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Abstract 

Strawberry as a non-climacteric and perishable fruit that is susceptible to fungal infections especially Botrytis cinerea.  

Therefore, its storage life is too short. Alternatives to the use of conventional fungicides are needed because of concerns 

about human health risks. Postharvest application of conventional fungicides to fruits is prohibited. The aim of this study 

was evaluation of nonchemical and safe compounds like methyl jasmonate. To prolonged fruit storage life and maintained 

quality and quantity characteristics of strawberry fruit. Therefore, MeJA at 4 concentration (0, 10, 30 and 60 µl-1) and 2 

treatment methods (spray on fruits and paper disk method) in in vivo condition were used. Then quality characteristics of 

fruits (weight loss, pH, TA, TSS, vitamin C, anthocyanin, calcium, pectin, decay and sensory analyses) were evaluated.  

Treated fruits with MeJA had lower weight loss, pH, TSS and decay and higher TA, vitamin C, anthocyanin, calcium, pectin 

and fruit quality compared to controls. As a general result, all of treatments caused lower decay incidence and longer 

storability and improved fruit quality compared to controls. Among all treatment methods paper disk method had higher 

effectuality compared to spray method. 
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Introduction   

Strawberry fruit is very susceptible to postharvest 

decay caused by Botrytis cinerea (Yao and Tian, 2005). 

Fungal diseases result in major losses of fruits and 

vegetables and can be controlled effectively by synthetic 

chemical fungicides (Snowdon, 1992; Eckert and Ogawa, 

1998). However, the development of fungicide resistance 

by pathogens and increasing environmental concern over 

fungicidal residues in fruit and vegetables has stimulated 

a search for alternative measures for disease control 

(Holmes and Eckert, 1999; Castoria et al., 2001; Fan and 

Tian, 2001; Zhang et al., 2002). Effective control of 

disease of strawberry fruit requires novel strategies (Yao 

and Tian, 2005). Jasmonic acid (JA) and its volatiles 

derivative MeJA, are collectively called jasmonates 

(Mueller et al., 1993; Creelman and Mullet, 1997). 

Jasmonates are fatty acid derivative with a 12-carbon 

backbone that plays a role in plant development and 

plant defense against pests. JA and MeJA were shown to 

induce increased production of the secondary metabolites 

(Nilprapruck et al., 2008). Because, MeJA is already 

classified by the U.S. Food and Drug Administration 

 



Geransayeh et al., 2015 

www.currentsciencejournal.info 

 

(FDA) as a Generally Recognized As Safe (GRAS) 

substance, it may have potential commercial application 

in postharvest treatments for quality maintenance by 

reducing decay and enhancing treatments for quality 

maintenance by reducing decay and enhancing 

antioxidant activity (Wang et al., 2009). It has been 

reported that MeJA treatment can also be applied as a 

postharvest treatment to suppress grey mould rot diseases 

caused by Botrytis cinerea, Penicillium digitatum and 

Alternaria alternate in strawberries, grapefruit and 

papaya fruit, respectively (Wang and Buta, 1994; Moline 

et al., 1997; Meir  et al., 1998; Droby et al., 1999; 

Gonzalez-Aguilar et al., 2000; Gonzalez-Aguilar et al., 

2003) and inhibit the microbial contamination of fresh-

cut celery and peppers (Buta and Moline, 1998).  

In raspberry, it is demonstrated that MeJA 

increases the resistance to tissues against decay by 

enhancing their antioxidant system and their free radical 

scavenging capability. There is a positive correlation 

between antioxidant activity and total phenolic or 

anthocyanin content (Wang et al., 1996; Wang and Lin, 

2000). It has been reported that MeJA treatment 

maintained high levels of sugars and organic acids in 

mangos and radishes (Wang, 1998; Gonzalez-Aguilar    

et al., 2000). It has also been observed that MeJA 

treatment maintains higher organic acid in radishes and 

zucchini when stored at 5C and improves skin color of 

mangos during storage at 20  C (Wang, 1998; Gonzalez-

Aguilar et al., 2001). MeJA either as a vapor or as an 

emulsion has been shown to control Botrytis rot in cut 

rose flowers (Meir et al., 1998) and also decreased the 

severity of postharvest brown rot in sweet cherries when 

used as a co-fumigant with thymol or carvacrol (Tsao 

and Zhou, 2000). The purposes of this study were to 

evaluate the effects of methyl jasmonate on the 

storability and quality-related attributes of strawberry. 

Material and Methods 

Plant material 

The strawberries (Fragaria ananassa L. cv. 

Gaviota) were harvested in the morning randomly from a 

commercial greenhouse located in Hashtgerd, Karaj, Iran 

at commercial maturity stage and transported to the 

laboratory where undamaged fruits at the same ripening 

stage (80% of the skin red) were selected. Samples were 

taken every 3 days up to the end of experiment (12 days) 

and fruits were evaluated at each sampling time after 

keeping them a day at room temperature. 

MeJA treatment 

Treatments with MeJA were performed by 

dissolving the requisite amounts of MeJA (0, 10, 30, 60 

µl/l) in ethanol. Two different methods were applied 

(spray MeJA on fruits and paper disk method). MeJA 

sprayed on fruits and spotted onto filter paper at the final 

concentration of control, 10, 30 and 60 µL-1 then air 

dried. Each treatment was replicated three times with 150 

g fruits per replicate. All packages were stored at 4˚C 

and 75% RH in darkness for 12 days. Measurements 

were made at room temperature every 3 days. Quality 

attributes such as weight loss, pH, TA, TSS, vitamin C, 

anthocyanin, calcium, pectin, decay percentage and 

sensory analyses evaluated during storage. 

Weight loss percentage 

The effect of MeJA exposure on fruit weight loss 

was also investigated. Weight of individual fruits was 

recorded at the beginning of harvest and different 

sampling times and expressed as percentage of original 

weight (Saini et al., 2006). 
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pH 

The pH was measured using a pH meter Metrohm 

Lab 827 (Saini et al., 2006). 

TA 

Titrable acidity was measured using titration 

method. To do that, 5 mL fruit juice was added to 25 mL 

distilled water plus two drops of phenolphthalein and 

titrated with 0.1 N NaOH up to pH 8.1. The results were 

expressed as gram of citric acid per 100 g fresh weight 

(AOAC, 1990). 

TSS 

TSS was determined using ATAGO-ATC-20E 

(Japan) refractometer at 20ºC and expressed as ºBrix. 

Vitamin C content 

The content of vitamin C was determined using 

indophenol procedure. 10 ml of samples were filtrated 

and titrated against sodium 2, 6-dichlorophenol 

indophenol dye to a faint pink color which persisted for 

5-10 seconds. It was expressed as mg vitamin C/100 g 

fruit weight (Titer × dye equi. × dilution ×100/ Wt. of 

sample) (Saini et al., 2006). 

Anthocyanin assay 

Total anthocyanin content of strawberry extract 

was measured using the pH differential method. 

Absorbance was measured at 510 and 700 nm, 

respectively, in different buffers at pH 1.0 and 4.5, using 

A = [(A510-A700) pH1.0 (A510-A700) pH 4.5] with a 

molar extinction coefficient for cyanidin-3-glucoside of 

29600. Results were expressed as milligrams of 

cyanidin-3-glucoside (C3G) equivalents per 100 g of 

fresh weight (Cheng & Breen, 1991). 

Calcium content 

Calcium was precipitated as calcium oxalate. The 

precipitate was dissolved in hot dilute sulfuric acid and 

titrated with standard potassium permanganate. 1 ml, 0.1 

N KMnO4=0.002 gm. Calcium (Ruck, 1969). 

Pectin content 

Pectin was precipitated as calcium pectate from an 

acid solution by the addition of calcium chloride. The 

calcium pectate precipitate was washed with water until 

chloride-free, then dried and weighed. Ca pectate (%) = 

wt. of Ca pectate× 100 / wt. of sample (Ruck, 1969). 

Decay analysis 

Percent of decay was scored on a 1-5 scale, where: 

1= intact fruit, 2= more than 5 % Decay, 3= between 5-

20 % decay, 4= between 20-50 % decay, 5= more than 

50% decay (Ayala-Zavala et al., 2005). 

Sensory evaluation 

Sensory analyses to compare the quality of treated 

and control fruits were carried out by a 10 trained adults 

aged 25-40 yrs. It was about aroma, taste, firmness, 

appearance and texture. Panelists scored fruits between 1 

and 10. A 10 being the best total quality and 1 being the 

worst (Hernandez-Munoz et al., 2008). Samples were 

scored for overall quality by using an interval hedonic 

scale. Assessments were continued until fruits condition 

were considered unacceptable. 

Statistical analysis 

Statistical analysis of the data obtained in the 

present study was carried out using split factorial method 

in a completely randomized design layout with 3 

replications. Data obtained were subjected to analysis of 

variance (ANOVA). 

Results and Discussion 

Weight loss 

No significant differences in weight loss were 

observed among all of the MeJA treatment  
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Fig. 1. Effect of Methyl jasmonate on anthocyanin of 

strawberry in paper disk method 

 

concentrations. MeJA treatment decreased weight loss of 

strawberries during storage for 12 days compared with 

controls. Between two methods of treatments fruits that 

treated with spray method had more weight loss than 

paper disk method. Zolfagharinasab and Hadian (2007) 

showed that with increasing storage period, pomegranate 

fruits weight loss increased progressively. Fruits 

evaporated with methyl jasmonate lost less weight than 

untreated control fruits, although there were no 

significant differences between different concentrations 

of MeJA. It was recently reported that MeJA treatment 

did not affect the rate of water loss of mango at low 

temperatures and shelf life period (Gonzalez-Aguilar     

et al., 2000).  

Fig. 2. Effect of Methyl jasmonate on anthocyanin of 

strawberry in spray method 

 

pH  

The pH value of strawberry fruit increased slightly, 

corresponding to a decrease in TA during storage. Little 

difference in pH value was observed among all of the 

treatments. Control fruits had the most pH value and 30 

µLL-1 concentration of MeJA had the least pH value. No 

significant differences were observed between methods 

of treatments application. Our results are in agreement 

with Wang et al. (2009). Ghasemnezhad and 

Javaherdashti (2008) found that MeJA treated raspberries 

also could not maintain pH value. Therefore, its content 

increased during 7 days storage like control fruits. 

Fig. 3. Effect of Methyl jasmonate on pectin of 

strawberry 

 

Total soluble solids and total titratable acidity 

MeJA treatment increased TA content and 

decreased TSS content in strawberries compared to 

controls. TA decreased gradually during storage. TA of 

60 µL-1 concentration of MeJA was the highest among 

all of concentrations. TSS of fruits increased during 

storage. Among all concentrations of MeJA 60µL-1 had 

the lowest TSS amount. Fruits that treated with spray 

method had more TSS content compared with paper disk 

method. Ayala-Zavala et al. (2005) showed that MeJA 

treatments maintained TSS level as the initial samples at 

the beginning of the experiment. Besides, TSS decreased 



Geransayeh et al., 2015 

www.currentsciencejournal.info 

 

in the control samples during storage. Depletion of TSS 

could be explained by a high metabolism of fruit and 

senescence processes. Lower rates of respiration of 

strawberries treated with MeJA might have contributed 

to conserve higher levels of carbohydrates in tissue 

(Ayala-Zavala et al., 2005). They showed that TA was 

higher in those berries treated with MeJA meanwhile, 

control berries showed the lowest values. TSS and TA 

contents of Chinese bayberry decreased gradually during 

storage. No significant differences in TSS and TA levels 

were observed among all of the treatments during 12 

days of storage at 0C (Wang et al., 2009). Treatment 

with MeJA tended to maintain higher levels of organic 

acids in raspberries (Wang, 2003). 

Fig. 4. Effect of Methyl jasmonate on decay percentage 

of strawberry in paper disk method 

 

Vitamin C 

Strawberries vitamin C content was markedly 

affected by MeJA treatment whereas, high 

concentrations of MeJA (30 or 60 µL-1) had the highest 

amount of vitamin C. Fruits that treated with spray 

method had more vitamin C content compared with 

paper disk method. Vitamin C in the juice of 

pomegranate declined after long term storage as 

compared with fresh fruit (Zolfagharinasab and Hadian, 

2007). 

Fig. 5. Effect of Methyl jasmonate on decay percentage 

of strawberry in spray method 

 

Anthocyanin content 

Anthocyanin content decreased during storage 

period. The levels of anthocyanin were higher in MeJA-

treated fruits than in control samples, whereas the highest 

concentration of MeJA treated fruits had the most 

amount of anthocyanin. As shown in Fig. 1 and 2 there 

was significant difference between two methods of 

MeJA application. Anthocyanins are a group of phenolic 

compounds responsible for the red-blue color of many 

fruits. Our results are in accordance with Ayala-Zavala  

et al. (2005). They showed that anthocyanin content 

decreased continuously in all treatments. Strawberries 

treated with MeJA showed the highest values of 

anthocyanin at the end of storage period. The antioxidant 

capacity of anthocyanin may be one of their most 

significant biological properties. Therefore, it is 

important to maintain higher levels of these compounds 

during storage and shelf life period (Wang et al., 1996). 

Wang et al. (2009) found that the levels of total 

anthocyanin content were 28.9 and 22.1% higher in 

MeJA-treated fruit than in control. Their results are in 

agreement with our results. Ghasemnezhad and 

Javaherdashti (2008) found that total anthocyanin content 
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was significantly affected by MeJA treatment and 

storage period. These are in agreement with our results. 

Calcium and pectin contents 

Calcium and pectin contents decreased gradually 

during storage period. MeJA-treated fruits had more 

calcium and pectin content compared to controls. There 

was no significant difference in pectin between methods 

of MeJA application. Fruits treated with paper disk 

method had higher amount of calcium compared with 

spray method. The effect of MeJA treatment on fruit 

calcium and pectin significant varied with the 

concentrations applied. Treatment with 60 µL-1 had the 

most amount of calcium and the lowest concentration of 

MeJA (10 µL-1) had the highest amount of pectin (Fig. 

3). Pectins are likely to be the key substances involved in 

the mechanical strength of the primary cell wall which 

are important to the physical structure of the plant 

(Sirisomboon et al., 2000). Their degradation during 

ripening seems to be responsible for tissue softening and 

leads to the disassembly of cellulose-hemicellulose 

network and accelerates the fruit softening rate (Duan    

et al., 2008). According to Koh and Melton (2004) 

softening of strawberry fruit during storage is mainly due 

to loss of cell wall material. Softening of strawberry is 

mainly due to the presence of polygalacturonase which 

solubilizes and degrades the cell wall polyuronides 

(Huber, 1984; Nogata et al., 1993).  

Fruit decay 

The effect of MeJA treatment on fruit decay 

significant varied with the concentrations applied and 

storage time. Treatment with 60µL-1 MeJA significantly 

inhibited fruit decay throughout the storage period, 

whereas control samples had the least effect. Paper disk 

method inhibited fruit decay more than spray method 

(Fig. 4, Fig. 5). Strawberry fruit has a very short shelf 

life, mostly due to their relatively high water content, 

high metabolic activity, and the susceptibility to 

microbial molds and rots. Our results were consistent 

with the observation of Ayala-Zavala et al. (2005), who 

stated that the control fruits reached the limit of shelf life 

in 6 days while treated fruit maintained an acceptable 

quality for up to 11 days. Methyl jasmonate has been 

shown to induce the synthesis and expression of some 

stress proteins, such as heat-shock proteins and 

pathogenesis-related proteins, which lead to increased 

resistance to pathogens and decreased incidence of decay 

(Ding et al., 2001; Ding et al., 2002).  

Buta and Moline (1998) showed that MeJA 

extended shelf life and reduced microbial contamination 

of fresh-cut celery and peppers. It has been reported that 

MeJA inhibited bacterial growth only when relatively 

high concentrations such as 1×10-3 M were used. Yao 

and Tian (2005) found that postharvest treatment of fruit 

with SA or MeJA did not significantly reduce disease 

incidence compared with the controls at 25 and 0C. the 

protection of fruit from invasion of fungal pathogens is 

largely due to activation of a highly coordinated 

biochemical and structural defense system that helps 

ward off the spread of pathogens (Lawton et al., 1996; 

Schroder et al., 1992). Treatment of fruit with MeJA has 

been reported to suppress fungal decay (Meir et al., 

1998; Droby et al., 1999) and reduce microbial spoilage 

(Buta and Moline, 1998). Wang et al. (2009) found that 

high concentrations of MeJA (100 or 1000 µmol-1) 

inhibited fruit decay only for the first 6 days of storage 

period and thereafter had little effect. Ghasemnezhad and 

Javaherdashti (2008) showed that all of MeJA fumigated 

raspberry fruits reduced the decay incidence during 
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storage at 4C compared to control ones. Besides, no 

difference was found among different MeJA levels. In 

strawberry fruits, it is observed that the suppression of 

fungus decay maybe induces the chemical defense 

mechanisms of plant tissues by low concentration 

jasmonate (Ayala-Zavala et al., 2005). 

Sensory analyses 

The effect of MeJA on overall quality of 

strawberries. Overall quality decreased continuously 

during storage at higher rate in untreated fruits compared 

with those treated with MeJA. Treatment with 60 µL-1 

MeJA had the highest effect on fruit quality among all of 

concentrations. Fruits that treated with paper disk method 

had better fruit quality compared with spray method. Our 

results are in accordance with Ayala-Zavala et al. (2005). 

There was a reduction in visual quality of pomegranate 

with storage duration and the visual appearance of 

pomegranate fruits and arils were less acceptable in 

untreated fruits and the best results were obtained in 

evaporative fruits with MeJA (24 µL-1) (Zolfagharinasab 

and Hadian, 2007). These are in agreement with our 

results. 
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