means 56.268 +3.155 52.405 £2.775 53.404 £2.819

Significant effects; Ptreatment = 0.629 Pstorage = 0.001 Ptreatment x Pstorage = 0.979

%. Differences among storage periods was shown with capital letters for the same treatment (P <0.05), differences among treatments was shown with small
letters for the same storage period (P<0.05)
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Among storage periods, CAT, APX, SOD and MDA enzyme activities were significant. On the other hand, significant
differences were observed among treatments in CAT enzyme activity.

3.5. Respiration rate and ethylene production

Ethylene production decreased in all treatments during the storage period, whereas respiration rates increased. MeJA treatments
were effective on respiration rates especially suppression of ethylene production compared with control fruit (Table 6). Among
storage periods, respiration rate and ethylene production were significant in all the sampling.

Table 6- The changes in respiration rate and ethylene production during storage of ‘Kiitahya’ sour cherry (Prunus cerasus L.)

fruit during 36 d at 0 °C. Data was presented as means + SEM

Parameters S;::%%e Control 0.5 mM MeJA 1 mM MeJA Means
0 127.769 + 8.605 127.769 + 8.605 127.769 + 8.605 127.769 + 3.848 Al
5 77.448 +0.238 59.917 +18.573 103.619 + 7.263 80.328 +9.539 CD
10 106.608 + 9.376 101.918 +5.384 97.414 £ 0.321 101.980 + 3.258 B
Respiration 15 103.121 +1.488 100.857 +7.738 97.242 +1.906 100.407 + 2.356 B
rate 25 89.793 +1.481 95.261 + 1.412 90.426 +0.822 91.827 +£1.231BC
36 80.206 +9.769 74.474 + 2.260 73.163 +0.302 75.947 £2.929 D
Means  97.491 +£5.577 93.366 + 7.078 98.272 +£5.110
Significant effects; Ptreatment = 0.806 Pstorage = 0.001 Ptreatment X Pstorage = 0.684
0 0.166 + 0.020 0.166 +0.020 0.166 +0.020 0.166 +=0.008 D
5 0.282 +0.056 0.179 +0.084 0.235+0.024 0.231+0.032 A
10 0.197 £0.039 0.215 £ 0.066 0.227 £ 0.040 0.212+0.022 A
Ethylene 15 0.174 +£0.004 0.123 £ 0.005 0.133 £0.003 0.143+0.010B
production 25 0.159+0.018 0.113 £ 0.005 0.142+0.017 0.137+0.010B
36 0.158 + 0.004 0.112 +0.004 0.107 + 0.005 0.125+0.010C
Means  0.189 £0.015 0.151 £0.017 0.168 £ 0.015

Significant effects; Ptreatment = 0.276 Pstorage = 0.001 Ptreatment X Pstorage = 0.872

1. Differences among storage periods was shown with capital letters for the same treatment (P <0.05)

3.6. Oxygen and Carbon dioxide concentrations in the packages

During the storage period, the concentration of O decreased inside the packages, while CO; levels increased, as expected. CO;
levels increased significantly inside the package for the first five days of storage, while, the O levels were reduced. At the end
of the storage, the lower CO; levels were reported in fruit treated with MeJA compared with untreated fruit, and also the higher
O levels were detected in fruit treated with MeJA (Table 7). Among storage periods, concentration of O, and CO; inside the
packages were significant in all the sampling.

Table 7- The changes in concentration of O2 and CO: in the packages during storage of ‘Kiitahya’ sour cherry (Prunus cerasus L.)

fruit during 36 d at 0 °C. Data was presented as means + SEM

Parameters S;g:%%e Control 0.5 mM MeJA 1 mM MeJA Means
0 20.900 + 0.000 20.900 + 0.000 20.900 +0.000 20.900 + 0.000 A?
5 16.150 +£0.250 16.400 £ 1.200 13.400 + 0.400 15.316 £ 0.693 B
10 15.350 +£0.950 16.350 £0.150 15.800 + 0.800 15.833+£0.371 B
0 15 16.500 + 1.500 15.050 £ 1.550 15.700 +2.100 15.750 +£0.821 B
2 25 13.800 = 0.500 13.500 + 1.600 13.550 + 0.850 13.616 +0.488 B
36 13.350 + 1.550 15.350 + 1.550 16.350 +2.550 15.016 + 1.031 B
Means 16.008 +0.801 16.258 +0.781 15.950 + 0.865
Significant effects; Ptreatment = 0.961 Pstorage = 0.001 Ptreatment x Pstorage = 0.662
0 0.300 +0.000 0.300 + 0.000 0.300 + 0.000 0.300 +£0.000 B
5 1.900 + 0.200 1.950 £ 0.650 2.600 £0.100 2.150 +£0.227 A
10 2.000 +0.300 2.050 £ 0.550 2.250 £0.550 2.100 +£0.220 A
COo, 15 2.200 +0.000 2.650 +£0.250 2.550 +0.350 2.466 +0.140 A
25 2.700 +0.200 2.600 + 0.400 2.950 +0.350 2.750 £ 0.160 A
36 2.450 +0.250 2.300 +0.100 2.150 +0.350 2.300+0.126 A
Means 1.925 £ 0.240 1.975 +£0.267 2.133+0.278

Significant effects; Ptreatment = 0.843 Pstorage = 0.001 Ptreatment X Pstorage = 0.927

1. Differences among storage periods was shown with capital letters for the same treatment (P <0.05)
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4. Discussion

Most commodities come in possession of unmarketable as fresh products with a weight loss more than 10%. Fruit treated with
MeJA after harvest has been suggested to have a positive effect on quality parameters such as color, firmness and weight loss
(Fan et al. 2016a; Fan et al. 2016b). In our study, fruit treated with MeJA and especially 0.5 mM MeJA had a positive impact in
delaying weight loss comparing to control.

It has been suggested that the amount of acidity decreases since fruit use up organic acids through respiration process during
the storage period (Jin et al. 2012). Zhang et al. (2009) found that pears treated with MeJA after harvest showed delayed rotting
and did not adversely affect quality parameters such as titratable acidity (TA), firmness and soluble solids content (SSC).
Researchers suggested that MeJA treatment resulted in higher level of TA compared with untreated fruit and had positive effects
on fruit quality (Wang & Zheng 2005; Casado et al. 2014; Akan et al. 2019). In the current study, it was found that the fruit
treated with 0.5 mM MeJA have a positive influence in terms of SSC. On the other hand, the fruit treated with 1 mM MeJA t
had higher levels of TA. The higher values of pH observed in untreated fruit.

It has been reported that the treatment of MeJA after harvest prevents color changes in the fruit skin (Martinez-Esplaa et al.
2014; Oztiirk et al. 2014). In addition, many researchers have mentioned that the change of hue angle value is an indicator of the
color changes in the fruit skin (Rudell et al. 2005; Greer 2005; Rudell & Mattheis 2008). In the current study, it was observed
that MeJA treatments had a positive effect on hue angle values. Moreover, the higher values of L™ was found in fruit treated with
1 mM MelA.

The antioxidants associated with phenolic compounds are effective against degenerative diseases (Aviram et al. 2008;
Mertens-Talcott et al. 2006). Many researchers believed that MeJA treatments generally increased antioxidant capacity and total
phenolic content (Wang and Zheng 2005; Chanjirakul et al. 2006; Wang et al. 2008). We also found that antioxidant capacity
and total phenolic content enhanced in fruit treated with MeJA comparing to untreated fruit.

Antioxidant enzymes provide an essential role, defending plants from injury caused by the accumulation of reactive oxygen
species (ROS) (Groppa & Benavides 2008; Duan et al. 2008; Kipgak et al. 2019). Ascorbate peroxidase (APX), superoxide
dismutase (SOD), catalase (CAT) are important in performing mostly related to antioxidant enzymatic systems actuated in plants
to scavenge the detrimental effects of oxidative stress (Gill & Tuteja 2010; Karuppanapandian et al. 2011). Accumulation of
ROS could possibly lead to an increase in lipid peroxidation, leading to devastation to membranes, and therefore enhance deposit
of MDA (Xie et al. 2008).

Previous studies showed that activities of superoxide dismutase and catalase are effectively impressed by MeJA in postharvest
treatments (Chanjirakul et al. 2006; 2007; Meng et al. 2017). In the current study, it was approved that the activities of superoxide
dismutase and catalase increased in fruit treated with MeJA comparing to untreated (control) fruit after 36 days of storage. Fan
et al. (2016a) suggested that exogenous treatment of MeJA significantly decreased MDA content in cowpea fruit. Our findings
revealed similar results. Fruit treated with MeJA had lower level of MDA content than untreated (control) fruit. Moreover,
evidence shows that postharvest treatment of MeJA results in higher activities of APX, SOD and CAT during the storage period
than control fruit in peach and loquat fruit (Jin et al. 2009; Cao et al. 2009; Zapata et al. 2014). In the present study, we obtained
similar findings. That is the fruit treated with MeJA showed the higher level of APX content compared with control fruit.

Previous studies showed that the Modified Atmosphere Packaging (MAP) treatment reduces respiration rate and ethylene
production in cherry fruit (Yarilgac et al. 2019). It was reported that MeJA increases the respiration rate, when treated in the
beginning of ripening stage and also claimed it has no effect on respiration rate in mango fruit (Lalel et al. 2003). In addition,
Oztiirk et al. (2019) suggested that MeJA treatment led to a lower respiration rate compared to control fruit. The effect of MeJA
on respiration rate (Oztiirk et al. 2019) and ethylene production (Zapata et al. 2014) may diverse depending on the maturity
period, fruit type or MeJA concentration. In our study, we found that the respiration rate and ethylene production was lower in
fruit treated with MeJA comparing to control fruit.

In conclusion, MeJA treatments showed higher levels of total phenolic content, total antioxidant capacity and quality and
were also effective on ethylene production and respiration rate. This positive effect of MeJA may be due to stimulation of
antioxidant enzyme activity. 0.5 mM MeJA treatment showed the best results among the all of MeJA concentrations. It can be
suggested that sour cherry could be stored successfully for 36 days at 0 °C following treatment by MeJA.
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