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Purpose: Strawberry fruits are perishable with a short shelf life. 
Methyl jasmonate (MJ) is a well-known signaling molecule involved 
in the regulation of many processes in plants. Previous studies have 
addressed the effectiveness of pre- and postharvest MJ treatments 
on the quality of fruits. Therefore, in this study, the effect of pre-
harvest MJ on the quality and physio-chemical traits of strawberry at 
harvest and during cold storage were investigated. Research 
Method: The effect of pre-harvest foliar spraying of MJ (0, 50, 100, 
and 200 μM) at three times (full flowering, production of green fruits, 
and the beginning of the pink stage) on quality and bioactive 
compounds of strawberry fruit (cv. Paros) stored at 4 °C for 12 d was 
studied. Findings: Our results showed that fruit obtained from MJ-
treated plants had significantly higher firmness and APX enzyme 
activity than fruit from control plants. However, no significant 
differences in other traits were observed between control and MJ-
treated fruits at this stage. During cold storage, MJ treatment 
significantly reduced firmness loss, physiological loss in weight, and 
ascorbic acid content compared to control fruits. In cold storage, MJ 
treatment reduced firmness loss and weight loss, while maintaining 
higher levels of titratable acidity, antioxidant compounds (ascorbic 
acid, anthocyanins, and phenolics), and total antioxidant activity. 
Furthermore, MJ treatment resulted in increased catalase and 
ascorbate peroxidase enzyme activity, as well as lowered guaiacol-
peroxidase, total soluble solids/ titratable acidity ratio. Total soluble 
solids were not affected by MJ treatment at harvest and during cold 
storage. Research limitations: No limitations were found. 
Originality/Value: Pre-harvest application of MJ, especially 200 μM, 
can increase the shelf life of strawberry fruits by increasing or 
maintaining higher levels of bioactive compounds and antioxidant 
enzyme activity.   
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INTRODUCTION 

 

Strawberry (Fragaria × ananassa Duch.) is one of the most popular fruits belonging to the 

Rosaceae family. It is cultivated and consumed worldwide due to its special taste, attractive 

color, distinctive sweetness, and nutritional value, including minerals, vitamins, phenolics, 

anthocyanins, amino acids, and antioxidant properties (Nguyen & Nguyen, 2021; Asgari et al., 

2024; Xu et al., 2024). These bioactive compounds can reduce the risk of chronic diseases such 

as heart disease, type II diabetes, obesity, cancer, and neurodegenerative diseases (Darwish et 

al., 2021). However, strawberry is classified as a non-climacteric fruit, so they do not ripen after 

harvest and should be harvested at the nearly full maturity stage (Nguyen & Nguyen, 2021; 

Meighani & Roozkhosh, 2024). In addition, the shelf life of strawberry fruit is very limited due 

to its susceptibility to mechanical injury, physiological deterioration, water loss, and microbial 

decay (Saavedra et al., 2017, Adl et al., 2024). The shelf life of strawberry fruit is affected by 

various factors, such as growing conditions, harvest stage, pre- and postharvest treatments, 

transportation method, storage conditions, and others (Xu et al., 2024). Quality losses after 

harvest can be reduced by the pre and post-harvest treatments. Pre-harvest treatments not only 

improve fruit quality but also have positive effects on extending shelf life and preserving 

bioactive compounds of fruits and vegetables (Ağlar & Öztürk, 2018; Darwish et al., 2021). 

Many efforts have been made to improve the quality and extend the shelf life of fruits using 

natural compounds. One of them is the application of plant growth regulators before and after 

harvest.  

Methyl jasmonate (MJ), as an endogenous plant hormone from the jasmonate family, plays 

an important role in various biological processes in plants, including growth and development, 

fruit growth and ripening, pigment accumulation, ethylene synthesis, disease resistance, and 

environmental stress (Han et al., 2019; Zuñiga et al., 2020; Asgari et al., 2024). Recent studies 

have shown the positive effect of pre-harvest application of MJ on the postharvest behavior of 

fruit, including raspberry (Shah et al., 2025), strawberry (Darwish et al., 2021), and 

pomegranate (García-Pastor et al., 2019). Based on previous reports, Pre-harvest application of 

MJ increased the biosynthesis of phytochemicals such as phenolics, flavonoids, anthocyanins, 

carotenoids, enzymatic and non-enzymatic antioxidants, as well as essential nutrients (Hasan et 

al., 2025) and activities of key enzymes involved in flavonoid biosynthesis (Zheng et al., 2024; 

Shah et al., 2025). Also, MJ can enhance the ripening of non-climacteric fruits by participating 

in anthocyanin accumulation, cell wall modification, and the biosynthesis of ethylene and 

jasmonates (Concha et al., 2013). In addition, García-Pastor et al. (2020) observed that pre-

harvest MJ treatments increased crop yield, fruit quality, and its content of bioactive compounds 

at harvest and during storage. Furthermore, it has been reported that pre-harvest application of 

MeJA significantly preserved the volatile aroma and improved the activities of disease-resistant 

enzymes in kiwifruit (Yang et al., 2025). 

Our idea is that the pre-harvest spraying of MJ can promote the quality of strawberry fruits 

at harvest and during refrigerated storage. Therefore, this study aimed to assess the 

effectiveness of MJ pre-harvest spraying on fruit quality attributes, bioactive compounds, decay 

incidence, and antioxidant enzyme activities of strawberry fruits (cv. Paros) during refrigerated 

storage. 

 

MATERIALS AND METHODS 

 

Plant material and treatment  

Strawberry (Fragaria× ananassa, cv. ‘Paros’) transplants were cultivated in October 2023 in a 

plastic greenhouse located in Jiroft, southern Kerman Province, Iran. The equal-sized, healthy, 
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and disease-free transplants were planted over cultivation beds covered with black plastic mulch 

at 25 × 25 cm space between plants in a triangular planting pattern. The experimental soil was 

sandy-loam and irrigation was done through a drip tape system under plastic mulch. The 

experiment was conducted as a randomized complete block design, with four treatments and 

three independent replicates. About 150 strawberry plants of the ‘Paros’ cultivar was considered 

for each block.  

Treatments included different concentrations of MJ (0, 50, 100, and 200 μM, Sigma–

Aldrich, Germany). Distilled water was used as a control. In all treatments, 0.05% (w/v) Tween-

20 was used as a surfactant. Strawberry plants were fully sprayed three times (10-day intervals) 

at different developmental stages: full flowering, production of green fruits, and the beginning 

of the pink stage (Darwish et al., 2021).  

Strawberry fruits in each treatment were harvested at the 80% red color stage and 

immediately transported to the postharvest laboratory. Then, 40 fruits with uniform color and 

size, without any visual defect were randomly separated from each block and treatment, packed 

in polystyrene boxes with lids (750 ml, 10 fruits per box in one row), and stored at 4˚C and 

90% relative humidity for 12 days. One box containing ten fruits for each block and treatment 

was randomly sampled after 0 (at harvest), 4, 8, and 12 days of cold storage for measurement 

of physio-chemical attributes and antioxidant enzyme activity. 

 

Fruit firmness and physiological loss in weight  

Fruit firmness was determined using a texture analyzer (Santam, STM-5, Iran) equipped with a 

flat probe (8 mm) at a constant speed of 20 mm min-1and a penetration depth of 10 mm. The 

results were expressed in Newton (N) units. 

For physiological loss in weight (PLW), strawberry fruits were weighed at the beginning 

of the experiment, after treatment, and at the end of each sampling time. The percentage of 

PLW was calculated using the following equation (1):  

 

PLW (%) = (Wi – Wf) × 100/ Wi                        (1) 

 

Where Wi is the initial weight and Wf is the weight at each sampling time. 

 

Total soluble solids (TSS), titratable acidity, and TSS/TA 

Analysis of TSS, TA, and TSS/TA ratio were performed according to Saavedra et al. (2016). 

TSS of strawberry juice was measured at 25˚C with a hand-held digital refractometer (PDR-

108-1, Taiwan) and the results were expressed as Brix degrees (˚Brix). To determine the TA, 

strawberry juice was diluted with distilled water (1:10 v/v), and then titrated with 0.1 N NaOH 

to pH 8.2. Results were calculated and expressed as the percentage of citric acid per 100 g of 

fresh weight (AOAC, 2000). The TSS/TA ratio was calculated by dividing the TSS value by 

the TA value. 

 

Ascorbic acid content  

Ascorbic acid content was determined based on the 2, 6- dichloroindophenol titration method. 

The amount of ascorbic acid in the strawberry fruits was expressed as mg per 100 g FW (AOAC, 

2000).  

 

Total phenolic content and total antioxidant activity  

For the determination of total phenolic content (TPC) and total antioxidant activity (TAA), 2 g 

strawberry fruit tissue without achene was well homogenized with 10 mL of methanol (80%) 
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and centrifuged at 14000 rpm at 4◦C for 10 min. The supernatant was used for TPC and TAA 

analysis.  

TPC was measured using the Folin–Ciocalteau reagent according to the method of 

Singleton & Rossi (1965). About 250 μL of the extract was mixed with 1250 μL of 10% Folin-

Ciocalteau reagent and 1000 μL of 7.5% Na2CO3. The samples were incubated at room 

temperature in darkness for 60 min, and then the absorbance of the reaction mixture was 

measured at 765 nm using a UV/VIS spectrometer (Lambda 25, PerkinElmer, USA). Gallic 

acid was used as an external standard and the results were expressed as mg gallic acid 

equivalents per 100 g fresh weight (mg GAE 100 g-1 FW).  

Total antioxidant activity (TAA) was determined using the 2, 2-diphenyl-1-picrylhydrazyl 

(DPPH) method as outlined in Brand-Williams et al. (1995). DPPH methanolic solution (950 

μL) was mixed with 50 μL of extract and kept in the dark at ambient temperature for 30 min. 

The solution absorbance was measured at 517 nm, and the TAA was calculated as the following 

equation (2): 

TAA (%) = [(Ac - As)/Ac] × 100                   (2) 

 

Where ‘Ac’ is the absorbance of the DPPH and ‘As’ is the absorbance of the sample. 

 

Total anthocyanin content  

Total anthocyanin content (TAC) was determined using the pH differential method described 

by Darwish et al. (2021) with some modifications. Fruit puree without achenes (2 g) was 

homogenized in 10 mL of methanol/HCl (85/15%, v/v) and centrifuged at 14000 rpm at 4◦C for 

10 min. The extract was diluted in pH1 and pH7 solution buffers and after 30 min incubation in 

ambient temperature, the absorbance was measured at 510 and 700 nm. TAC was calculated as 

mg cyanidin 3-glucoside equivalent per kg of fresh fruit. 

 

Antioxidant enzymes 

Preparation of enzyme extract  

Strawberry tissue (1 g) was homogenized in 2 mL potassium phosphate buffer (50 mM, pH, 

7.0, containing 0.5 mM EDTA and 60 g/L PVPP). The homogenate was centrifuged at 14000 

rpm for 15 min, and the supernatant was used as the crude extract to measure the activity of 

CAT and SOD enzymes (Li et al., 2023). 

 

Catalase (CAT, EC 1.11.1.6) 

CAT activity was assayed using the protocol of Li et al. (2023). Briefly, 100 μL enzyme extract 

was reacted with 100 μL H2O2 (20 mM). The absorbance of the reaction mixture was 

determined at 240 nm and expressed as U/mg protein. One unit of CAT activity was defined as 

an absorbance change of 0.01 U/min, and the CAT activity was expressed as U/mg protein. 

 

Guaiacol peroxidase (GPX, EC 1.11.1.7) 

The reaction mixture for the GPX assay consisted of 0.7 mL of phosphate buffer (50 mM, pH 

5.0), 0.1 mL hydrogen peroxide (40 mM), 0.1 mL guaiacol (20 mM), and 0.1 mL enzyme 

extract. The absorbance of the reaction mixture was measured at 470 nm and expressed as U/mg 

protein. The change absorbance in 0.01 U/min is defined as one unit of GPX activity (Ali et al., 

2021). 

 

Ascorbate peroxidase (APX, EC 1.11.1.11) 

APX activity was determined according to Ali et al. (2021). The reaction mixture was prepared 

by mixing 0.1 mL L-ascorbate (0.5 mM), 0.1 mL hydrogen peroxide (0.1 mM), 0.2 mL 
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phosphate buffer (50 mM, pH 5.0), and 0.1 mL enzyme extract. The absorbance of the reaction 

mixture was determined at 290 nm and expressed as U/mg protein. One unit of APX is defined 

as the amount of enzyme that can oxidize 1 µmol of ascorbate per minute. 

 

Statistical design  
The postharvest study was performed using a factorial experiment with a randomized block 

design, with the main factors being the MJ treatment (control, 50, 100. and 200 mM) and storage 

time (0, 4, 8, and 12 days). The data were analyzed with two-way analysis of variance 

(ANOVA) using the methods of Statistical Analysis System (SAS, version 9.1). Least 

significance difference (LSD) was used to compare means between applied treatments at a 5% 

level of probability. The values of the results were presented as means (n=3) ± SE. The graphs 

were prepared with the Microsoft Excel program. 

 

RESULTS AND DISCUSSION 

 

Firmness and physiological loss in weight (PLW) 

The effect of MJ foliar spraying on the firmness and PLW of strawberry fruits are represented 

in Table 1. The pre-harvest treatments significantly affected firmness values (p<0.05). At 

harvest (0 d), fruits treated with MJ obtained significantly higher firmness than the untreated 

fruits (control). Throughout the storage, strawberry fruits regardless of treatment showed 

continuous declines in firmness, with a slower softening in MJ-treated fruits. At the end of the 

storage, the lowest and highest firmness as obtained from control (4.84 N) and 100 μM MJ 

treatment (5.71 N), respectively. Although, no significant difference in firmness was found 

between 100 and 200 μM MJ treatment throughout the study (Fig. 1A). Firmness is an important 

quality parameter for fresh produce. Fruit softening is a crucial characteristic of ripening in 

many fleshy fruits. The main factors contributing to fruit softening are cell wall disassembly 

and reduced cell-to-cell adhesion, primarily due to the degradation of the middle lamella. In 

strawberry fruit, cell wall disassembly involves solubilization of pectins, slight 

depolymerization of bound pectins, loss of galactose and arabinose, and reduced hemicellulosic 

content, which contributes to the fruit softening (Moya-León et al., 2019). Pre-harvest MJ 

application has been reported to increase the firmness of lemon (Serna-Escolano et al., 2019) 

and Fuji apple (Ağlar & Öztürk, 2018) at harvest and also maintain firmness during storage in 

raspberries (Shah et al., 2025) and papaya (Li et al., 2023). Several enzymes are involved in the 

softening of strawberry fruit. Shah et al. (2025) demonstrated that MJ application in raspberry 

fruit reduces the activity of cell wall-hydrolyzing enzymes, including pectin methylesterase 

(PME), polygalacturonase (PG), and cellulase (Cx), leading to less cell wall degradation and 

potentially increased fruit firmness. Furthermore, Wu et al. (2025) reported that MJ treatment 

can slow down the softening of blackberry fruits by increasing antioxidant contents and 

antioxidant enzyme activity, which is similar to the results of this study.  

As illustrated in Fig. 1B, PLW in control and MJ-treated fruits showed a similar pattern of 

changes that involved its gradual increase with storage time. Up to 4 days of storage, no 

significant difference in PLW was observed between control and MJ-treated fruits, later on, 

MJ-treated fruits were observed significantly lower PLW compared to control fruits. At the end 

of storage, strawberry fruits treated with 100 μM MJ exhibited the lowest PLW (1.30%), which 

was significantly lower than that of the control but not that of the 50 and 200 μM MJ-treated 

fruits. In general, PLW during the storage of fruits is a result of increased transpiration and 

respiration rates (Ilea et al., 2025). The large cells and thin cell walls in the epidermis of 

strawberry fruits make it susceptible to moisture loss. García-Pastor et al. (2019) reported that 

pre-harvest application of MJ significantly reduced respiration rate in pomegranate fruits at 

https://loop.frontiersin.org/people/323195
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harvest and during postharvest storage. Also, a previous study indicated that MJ (methyl 

jasmonate) can delay decay and PLW in raspberry fruits by activating an antioxidant defense 

mechanism against free radicals and retarding membrane peroxidation (Shah et al., 2025). 

Therefore, the positive effect observed in MJ-treated strawberry fruit could be attributed to a 

combination of factors including a slower rate of respiration and transpiration, as well as its 

ability to enhance antioxidant levels and protect cell membranes from oxidative damage. 

 
 

Table 1. Effect of methyl jasmonate pre-harvest application on some characteristics of strawberry fruit cv. Paros 

during 12 days of storage at 4°C. 

Source of variation Firmness (N) 
Physiological loss 

in weight (%) 

TSS  

(˚Brix) 

TA (mg 100 

g-1FW) 
TSS/TA 

AsA (mg 

100 g-1FW) 

Methyl Jasmonate (T) ** ** ns ** ** ** 

Storage time (ST) ** ** ** ** ** ** 

T×ST ** ** ns ns ** ** 

       

Storage Time (day) 

0 (harvest) 7.51±0.13 a 0.00±0.00 d 6.93±0.06 c 1.18±0.05 a 5.88±0.24 d 69.83±1.60 a 

4 7.09±0.13 b 0.74±0.05 c 7.00±0.08 bc 1.11±0.05 b 6.37±0.31 c 64.30±1.25 b 

8 6.55±0.26 c 0.92±0.10 b 7.06±0.06 b 0.95±0.06 c 7.53±0.52 b 58.49±2.47 c 

12 5.43±0.22 d 1.72±0.37 a 7.21±0.14 a 0.81±0.06 d 9.08±0.82 a 50.50±2.89 d 

       

Source of variation 

TAC 

(mg 100 g-

1FW) 

TPC (mg GAE 

100 g-1FW) 

TAA 

(%DPPHsc) 

CAT (U g-1 

FW min-1) 

GPX (U g-1 FW 

min-1) 

APX (U g-1 

FW min-1) 

Methyl Jasmonate (T) ** ** ** ** * ** 

Storage time (ST) ** ** ** ** ns ** 

T×ST ns ns * * ns ** 

       

Storage Time (day) 

0 (harvest) 11.31±0.35 d 221.11±7.01 c 74.41±1.91 b 13.02±0.47 c 13.84±0.77 ab 41.57±1.15 b 

4 12.14±0.31 c 241.50±5.12 bc 78.74±3.04 a 15.20±0.42 a 13.98±1.06 ab 50.14±2.96 a 

8 12.75±0.46 b 248.79±7.67 a 80.55±2.88 a 13.91±0.59 b 14.47±1.04 a 39.12±3.22 c 

12 13.14±0.50 a 238.78±9.9 b 71.79±3.35 c 13.42±0.65 c 14.09±0.72 ab 29.72±2.69 d 

**, * and ns indicate significant at P ≤ 0.01, P ≤ 0.05 and non-significant. 

Means±SE (n = 3) covered by the same letter are not significantly different (P<0.05). 

TSS: total soluble solids, TA: titratable acidity, AsA: ascorbic acid, TAC: total anthocyanin content, TPC: total phenolic 

content, TAA: total antioxidant activity, CAT: catalase, GPX: guaiacol peroxidase, APX: ascorbate peroxidase. 

 

 

 

Table 2. Effect of methyl jasmonate pre-harvest concentration on the titratable acidity, TAC, TPC, guaiacol 

peroxidase activity in strawberry fruit cv. Paros. 
MJ concentration 

(μM) 

Titratable acidity 

 (mg 100 g-1FW) 

TAC 

 (mg 100 g-1FW) 

TPC 

(mg GAE 100 g-  1FW) 

GPX 

 (U min-1 g-1 FW) 

0 0.89±0.05 a 11.41±0.35 c 226.81±7.01 b 15.83±0.77 a 

50 1.06±0.05 b 12.32±0.31 b 238.41±5.12 a 14.93±1.06 b 

100 1.05±0.06 c 12.72±0.46 a 239.87±7.67 a 13.26±1.04 c 

200 1.04±0.06 d 12.87±0.50 a 245.09±9.91 a 12.36±0.72 d 

Means±SE (n = 3) within each column covered by the same letter are not significantly different (P<0.05). TAC: total 

anthocyanin content, TPC: total phenolic content, GPX: guaiacol peroxidase. 
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Fig. 1. Effect of methyl jasmonate (MJ) pre-harvest treatment on firmness (A) and physiological loss in weight 

(B, PLW) of strawberry fruit cv. Paros during 12 days of storage. Mean ± SE (n=3), followed by different letters 

are significantly different (P<0.05). 

 

Total soluble solids (TSS), titratable acidity (TA), and TSS/TA ratio 

The TSS and TSS/TA ratio of all treatments gradually increased throughout the storage time. 

In contrast, the TA values of control and MJ-treated fruits continuously decreased throughout 

the storage time. Storage time had a positive influence on the TSS of strawberry fruits. 

However, the MJ treatment and its interaction with storage time did not significantly affect 

TSS. The TSS value of strawberry fruit at the end of storage (7.21 ˚Brix) was significantly 

higher (6.93 ˚Brix) than at harvest (Table 2). The TA content of strawberry fruit was 

significantly affected by pre-harvest MJ treatment and storage time, but not by their interaction 

(Table 1). Untreated strawberry (control) exhibited significantly lower TA content (0.89 mg 

100g-1 FW) than those treated with MJ, while no significant differences were observed among 

different MJ concentrations (Table 2). The TA content indicated a significant decline with 
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prolonged cold storage. The maximum and minimum TA content of strawberry fruits were 

recorded at harvest (1.18 mg 100 g-1 FW) and the end of storage (0.81 mg 100g-1 FW), 

respectively (Table 1). The TSS/TA ratio significantly increased from 5.88 to 9.08 during 12 

days of cold storage (Table 1). However, at harvest and up to 8 days after storage, no significant 

difference was found in the TSS/TA ratio between different concentrations of MJ and the 

control samples. At the end of storage, control strawberry fruits showed a significantly higher 

TSS/TA ratio than MJ treatments, while no significant differences were observed among the 

different MJ concentrations (Fig. 2). 

In this study, pre-harvest MJ treatment had no significant effect on TSS content, which is 

consistent with previous findings on lemon (Serna-Escolano et al., 2019) and blood orange 

(Vithana et al., 2024) fruits. On the contrary, MJ-treated raspberry fruits expressed significantly 

higher TSS than the control sample. TSS content in strawberry fruits increased during cold 

storage. The increase in TSS with the extension of storage periods has been attributed to the 

breakdown of complex polysaccharides and other organic acid into simple sugars and moisture 

loss (Wu et al., 2025). Previous studies on lemon fruits have indicated a positive correlation 

between PLW and TSS (Liao et al., 2022). In Our study, the TA content of all treatments 

gradually declined throughout the storage period, although MJ inhibited the decrease of TA in 

comparison with the control fruit, specifically at the end of storage, which is consistent with 

those obtained from raspberry (Wu et al., 2025), blueberry (Wang et al., 2019), and lemon fruits 

(Liao et al., 2022). The reduction in TA during cold storage could be related to a combination 

of factors, including metabolic changes, respiratory activity, and senescence, which these 

processes result in the conversion of organic acids into sugars, or the utilization of organic acids 

as respiratory substrates (Li et al., 2023). García-Pastor et al. (2019) reported that MJ treatment 

decreased TA losses during storage in pomegranate fruit by reducing respiration rate and the 

consumption of organic acids as respiratory substrates. In our study, the TSS/TA ratio in 

strawberry fruit showed an increasing trend with the extension of cold storage periods. Liao et 

al. (2022) reported that the TSS/TA ratio in lemon fruits increased during cold storage, and this 

increase was more pronounced when the fruits were treated with MJ pre- and postharvest. In 

general, the TSS/TA ratio is directly related to TSS and TA, and changes in these two factors 

affect its value. Therefore, the relative increase in TSS and decrease in TA of strawberry fruits 

during cold storage led to a change in the TSS/TA ratio.  

 

Total anthocyanin content (TAC) and total phenolic content (TPC) 

Significant changes and an increasing trend in the TAC of strawberry fruits were observed 

during the cold storage, such that the TAC at the end of storage was 16% higher than at harvest 

(Table 1). TAC at harvest was affected by MJ foliar spraying and was higher in MJ-treated 

fruits compared to the control sample. As shown in Table 2, TAC in strawberry fruits treated 

with MJ was higher than in the control sample. The highest TAC was obtained from 200μM 

MJ treatment (12.87 mg 100 g-1 FW) followed by 100 μM (12.72 mg 100 g-1 FW) and 500 μM 

(12.32 mg 100 g-1 FW) MJ treatment and the lowest from the control sample (11.41 mg 100 g-

1 FW). Pre-harvest spraying of MJ increased the TPC of strawberry fruits at harvest. In this 

stage, the highest level (226.63 mg 100 g-1 FW) was recorded in MJ-treated fruits with 200 μM, 

and the lowest level (218.12 mg 100 g-1 FW) was found in the control sample. TPC exhibited 

an upward trend up to 8 days but then had a downward trend until the end of cold storage (Table 

1). Strawberry fruits treated with MJ showed significantly higher TPC than control fruits. 

However, there was no significant difference between different MJ treatments (Table 2). 

Phenolic compounds, plant secondary metabolites, play a crucial role in both enhancing the 

sensory and nutritional quality of fruits and inducing stress-related defense mechanisms in 

plants (Shah et al., 2025). Anthocyanins are a group of water-soluble pigments responsible for 
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the bright red color in strawberry fruits, and the predominant anthocyanins found in strawberries 

are pelargonidin-3-glucoside and cyanidin-3-glucoside (Wang & Li, 2000). At harvest and 

during postharvest storage, strawberries treated with MJ showed higher TPC and TAC than 

control fruits, as previously reported in raspberries (Shah et al., 2025), and ‘Sabrosa’ strawberry 

(Asghari & Hasanlooe, 2016). The increase in TPC and TAC can be attributed to the impact of 

MJ on phenylpropanoid metabolism. Especially, MJ can enhance the activity of key enzymes 

in this pathway, including phenylalanine-ammonia lyase (PAL) and shikimate dehydrogenase 

(SKDH), leading to increased production of phenolic compounds (Shah et al., 2025). Several 

studies support the idea that MJ treatment positively impacts TPC and TAC by enhancing the 

activity of the PAL enzyme (Cao et al., 2009; Hasan et al., 2024; Zheng et al., 2024). However, 

in blood orange, postharvest MJ-treated fruit pre-harvest foliar spraying  

 

Ascorbic acid (AsA) and total antioxidant activity (TAA) 

At harvest, no significant differences were observed between the control and MJ-treated fruits 

in AsA content. Significant variations and a downward trend in AsA content were observed in 

MJ-treated and control strawberry fruits during the cold storage, with this reduction being 

significantly less in MJ-treated fruits compared to the control. The highest (71.78 mg 100 g-1 

FW) and lowest (42.63 mg 100 g-1 FW) levels of AsA were recorded from 100 mM methyl 

jasmonate treatment at harvest (day 0) and from the control at the end of storage, respectively 

(Table 3). 

AsA, also known as vitamin C, is a water-soluble vitamin that decreases in levels with 

moisture loss and postharvest senescence (Shah et al., 2025). AsA is susceptible to oxidative 

and enzymatic degradation during storage, leading to the formation of dehydroascorbic acid 

(DHA) and eventually diketogulonic acid (DKG), which have no vitamin C activity (Hasan et 

al., 2025). In this study, the AsA content in strawberry fruits decreased over time in all 

treatments, and the MJ treatment slowed this decline compared to the control. These findings 

are consistent with a previous study on raspberry (Chanjirakul et al., 2006) and pomegranate 

(García-Pastor et al., 2019) fruits. It has been shown that pre-harvest application of MJ can 

increase the AsA content at harvest and maintain it during cold storage in raspberries (Shah et 

al., 2025) and blueberries (Wang et al., 2019) by delaying oxidation reactions and reducing 

moisture loss. Furthermore, Wolucka et al. (2005) reported that MJ can enhance the 

transcription of genes involved in the de novo biosynthesis and regeneration of AsA. 

Conversely, AsA levels in blood orange fruits were not significantly influenced by both pre-

harvest foliar spraying and postharvest dipping treatments with MJ (Vithana et al., 2024). 

MJ foliar application enhanced the TAA content of strawberry fruits. TAA, at harvest, was 

the highest in strawberry fruits treated by 200 μM MJ with a significant difference compared 

to the control. TAA in both control and MJ-treated fruits increased with storage time, reached 

the maximum after 8 days of storage, and then decreased sharply from days 8 to 12. At the end 

of storage, the highest TAA (73.33%) was observed in the fruit sprayed pre-harvest with 100 

μM MJ, while the lowest TAA (60.04%) was recorded in the control samples (Table 3). 

The antioxidant activity of plant tissues is attributed to some phytochemicals, such as AsA, 

phenolics, anthocyanins, and other flavonoid compounds (Wang & Li, 2000). Tulipani et al. 

(2008) reported that 55-70% of TAA in strawberry fruits is related to ASA and anthocyanins. 

Cao et al. (2009) observed a positive relationship between TPC and TAA. Furthermore, Wang 

& Li (2000), observed a linear correlation between antioxidant activity and TPC for fruits and 

leaves, as well as with TAC for ripe berries (blackberry, raspberry, and strawberry). Therefore, 

changes in the TAA of strawberry fruits at harvest and during cold storage could be due to the 

changes in these compounds. In the present study, a higher TAA content was recorded in MJ-

treated fruits. Similarly, Wang et al. (2019) reported that postharvest application of MJ 
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significantly increased the antioxidant capacity of blueberry fruits by increasing the enzymatic 

and non-enzymatic antioxidants. Furthermore, García-Pastor et al. (2019) reported that TAA 

[hydrophilic (H-TAA) and lipophilic (L-TAA) fractions] was higher in arils of pomegranate 

fruits treated with pre-harvest MJ than in the controls at harvest and during 60 days of cold 

storage. 

 

 

 

Fig. 2. Effect of methyl jasmonate (MJ) pre-harvest treatment on TSS/TA ratio of strawberry fruit cv. Paros during 

12 days of storage. Mean ± SE (n=3), followed by different letters are significantly different (P<0.05). 

 

 

Table 3. Effect of methyl jasmonate (MJ) pre-harvest treatment on ascorbic acid (AsA), total antioxidant activity 

(TAA), and antioxidant enzyme of strawberry fruit cv. Paros during 12 days of storage. 

Storage time (day) 
MJ  

(μM) 

AsA 

(mg 100 g-1FW) 
TAA (%DPPHsc) 

Catalase 

 (U min-1 g-1 FW) 

APX 

 (U min-1 g-1 FW) 

0 (at harvest) 
0 68.56±2.31 abc 72.56±2.31 ghi 12.64±0.52 ghi 39.23±1.14 e 

50 69.27±1.44 ab 74.83±1.78 efg 12.31±0.31 hi 41.52±0.45 cde 

 100 71.78±1.72 a 72.59±1.02 ghi 13.60±0.28 ef 42.91±0.37 c 

 200 69.71±0.97 a 77.67±1.29 cdef 13.50±0.38 efg 42.60±1.21 cd 

4 0 62.17±1.22 efg 74.08±1.29 efgh   14.25±0.36 de   42.64±0.36 cd 

 50 65.37±0.59 cde 75.38±0.45 defg   15.20±0.21 abc   50.27±1.02 b 

 100 63.84±0.91 def 85.63±1.28 ab   15.85±0.10 a   55.35±1.44 a 

 200 65.83±1.34 bcd 79.89±2.56 cd   15.52±0.25 ab   52.27±0.71 b 

8 0 53.09±1.16 h 75.65±1.72 defg 12.90±0.39 fgh 32.81±1.24 fg 

 50 60.48±0.76 fg 79.03±2.74 cde 14.25±0.38 de 40.75±0.76 cde 

 100 59.09±1.08 f 86.36±1.37 a 13.86±0.25 de 39.77±0.81 de 

 200 61.29±1.72 fg 81.14±0.99 bc 14.62±0.33 cd 43.13±1.79 c 

12 0 42.63±0.73 i 60.04±1.48 j 11.81±0.26 i 23.42±0.98 i 

 50 51.81±1.10 g 68.90±0.95 i 13.44±0.21 efg 31.27±1.05 gh 

 100 54.11±1.19 g 73.33±2.40 fgh 14.65±0.23 bcd 35.05±1.29 f 

 200 53.46±0.30 g 69.73±2.39 hi 13.80±0.14 de 29.15±0.79 h 

       Means±SE (n = 3) within each column covered by the same letter are not significantly different (P<0.05) APX, ascorbate 

peroxidase. 
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Antioxidant enzymes activity 

The results indicated that activities of catalase (CAT) and ascorbate peroxidase (APX) enzymes 

in strawberry fruit were influenced by the storage time, MJ treatment, and their interaction, 

while guaiacol peroxidase (GPX) activity was only affected by storage time (Table 1). Pre-

harvest applications of MJ to strawberry plants increased the antioxidant enzyme activities of 

CAT and APX compared to the control at harvest, conversely, the activity of GPX enzyme in 

treated fruits was lower than control. During the cold storage, CAT and APX enzyme activities 

in control and MJ-treated strawberry fruits initially increased (up to day 4) and then decreased 

until the end of storage with a slower decrease in treated fruits. At the end of storage, the highest 

CAT (14.65 U min-1 g-1 FW) and APX (35.05 U min-1 g-1 FW) activities were observed in MJ-

treated fruit with 100 μM, whereas the lowest CAT (11.81 U min-1 g-1 FW) and APX (23.42 U 

min-1 g-1 FW) activities were found in the control sample (Table 3). GPX enzyme activity was 

significantly reduced with increasing MJ concentration in strawberry fruits. The minimum GPX 

activity (12.36 U min-1 g-1 FW) of strawberry fruit was observed in the 200 μM MJ treatment 

and the maximum GPX activity (15.83 U min-1 g-1 FW) was recorded in the control sample 

(Table 2). 

The senescence process in stored fruits is accelerated by reactive oxygen species (ROS) 

production, which leads to oxidative damage and a decline in fruit quality and bioactive 

compounds. SOD, APX, and CAT are crucial enzymatic antioxidants that play a key role in the 

antioxidant system, mainly by scavenging ROS and protecting cells from oxidative damage. 

SOD converts superoxide radicals into hydrogen peroxide, which is then converted into water 

by CAT and APX (Wang et al., 2019). Shah et al. (2025) reported that pre-harvest MJ treatment 

in raspberry fruits suppressed H2O2 production during cold storage, potentially due to increased 

activity of SOD and CAT enzymes. In our study, MJ increased the activity of CAT and APX 

as antioxidant and defense enzymes, which was associated with better fruit quality attributes 

compared to the control group. In alignment with our results, Yang et al. (2025) reported that 

CAT activity in kiwifruit treated with pre- or postharvest MJ was significantly higher compared 

to the control, while GPX activity was significantly higher in the control sample. Liao et al. 

(2022) also observed that the activity of APX, SOD, CAT, and POD enzymes increased during 

cold storage in control and MJ-treated lemon fruits, and this increase was significantly higher 

in the fruit treated with both pre- and postharvest MJ compared to the control fruits. 

Furthermore, Li et al. (2018) reported that MJ induced higher gene expression of ROS 

scavenging enzymes in fresh-cut pitaya fruit, leading to higher enzymatic activity in the treated 

fruits.  

 

CONCLUSION 

 

Pre-harvest application of MJ treatment showed a beneficial effect on the quality parameters of 

strawberry fruits. The results of the present study indicate the pre-harvest application of MJ 

reduces the loss of TA, ASA, firmness, and PLW at cold storage. All pre-harvest MJ 

concentrations displayed higher TAC, TPC, and TAA content than the control fruit at the end 

of cold storage. In addition, treated fruits had higher CAT and APX activities and lower GPX 

compared to control samples. The TSS content of strawberry fruit was not affected by pre-

harvest MJ treatment at harvest time and during cold storage. The antioxidant activity of MJ-

treated fruits was improved by increasing the activity of antioxidant enzymes and preserving 

bioactive compounds during cold storage. In conclusion, pre-harvest MJ treatment, especially 

at 200 μM, can be used to maintain the quality and antioxidant properties of strawberry fruits 

at harvest and during cold storage. 

 



 
Meighani and Salehi Sarbijan/J. HORTIC. POSTHARVEST RES., 8(3), SEPTEMBER 2025                                  

 

424 
 

Conflict of interest 
The authors declare that there is no conflict of interest. 

 

  REFERENCES 

Adl, E., Jahani, M. & Aminifard, M. H. (2024). Investigating the antifungal effects of essential oils on 

Aspergillus sp. in strawberry (Fragaria ananassa Duchesne) fruit. Journal of Horticulture and 

Postharvest Research, 7(2), 141-154. https://doi.org/10.22077/jhpr.2024.7065.1349 

Ağlar, E., & Öztürk, B. (2018). Effects of pre-harvest methyl jasmonate treatments on fruit quality of 

fuji apples during cold storage. International Journal of Agriculture and Wildlife Science, 4(1), 13-

19. https://doi.org/10.24180/ijaws.366304. 

Ali, A., Kumar, A., Ganai, N. A., Dar, K. R., & Wani, A. H. (2021). Salicylic acid alleviates postharvest 

fruit decay of strawberry (Fragaria x ananassa Duch.) a review. International Journal of Plant and 

Soil Science, 33(20), 20-27. https://doi.org/10.9734/IJPSS/2021/v33i2030625. 

AOAC (2000). Vitamin C. Ascorbic acid in vitamin preparations and juices. In: Helrich K (ed) Official 

methods of analysis, 15th edn. AOAC, Arlington, pp 1058–1059. 

Asgari, F., Kalateh Jari, S., Motesharezadeh, B., Ghanbari Jahromi, M., & Weisany, W. (2024). 

Application of benzylaminopurine with methyl jasmonate and epibrassinolide improved growth and 

physio-biochemical attributes of strawberry (Fragaria × ananassa cv. ‘Albion’). Applied Fruit 

Science, 66, 453–463. https://doi.org/10.1007/s10341-023-00996-4. 

Asghari, M., & Hasanlooe, A.R. (2016). Methyl jasmonate effectively enhanced some defense enzymes 

activity and Total Antioxidant content in harvested “Sabrosa” strawberry fruit. Food Science and 

Nutrition, 4, 377–383. https://doi.org/10.1002/fsn3.300. 

Brand-Williams, W., Cuvelier, M. E., & Berset, C. (1995). Use of a free radical method to evaluate 

antioxidant activity. Lwt Food Science and Technology, 28, 25–30. https://doi.org/10.1016/S0023-

6438(95)80008-5. 

Cao, S., Zheng, Y., Yang, Z., Wang, K., & Rui, H. (2009). Effect of methyl jasmonate on quality and 

antioxidant activity of postharvest loquat fruit. Journal of the Science of Food and Agriculture, 

89(12), 2064–2070. https://doi.org/10.1002/jsfa.3691. 

Chanjirakul, K., Wang, S. Y., Wang, C. Y., & Siriphanich, J. (2006). Effect of natural volatile 

compounds on antioxidant capacity and antioxidant enzymes in raspberries. Postharvest Biology 

and. Technology, 40, 106–115. https://doi.org/10.1016/j.postharvbio.2006.01.004. 

Concha, C. M., Figueroa, N. E., Poblete, L. A., Oñate, F. A., Schwab, W., & Figueroa, C. R. (2013). 

Methyl jasmonate treatment induces changes in fruit ripening by modifying the expression of several 

ripening genes in Fragaria chiloensis fruit. Plant Physiology and Biochemistry, 70, 433-444. 

https://doi.org/10.1016/j.plaphy.2013.06.008. 

Darwish, O. S., Ali, M. R., Khojah, E., Samra, B. N., Ramadan, K. M. A., & El-Mogy, M. M. (2021). 

Pre-harvest application of salicylic acid, abscisic acid, and methyl jasmonate conserve bioactive 

compounds of strawberry fruits during refrigerated storage. Horticulturae, 7(12), 568. 

      https://doi.org/10.3390/horticulturae7120568. 

García-Pastor, M. E., Serrano, M., Guill´ en, F., Gim´enez, M. J., Martínez-Romero, D., Valero, D., & 

Zapata, P. J. (2020). Preharvest application of methyl jasmonate increases crop yield, fruit quality 

and bioactive compounds in pomegranate ‘Mollar de Elche’ at harvest and during postharvest 

storage. Journal of the Science of Food and Agriculture, 100(1), 145–153.  

      https://doi.org/10.1002/jsfa.10007. 

Han, Y., Chen, C., Yan, Z., Li, J., & Wang, Y. (2019). The methyl jasmonate accelerates the strawberry 

fruits ripening process. Scientia Horticulturae, 249, 250-256. 

      https://doi.org/10.1016/j.scienta.2019.01.061. 

Hasan, M. U., Singh, Z., Shah, H. M. S., Kaur, J., Woodward, A., Afrifa-Yamoah, E., & Vithana, M. D. 

K. (2025). Preharvest methyl jasmonate application regulates ripening, colour development and 

improves phytochemical quality of fruits: A review. Scientia Horticulturae, 339, 113909.  

      https://doi.org/10.1016/j.scienta.2024.113909. 

https://doi.org/10.1007/s10341-023-00996-4
https://doi.org/10.1002/fsn3.300
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1002/jsfa.3691
https://doi.org/10.3390/horticulturae7120568
https://doi.org/10.1002/jsfa.10007
https://doi.org/10.1016/j.scienta.2024.113909


 
Meighani and Salehi Sarbijan/J. HORTIC. POSTHARVEST RES., 8(3), SEPTEMBER 2025                                  

 

425 
 

Ilea, M. I. M., Díaz-Mula, H. M., García-Molina, A., Ruiz-Aracil, M. C., Fernández-Picazo, C., & 

Guillén, F. (2025). Comparative effect of GABA and 1-MCP in maintaining strawberry fruit quality 

during cold storage. Horticulturae, 11(4), 370. 

      https://doi.org/10.3390/horticulturae11040370. 

Li, J., Azam, M., Noreen, A., Umer, M. A., Ilahy, R., Akram, M. T., Qadri, R., Khan, M. A., Rehman, 

S. u., Hussain, I., Lin, Q., & Liu, H. (2023). Application of methyl jasmonate to papaya fruit stored 

at lower temperature attenuates chilling injury and enhances the antioxidant system to maintain 

quality. Foods, 12(14), 2743. https://doi.org/10.3390/foods12142743. 

Li, X., Li, M., Wang, L., Wang, J., Jin, P., & Zheng, Y. (2018). Methyl jasmonate primes defense 

responses against wounding stress and enhances phenolic accumulation in fresh-cut pitaya fruit. 

Postharvest Biology and Technology, 145, 101-107.  

      https://doi.org/10.1016/j.postharvbio.2018.07.001. 

Liao, L., Li, S., Li, Y., Huang, Z., Li, J., Xiong, B., Zhang, M., Sun, G., & Wang, Z. (2022). Pre- or 

postharvest treatment with MeJA improves postharvest storage of lemon fruit by stimulating the 

antioxidant system and alleviating chilling injury. Plants, 11, 2840.  

      https://doi.org/10.3390/plants11212840. 

Meighani, H., & Roozkhosh, M. (2024). Preserving the postharvest quality of strawberry cv. ‘sabrina’ 

by carboxymethyl cellulose and putrescine. Applied Fruit Science, 66, 51-59. 

      https://doi.org/10.1007/s10341-023-01017-0. 

Moya-León, M. A., Mattus-Araya, E., & Herrera, R. (2019). Molecular events occurring during 

softening of strawberry fruit. Frontiers in Plant Science, 10, 615.  

      https://doi.org/10.3389/fpls.2019.00615. 

Nguyen, D. H. H., & Nguyen, H. V. H. (2021). Effects of storage temperature on postharvest physico-

chemical attributes of nano-chitosan coated strawberry (Fragaria × ananassa Duch.). Journal of 

Horticulture and Postharvest Research, 4(1), 101-114.  

      https://doi.org/10.22077/jhpr.2020.3317.1139. 

Saavedra, G. M., Figueroa, N. E., Poblete, L. A., Cherian, S., & Figueroa, C. R. (2016). Effects of 

preharvest applications of methyl jasmonate and chitosan on postharvest decay, quality and chemical 

attributes of Fragaria chiloensis fruit. Food Chemistry, 190, 448 -453. 

      https://doi.org/10.1016/j.foodchem.2015.05.107. 

Serna-Escolano, V., Valverde, J. M., García-Pastor, M. E., Valero, D., Castillo, S., Guillén, F., Martínez-

Romero, D., Zapata, P. J., & Serrano, M. (2019). Pre-harvest methyl jasmonate treatments increase 

antioxidant systems in lemon fruit without affecting yield or other fruit quality parameters. The 

Journal of the Science of Food and Agriculture, 99, 5035–5043. https://doi.org/10.1002/jsfa.9746. 

Shah, H. M. A., Singh, Z., Hasan, M. U., Woodward, A., & Afrifa-Yamoah, E. (2025). Preharvest 

methyl jasmonate application delays cell wall degradation and upregulates phenolic metabolism and 

antioxidant activities in cold stored raspberries. Food Chemistry, 462, 141020. 

      https://doi.org/10.1016/j.foodchem.2024.141020. 

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total phenolics with phosphomolybdic-

phosphotungstic acid reagents. American Journal of Enology and Viticulture, 16, 144–158.  

      https://doi.org/10.5344/ajev.1965.16.3.144. 

Tulipani, S., Mezzetti, B., Capocasa, F., Bompadre, S., Beekwilder, J., de Vos, C. H., Capanoglu, E., 

Bovy, A., & Battino, M. (2008). Antioxidants, phenolic compounds, and nutritional quality of 

different strawberry genotypes. Journal of Agricultural and Food Chemistry, 56(3), 696-704. 

https://doi.org/10.1021/jf0719959. 

Vithana, M.D.K., Singh, Z. & Ul Hasan, M. (2024). Pre- and post-harvest elicitation with methyl 

jasmonate and salicylic acid followed by cold storage synergistically improves red colour 

development and health-promoting compounds in blood oranges. Journal of Plant Growth 

Regulation, 43, 1657–1671. https://doi.org/10.1007/s00344-023-11212-8. 

Wang, S.Y., & Lin, H.S. (2000). Antioxidant activity in fruits and leaves of blackberry, raspberry and 

strawberry varies with cultivar and developmental stage. Journal of Agricultural and Food 

Chemistry 48, 140–146. https://doi.org/10.1021/jf9908345. 

https://doi.org/10.3390/horticulturae11040370
https://doi.org/10.3390/foods12142743
https://doi.org/10.1016/j.postharvbio.2018.07.001
https://doi.org/10.3390/plants11212840
https://link.springer.com/article/10.1007/s10341-023-01017-0#auth-Hossein-Meighani-Aff1
https://link.springer.com/article/10.1007/s10341-023-01017-0#auth-Mohammad-Roozkhosh-Aff2
https://doi.org/10.1007/s10341-023-01017-0
https://doi.org/10.22077/jhpr.2020.3317.1139
https://doi.org/10.1016/j.foodchem.2015.05.107
https://doi.org/10.1016/j.foodchem.2024.141020
https://en.wikipedia.org/wiki/American_Journal_of_Enology_and_Viticulture
https://doi.org/10.1021/jf0719959
https://doi.org/10.1021/jf9908345


 
Meighani and Salehi Sarbijan/J. HORTIC. POSTHARVEST RES., 8(3), SEPTEMBER 2025                                  

 

426 
 

Wang, H., Wu, Y., Yu, R., Wu, C., Fan, G., & Li, T. (2019). Effects of postharvest application of methyl 

jasmonate on physicochemical characteristics and antioxidant system of the blueberry fruit. Scientia 

Horticulturae, 258, 108785. https://doi.org/10.1016/j.scienta.2019.108785. 

Wolucka, B. A., Goossens, A., & Inzé, D. (2005). Methyl jasmonate stimulates the de novo biosynthesis 

of vitamin C in plant cell suspensions. Journal of Experimental Botany, 56(419), 2527–2538. 

https://doi.org/10.1093/jxb/eri246.  

Wu, Y., Zhang, S., Yang, H., Wu, W., Lyu, L., Zhang, C., Cao, F., & Li, W. (2025). Methyl jasmonate 

and salicylic acid treatment changes the nutritional quality, antioxidant profile and gene expression 

of postharvest blackberry fruit. Postharvest Biology and Technology, 219, 13205. 

      https://doi.org/10.1016/j.postharvbio.2024.113205. 

Xu, J., Wang, Y., Chai, L., Yin, D., Lin, T., Tao, Y., Liu, S., Qi, H., Gao, X., & Jiang, J. (2024). Pre-

harvest treatments: A different insight into preservation of strawberries. Journal of Berry Research, 

14(2), 151-173. https://doi.org/10.3233/JBR-240001. 

Yang, X., Liu, N., Tan, S., Xu, Y., Luo, Z., & Xie, G. (2025). Preharvest methyl jasmonate maintain the 

shelf quality of kiwifruit after cold storage by regulating the antioxidant system. Postharvest Biology 

and Technology, 221, 113335. https://doi.org/10.1016/j.postharvbio.2024.113335. 

Zheng, H., Yang, Y., Wu, S., Jia, F., Jiang, J., Yu, L., Ou, G., Shu, M., & Qin, W. (2024). Effects of 

pre-harvest application of melatonin, 24-epibrassinolide, and methyl jasmonate on flavonoid content 

in blueberry fruit. Frontiers in Nutrition, 11, 1495655. 

      https://doi.org/10.3389/fnut.2024.1495655. 

Zuñiga, P. E., Castañeda, Y., Arrey-Salas, O., Fuentes, L., Aburto, F., & Figueroa, C. R. (2020). Methyl 

jasmonate applications from flowering to ripe fruit stages of strawberry (Fragaria × ananassa 

‘Camarosa’) reinforce the fruit antioxidant response at post-harvest. Frontiers in Plant Science, 11, 

538. https://doi.org/10.3389/fpls.2020.00538. 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.scienta.2019.108785
https://doi.org/10.1016/j.postharvbio.2024.113205
https://doi.org/10.3233/JBR-240001
https://doi.org/10.1016/j.postharvbio.2024.113335

