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ABSTRACT 

The South African Avocado Industry has recently announced plans to expand 

exports into new markets, such as the United States (US). As a requirement for 

these markets, fruit of high quality must be stored at ultra-low temperature to mitigate 

phytosanitary risks. However, ‘Hass’ avocado fruit are susceptible to chilling injury 

when stored at temperatures below 3°C. Moreover, CI development resulted in 

uneven ripening and disease infestation due to damaged cell membranes. 

Therefore, the objective of this study was to evaluate the potential of methyl 

jasmonate (MeJA) and salicylic acid (SA) on quality maintenance of 'Hass' avocado 

fruit during ultra-low cold storage. Matured ‘Hass’ avocado fruit were harvested at 

commercial dry matter (22%). The experiment was conducted using a completely 

randomized design (CRD) with eight replications per treatment. Treatment 

concentrations for methyl jasmonate (MeJA) were 0 (control), 10 and 100 μmol•L−1, 

while those for salicylic acid (SA) were 0 (control), 1.0, 2.0 and 3.0 mM. After 

treatments, fruit were stored at 2°C for 31 days and thereafter, ripened at ambient 

temperature (±25°C) until fully ripe. During ripening, fruit were evaluated for weight 

loss, exocarp colour, firmness, chilling injury, as well as physiological (vascular 

browning) and pathological disorders (fruit rot). In this study, dipping fruit in MeJA 

solution significantly (P < 0.05) reduced ‘Hass’ avocado fruit firmness loss. 

Moreover, MeJA showed a significant effect (P < 0.05) on hue angle (h°) but did not 

significantly affect (P > 0.05) visual colour rating, chroma (C*), lightness (L*) and 

weight loss. The results showed that ‘Hass’ avocado fruit treated with 10 μmol•L−1 

MeJA reduced weight loss when compared with 100 μmol•L−1 MeJA from day 2 to 

day 8 of ripening. Overall results showed a visual change in ‘Hass’ avocado fruit 

exocarp colour, with eye colour changing from rating 1 (emerald-green) to 3 (olive-
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green) for control and fruit treated with MeJA throughout the ripening days. 

Furthermore, MeJA reduced ‘Hass’ avocado fruit external chilling injury, 

physiological and pathological disorders. With respect to SA treatments, the result 

showed that dipping fruit at 1.0 and 2.0 mM SA had a significant effect (P < 0.05) on 

reducing firmness loss during ripening. Salicylic acid (1.0 mM) reduced and 

alleviated ‘Hass’ avocado fruit external chilling injury during ultra-low cold storage. 

Furthermore, result showed that 1.0 and 2.0 mM SA treatments had significant affect 

(P < 0.05) on firmness loss. Moreover, a significant effect was observed on visual 

colour and C* but did not affect (P > 0.05) L* and h°. Fruit treated with SA showed 

poor exocarp colour development with extended exposure to ultra-low cold storage, 

as a result, developed chilling symptoms. The treatment of ‘Hass’ avocado fruit with 

1.0 mM SA inhibited the incidence of fruit rot and vascular browning when compared 

with control and fruit treated with 2.0 and 3.0 mM SA. In conclusion, 10 and 100 

μmol•L−1 MeJA and 1.0, 2.0 and 3.0 mM SA effectively preserved ‘Hass’ avocado 

fruit quality during storage at ultra-low temperature.  

 

Keywords: Chilling injury, fruit rot, exocarp colour, methyl jasmonate, salicylic acid, 

vascular browning  
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CHAPTER 1 

INTRODUCTION 

 

1.1. Background 

Avocado (Persea americana Mill.) originated in Mexico, Central or South America 

and was first cultivated in Mexico as early as 500 BC (Muhammad, 2015). In South 

Africa, the avocado industry has rapidly grown in recent years; and currently, ranked 

eighth by world trade (DAFF, 2019). The South African Avocado Industry (SAAI) 

produces approximately 90 000 tons of fruits annually, in which approximately 98.5% 

is exported mainly to the European market (DAFF, 2019). The South African 

avocado production is dominated by ‘Fuerte’ (42%) and ‘Hass’ (33%) along with 

‘Ryan’ (11%) and ‘Pinkerton’ (8.5%) cultivars (DAFF, 2019). 

 

Currently, ‘Hass’ is the second leading avocado cultivar in terms of production, 

thereby, contributing about 70% to the global avocado trade (DAFF, 2019). The 

cultivar is known for its superior pulp quality, higher yield and later maturing than 

green skinned cultivars (Crane et al., 2013). In addition to these attributes, ‘Hass’ 

avocado exocarp change from green to purplish-black as it ripens (Cox et al., 2004). 

The SAAI is largely dependent on export, and most major export markets are distant 

and complex, which causes logistical challenges (Kremer-Köhne, 1998). It is 

extremely important to ensure that fruit does not undergo excessive ripening during 

shipping due to the climacteric nature of the fruit (Lütge, 2011). During export to the 

European markets, avocado fruit are usually stored for up to 30 days (Kok, 2011). 

Pesis et al. (2002) reported that the use of cold storage delays ripening by reducing 

fruit respiration and ethylene production. 
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Traditionally, South African avocados are shipped at 5.5°C, but early-season fruit are 

shipped at 7.5°C, with late-season fruit being shipped at 3.5°C (Sivankalyani et al., 

2015). Contrarily, avocado fruit are highly susceptible to chilling injury (CI) at 

temperatures below 10°C (Wills et al., 2007). According to ElMasry et al. (2009), 

membrane damage due to chilling injury affects the normal ripening, resulting in 

uneven ripe fruits with rubbery texture. Furthermore, prolonged cold storage of 

‘Hass’ avocado fruit resulted in poor exocarp colour development due to CI 

symptoms development (Mathaba et al., 2017).  

 

Membrane damage and solute leakage during cold storage have been shown to 

influence the fruit weight loss and disease development (Carvajal et al., 2018). Poor 

fruit quality and disease development are important factors that limits the storage life 

of avocados and results in appreciable losses at retailer and consumer levels 

(Pareek et al., 2015). The control of postharvest diseases of horticultural fruits mostly 

depends on fungicides and controlled environments (Ali et al., 2021). However, there 

are consumer concerns about possible human health risks associated with the use 

of fungicides (Aghdam et al., 2016). 

 

Recent studies have shown that application of growth regulators known as 

resistance inducers to biotic or abiotic stresses can maintain the postharvest quality 

of horticultural fruits and vegetables (Zhou et al., 2018; Rasouli et al., 2019). In 

general, methyl jasmonate (MeJA) and salicylic acid (SA) are endogenous plant 

signalling molecules that modulate physiological processes in fruit to reduce chilling 

injury and maintain quality (Vlot et al., 2009; Chen et al., 2020). Sivankalyani et al. 

(2015) found that treatment with MeJA significantly reduced ‘Hass’ avocado fruit CI 

incidence by regulating stress-responsive enzyme lipoxygenase (LOX), fatty acid 
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desaturase (FAD) and heat shock proteins (HSPs). Whereas treatment with salicylic 

acid has been shown to reduce chilling injury in ‘Eureka’ lemon by activation of 

antioxidant enzymes system such as ascorbate peroxidase and glutathione 

reductase which scavenged cold-induced reactive oxygen species (ROS) (Siboza et 

al., 2017). Furthermore, SA and MeJA have been reported to reduce the spoilage 

percentage in horticultural fruits by decreasing ethylene production and respiration 

and maintaining firmness in the fruit (Tasneem, 2004; Haider et al., 2020). 

 

1.2. Problem statement 

In South Africa, most avocado producers choose to harvest early in order to sell to 

overseas markets at premium prices. To comply with phytosanitary standards to 

avoid the spread of undesirable insect pests in overseas markets (e.g., the USA), 

high-quality fruit must be stored at ultra-low temperature (Glowacz et al., 2017b). 

However, chilling injury (CI) development in ‘Hass’ avocado fruit during storage at 

low temperatures is a major concern (Woolf et al., 2003). Moreover, development of 

CI result in uneven ripening and disease infestation due to damaged cell 

membranes. Several postharvest methods such as hot air and water treatments, 

polyamines and 1-methylcyclopropene (1-MCP) treatment can be used to minimize 

avocado fruit CI and preserve fruit quality (Cao and Zheng, 2008c; Valero and 

Serrano, 2010). Although these treatments can effectively preserve quality during 

cold storage and at commercial application, they are challenging to adopt due to 

partial mitigation of CI and overall ripe quality. In recent research, plant growth 

regulators including methyl jasmonate (MeJA) and salicylic acid (SA) have been 

reported to effectively reduce CI symptoms in several horticultural crops (Siboza and 

Bertling, 2013). However, there is scarcity of information on the application of these 

hormones to control chilling and preserve the quality of ‘Hass’ avocado fruit. 
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Moreover, less is documented on shelf-life and postharvest quality of ‘Hass’ avocado 

fruit treated with the interaction of these hormones. Therefore, the purpose of this 

study was to investigate whether MeJA and SA will influence the CI control and 

preserve other ‘Hass’ avocado quality parameters during ultra-low storage. 

 

1.3. Rationale 

With the attention of improper risk due to use of chemicals at postharvest technology 

and consumers’ demand for healthy products. The use of plant hormones as 

postharvest treatments has been shown to be effective in maintaining the quality of 

horticultural produce (Shafiee et al., 2010). Aghdam et al. (2014) and Asghari (2019) 

have reported that the postharvest application of SA and MeJA are effective in 

mitigating chilling injury in horticultural fruits and vegetables. Therefore, these 

treatments will play an important role in maintaining quality and controlling ‘Hass’ 

avocado fruit chilling injury during storage at ultra-low temperature. Furthermore, 

MeJA and SA application can assist to maintain avocado fruit that qualifies for a 

lucrative export market, allowing growth of South African avocado fruit sales into new 

markets while maintaining postharvest quality. 

 

1.4. Aim and objectives of the study 

1.4.1. Aim 

Assessment of the effect of MeJA and SA on quality preservation of 'Hass' avocado 

during ultra-low cold storage. 

 

1.4.2. Objectives 

To determine the effect of methyl jasmonate on quality preservation of ‘Hass’ 

avocado during ultra-low cold storage. 
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To determine the effect of salicylic acid on quality preservation of ‘Hass’ avocado 

during ultra-low cold storage. 

 
1.5. Hypotheses 

Methyl jasmonate had an effect on quality preservation of ‘Hass’ avocado during 

ultra-low cold storage. 

 

Salicylic acid had an effect on quality preservation of ‘Hass’ avocado during ultra-low 

cold storage. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1. Introduction 

The avocado industry in South Africa is largely export-driven, making fruit quality an 

extremely important component (Kassim and Workneh, 2020). Previous research 

has indicated that approximately 40% of the South African avocado market is based 

on exports (Blakey, 2011). The most important export markets for South African 

avocados are the European Union (EU) and United Kingdom (UK) (Glowacz et al., 

2017b). According to the Department of Agriculture Forestry and Fisheries (DAFF) 

(2019), 54% of South African avocado was exported in 2018, while 12% was sold at 

fresh produce markets, and 34% was sold to retailers informally. Avocado cultivars 

exported include ‘Fuerte’ (42%), ‘Hass’ (33%), ‘Ryan’ (11%), and ‘Pinkerton’ (8.5%) 

(DAFF, 2019). In addition to its traditional major import countries, SAAI is planning to 

enter new markets, e.g., the USA (Glowacz et al., 2017b). 

 

However, maintaining and continuing to explore markets with such high returns can 

be challenging for the industry. There is constant competition from other exporters. 

In addition, new emerging high-paying markets (e.g., the USA) require fruit to be 

subjected to cold sterility to conform with phytosanitary regulations and avoid the 

spread of undesirable insect pests (Glowacz et al., 2017b). In some studies, 

exposing fruits to temperatures between 1.1 and 2.2°C for 14 to 18 days has proven 

effective at controlling insect pests and could be used as a quarantine treatment 

(Sivankalyani et al., 2015). The use of low temperatures to extend the storage life of 

fruits is a common postharvest practice. However, ‘Hass’ avocado fruit stored at a 

low temperature develops physiological disorders associated with chilling injury 
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(Woolf et al., 2003). Furthermore, prolonged exposure to cold storage results in poor 

colour, weight loss, firmness and pathological disorders due to membrane damage 

and solute leakage (ElMasry et al., 2009; Pareek et al., 2015). 

 

2.2. Chilling injury physiology 

Chilling injury is a physiological disorder that occurs in horticultural crops of tropical 

and subtropical origin, consequently, reducing fruit marketability (Woolf et al., 2003). 

This is one of the major challenges of avocado trade growth on the world market 

(Glowacz et al., 2017b). Chilling injury occurs as a result of cold damage disrupting 

the membrane lipids, thereby increasing its permeability and malondialdehyde 

(MDA) compound (Dorria et al., 2010). According to Lütge et al. (2010), avocado fruit 

are susceptible to cold temperatures and develop chilling injury symptoms when 

stored below 5.5°C. The typical chilling injury symptoms on avocado fruit are pitting, 

surface darkening, mesocarp discolouration and uneven ripening (Yahia, 2011). 

Previous study has indicated that the susceptibility of horticultural products to chilling 

injury could be due to their low ability to modify membrane lipids under chilling stress 

(Lafuente et al., 2005). 

 

In the studies of Lyons (1973) and Razavi et al. (2018), it was found that plants 

under chilling stress undergo a physical cell membrane phase transition that 

changes from a normal flexible, liquid-crystalline structure to a solid gel structure. 

Therefore, as membranes solidify, membrane fluidity changes and membrane lipids 

undergo phase transitions, which result in the configuration of certain membrane-

bound proteins and enzymes. As a result, the loss of activation energy results in 

reduced reaction times of enzymes (Wolfe, 1978; Aghdam et al., 2016). It is believed 

that a prolonged chilling temperature causes lipids to solidify in the membrane, 
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causing membrane contraction , which results in cracks that increase cell 

permeability (Lyons, 1973). A large change in membrane bilayer associated with 

prolonged chilling is accompanied by increased ionic movement and water 

molecules through the membrane (Aghdam et al., 2016). Changes in membrane 

bilayer leads to increased membrane permeability, resulting in solute leakage. The 

leakage results in irreversible secondary chilling due to cellular integrity loss (Razavi 

et al., 2018). 

 

2.3. Mitigation of chilling injury using methyl jasmonate (MeJA) and salicylic acid 

(SA) postharvest treatment 

Researchers have tested several methods to reduce avocado fruit chilling injury, 

including hot water treatment (Blakey and Bower, 2007), low-temperature 

conditioning (LTC) (Woolf et al., 2003), and 1-methylcyclopropene (1-MCP) (Pesis et 

al., 2002). However, these treatments have proven to be modestly effective. 

Globally, environmental regulations and public health concerns have led to an 

increase in the use of generally recognised as safe (GRAS) compounds (Baswal et 

al., 2020). GRAS compounds (e.g., MeJA, SA, MeSA, etc.) have been found to 

alleviate chilling and maintain horticultural products' quality. There has been 

evidence that the exogenous MeJA and SA treatment mitigate chilling injury and 

maintain quality and shelf-life of a wide range of fruit crops (Aghdam et al., 2016; 

Asghari, 2019). Moreover, methyl jasmonate (MeJA) and salicylic acid (SA) are 

hormones found naturally in plants and can induce physiological processes in fruit 

that provide protection against chilling injury (González-Aguilar et al., 2004; 

Tasneem, 2004). In ‘Beefstake’ tomato (Ding et al., 2002) and ‘Mollar de Elche’ 

pomegranate fruits (Sayyari et al., 2009), exogenous SA treatment has been found 

to reduce chilling injury and preserve fruit quality.  
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2.3.1. Effect of postharvest treatment with MeJA and SA on chilling injury 

The composition of fatty acids in harvested fruits play a major role in their 

susceptibility to chilling damage (Asghari, 2019). Several factors such as heat shock 

proteins (HSPs) and soluble sugar content may also affect the chilling susceptibility 

of horticultural crops (Vasanthaiah, 2011). Eaks (1990) found that chilling-sensitive 

species have a high concentration of saturated fatty acids. Moreover, Rehman et al. 

(2018) found that cells with a higher ratio of unsaturated fatty acids to saturated fatty 

acids (unSFA/SFA) were more resistant to low temperatures.  

 

Methyl jasmonate (MeJA) and salicylic acid (SA) promote cold resistance in plants 

by inhibiting fatty acid desaturase (FAD) enzyme activity by directly interfering with 

fatty acid metabolism (Vasanthaiah, 2011; Aghdam et al., 2015). Previously, studies 

have reported that the postharvest MeJA application on 'Mollar de Elche' 

pomegranate fruit retained high-unsaturated membrane-lipids that assisted the crop 

to adapt under oxidative stress (Sayyari et al., 2011). Ding et al. (2002) and Luo et 

al. (2011) demonstrated that postharvest salicylic acid (SA) application increased 

production of unsaturated fatty acids such as linoleic acid during cold stress in order 

to increase the membrane fluidity of ‘Beefstake’ tomato and Qingnai’ plum fruits. As 

membrane fluidity increases, the tendency for membranes to transition from flexible 

liquid crystal to rigid sol-gel is reduced, which result in improved CI resistance (Los 

and Murata, 2004; Aghdam et al., 2016). The increased membrane integrity loss was 

observed by Aghdam et al. (2014) in ‘Newton’ tomato fruit as the symptoms of CI 

developed, resulting in increased phospholipase D (PLD) and lipoxygenase (LOX) 

activities. However, exogenous salicylic acid (SA) treatment was able to reduce 



10 
 

these enzymatic activities in ‘Fuyang’ loquat fruit during storage at chilling 

temperatures and resulted in preservation of membrane integrity (Cao et al., 2008a).  

 

Creelman and Mullet (1997) observed that MeJA was produced by the enzymatic 

oxidation of unsaturated fatty acids mediated by the enzyme LOX in Arabidopsis 

thaliana. The results of González-Aguilar et al. (2004) showed that exogenous 10-5 M 

MeJA reduced electrolyte leakage and CI in ‘Kothrud’ and ‘Karela’ guava fruit as well 

as the activity of both phenylalanine ammonia lyase (PAL) and LOX enzymes. 

According to Aghdam et al. (2014), SA causes fruit to be more tolerant to CI by 

reducing the enzymes that catalyse membrane oxidation, such as PLD and LOX, 

decreasing lipid peroxidation and preserving membrane semi-permeability. 

Moreover, Meir et al. (1996) and Glowacz et al. (2017b) both found that dipping 

‘Hass’ avocado fruit in MeJA concentration at 2.5 μmol•L−1 reduced CI symptom 

severity by alteration of the fatty acids content and prevented fruit weight loss during 

cold storage. In addition, salicylic acid (SA) has been found to alleviate CI in 

‘Cardenal’ tomato by increasing the expression of HSPs, antioxidant activity, the 

arginine pathway that changes polyamines, nitric oxide (NO) and proline production 

and polyphenol oxidase (PPO) enzyme activity (Polenta et al., 2007). 

 

There are also other mechanisms in which MeJA can enhance crop resistance to low 

temperatures. In one study, it was found that MeJA regulate the C-repeat binding 

factor pathways during cold stress of ‘Orin’ apple (Asghari, 2019). In 'Orin' apple fruit, 

postharvest 10− 3 mol•L−1 MeJA application strengthen resistance to cold by 

increasing expression of genes involved in chilling responses including malus-

domestica-basic-helix-loop-helix (MdCIbHLH1) and C-repeat binding factor1 

(MdCBF1) (Wang et al., 2018). Additionally, experiments on protein degradation 
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showed that MeJA associates positively with Malus domestica-jasmonate-ZIM-

domains 1/4 (MdJAZ1/4) proteins responsible for chilling susceptibility (Wang et al., 

2018; Asghari, 2019). Therefore, JAs are capable of modulating freeze tolerance 

through CBF expressions-C-repeat pathways. 

 

2.3.2. Effects of MeJA and SA on fruit weight loss 

In fruits, water loss is a major challenge because it has a major effect on quality and 

storage potential of the fruit (Mendieta et al., 2016). Lallu et al. (2004) found that 

water loss in avocado results in poor fruit quality manifested as weight loss and 

shrivelling. It has also been demonstrated that factors such as peroxidation, 

transpiration, respiration, membrane breakdown, and cellular breakdown at low 

temperatures affect fruit weight (Habibi and Ramezanian, 2017).  

 

In various studies, MeJA and salicylic acid (SA) were shown to reduce fruit weight 

and water loss in different plants. Baswal et al. (2020) found that treatment with 

0.001 μmol•L−1 MeJA and 0.002 μmol•L−1 SA reduced ‘Kinnow’ mandarin fruit weight 

loss through the delay of senescence and maintenance of cellular integrity. 

Furthermore, salicylic acid (SA) and MeJA have been reported to inhibit the activities 

of different senescence enzymes such as 1-aminocyclopropane-1-carbxylic acid 

synthase (ACS), 1-aminocyclopropane-1-carbxylic acid oxidase (ACO), cellulase, 

polygalacturonase (PG), pectin methyl esterase (PME) and catalase (CAT), 

peroxidase (POD), superoxide dismutase (SOD) in ‘Newton’ tomato (Aghdam et al., 

2014). Previous studies showed that inhibition of ACS, ACO and PME lowered the 

rate of respiration in ‘Kinnow’ mandarin fruits (Haider et al., 2020). Meir et al. (1996) 

found that dipping ‘Hass’ avocado fruit in 2.5 μmol•L−1 MeJA reduced the severity of 

CI symptoms and prevented fruit weight loss during cold storage. In addition, high 
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levels of exogenous 100 μM MeJA have been reported to reduce dehydration in 

‘Moro’ blood oranges (Habibi et al., 2019). 

 

2.3.3. Effects of MeJA and SA on fruit exocarp colour 

of Avocado fruit ‘Hass’ colour development contributes to quality and subsequent 

market value (Kayesh et al., 2013). According to Cox et al. (2004), ‘Hass’ avocado 

fruit colour changes from green to purple-black due to chlorophyll degradation and 

anthocyanin (cyanidin 3-O-glucoside) synthesis and accumulation during ripening. 

Anthocyanins are one of the major secondary metabolites responsible for the 

distinctive tissue colouration in several fruit crops (Gu et al., 2019). According to 

Stintzing and Carle, (2004), anthocyanins are important antioxidants that plants use 

to withstand low temperatures and radiation stress. Similar to these antioxidants, 

MeJA and SA are the naturally occurring compounds used by plants to defend 

against biotic and abiotic stresses (Creelman and Mullet, 1997; Wang et al., 2021). 

In different fruit species, the relationship between MeJA, SA and anthocyanin 

synthesis and accumulation has been demonstrated (Shan et al., 2009). 

 

In fruit crops,  anthocyanin accumulation can be induced by  JAs and SA treatment 

(Martínez-Esplá et al., 2017; Shen and Yang, 2017). Jasmonic acid (JAs) have been 

shown to upregulate anthocyanin biosynthetic genes required for anthocyanin 

synthesis and accumulation (Loreti et al., 2008; Shan et al., 2009). The 

JASMONATE-ZIM-DOMAIN (JAZ) repression mediated by JASMONATE is removed 

by JAs to allow the anthocyanin complexes to activate transcriptional function. It has 

been shown that exogenous MeJA can induce degradation of the JAZ proteins via 

the SCFCOI1-26S (Skp1-Cullin-F-box CORONATINE INSESITIVE1) proteasome 

pathway (Chung et al., 2009; Qi et al., 2011). Therefore, JAs activate downstream 



13 
 

transcriptional cascades, such as WD-repeat/bHLH/MYB complexes, resulting in 

anthocyanin biosynthesis (Thines et al., 2007; Qi et al., 2011). 

 

Anthocyanin production is regulated by enzyme activities such as PAL, chalcone 

synthase (CHS), chalcone isomerase (CHI), flavanone 3-hydroxylase (F3H), 

dihydroflavonol 4-reductase (DFR), leucoanthocyanidin dioxygenase (LDOX) and 

UDP-glucose: flavonoid 3-O-glucosyltransferase (UFGT) (Mori et al., 2005; Gu et al., 

2019). These enzymes are classified as ‘early’ anthocyanin biosynthetic enzymes 

(PAL, CHS, CHI, F3H) and ‘late’ biosynthetic enzymes (DFR, LDOX and UFGT) 

(Mori et al., 2005; Shan et al., 2009). There is evidence that postharvest application 

of MeJA and SA have a direct impact on anthocyanin biosynthesis by increasing 

enzyme activity involved in the pathway. In Arabidopsis thaliana, application of 25 

μM MeJA combined with 1% sucrose was shown to induce anthocyanin 

accumulation through upregulating DFR, LDOX, and UFGT enzymes (Shan et al., 

2009). 

 
In a study conducted by Oraei et al. (2019), postharvest 100.0 mM SA and 100 

μmol•L−1 MeJA application increased the anthocyanin concentration in 'Sahebi' 

grapes and ‘Willamette’ red raspberry fruits, thereby, increasing PAL enzyme activity 

which catalyse the formation of naringenin. Furthermore, it was reported that SA 

increased the expression of genes codifying by the enzymes including chalcone 

synthase (CHS) and chalcone isomerase (CHI), responsible for the flavonoid 

pathway (Oraei et al., 2019). Previous research suggests that SA increased the 

activities of both PAL and chalcone flavanone isomerase (CHFI) in grape cell 

cultures when applied at low concentrations (Obinatai et al., 2003). Thus, the results 
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confirmed that both JAs and salicylic acid modulate the biosynthesis of anthocyanins 

for fruit crops. 

 

2.3.4. Effects of MeJA and SA on fruit firmness 

In avocado fruits, firmness is an important characteristic and the most reliable 

method of determining whether fruit is ripe to eat (Arzate-Vazquez et al., 2011). 

Firmness is determined by cell density, compactness, cell wall structure, lignin and 

cuticle thickness (Wills et al., 1998). Fruit firmness comprises a wide attribute 

including tissue, water content and cell wall composition (Valero and Serrano, 2010). 

Softening occurs concurrently with the increase in ripening enzyme activity after fruit 

harvest (Kassim et al., 2013). Fruit softening is closely related to changes in the cell 

wall, which result from molecular, biochemical and physiological changes (Wang et 

al., 2015a). 

 

Studies have shown that the changes in cell wall materials are always accompanied 

by activation of cell wall degrading enzymes, which are consistent with reduced 

firmness during ripening (Wang et al., 2021). The degradation and depolymerization 

of cell wall materials, such as the cellulose, hemicellulose and pectic substances are 

facilitated by the coordination of cell wall degrading enzymes such as, carboxymethyl 

cellulase (CMCase), polygalacturonase (PG), pectin methyl esterase (PME) and β-

galactosidase (β-GAL) (Haider et al., 2020; Wang et al., 2021). Ezzat et al. (2017) 

suggested that MeJA efficacy to maintain fruit firmness is attributed with MeJA 

induced inhibition of lipoxygenase (LOX), PG and PME activities. 

 

In ‘Kinnow’ mandarins, treatment with 0.001 μmol•L−1 MeJA was also shown to 

inhibit the activity of degrading enzymes, such as PME and cellulose (Baswal et al., 
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2020). The treatment with MeJA and SA reduced cell wall degradation by modulating 

the activity of wall-modifying enzymes as well as calcium within the cell wall in 

‘Jiubao’ peach (Meng et al., 2009)and ‘Kinnow’ mandarin (Baswal et al., 2020). 

Previous study has reported that JAs and SA play an important role in maintaining 

fruit firmness by enhancing gene expression and PAL enzyme activity and other 

enzymes associated with the phenylpropanoid pathway in ‘Grand Nain’ bananas 

(Alali et al., 2021). Chen et al. (2019) found that 10 μmol•L−1 MeJA enhanced cell 

wall integrity and decreases electrolyte leakage through the stimulation of 

phospholipid remodelling in ’Xiazhimeng’ peach fruit. 

 

2.4. Physiological and pathological disorders 

Diseases and disorders contribute to fruit damage at the cosmetic, organoleptic and 

nutritional levels, resulting in a reduction in fruit quality (Ramírez-Gil et al., 2021). 

Furthermore, diseases may be of biotic nature (such as fruit rot caused by microbial 

pathogens) or abiotic (such as disorders caused by physiological problems) (Burdon 

et al., 2013; Sharma et al., 2017). Most abiotic disorders of avocado fruit are caused 

by rapid temperature change and storage at low temperatures (White et al., 2007; 

Burdon et al., 2013). Whereas diseases that develop after harvest usually begin in a 

quiescent state before harvest. In addition, this condition creates challenges for their 

management because symptoms typically appear at the market stage, when the 

disease could not be controlled (Hartill and Everett, 2002; Sharma et al., 2017). The 

exogenous application of plant growth regulators, such as MeJA and SA is one of 

the most effective strategies for alleviating plant physiological and pathological 

disorders. According to Aghdam et al. (2016) and Asghari (2019), jasmonate and 

salicylic acid enhance plant resistance to diseases and pathogen attacks by 

stimulating the synthesis of antioxidant enzymes.  
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2.4.1. Vascular browning 

Vascular browning can be described as a physiological disorder caused by poor 

storage temperature management and notable by browning of vascular strands that 

run longitudinally through the fruit tissue (Arpaia et al., 2004). Mhlophe and Kruger 

(2012) found that the incidence of vascular browning for ‘Maluma’ avocado fruit 

decreases with maturity. Furthermore, vascular browning was found to increase with 

temperature and storage duration. A study by Leclereq (1990) observed that 

browning was most prevalent in avocado fruits stored at 5.5°C for 30 days. 

According to previous research, browning is caused by the oxidation of O-diphenols 

to O-quinones by the enzyme polyphenol oxidase (PPO) (Ramírez-Gil et al., 2021). 

 

2.4.2. Fruit rot 

Fruit rot is an economically important fruit disease associated with the 

microorganism Rhizopus stolonifer (Ramírez-Gil et al., 2021). Johnson and Kotzé 

(1994) found that avocado fruit infected with fruit rot showed shrivelled skin and a 

water pulp covered with fungal mycelium. A previous study showed that ‘Hass’ 

avocado fruit stored at either 1.0, 5.0 or 12.0°C for 4 days showed less fruit rot than 

those stored for a longer period of 14 days (Arpaia et al., 2015). In addition, a study 

on ‘Maluma’ and ‘Ryan’ avocado showed higher levels of fruit rot during storage at 

8°C when compared with ‘Hass’ avocado fruit (Kruger and Lemmer, 2012). 

 
2.4.3. Effect of MeJA and SA on physiological and pathological disorders 

Salicylic acid and methyl jasmonate play an important role in the development, 

growth, and tolerance of plants to pathogens (Aghdam et al., 2016). According to 

Stintzi et al. (1993), MeJA and SA stimulate chitinase and β-1,3-glucanase enzymes 
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that hydrolyse polymers of the fungal cell wall, resulting in weakened cell walls and 

cell lysis. Furthermore, chitinase and β-1,3-glucanase enzymes have been found to 

delay the growth of fungi and reduce fruit decay (Theis and Stahl, 2004). In 

‘Superchief’ tomato plants, MeJA and SA increased the activities of peroxidase, 

superoxide dismutase (SOD) and PAL enzymes and decreased anthracnose rot 

severity (Asghari, 2019). Glowacz et al. (2017a) found that exogenous 100 μmol•L−1 

MeJA and 10 μmol•L−1 MeSA delayed anthracnose development in ‘Hass’ avocado 

fruit. Similar results were reported in ‘Jiefang Zhong’ loquat fruit (Cao et al., 2008a, 

b) treated with MeJA at 10 μmol•L−1 and ‘Matisu’ mango fruit treated with SA solution 

at 1000 μmol•L−1 (Zeng et al., 2006), which delayed fruit infection. The application of 

0.2 μmol•L−1 MeJA and 2.0 mM SA at postharvest reduced brown rot occurrence in 

‘Hongdeng’ sweet cherries during cold storage (Yao and Tian, 2005). 

 

2.5. Research Gap 

The SAAI recently announced plans to expand exports into new lucrative markets, 

such as the USA (Glowacz et al., 2017b). A requirement for these markets is that 

fruit be subjected to ultra-low temperature to comply with phytosanitary requirements 

(Sivankalyani et al., 2015). However, ‘Hass’ avocado fruit are susceptible to chilling 

injury when stored at temperature below 3°C (Woolf et al., 2003). Several studies 

have examined different methods for alleviating chilling injury of ‘Hass’ avocado fruit 

stored at low temperatures chilling injury persists (Woolf et al., 2003; Sivankalyani et 

al., 2015; Glowacz et al., 2017b). The use of methyl jasmonate and SA has been 

found to mitigate CI in various horticultural crops (Aghdam et al., 2016). There is no 

definitive evidence regarding MeJA and SA treatments' effects on 'Hass' avocado 

chilling injury and quality preservation. 
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CHAPTER 3 

EFFECT OF METHYL JASMONATE ON QUALITY PRESERVATION OF ‘HASS’ 

AVOCADO FRUIT DURING ULTRA-LOW COLD STORAGE 

 

3.1. Introduction 

Ultra-low cold storage has been found to be an ideal phytosanitary measure when 

shipping avocado fruits from areas harbouring undesired insect pests (Sivankalyani 

et al., 2015). Previously, cold storage resulted in CI, particularly in ‘Hass’ avocado 

fruit which are very susceptible to chilling injury (Blakey et al., 2014). Furthermore, 

extended exposure of ‘Hass’ avocado fruit to low temperatures resulted in poor 

exocarp colour development due to CI symptoms (Mathaba et al., 2017). The 

collapse of fruit cell membranes during chilling has been reported to inhibit weight 

loss and development of pathological disorders (Carvajal et al., 2018). These 

authors reported that the increased loss of weight was attributed to loss of water and 

solute leakage through the damaged membranes.  

 

Currently, there are several techniques employed to maintain the quality of ‘Hass’ 

avocado. Methyl jasmonate treatments have been found to preserve quality in ‘Hass’ 

avocado (Meir et al., 1997). Preliminary results have shown MeJA treatments to 

reduce the spoilage percentage in horticultural fruits by decreasing ethylene 

production, respiration and maintaining fruit firmness (Tasneem, 2004). Therefore, 

the present study was conducted to determine the effect of MeJA on quality 

preservation of ‘Hass’ avocado fruit during ultra-low cold storage.  
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3.2. Materials and Methods 

3.2.1. .Experimental sites 

Matured ‘Hass’ avocado fruit were randomly harvested at their commercial dry 

matter (22%) from Halls and Sons commercial farm in Nelspruit (25° 27’ 07.18” S, 

30° 56’ 29.17” E), Mpumalanga, South Africa. Thereafter, fruit were packed in boxes 

and carefully transported to the University of Mpumalanga (25° 26' 13.6" S, 30° 58' 

54.5" E) postharvest laboratory, thereafter, sorted, treated, stored, ripened and 

analysed. 

 

3.2.2. Experimental design, treatments and procedures 

The experiment was carried out using a completely randomized design (CRD) with 

eight replications per treatment. The concentrations of methyl jasmonate (MeJA) for 

the treatment were 0 (control), 10 and 100 μmol•L−1. Eighteen fruit were dipped for 

30 minutes in MeJA solution containing the above concentrations. Treated fruit were 

allowed to dry at room temperature (25°C) for 1 hour. Thereafter, treated fruit were 

weighed, analysed for colour parameters and firmness, and then packed in 

commercial carton boxes and subsequently, cold stored at 2°C for 31 days. Fruit 

were removed from cold storage after 31 days and transferred to room temperature 

at 25°C to ripen. 

 

3.3. Data collection 

3.3.1. Determination of weight loss  

Fruit weight was measured using an electronic scale (AP Series, Shimadzu Scientific 

Instruments, Columbia, Maryland) (Figure 3.1). Each fruit was weighed at the 

beginning of the experiment (i.e., day 0) and after removal from cold storage and 

thereafter every two days until fully ripe. The difference between the initial and final 
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weight of the fruit was considered the total weight loss (WL), and the results were 

expressed as a percentage of the initial weight as follows: 

 

WL (%) = [(initial weight – final weight)/initial weight] × 100  

 

Figure 3.1 Measuring ‘Hass’ avocado fruit weight during ripening 

 

3.3.2. Determination of exocarp colour 

Subjective colour was determined using the following eye colour rating 1- emerald 

green; 2 - forest green; 3 - approximately 25% coloured; 4 - approximately 75% 

coloured; 5 - purple and 6 – black (White et al., 2007). Furthermore, objective colour 

change assessments were carried out after withdrawal from cold storage and on 

every two days during ripening using a Minolta Chromameter (CR-400, Konica 

Minolta, Japan, Osaka) (Figure 3.2). Colour parameters were measured by taking 

three readings on the equatorial region of each individual fruit to determine the L* 

value (lightness or brightness), a* value (redness or greenness) and b* value 
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(yellowness or blueness). From these parameters, chroma (C*) and hue° angle (h°) 

were determined as explained by McGuire (1992) using the formula: 

 

Chroma (C*) = (a*^2 + b*^2)1/2     

Hue angle (h°) = tan-1 (a*/b*)     

 

Figure 3.2 Measuring objective exocarp ‘Hass’ avocado fruit colour parameters 

during ripening 

 

3.3.3. Determination of fruit firmness 

Fruit firmness was determined by a non-destructive method according to Köhne et 

al. (1998) using a hand-held densimeter (HP-series, Bareisis, Oberdischingen 

Germany) with a 5 mm tip on a scale of 85-90 (unripe) to 60 (soft or ready to eat) 

densimeter units (Figure 3.3). Three readings were taken around the circumference 

of each fruit and the average reading recorded in newtons (N). 
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Figure 3.3 Measuring firmness of ‘Hass’ avocado fruit during ripening 

 

3.3.4. Determination of external chilling injury 

External chilling injury was assessed on exocarp lesions using a scale of 0 to 3 and 

was expressed in percentage where by 0 = 0% (no chilling); 0.5 = 5% chilling; 1 = 

10% chilling; 1.5 = 15% chilling; 2 = 25% chilling; 2.5 = 33% chilling and 3 = 50% 

chilling (White et al., 2007). The following formula was used to calculate the chilling 

injury index (CII): 

CII = [(sum of CI level) × (number of fruit at CI level)]/total number of fruit in the 

treatment 

 

3.3.5. Determination of pathological and physiological disorders  

Upon reaching full ripeness, fruit were cut and assessed for vascular browning and 

fruit rot anthracnose. Vascular browning was evident by browning of the vascular 

bundles running longitudinally through the fruit tissues. Fruit rot was evident by rots 

through the fruit exocarp. Disorders were assessed on rots and browning using a 
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scale o to 3 where by 0 = 0% (rots or browning); 1 = 10% (rots or browning); 2 = 25% 

(rots or browning) and 3 = 50% (rots or browning). 

 

3.4. Data analysis 

Data was subjected to analysis of variance (ANOVA) using GenStat 20th edition 

statistical software (VSN International, Hemel Hempstead, UK). The Least 

Significant Difference (LSD) at 5% was used to compare the mean difference of the 

treatment. 

 

3.5. RESULTS  

3.3.3. Fruit weight loss 

In this study, there was no significant difference (P = 0.557) in ‘Hass’ avocado fruit 

weight loss during ripening (Appendix 3.1). In general, ‘Hass’ avocado fruit weight 

loss increased with ripening days at 25°C, regardless of treatment (Figure 3.4). 

However, the control fruit lost significantly higher weight during ripening when 

compared with fruit treated with MeJA. Furthermore, fruit treated with 100 μmol•L−1 

MeJA showed the higher weight loss from day 2 to day 6 of ripening when compared 

with fruit treated with 10 μmol•L−1 MeJA. Overall, treatment of avocado fruit with 10 

μmol•L−1 MeJA showed the reduced weight loss throughout the ripening period. 
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Figure 3.4. Weight loss of 0 (control), 10 and 100 μmol•L−1 MeJA treated ‘Hass’ 

avocado fruit during ripening at ambient temperature. Values are means of 8 

replicates (n = 8) and ±SE of means at P ≤ 0.05 

 

3.3.4. Fruit colour (visual and objective parameters) 

In the current study, there was no significant difference (P = 0.065) in ‘Hass’ avocado 

fruit visual colour between studied treatments (Appendix 3.2). The visual colour of 

‘Hass’ avocado fruit treated or untreated with MeJA changed from rating 1-emerald 

green to 3-olive green during ripening at 25°C (Figure 3.5a). Furthermore, control 

fruit showed the higher visual colour values from day 4 to day 6 of ripening when 

compared with 10 and 100 μmol•L−1 MeJA treated fruit. In overall, fruit treated with 

10 and 100 μmol•L−1 MeJA showed the similar trend of lower visual colour values 

throughout the ripening period. 

 

A significant difference was not found between MeJA-treated and control fruit in 

terms of objective exocarp colour L* (P = 0.095) and C* (P = 0.263) during ripening 

(Appendices 3.3 and 3.4). In contrast, there was a significant difference (P = 0.029) 
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between the studied treatments on hue angle (h°) during ripening (Appendix 3.5). 

The objective colour parameters (L*, C* and h°) showed a decreasing trend for all 

treatments during ripening (Figure 3.5b - d). Fruit treated with 10 and 100 μmol•L−1 

MeJA showed the consistent trend of higher L* values from day 0 to day 4 of 

ripening when compared with control fruit. Moreover, fruit treated with 100 μmol•L−1 

MeJA showed the lighter colour when compared with 10 μmol•L−1 MeJA treated and 

control fruit. 

 

In this study, the C* values were for 10 μmol•L−1 MeJA treated and control fruit from 

day 2 to day 4 of ripening when compared with fruit treated with 100 μmol•L−1 MeJA. 

However, the control fruit showed the lower C* values from day 6 to day 8 of ripening 

when compared with fruit treated with 10 and 100 μmol•L−1 MeJA. Similarly, the 

control fruit showed the lower h° values from day 2 to day 8 of ripening when 

compared with fruit treated with 10 and 100 μmol•L−1 MeJA. A similar trend of higher 

h° values was observed in fruits treated with 10 and 100 μmol•L−1 MeJA for day 0 to 

day 4 of ripening. However, fruit treated with 10 μmol•L−1 MeJA showed the 

decreased h° values from day 6 to day 8 of ripening when compared with 100 

μmol•L−1 MeJA treated fruit. 
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Figure 3.5. Fruit (a) visual colour; (b) L* values; (c) C* values; (d) h° values of 0 (control), 10 and 100 μmol•L−1 MeJA treated ‘Hass’ 

avocado fruit during ripening at ambient temperature. Values are means of 8 replicates (n = 8) and ±SE of means at P ≤ 0.05 
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3.3.5. Fruit firmness 

There was a significant difference (P = 0.021) on the studied treatments on ‘Hass’ 

avocado fruit firmness loss during ripening (Appendix 3.6). In general, ‘Hass’ 

avocado fruit softened with ripening days, regardless of treatment (Figure 3.6). 

However, fruit treated with 100 μmol•L−1 MeJA showed the reduced firmness loss 

when compared with the control fruit from day 4 to day 8 of ripening at ambient 

temperature. In overall, treatment of ‘Hass’ avocado fruit with 10 and 100 μmol•L−1 

MeJA maintained reduced firmness loss when compared with control fruit. 

 

Figure 3.6. Fruit firmness of 0 (control), 10 and 100 μmol•L−1 MeJA treated ‘Hass’ 

avocado fruit during ripening at ambient temperature. Values are means of 8 

replicates (n = 8) and ±SE of means at P ≤ 0.05 

 

3.3.6. External chilling injury 

In the current study, treatment had no significant (P = 0.285) effect on ‘Hass’ 

avocado fruit external chilling symptoms after cold storage (Appendix 3.7). The 

control fruit showed significantly higher chilling injury symptoms when compared with 
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100 μmol•L−1 MeJA treated fruit (Figure 3.7). Furthermore, the overall results showed 

that fruit treated with 10 and 100 μmol•L−1 MeJA had the reduced chilling injury 

symptoms after storage at ultra-low cold storage. 

 

Figure 3.7. External chilling injury of 0 (control), 10 and 100 μmol•L−1 MeJA treated 

‘Hass’ avocado fruit during ripening at ambient temperature. Values are means of 8 

replicates (n = 8) and ±SE of means at P ≤ 0.05 

 

3.3.7. Fruit rot 

The significant difference was not observed (P = 0.350) between the treatments on 

fruit rot incidence of avocado fruit during ripening (Appendix 3.9). However, the 

control fruit exhibited the pronounced fruit rot incidence when compared with 10 and 

100 μmol•L−1 MeJA treated fruit (Figure 3.9). Furthermore, fruit treated with 10 

μmol•L−1 MeJA showed the higher incidence of rot when compared with 100 

μmol•L−1 MeJA treated fruit. Moreover, treatment with 100 μmol•L−1 MeJA inhibited 

the development of fruit rot in ‘Hass’ avocado fruit during fruit ripening.  
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Figure 3.9. Fruit rot of 0 (control), 10 and 100 μmol•L−1 MeJA treated ‘Hass’ avocado 

fruit during ripening at ambient temperature. Values are means of 8 replicates (n = 8) 

and ±SE of means at P ≤ 0.05 

 

3.3.8. Vascular browning 

There was no significant difference (P = 0.142) between the treatments on the 

incidence of vascular browning of ‘Hass’ avocado fruit after withdrawal from ultra-low 

cold storage (Appendix 3.10). However, control fruit showed the higher incidence of 

vascular browning when compared with 10 and 100 μmol•L−1 MeJA treated fruit 

(Figure 3.10). Furthermore, treatment 10 μmol•L−1 MeJA showed the higher 

incidence of vascular browning when compared with 100 μmol•L−1 MeJA treated 

fruit. Conversely, fruit treated with 100 μmol•L−1 MeJA inhibited the development of 

vascular browning.  
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Figure 3.10. Vascular browning of 0 (control), 10 and 100 μmol•L−1 MeJA treated 

‘Hass’ avocado fruit during ripening at ambient temperature. Values are means of 8 

replicates (n = 8) and ±SE of means at P ≤ 0.05 

 

3.4. DISCUSSION 

3.4.3. Fruit weight loss 

In avocado fruit, weight loss is a critical factor that affects postharvest quality and 

shelf-life (Ramírez-Gil et al., 2021). Bower and Jackson (2003) stated that ‘Hass’ 

avocado weight loss is related to loss of water. In consequence, fruit that are stored 

at lower temperatures loses less water than when transferred to room temperature. 

In our study, ‘Hass’ avocado fruit weight loss increased with ripening days, 

regardless of treatment (Figure 4.1). Our results were in agreement with 

Zolfagharinasab and Hadian (2007) and González-Aguilar et al. (2001) who found 

that weight loss in ‘Malas Save’ pomegranate and ‘Kent’ mango increased when 

fruits were transferred from cold storage to room temperature. 
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With respect to hormone treatments, fruit treated with 10 μmol•L−1 MeJA showed a 

reduced weight loss when compared with the control and 100 μmol•L−1 MeJA treated 

fruit. This was attributed to the decrease in water loss being induced by the 

treatments, consequently, reducing respiration and transpiration of the fruit. Previous 

study reported that exogenous 0.001 μmol•L−1 MeJA treatment reduced ‘Kinnow’ 

mandarin fruits weight loss through the delay of ripening and senescence and 

maintenance of cellular integrity (Baswal et al., 2020).  

 

In this study, fruit treated with 100 μmol•L−1 MeJA lost higher weight from day 2 to 

day 6 of ripening when compared with fruit treated with 10 μmol•L−1 MeJA (Figure 

3.4). This may be due to the effect of methyl jasmonate on ethylene production when 

applied at high concentration. Fan et al. (1997) reported that exogenous 10−3 M 

MeJA application resulted in enhanced ethylene production through the increased 

expression and activity of ethylene biosynthetic enzymes. González-Aguilar et al. 

(2003) also reported similar results in ‘Sunrise’ papaya fruit treated with 100 μmol•L−1 

MeJA. 

 

3.4.4. Fruit colour (visual and objective parameters) 

According to Cox et al. (2004), ‘Hass’ avocado fruit exocarp colour is an important 

ripening indicator used by growers, exporters and consumers. In the present study, 

‘Hass’ avocado fruit visual colour changed from rating 1 (emerald-green) to 3 (olive 

green) during ripening, regardless of treatment. Similar findings were reported by 

Mathaba et al. (2015), whereby, early harvest ‘Hass’ avocado fruit colour 

development only reached 3 (olive green). 
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In the current study, the control fruit obtained an olive-green colour from day 4 to day 

6 of ripening while fruit treated with 10 and 100 μmol•L−1 MeJA reached forest-green 

colour (Figure 3.5a). This was attributed to failure of colour development due to low 

anthocyanin production and development of chilling injury symptoms. According to 

Fung et al. (2006), exogenous application of 100 μmol•L−1 MeJA at the breaker stage 

failed to stimulate the red colour development in ‘Newton’ tomato fruit. These authors 

reported that colour development failure was due to the effect of high concentration 

of MeJA on ethylene production which enhanced the fruit to become more 

susceptible to chilling injury, thus, more symptoms development. According to 

Glowacz and Rees (2016), MeJA application at high concentration accelerates fruit 

ripening by increasing ethylene production. These results were an agreement with 

the current study, whereby, purple exocarp colour development was inhibited in all 

treatments throughout the ripening period as a result of chilling symptom 

development.  

 

In the current study, the exocarp of all fruit untreated and treated with either MeJA 

showed a decrease in exocarp lightness (L*), chroma (C*) and hue angle (h˚) (Figure 

4.2b - d). Similar results have been reported by Cox et al. (2004) and Donetti and 

Terry (2011), who observed that lightness, chroma and hue angle of ‘Hass’ avocado 

fruit decreased with ripening. These authors reported that the decrease in colour 

parameters L*, C* and h˚ was due to the development of a darker exocarp colour. 

Moreover, Öztürk et al. (2015) reported the decreased C* in ‘Fortune’ and ‘Friar’ 

Japanese plums treated with 2240 mg•L−1 MeJA. These authors reported that these 

effects were due to the role of MeJA in chlorophyll degradation and carotenoid 

biosynthesis. 
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Rudell et al. (2002) reported that exogenous 2.24 g•L−1 MeJA decreased the h˚ of 

‘Fuji’ apple fruit stored at 21°C for 7 days as a result of the increased peel 

anthocyanin content. In the current study, MeJA failed to induce ‘Hass’ avocado fruit 

exocarp anthocyanin synthesis and accumulation of. This was attributed to chilling 

injury as a result of the extended exposure of fruit to ultra-low cold storage Moreover, 

this was associated with failure of the treatment to enhance the activities of enzymes 

responsible for anthocyanin biosynthesis. However, previous research reported that 

exogenous application of 100 μM MeJA enhance the activity of the PAL enzyme 

involved in anthocyanin synthesis in ‘Autumn Bliss’ raspberries (Moro et al., 2017). 

Additionally, 50 µM MeJA was shown to upregulate the expression of the 

anthocyanin structural genes and regulatory genes in ‘Red Delicious’ apple fruit (An 

et al., 2015). These authors found that methyl jasmonate promoted accumulation of 

anthocyanins by the induction of structural genes (MdMYB9 and MdMYB11) in ‘Red 

Delicious’ apple fruit. 

 

3.4.5. Fruit firmness 

Avocado fruit firmness is an important ripeness indicator and directly affects shelf-life 

(Kassim et al., 2013). The firmness of ‘Hass’ avocado fruit decreased with ripening 

time, regardless of treatment (Figure 3.6). These findings were in line with those 

reported by Shikwambana et al. (2021), who observed a decrease in 'Hass' avocado 

fruit firmness, regardless of treatment. In this study, MeJA application was effective 

in maintaining fruit firmness when compared with control. Öztürk et al (2015) found 

that postharvest application of 2240 mg•L−1 MeJA preserved the fruit firmness of 

‘Fortune’ plums. According to González-Aguilar et al. (2001), fruit firmness is 

dependent on MeJA concentration. However, in the current study MeJA applied at 

10 and 100 μmol•L−1 showed similar effectiveness in maintaining fruit firmness 
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during ripening. This was attributed to the effect of MeJA treatment on cell wall 

degrading enzymes. Similar results were also reported by González-Aguilar et al. 

(2003), who found similar firmness values in ‘Sunrise’ papaya fruit treated with 10 

and 100 μmol•L−1 MeJA.  

 

3.4.6. External chilling injury 

Avocado fruit ‘Hass’ are susceptible to cold damage when stored at temperatures 

below 5.5°C (Bill et al., 2014). In the current study, chilling injury symptoms were 

observed to be severe in control fruit, whereas, substantially reduced in fruit treated 

with MeJA (Figure 3.7). These results were similar to those of Glowacz et al. 

(2017b), who observed the increased ‘Hass’ avocado fruit CI symptoms during 

storage at 2°C. The control and fruit treated with MeJA showed the poor exocarp 

colour development. This was attributed to chilling injury as a result of the extended 

exposure of fruit to ultra-low storage temperature. Mathaba et al. (2015) reported 

that the extended ‘Hass’ avocado fruit chilling injury symptoms may lead to poor 

colour change during ripening. 

 

The incidence of chilling injury was high in the fruit treated with higher concentrations 

of 100 μmol•L−1 MeJA compared with the lower concentrations of 10 μmol•L−1 MeJA 

(Figure 3.7). Similar results have been reported in ‘Mollar de Elche’ pomegranate 

fruits, in which CI alleviation was achieved at lower concentration 5.0 mM MeJA 

(García-Pastor et al., 2020). Previous studies have reported that MeJA reduced CI 

symptoms in horticultural fruits through inhibition of membrane peroxidation, 

preservation of membrane integrity, increases in heat shock proteins (HSPs), 

enhanced antioxidant systems and suppressed activities of browning-related 

enzymes (Khademi et al., 2019). Moreover, studies have reported that HSPs 
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alleviate CI through stabilization of cell membranes, thus, maintaining the fluidity and 

integrity of cell membranes in fruits and vegetables (Horvath et al., 2008; Aghdam 

and Bodbodak, 2013). 

 

3.4.7. Fruit rot 

In general, storage conditions are critical to the onset of postharvest diseases and 

disorders (Ramírez-Gil et al., 2021). In the current study, ‘Hass’ avocado fruit 

developed the fruit rot after withdrawal from ultra-low cold storage. Moreover, the 

control fruit exhibited the pronounced fruit rot incidence when compared with 10 and 

100 μmol•L−1 MeJA treated fruit (Figure 3.9). These observations were not 

surprising, since fruit with chilling injury are often highly susceptible to fungal 

infections (Sevillano et al., 2009). Previous research has shown that treatment of 

‘Mollar de Elche’ pomegranate fruit with 10 and 100 μmol•L−1 MeJA reduced the 

development of fruit rot incidence during storage at 2°C (Sayyari et al., 2011). These 

results were in agreement with the current study, whereby, fruit treated with 10 

μmol•L−1 MeJA were observed to be less susceptible to fruit rot. Furthermore, 

Glowacz and Rees (2016), reported that the exogenous application of 10 and 100 

μmol•L−1 MeJA on ’Sunrise’ papaya and ‘Hari Chhal’ banana during storage at low 

temperatures effectively reduced the postharvest rot incidence of the fruits and 

preserved quality. The results of the current study showed that treatment ‘with 100 

μmol•L−1 MeJA inhibited the occurrence of Hass’ avocado fruit rot incidence (Figure 

3.9). This was attributed to the effect of MeJA on membrane integrity. These results 

were confirmed by Glowacz et al. (2017a), whereby, ‘Hass’ avocado fruit treated with 

100 μmol•L−1 MeJA showed the reduced incidence rot after withdrawal from cold 

storage. The observed reduction in fruit rot incidence may be due to the effect of 

MeJA on improved membrane stability and increased activity of chitinase and β-1,3-
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glucanase enzymes (Cao et al., 2008b; Luo et al., 2011). Based on these results, it 

can be concluded that MeJA treatment effectively control the fruit rot in ‘Hass’ 

avocado fruit. 

 

3.4.8. Vascular browning 

According to Yahia (2011), ‘Hass’ avocado fruit exposure to storage temperature 

between 3.0 - 5.0°C for 2 weeks resulted in internal flesh browning, failure to ripen 

and increased susceptibility to pathogen attack. In the current study, fruit treated with 

MeJA showed the reduced incidence of vascular browning when compared with 

control fruit (Figure 3.10). Previous study has reported that treatment of ‘Qingzhong’ 

loquat fruit with 10 μmol•L−1 MeJA effectively reduced the browning incidence after 

withdrawal from cold storage (Coa et al., 2008a). In addition, the present study 

showed that treatment with 10 μmol•L−1 MeJA inhibited the incidence of ‘Hass’ 

avocado fruit vascular browning . In agreement with these results, Cao et al. (2009) 

observed that ‘Fuyang’ loquat fruit did not brown when treated with 10 μM MeJA 

during storage at 1°C. Based on these results, MeJA treatments are capable of 

alleviating chilling injury and vascular browning in ‘Hass’ avocado fruit. 
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CHAPTER 4 

EFFECT OF SALICYLIC ACID ON QUALITY PRESERVATION OF ‘HASS’ 

AVOCADO FRUIT DURING ULTRA-LOW COLD STORAGE 

 

4.1. Introduction 

The South African Avocado Industry face challenges of the competitive export 

market. Supplying high quality fruit and compliant with phytosanitary standards of 

importing countries require cold sterilization of avocado fruit in order to eradicate 

various insect pest (Glowacz et al., 2017b). Such a treatment is a well-established 

phytosanitary standard for most high paying and competitive markets (Sivankalyani 

et al., 2015). However, the prolonged exposure of fruits to low temperatures results 

in failure of normal ripening, development of rots, and CI, thus affecting fruit quality. 

The loss of avocado quality results in enormous economic losses, as fruit 

marketability is reduced (Yahia, 2011). Previously, several methods have been 

employed to preserve the quality of ‘Hass’ avocado fruit. 

 

In the last decade, SA treatments have received much attention as a potential 

technique to preserve fruit quality in ‘Mollar de Elche’ pomegranate (Sayyari et al., 

2011). Salicylic acid has been reported to inhibit the activities of different 

senescence and ethylene production enzymes during postharvest storage (ElMasry 

et al. 2009; Pareek et al., 2015). Moreover, exogenous SA has been reported to 

reduce CI through expression of HSPs, antioxidant activity, the arginine pathway that 

change polyamines, nitric oxide (NO) and proline production and polyphenol oxidase 

(PPO) enzyme activity (Aghdam and Bodbodak, 2014). However, there is scarcity of 

information on the application of SA to preserve the quality of ‘Hass’ avocado fruit. 
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Therefore, objective of the present study was to determine the effect of salicylic acid 

on quality preservation of ‘Hass’ avocado fruit under ultra-low cold storage. 

 

4.2. Materials and Methods 

4.2.1. Experimental sites 

Same as explained in section 3.2.1 

 

4.2.2. Experimental procedure and design 

The experiment was carried as a completely randomized design (CRD) with eight 

replications per treatment. The concentrations of salicylic acid (SA) treatment were 0 

(control), 1.0, 2.0 and 3.0 mM. Eighteen fruit were dipped for 30 minutes in SA 

solution containing the above concentrations. Treated fruit were allowed to dry at 

room temperature (25°C) for 1 hour. Thereafter, treated fruit were weighed, analysed 

for colour parameters and firmness, and then packed in commercial carton boxes, 

subsequently, cold stored at 2°C for 31 days. Fruit were removed from cold storage 

after 31 days and transferred to room temperature at 25°C to ripen. 

 

4.3. Data collection 

All the data collected for weight loss, objective colour, subjective colour, firmness, 

physiological and pathological disorders were collected as explained in section 3.3. 

 

4.4. Data analysis 

The data was analysed using GenStat 20th edition statistical software as explained in 

section 3.4. 

 



39 
 

4.5. RESULTS 

4.5.1. Fruit weight loss 

In this study, the treatment had no significant (P = 0.663) effect on Hass’ avocado 

fruit weight loss ‘during ripening (Appendix 4.1). On overall, ‘Hass’ avocado fruit 

weight loss increased with days of ripening at ambient temperature (Figure 4.1). 

However, the control fruit exhibited more weight loss when compared with fruit 

treated with SA treatment. Furthermore, fruit treated with 3.0 mM SA showed a 

higher weight loss similar to control fruit from day 4 to day 6 when compared with 1.0 

and 2.0 mM treated fruit. overall, fruit treated with 1.0 and 2.0 mM showed the similar 

trend of reduced weight loss throughout the ripening period. 

 

Figure 4.1. Weight loss of 0 (control), 1.0, 2.0 and 3.0 mM SA treated ‘Hass’ 

avocado fruit during ripening at ambient temperature. Values are means of 8 

replicates (n = 8) and ±SE of means at P ≤ 0.05 
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4.5.2. Fruit colour (visual and objective parameters) 

There was a significant difference (P = 0.047) in visual colour between the studied 

treatments during ripening (Appendix 4.2). The ‘Hass’ avocado exocarp colour was 

observed to change from emerald-green to olive green during ripening ambient 

temperature, regardless of treatment (Figure 4.2a). Furthermore, both treated and 

untreated fruit showed the similar trend of visual colour values from day 0 to day 4 of 

ripening. Moreover, the control and 2.0 mM SA treated fruit showed similar trend of 

higher visual colour values from day 4 to day 6 of ripening when compared with 2.0 

and 3.0 mM SA treated fruit. Further, fruit treated with 1.0 and 3.0 mM SA showed a 

similar trend of visual colour throughout the ripening period. 

 

There was no significant difference between SA and control fruit in terms of objective 

colour L* (P = 0.220) and h° (P = 0.066) during ripening (Appendices 4.3 and 4.4). 

Conversely, there was a significant difference (P = 0.002) between the studied 

treatment on hue angle (h°) during ripening (Appendix 4.5). The objective colour 

parameters (L*, C* and h°) showed a decreasing trend for all treatments during 

ripening (Figure 4.2b - d). Treatment with 1.0 mM SA showed higher L* values from 

day 2 to day 6 of ripening when compared with 2.0 and 3.0 mM SA treated and 

control fruit. Moreover, fruit treated with 3.0 mM SA showed the lowest L* values 

throughout the ripening period as compared to 1.0 and 2.0 mM SA. 

 

In this study, C* values were higher for 1.0 mM SA treated fruit when compared with 

2.0 and 3.0 mM SA treated and control fruit (Figure 4.2c). However, fruit treated with 

3.0 mM SA showed the lowest C* values throughout the ripening period. Similarly, h° 

values for control fruit were lower when compared with 1.0, 2.0 and 3.0 mM SA 
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treatments throughout ripening days at 25°C. Further, 2.0 mM SA treated fruit 

showed a similar trend with control fruit from day 4 to day 6 of ripening. 
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Figure 4.2. Fruit (a) visual colour; (b) L* values; (c) C* values; (d) h° values of 0 (control), 1.0, 2.0 and 3.0 mM SA ‘Hass’ avocado 

fruit during ripening at ambient temperature. Values are means of 8 replicates (n = 8) and ±SE of means at P ≤ 0.05 
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4.5.3. Fruit firmness 

There was a significant difference (P < 0.001) on the studied treatments on ‘Hass’ 

avocado fruit firmness loss during ripening (Appendix 4.6). In general, fruit firmness 

decreased with days of ripening regardless of treatment (Figure 4.3). The control and 

fruit treated with 1.0, 2.0 and 3.0 mM SA showed the similar trend of firmness loss 

from day 0 to day 4 of fruit ripening. However, fruit treated with 1.0, 2.0 and 3.0 mM 

SA showed the reduced firmness loss from day 4 to day 8 when compared with the 

control fruit.  

 

Figure 4.3. Fruit firmness of 0 (control), 1.0, 2.0 and 3.0 mM SA treated ‘Hass’ 

avocado fruit during ripening at ambient temperature. Values are means of 8 

replicates (n = 8) and ±SE of means at P ≤ 0.05 

 

4.5.4. External chilling injury 

In this study, the treatment had the significant (P = 0.020) effect on ‘Hass’ avocado 

fruit external chilling injury symptoms after the ultra-low cold storage (Appendix 4.7). 

The control fruit showed the significantly higher chilling symptoms when compared 
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with SA treated fruit (Figure 4.4). Furthermore, fruit treated with 3.0 mM SA showed 

the higher chilling injury symptoms when compared with fruit treated with 1.0 and 2.0 

mM SA. Overall, treatment of fruit with 1.0 mM SA was observed to be effective in 

reducing the chilling symptoms when compared with fruit treated with 2.0 and 3.0 

mM SA and control fruit 

 

Figure 4.4. External chilling injury of 0 (control), 1.0, 2.0 and 3.0 mM SA treated 

‘Hass’ avocado fruit during ripening at ambient temperature. Values are means of 8 

replicates (n = 8) and ±SE of means at P ≤ 0.05 

 

4.5.5. Fruit rot 

A significant difference was not observed (P = 0.541) between the treatments on 

avocado fruit rot incidence during ripening (Appendix 4.9). The control fruit showed 

the highest rot incidence when compare with fruit treated with 1.0, 2.0 and 3.0 mM 

SA (Figure 4.6). Furthermore, treatment of fruit with 1.0, 2.0 and 3.0 mM SA was 

observed to be effective in inducing resistance of ‘Hass’ avocado fruit to rot during 

ripening. 
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Figure 4.6. Fruit rot of 0 (control), 1.0, 2.0 and 3.0 mM SA ‘Hass’ avocado fruit during 

ripening at ambient temperature. Values are means of 8 replicates (n = 8) and ±SE 

of means at P ≤ 0.05 

 

4.5.6. Vascular browning 

There was no significant difference (P = 0.550) between the studied treatments on 

‘Hass’ avocado fruit vascular browning incidence after withdrawal from ultra-low cold 

storage (Appendix 4.10). However, the control fruit showed the highest incidence of 

vascular browning when compared with fruit treated with salicylic acid (Figure 4.7). 

Furthermore, fruit treated with 2.0 and 3.0 mM SA showed the similar results of 

higher vascular browning incidence when compared with fruit treated with 1.0 mM 

SA treated fruit. Overall, treatment of ‘Hass’ avocado fruit with 1.0 mM SA was 

observed to be effective in inhibiting the development of vascular browning incidence 

during ripening. 
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Figure 4.7. Vascular browning of 0 (control), 1.0, 2.0 and 3.0 mM SA treated ‘Hass’ 

avocado fruit during ripening at ambient temperature. Values are means of 8 

replicates (n = 8) and ±SE of means at P ≤ 0.05 

 

4.6. DISCUSSION 

4.6.1. Fruit weight loss 

The activation of resistance mechanisms against water stress conditions is very 

important for the reduction of postharvest losses, since water loss is one of the major 

causes of postharvest losses during handling and storage of fruit crops (Asghari, 

2019). In this study, the results showed that treatment of with 1.0, 2.0 and 3.0 mM 

SA was effective in reducing ‘Hass’ avocado fruit weight loss when compared control 

fruit. This was attributed to the potential of SA on reduction of water loss in ‘Hass’ 

avocado fruit. These results were in agreement with Shen and Yang (2017) who 

observed the reduced weight loss in ‘Punjab Beauty’ pear fruit treated with 2.0 mM 

SA. These authors reported that this was due to the effect of SA on ripening and 
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senescence delay. Furthermore, exogenous 2.0 mM SA application combined with 

chitosan was reported to reduce the water loss and respiration rate of ‘Punjab 

Beauty’ pear through blockage of fruit lenticels (Shen and Yang, 2017). 

 

In the current study, treatment of ‘Hass’ avocado fruit with 1.0 and 2.0 mM SA 

reduced the weight loss when compared with 3.0 mM SA treated and control fruit. 

This was attributed to the effect of SA on reduced metabolic activities of the fruit. In 

agreement with these results, Haider et al. (2020) reported that SA inhibit the 

activities of senescence enzymes such as 1-aminocyclopropane-1-carboxylic acid 

synthase (ACS), 1-aminocyclopropane-1-carboxylic acid oxidase (ACO), 

polygalacturonase (PG) and pectin methyl esterase (PME) in ‘Kinnow’ mandarin fruit. 

In horticultural crops, enzyme inhibition decreases  respiration rate (Aghdam et al., 

2014; Haider et al., 2020). Srivastava and Dwivedi (2000) reported that 1.0 mM SA 

treatment decreased the respiration rate, ethylene production and cell wall degrading 

enzyme activities in ‘Hari Chhal’ banana fruit. 

 

Fruit treated with high concentrations of SA lost higher weight from day 2 to day 6 of 

ripening when compared with fruit treated with lower concentrations (Figure 4.1). 

This was attributed to the effect of SA on ethylene production when applied at higher 

concentration. In agreement with these results, Van de Poel et al. (2012) reported 

the increased respiration rate and ethylene production in ‘Bonaparte’ tomato fruit 

treated with 10 μmol•L−1 MeSA where the dose was too low to limit ethylene 

production. However, Alali et al. (2021) found that SA reduced weight loss in ‘Grand 

Nain’ banana fruit when applied at a higher concentration (2.0 mM).  

 



48 
 

4.6.2. Fruit colour (visual and objective parameters) 

Visual quality is an important aspect for the food supply chain, since fresh produce 

with good appearance is preferred by customers and retailers (Glowacz and Rees, 

2016). During the current study, visual colour change from emerald green to olive 

green was observed in fruit treated and untreated with SA (Figure 4.2a). According 

to Mathaba et al. (2015), chilling damage development in ‘Hass’ avocado fruit result 

in poor exocarp colour development. These results were an agreement with the 

current study whereby, the development of purple exocarp colour was inhibited in all 

treatments throughout the ripening period as a result of chilling symptom 

development.  

 

In the current study, a decrease in exocarp colour parameters; lightness (L*), chroma 

(C*) and hue angle (h˚) (Figure 4.2b - d) for all fruit treated and untreated with 

salicylic acid was observed. Similarly, Valero et al. (2011) observed the decreased 

exocarp L* in ‘Cristalina’ and ‘Prime Giant’ sweet cherries treated with 1000 μmol•L−1 

SA. These authors reported that the decrease in fruit chromaticity was due to the 

degradation of chlorophyll and flavonoids accumulation. According to Wills et al. 

(2007), the loss of green colour during fruit senescence has been associated with 

degradation of chlorophyll structure as a result of the chlorophyllase enzyme activity. 

The results obtained in this study showed the lower L*, C* and h˚ values in 2.0 and 

3.0 mM SA treated fruit when compared with fruit treated with 1.0 mM SA (Figure 

4.2b – d). Studies have shown that exogenous 2.0 mM SA enhance chlorophyll 

degradation by increasing the activity of chlorophyllase (Champa and Gamage, 

2020; Cavusoglu et al., 2021). These results were in agreement with the current 

study, whereby, a change from emerald green to olive green colour was observed. 
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Anthocyanin biosynthetic pathway is regulated by enzyme activities such as 

phenylalanine ammonia lyase (PAL), chalcone synthase (CHS), chalcone isomerase 

(CHI), flavanone 3-hydroxylase (F3H), dihydroflavonol 4-reductase (DFR), 

leucoanthocyanidin dioxygenase (LDOX) and UDP-glucose: flavonoid 3-O-

glucosyltransferase (UFGT) (Mori et al., 2005; Obinatai et al., 2003). Results from 

previous studies have reported that the exogenous application of 10−3 and 10−5 M SA 

enhanced the anthocyanin biosynthesis in ‘Halia Bara’ ginger through the activation 

of the chalcone synthase (CHS) enzyme activity (Ghasemzadeh et al., 2012). 

However, in the current study treatment of ‘Hass’ avocado fruit with 1.0, 2.0 and 3.0 

mM SA failed to induce the development of purple/black colour during fruit ripening. 

This was attributed to effect of SA treatment on activation of anthocyanin 

biosynthetic enzymes which failed to induce the accumulation of anthocyanin in the 

fruit exocarp.  

 

4.6.3. Fruit firmness 

Texture loss during storage is a serious problem for fresh produce industry because 

it reduces marketability of the product (Glowacz and Rees, 2016). In the current 

study. fruit firmness of ‘Hass’ avocado was observed to decrease with ripening time 

regardless of treatment (Figure 4.3). Furthermore, firmness values of fruit treated 

with 1.0 and 2.0 mM SA were higher throughout the ripening compared with control 

and fruit treated with 3.0 mM SA. The high firmness may be due to the effect of SA 

on decreased activities of fruit softening enzymes, mainly polygalacturonase (PG), 

cellulase and pectin methyl esterase (PME), which account for hydrolysing glycosidic 

linkage in the cell wall integrity which is directly related to ripening (Marin-Rodriguez 

et al., 2002; Valero and Serrano, 2010). Baswal et al. (2020) found that application of 

0.002 μmol•L−1 SA maintained fruit quality by decreasing weight loss, firmness and 
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retarded the activities of enzymes mainly cellulase and PME. Moreover, Srivastava 

and Dwivedi (2000) reported that 1.0 mM SA treatment decreased the respiration 

rate, ethylene production and cell wall degrading enzyme activities in ‘Hari Chhal’ 

bananas. 

 

4.6.4. External chilling injury 

Chilling injury is one of the major challenges of avocado trade growth on the world 

market (Glowacz et al., 2017b). The present study showed that fruit treated with 

salicylic acid had the reduced chilling injury symptoms when compared with the 

control fruit (Figure 4.4). Furthermore, treatment of fruit with 1.0 mM SA was 

observed to be effective in reducing the chilling symptoms when compared with fruit 

treated with 2.0 and 3.0 mM SA. These results were consistent with Khademi et al. 

(2019), whereby, CI was effectively reduced in ‘Cavendish’ banana fruit treated with 

1.0 mM SA. Rasouli et al. (2019) reported that 2.0 mM SA treatment was effective in 

alleviating chilling injury in ‘Navel’ orange fruit during cold storage at 1°C. This was in 

agreement with the current study in which 2.0 mM SA substantially reduced the 

development of CI symptoms compared with 3.0 mM SA treated and control fruit. 

 

The reduction in CI development in the current study was associated to the effect of 

SA on fatty acids, fruit membrane integrity and chilling stress responsive enzymes. 

According to Razavi et al. (2018), plant tissue subjected to chilling stress undergoes 

physical cell membrane phase transition from a normal flexible, liquid-crystalline to a 

solid gel structure. When membranes solidify, membrane fluidity changes and 

membrane lipids undergo phase transition which results in configuration of certain 

essential membrane-bound proteins and enzymes. Glowacz et al. (2017b) and 

Aghdam et al. (2016) reported that SA can alleviate CI by alteration of fatty acid 
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content, reduction of cell membrane damage, and LOX enzymatic activities, thus, 

decreasing lipid peroxidation. These results were in agreement with the results of the 

current study whereby chilling injury was substantially reduced in fruit treated with 

1.0 and 2.0 mM SA (Figure 4.4).  

 

4.6.5. Fruit rot 

Postharvest fruit rot is one of the main problems affecting avocado quality during 

storage and leads to important economic losses (Ramírez-Gil et al., 2021). During 

the current study, fruit rot was more prevalent in control fruit when compared with 

fruit treated with SA (Figure 4.6). According to Tareen et al. (2012), exogenous 

treatment of ‘Flordaking’ peach fruit with 500 μmol•L−1 SA reduced the incidence of 

rot and decay during storage at low temperatures. These authors reported that this 

was associated with the effect of SA on maintenance of fruit cellular and membrane 

integrity. Similar to their study, the current study found that treatment with 1.0, 2.0 

and 3.0 mM SA effectively inhibited the development of fruit rot incidence in ‘Hass’ 

avocado during storage and ripening. According to Glowacz et al. (2017a), 100 

μmol•L−1 MeSA treatment effectively reduced the rot incidence in ‘Hass’ avocado fruit 

during storage at 2°C. These authors reported this was due to the increased 

activities of chitinase and β-1,3-glucanase enzymes. Previous studies demonstrated 

that chitinase and β-1,3-glucanase enzymes are responsible for hydrolysing 

polymers of fungal cell wall leading to weakened cell wall and cell lysis, thus, 

delaying fungal growth (Stintzi et al., 1993; Theis and Stahl, 2004). 

 

4.6.6. Vascular browning 

Vascular browning is one of the important economic disorders which affects the 

avocado trade growth on the world market (Arpaia et al., 2004). The current study 
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showed that the incidence of vascular browning was less pronounced in fruit treated 

with SA when compared with control. Furthermore, fruit treated with 1.0 mM SA 

inhibited the development of vascular browning when compared with 2.0 and 3.0 mM 

SA treated and control fruit. Previous studies have shown that 1000 μmol•L−1 SA 

treatments were effective in reducing the incidence of internal browning in 

‘Luoyangqing’ loquat during storage at low temperatures (Cai et al., 2006). 

Moreover, a study by Zhao et al. (2021) showed that 1 μmol•L−1 SA delayed the 

internal browning of ‘Jinqiuhongmi’ peach fruit stored at 4°C. These authors reported 

that this was due to the effect of SA on CI alleviation and activity of enzymes 

responsible for oxidation. Based on these results, it can be concluded that SA 

treatments are capable of alleviating chilling injury and vascular browning in ‘Hass’ 

avocado fruit. 
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CHAPTER 5 

SUMMARY, RECOMMENDATIONS AND CONCLUSIONS 

5.1. Summary 

The purpose of this study was to investigate the effect that MeJA and SA have on 

quality preservation of ‘Hass’ avocado during the ultra-low cold storage. Methyl 

jasmonate treatment had no significant impact on fruit weight, visual and objective 

colour, chilling injury and pathological and physiological disorders. However, the 

significant effects were recorded on fruit firmness. In comparison with 10 μmol•L−1 

MeJA, treatment with 100 μmol•L−1 MeJA caused high weight loss coupled with 

severe chilling injury symptoms. The results indicated that 10 μmol•L−1 MeJA was 

the effective treatment with regard to reducing weight loss and chilling injury 

symptoms. Moreover, treatment with 10 μmol•L−1 MeJA maintained a higher unit of 

firmness throughout the ripening period compared with the control and 100 μmol•L−1 

MeJA. In general, postharvest application of 10 μmol•L−1 MeJA induced tolerance to 

CI and preserved quality of ‘Hass’ avocado fruit. However, this treatment failed to 

enhance the purple/black colour development of the fruit but only showed colour 

change from emerald-green to olive-green.  

 

Salicylic treatment had the significant effect on Chilling injury, firmness and visual 

colour of ‘Hass’ avocado fruit. However, the treatment had no significant impact on 

weight loss and pathological and physiological disorders. Treatment of SA at high 

concentration (3.0 mM) showed the higher fruit weight loss. Further, treatment with 

1.0 and 2.0 mM SA failed to enhance the development of black colour in fruit during 

ripening. Moreover, SA (1.0 mM) treatment was observed to effectively maintain fruit 

firmness and inhibit the development of pathological and physiological disorders. It 
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can therefore be concluded that expression of antioxidants involved in metabolic 

pathway although not quantified in the current study was possibly not highly affected 

when fruit were treated with 100 μmol•L−1 MeJA and 3.0 mM SA compared with 10 

μmol•L−1 MeJA and 1.0 and 2.0 mM SA 

 

5.2. Recommended future research 

The current study did not include the antioxidant study, analysis of enzymatic 

antioxidants and the impact of the treatments on membrane integrity and solute 

leakage. Therefore, future research should aim at developing assays to quantify the 

potency of enzymatic antioxidants (e.g., PPO, SOD, CAT, POD) and develop 

antioxidant capacity that also includes bioactive compounds and enzymatic 

antioxidants. Membrane composition can be affected by lipid composition. Cellular 

membranes which contain highly saturated, long-chained lipids are more chilling 

than those containing unsaturated long-chained lipids. Fruit sourced from chilling 

resistant micro-climates might have an altered membrane lipid composition 

compared with those from chilling-susceptible climates. Therefore, the role of micro-

climate and orchard practises on membrane lipid composition must be investigated 

before application of any post-harvest treatments such as methyl jasmonate or 

salicylic acid is commercially recommended. 

 

5.3. Conclusion 

The present study showed that postharvest application of MeJA and SA had 

profound effect on quality of ‘Hass’ avocado. In conclusion, MeJA and SA can be 

used as postharvest treatments on chilling injury and avocado quality during ultra-

low cold storage. The best treatments for 'Hass' avocado fruit was salicylic acid (1.0 
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mM) as quality parameters such as weight loss and firmness were maintained. In 

addition to providing good external and internal quality, this treatment also reduced 

the development of postharvest diseases and disorders when compared with 10 and 

100 μmol•L−1 MeJA and 2.0 and 3.0 mM SA. To prevent CI of 'Hass' avocado fruit 

and poor exocarp colour development during ripening, further investigations are 

required regarding the combination of MeJA and SA and fruit maturity. 
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