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Abstract:  

Melon fruit fly is the major pest of cucurbits as it directly causes damage to the cucurbit fruits in 

early stage of its development. The infection to fruit tissues induces increased oxidative damage to the cell, 

mediated by the production of reactive oxygen species.  In this study it is shown that the melon fly 

resistance fruits like chayote express high levels of antioxidant enzyme which closely associated the 

processes scavenging ROS.  This is coupled with balancing cellular antioxidants that helped to regain 

homeostasis in infested tissue.  In contrast, the susceptibility of cucumber fruit to infestation by melon fly 

was the result of an imbalance between the production of antioxidants and scavenging of ROS, leading to 

the destruction of peripheral tissues around the oviposition site, which then acted as a predisposing factor 

for feeding by the larva.  Thus, this study has highlighted the significant role of redox-regulatory processes 

involving ROS and antioxidative enzymes in the resistance of host plants to melon fly infestation. Analysis 

of the data also showed that anti-biosis, targeting larval development in chayote fruit, might play a crucial 

role in the resistance to melon fly infestation. 
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While there are many ways to describe what antioxidants do inside the body, one definition 

of antioxidant is any substance that inhibits oxidation, or removes potentially damaging oxidizing agents in 

a living organism. Every single cell has both antioxidants and free radicals present inside the living system 

at all times. Some antioxidants are made from the cell itself, and can get others through nutrients rich in 

antioxidants (Vigneshwaran et al., 2014). Living cells also produce free radicals as by-products of cellular 

reactions, these highly reactive oxygen species were allowed to travel freely in the cellular system, cause 

oxidative damage by formation of free radicals (Vote et al., 2010).When antioxidant levels in the cell are 

lower than that of free radicals due to poor nutrition, toxin exposure or other factors, oxidation wreaks 

havoc in the cellular system. The effects, accelerate damage or mutate cells, and activate harmful genes 

within DNA. High exposure to chemicals or environmental pollutants seems to lay the foundation for the 

proliferation of free radicals (Lobo et al., 2010). Because many of cells are exposed to such high rates of 

oxidative stress during cellular growth, development and maturation in living system, more than ever they 

need the power of antioxidants, which means they should produce more endogenous antioxidants to 

balance the damage from oxidative stress.  

Melon fly is one of the serious pest worldwide infesting cucurbitaceous fruits inducing 

considerable damage resulting insufficient growth and economical loss. The field experiments on 

assessment of loss of cucurbit fruit by melon fly infestation have been reported (Bwonmik et al., 2014). 

Depending on the environmental conditions and susceptibility of cucurbits species, the extent of losses 

varies between 30 to 100% (Gupta et al., 1992). Plants have evolved sophisticated biochemical 

mechanisms to exert self-defense against pathogens, insect infection and UV-light protection (Cusui Wu et 

al., 1997). The cucurbit fruits consist of biologically active secondary metabolites like Phenols, flavanoids, 

terpenes, proteins, steroids, alkaloid and lignin, these help in defense mechanisms and increases the 

resistance against infection (Tanuja et al., 2012).  The increased expression of antioxidant enzymes during 

the infection is known to defend the potential oxidative damage to the cells induced by the infected pests.  

The enzymes scavenge the reactive oxygen species and protect the cellular integrity by minimizing cellular 

destruction induced by invasion of pest (Mengyi et al., 2015).  Many studies showed the increased levels of 

secondary metabolite and antioxidant enzymes during pest infestation; however, not much has been 

reported in regard to cucurbits fruit resistance or susceptible during melon fly infestation.   The present 

study aimed at studying the enzymatic and non-enzymatic potential of resistance chayote and susceptible 

cucumber fruits in response to melon fly infestation. The study will demonstrate the potential of 

antioxidants in the damaged cell to resist the infection to protect the fruits.  
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Materials and methods 

 Chayote, cucumber, seeds were obtained from Horticulture department, Shimoga and were 

cultivated in the botanical garden of Sahyadri science college, Shimoga, Karnataka, India. The harvested 

fruits were infected by oviposition of melon fly eggs.  Eggs were the gifts from Entomology department, 

Indian Institute of Horticulture Research (IIHR), Bangalore. Most chemicals used during these experiments 

are obtained from Hi media and Merck, All the general chemicals and solvents are of analytical grade. 

 

Estimation of total flavonoid and phenolic content in healthy and infected fruit tissues 

 Total phenolic and flavonoid contents were measured from the healthy and infected cucurbits fruits. 

The total phenolic content was assayed after extraction from melon fly infested tissue as described 

(Alafiatayo et al., 2014). Briefly, 100uL of tissue samples and standard solution (Galic acid in 100, 200, 

300, 400 and 500 µg/ml) were added to 8.9ml of distilled water and 1mL of Folin – Ciocalteu’s (FC-

reagent) reagent.  The mixture was shaken and after 5 min, 10mL of 7% of Na2CO3 and 4.9 ml of distilled 

water was added to make a total volume of 25mL. The mixture was incubated at room temperature for 

90mins and absorbance was read at 750nm.  Total phenolic acid content was expressed as g/ml of Gallic 

acid equivalents (GAE) in the infected and healthy samples.  

Total flavonoid content was measured by the aluminium chloride colorimetric assay (Patricia et 

al., 2012). An aliquot (1ml) of extracts or standard solutions of quercetin (20, 40, 60, 80 and 100µg/ml) 

was added to 10 ml volumetric flask containing 4 ml of distilled water. To the flask was added 0.30 ml 5% 

NaNO2, after five minutes 0.3 ml 10 % AlCl3 was added. After five minutes, 2 ml IM NaOH was added 

and the volume was made up to 10 ml with distilled water. The solution was mixed and absorbance was 

measured against the blank at 510 nm. The total flavonoid content was expressed as mg quercetin 

equivalents (QE). 

 

Assay of non-enzymatic antioxidant potential of cucurbit fruit extracts:  

 Cucurbits fruit extracts from healthy and infested tissues were subjected non enzymatic antioxidant 

assays following standard protocols.   

Ferric reducing antioxidant power (FRAP) assay: 5g of healthy and infected fruit sample was 

homogeneous with 100ml of sodium acetate buffer (l, M, pH 3.6), and filtered in muslin cloth. 100L of 

filtered sample was mixed with 3 mL FRAP reagent (containing 2,4,6,- tripyridyl- s- triazine(TPTZ),  l M 
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HCl and l M FeCl3 at10:1:1 ratio) and tubes were vortex and  further incubated in boiling water bath for 

30min at room temperature and absorbance was read at 593 nm (Aneta, 2007). 

Super oxide anion (o-
2) assay: The superoxide scavenging ability of the extracts was assessed by the 

method of (Doke, 1983). 100 L tissue homogenate was suspended in a solution containing 3 ml of Tris-

HCL buffer (16 mm, pH 8.0), 1 ml of NBT (50 mm) and 1 ml NADH (78 mm),  to that, add 1 ml of 10 

mM phenazinemethosulphate (PMS) and incubate the mixture at  30oC for 10 min and read the absorbance 

at 560 NM. 

DPPH free radical scavenging assay: The methanol extract of healthy and infected tissue was prepared 

(Anwesa et al., 2015).In brief, different concentrations of sample 20,40,60,80,100 µL with mixed 1.5 ml of 

DPPH, the mixture was shaken and allowed to stand at room temp (Dark condition) for 30 min. then, 

absorbance was measured at 517 nm. 

 

Assay of antioxidant enzymes level and activity among infected and healthy cucurbits fruits 

  Cucurbits fruit tissue samples were taken from health and infected portions.  10 gram of tissue 

samples were extracted by homogenation with 100mM phosphate buffer (pH 7.2). The homogenate was 

centrifuged at 10,000 RPM for 15min, at 10 °C. The supernatant obtained was used for the determination to 

antioxidant enzyme activity. 

Polyphenol oxidase (PPO) assay: PPO activity was determined by the method of Liu et al (Liu et al. 

2005). The standard reaction mixture contained 1.5 ml of 40 mmol/l catechol and 2.3 ml of 0.1 mol/l 

phosphate buffer (pH 6.5) in a 10 ml test tube, and was placed in a 25°C water bath for 5 minutes. Then, 

0.2 ml of crude enzyme was added to the test tube and mixed thoroughly. Immediately, the increase in 

absorbance was measured at 420 nm with a UV-spectrophotometer. 

Peroxidase (POD) assay: POD activity was carried out according to Pütter & Becker (1983). First, 1.5 mL 

of 67 mM phosphate buffer pH 6.0 and 0.5 mL of the sample were pipetted into a 10 mm path length 

polyacrylic cuvette, and incubated at 25 °C for 1 min. To start the reaction, 0.2 mL of a 1.7 mM ABTS 

solution and 0.2 mL of 0.8 mM hydrogen peroxide solution were added and mixed. Absorbance was 

measured at 405nm using spectrophotometer. 

Superoxide Dismutase activity (SOD): SOD activity was assayed by measuring its ability to inhibit the 

photochemical reduction of NBT using the method of Dhindsa et al., (1981). The 3 ml reaction mixture 

with 50µl cucurbit fruit samples contained 50 mM phosphate buffer (pH 7.8), 13 mM methionine, 75 M 

NBT, 2M riboflavin, 0.1 mM EDTA. Riboflavin was added last and the tubes were shaken and placed 30 
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cm below a light bank consisting of two 15 W fluorescent lamps for 10 min. The absorbance of the reaction 

mixture was read at 560 nm 

Catalase assay (CAT): Catalase activity was determined as referred in Shivashanakar et al., (2015).  Take 

cucurbit fruit tissue and homogenate with 100 mM potassium phosphate buffer, pH 7.0. Centrifuge the 

contents at 18,000 g for 15min at 4∘C and collect the supernatant containing enzyme for the assay. Take 20-

100 µL of enzyme sample processed from different cucurbit fruits and add 8 mL 67 mM phosphate buffer 

(PH 7.0) and 50 µL of 240 mM of hydrogen peroxide. Vortex the mixture and read the absorbance at 240 

nm.  

 

4.3. Results 

The melon fly infection to cucurbits fruit generates the production of free radicals, which induces 

biotic oxidative stress to the fruit tissues and damages the fruit tissues.  There are many mechanisms known 

in fruits to combat the oxidative damage by increasing the expression of antioxidant enzymes which 

scavenge the infection generated free radicals. The antioxidant and antioxidant enzymes provide protection 

and minimize damage and also help to repair the damaged portion of the fruit to avoid secondary infection 

from bacteria and fungus. At present experiments designed provide results to understand the antioxidant 

levels among cucurbit fruits in healthy, apparent healthy and infected tissues which define their repair and 

remodeling and resist to melon fly infestation.   

 

Accelerated ROS detoxifying potential as a defensive response against Melon fly infection in 

cucumber and chayote 

Melon fruit fly exhibited almost normal growth and development at 240C. Levels of elevated 

antioxidant and secondary metabolites did not elicit any varied response to melon fruit fly growth and 

development. However, in the given cucurbit vegetables and its varieties, levels of phenols, tannins, sugars 

and proteins may significantly influence in rendering the resistance or susceptibility to infestation.  Phenols 

and tannins assist the cucurbit fruits in defending against the attack of melon fruit fly while sugars and 

proteins make it vulnerable for the cucurbits to fruit fly damage. Estimates on activity of antioxidant 

enzymes viz., POD, SOD, PPO and CAT revealed that high enzyme activity in resistance compare to 

susceptible fruits.  
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Comparison of non enzymatic antioxidant potential of healthy and infected cucurbits 

Super oxide anion activity showed statistically significant results with melon fly, infestation 

.Superoxide anion radical scavenging activity of infestation cucumber fruit tissue and Chayote fruit tissue 

are shown as (Fig. 1), chayote INF tissue 0.74 %, more active compared to APH 0.69 % and HT 0.48 %.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Superoxide anion scavenging activity for Healthy, apparent healthy tissue and infected tissue are shown. A) 

Chayote, B). Phospomolybidic activity for chayote fruit comparison between Healthy, apparent healthy tissue and infected 

tissue, C)Chayote, D) Cucumber statistically significant values were expressed as *p < 0.05 and **p < 0.01. 

The chayote healthy and apparent healthy samples show high scavenging activity compared to 

infected tissue.  The cucumber does not show any remarkable difference in the activity. This indicates the 

chayotes has more resistance and have a potential to remodel the damaged portion compare to cucumber 

during melon fly infestation.  The total antioxidant and defensive capacities of Chayote and Cucumber fruit 

tissue was assessed through phosphomolybdenic acid activity during melon fly infestation. Chayote 

infected tissue exhibited highest activity compared to its healthy counterparts.  Whereas, no difference has 

been observed between healthy and infected tissues of cucumber.   Chayote tissue exhibited significant 

activity as compared to cucumber fruit infected tissue (Fig. 32). Cucumber infested fruit tissues have 

62.0% activity compared to APH 58.9 % and HT 56.01% whereas  Chayote infestation fruit tissues has 

Chayote samples 

Cucumber samples Chayote samples 

Cucumber samples 
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70.52% compared to APH 68.87% and HT 56.01% activity.  This result indicates the total increase in 

antioxidant potential of infected tissues compared to healthy counterpart during infection.  

 

DPPH scavenger activity for cucumber fruit tissue were increased significantly in infected tissue 

and radical scavenging activity for infected tissue was observed 42.5% compared 30%  in healthy tissues. 

Chayote tissue showed remarkable increase of 65% during infection and moderate with apparent healthy 

(60%) and relatively low during healthy (44%) conditions.  The results are shown in Fig 2A.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 2:  Add DPPH scavenger of free radical assay from infected and healthy cucumber and chayote fruit tissues. 

 

Comparison of antioxidant enzyme activity in healthy and infected tissues of cucumber and chayote.  

The activation of antioxidative defense systems in plants is in response to biotic stresses induced during 

infection or pathogenic attack.  It is a general phenomenon and probably contributes to increased resistance 

against a subsequent stress and infection. .  

Peroxidase (POD) activity increased in chayote infected fruit tissue compared to apparent healthy and 

healthy tissues. There is a moderate rise in the activity at cucumber infected tissue as that of healthy (fig 

34A).  Similarly, chayote infected tissue exhibited excellent catalase (CAT) activity compare to its healthy 

counterpart and as well as cucumber tissues (34B).   The rise in activity of both POX and CAT was low in 

cucumber infected tissue compared to chayote infected tissue.  The SOD showed increased activity of 

39.16% in chayote infected tissue compared to apparently healthy and healthy tissues (Fig 34C).  
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3: Peroxidase (POX) Catalase (CAT) and super oxide dismutase SOD) antioxidant enzyme activity of melon fly infected to 

cucurbit and chayote fruit healthy tissue, apparent healthy tissue and infected tissue,statistically significant values were 

expressed as *p < 0.05 and **p < 0.01. 

Deferential antioxidant potential of healthy and infected tissues of cucurbit and chayote on melon fly 

infestation 

The present results indicate the increased expression of the antioxidant enzyme levels in both 

cucumber and chayote fruits on melon fly infestation.  The larval feeding in the infected tissue may trigger 

the oxidative stress on the tissue at infected site and that signal the plant to produce potential antioxidant 

molecules and enzymes to protect and repair the damaged portion of the tissue.   Melon fly infestation 

induced stress has tremendously increased the POD, CAT and SOD activity at the infection site in both 

cucumber and chayote and the increase from healthy to infected site is from 250-200% which clearly 

indicates the protective role of cell signaling during infection.  The percentage increase in these enzymes 

was high in chayote and chayote healthy tissues have more total antioxidant potential compare to 

cucumber.  This clearly reflects the resistance ability and damage protection potential of chayote over 

susceptible cucumber fruit.   
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Fig. 4: A schematic representation and proposed hypothetical model for the up regulation of Phenylpropanoid pathway enzymes 

and ROS enzymes in response to the biotic stress induced by melon fly infection. 

 

Discussion 

In vitro antioxidant potential assessment methods do not provide exact therapeutic implications of 

fruits against insect damage.  Moreover, the antioxidant potential of fruit by virtue of cellular phyto-

chemical is influenced by several factors under in vivo conditions, including infection from pathogens, 

metabolism, bioavailability, and presence of co-antioxidants and transition metal ions (Deepak et al., 

2015). The role of antioxidant in processes which involve protecting fruits by biotic and abiotic stresses 

induce by ROS has been the subject of extensive studies. Moreover, the balance in ROS and antioxidant 

levels are acknowledged as important regulators of plant growth and development (Milvia et al., 2013). In 

this study, the responsiveness of cucurbit fruits to B.cucurbitaceae was analyzed by Reactive oxygen 

species (ROS) and antioxidant activity in the infected and healthy tissues. Our early report described 

indicate that chayote and bottle gourd has developed a marked resistance to B. cucurbitae infestation by 

eliciting and accumulating the PPP enzymes upon infection (Shivashankar et al.,2015). The study was 

Induce secondary 

metabolites which act 

as antioxidants 
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conducted by evaluating the metabolic changes that occur in susceptible in comparison with the resistant 

cucurbit fruits on post B. cucurbitae infection.  

 

Protection and signaling mechanisms that were induced in infected fruit during melon fly larval 

infestation reflects the increased production of ROS, and consequently the accumulation of ROS-

scavenging enzymes and metabolites (Vishwanthreddy et al., 2013). The high correlation between phenolic 

acids content and antioxidant capacity in vegetables reveals that they play a main role in the bioactive 

properties of these plant products (Joseph, 1997). The antioxidative processes protect fruit tissues from 

lipid peroxidation around the infection sites and thereby protect them from spreading of necrotic lesions 

(Rekaha et al., 2008). The levels of SOD, catalase and antioxidant potential of the melon fly infected 

tissues were evaluated to understand the role of protective antioxidative systems of fruit in response to 

pathogen attacks, particularly during the infection and to assess increased induction of oxidative 

mechanisms.  

 

The study found that there were substantially increased SOD, peroxidase and catalase in the B. 

cucurbitae infected and apparently healthy tissues of cucumber and chayote as compared to normal healthy 

tissue. The enhanced activity of catalase and SOD might be considered as an evidence for the stress 

induced H2O2 and O2 generation. As a confirmation the infected and apparently healthy tissues 

demonstrated an increased ROS scavenging activity as evidenced from total antioxidant activity, 

superoxide scavenging activity and DPPH assay. Though the level of antioxidant enzyme activity was up 

regulated, it was lesser than the chayote antioxidant  activity in response to the infection, which would 

explain its high level of resistance to the melon fly infestation as reported earlier to chayote (Shivashankar 

et al., 2015). But experimental evidences have shown that ROS generally means resistance against necrosis 

(symptom expression) and not necessarily against pathogens (Rekaha et al., 2008).  

 

Melon fly infestation to resistance fruits may induce increased production of O2 radicals and that 

boost, remarkable increase in expression of antioxidative enzymes and molecules in infected tissues which 

balances and neutralize the oxidative impact of melon fly infestation which is seen in chayote fruit.  

Significantly low amount of antioxidants were produced in response to levels O2 radicals generated in 

susceptible fruit compared to resistance fruit, in response to the melon fly infestation, excessive levels of 

these free radicals have been implicated in the destruction of plant cells through the peroxidation of lipids 

and the generation of secondary cytotoxic species. Melon fly infestation in resistance cucurbits fruits also 
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increase the expression of polyphenol oxidase (PPO) which converts the free polyphenols into polymeric 

aducts which are toxic to feeding melon fly larvae in infected tissue and help in providing resistance and 

defending against infecting larvae. The PPO activity was observed more only in resistance fruits and not in 

susceptible varieties which hint on the difference in biochemical and physiological characteristics of 

resistance and susceptible cucurbits fruits Shivashankar et al., 2015).   

 

Superoxide Dismutase (SOD) an enzyme designed to neutralize the superoxide anion; this molecule 

can cause immense damage at the cellular and molecular level. The extent of oxidative stress damage in 

tissue discs of both SOD+and SOD- plants were dependent on their development (Ashima, 1993), and very 

main function of SOD protection of cell against the toxic effects of superoxide radicals produced at 

different cellular loci (Halliwell and Gutteridgeet al., 2000). SOD scavenges activity involve conversion of 

superoxide radicals to the more stable of H2O2 that is required for long-range cell-to-cell signalling or for 

passing through membranes (Allan, 1997). The SOD activity increased in infestation tissue is considered to 

be a key player in the anti-oxidant defence system as it regulates the concentrations of superoxide radicals 

and H2O2, both of which have been shown to act directly or indirectly in plant defence and signal 

transduction (Vranova et al.,  2002).   

 

CAT activity has usually maintained the equilibrium reaction to physiological stress, and cell activity 

under oxidative stress was found to be related to the accumulation of salicylic acid in fruits and vegetable 

(Shim et al., 2003), and its activity was dramatically decreased (approximately 2-3fold) in susceptible fruit 

under osmotic stress (Fabio et al., 2004). Salicylic acid play very important role in resistance fruits to 

produce biochemical signalling against the melon fly infection. CAT is mutually helping plant 

physiological defence mechanism against reacting oxygen species (ROS) and superoxide anion (O2).  

Superoxide is highly toxic and from this reactive oxygen species and numerous other toxic compounds can 

be generated such as the hydroxyl free-radical (OH), peroxynitrite (ONOO−) and hydrogen peroxide 

(H2O2). Therefore these antioxidant enzymes play a vital role in scavenging these dangerous high reactive 

species and protect the tissue for destruction and help the cell to battle the infection and provide resistance 

against spreading infection.  The resistance cucurbit fruit chayote have high magnitude of antioxidant 

defence mechanism as compare to the susceptible fruits during melon fly infestation.   

Conclusions 

Melon fruit fly is the major pest of cucurbits as it directly causes damage to the cucurbit fruits in 

early stage of its development. The infection of fruit tissues induces increased oxidative damage to the cell 
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mediated by production of reactive oxygen species.  In this study, it is shown that the melon fly resistance 

fruits express high levels of antioxidant enzyme which closely associated the processes scavenging ROS. 

Thus, this study has highlighted the significant role of redox-regulatory processes involving ROS and 

antioxidative enzymes in the resistance of host plants to melon fly infestation. Analysis of the data also 

showed that anti-biosis, targeting larval development in chayote and cucumber, might play a crucial role in 

the resistance to melon fly infestation. 
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