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Influence of pre-harvest elicitors sprays on quality 
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Abstract 
The present investigation, “Influence of preharvest elicitors sprays on quality attributes and shelf life of 

papaya (Carica Papaya L.) cv. Red Lady was carried out at Department of Fruit Science, Dr. YSRHU-

College of Horticulture, Venkataramannagudem, West Godavari district of Andhra Pradesh during 2022-

23. The experiment was laid out in a Completely Randomized Design (CRD) with five treatments and 

each treatment replicated thrice. Four different preharvest elicitors spray viz., Brassinosteroid @ 0.1%, 

Salicylic acid @ 300 ppm, Chitosan @ 1.5%, Benzyl Adenine @ 50 ppm and control (no sprays). The 

preharvest elicitors sprays were given twice (one month and 15 days before harvest) when the fruits are 

in immature stage. The performance of preharvest elicitors sprays on quality and shelf life of papaya 

fruits was studied at 3 days intervals. The results revealed that fruits harvested from the plants sprayed 

with preharvest elicitors salicylic acid @ 300 ppm had showed significant improvement in quality 

attributes viz., less reduction in physiological loss in weight (8.35%), least percent of fruit spoilage 

(40.00%), maximum in fruit firmness (9.90 kg cm-2), TSS (11.40 °Brix), total sugars (9.89%), reducing 

sugars (5.94%), non-reducing sugars (3.90%), β-carotene content (1.06 mg 100 g-1), titrable acidity 

(0.285%), ascorbic acid (75.30 mg 100 g-1), total antioxidants (69.02% DPPH activity), catalase (0.84 

units/mg protein/min) and peroxidase activities (0.81 units/mg protein/min) and shelf life (10.68d) of 

papaya fruit as compared to other treatments at 9th day of storage. 

 

Keywords: Papaya, preharvest elicitors, sugars, antioxidants and shelf life 

 

Introduction 

Papaya (Carica papaya L.) is regarded as the wonder fruit of the tropical and sub-tropical 

regions of the world. It belongs to the family Caricaceae with a chromosomal number 2n=18. 

Papaya is also known as paw-paw and tree melon. It is a dicotyledon, polygamous and diploid 

species with a geographical origin of Southern Mexico and Costa Rica (Candolle, 1884) [6].  

Papaya is domesticated in both tropical and sub-tropical regions of the world (Asia, Africa, 

Oceania, and North America). India is the largest producer of papaya (cultivated area of 1.48 

lakh Ha as well as annual production of 58.85 lakh MT) in the world followed by Brazil, 

Mexico, Indonesia and Nigeria, whereas the United States is largest consumer of papaya in the 

world. In Andhra Pradesh, papaya is cultivated in an area of 15.82 thousand hectares with a 

production of 1503.19 thousand tonnes, it contributes to a lion share of 26.17% followed by 

Gujarat, Maharashtra and Karnataka. It is growing mainly in Chittoor, Ananthapuramu, 

Kadapa, Prakasam, and Vizianagaram districts of Andhra Pradesh (Anonymous, 2022) [2]. 

Papaya fruits exhibit a climacteric ripening behaviour and has a very short storage life under 

ambient conditions. Even though there is a large production of papaya among all the fruits 

grown in India, a major portion estimated around 40-60% of the total production goes into 

waste due to its perishable nature at various papaya growing regions. The major causes for 

post-harvest losses in papaya are improper harvesting, storage, packaging, transportation, 

mishandling of the fruits and attack of post-harvest diseases (Prasad and Paul, 2021) [25]. 

Hence, proper postharvest storage strategies are required to incorporate and the concern about 

food safety and nutritional security among the consumers as well as best returns to the farmers, 

agro-industries encourage the research to find safe and sustainable alternative chemicals to 

reduce the postharvest losses as well as maintaining quality of papaya fruits throughout the 

prolonged storage period.  

 

www.thepharmajournal.com


 
 

~ 43 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
The preharvest elicitors application may delay the senescence 

in fruits without causing any detrimental effect on consumer 

acceptance. Elicitors plays a vital role in maintaining the 

quality and shelf life of the fruits by interfering with the 

biosynthesis and action of ethylene through the suppression of 

ACC synthase and ACC oxidase activities. Preharvest 

elicitors spray may decrease the activities of major cell wall 

degrading enzymes such as cellulase, polygalacturonase, PME 

and xylanase and thereby controlling the physiological loss in 

weight and maintains the fruit firmness. It also reduces the 

lipid peroxidation and enhances the enzymatic and non-

enzymatic antioxidant production thereby control the release 

of free radicals. Preharvest elicitors may stimulate the 

production of enzymes and encodes some of the defence 

related genes, which induce resistance (indirect mechanism) 

through production of secondary metabolites as well as the 

formation of different phenolic compounds that are toxic to 

fungi (direct mechanism) (Zhao et al., 2005) [44]. Hence, the 

use of preharvest elicitors in present investigation is a best 

approach in maintenance of quality and improvement of fruit 

shelf life by controlling the postharvest losses and fetches 

more income to the farmers. 

 

Materials and Methods 

The present investigation, “Influence of preharvest elicitors 

sprays on quality attributes and shelf life of papaya (Carica 

Papaya L.) cv. Red Lady was carried out at Department of 

Fruit Science, Dr. YSRHU-College of Horticulture, 

Venkataramannagudem, West Godavari district of Andhra 

Pradesh during 2022-23. The experiment was laid out in 

Completely Randomized Design (CRD) with five treatments 

and each replicated thrice. In this study, four different 

preharvest elicitors spray viz., Brassinosteroid @ 0.1%, 

Salicylic acid @ 300 ppm, Chitosan @ 1.5% and Benzyl 

Adenine @ 50 ppm were used along with control (no sprays). 

Five plants of one year old, uniform size were selected in each 

replication and were tagged. Preharvest elicitors sprays were 

started at 30 and 15 days before harvest of the fruits i.e., at 

immature stage of fruits. Spraying was done with the help of 

hand sprayer.  

The pre-harvest elicitors spray solutions of Brassinosteroid @ 

0.1% (dissolving 1 ml of Brassinosteroid in water and the 

volume was made up to 1000 ml). Salicylic acid @ 300 ppm 

and Benzyl Adenine solution @ 50 ppm were prepared by 

dissolving 300 mg of Salicylic acid 50 mg of Benzyl Adenine 

respectively in 0.l N NaOH separately with the help of 

magnetic stirrer and volume was made up to 1000 ml with 

water. The Chitosan at 1.5% solution was prepared by 

dissolving 1.5 g of Chitosan in 0.5% glacial acetic acid and 

volume was made up to 100 ml with distilled water.  

Fruits were harvested at maturity when the colour of fruit peel 

changes from dark green to well-defined yellow stripes and 

were labelled according to different treatments. The fruits 

were wrapped with a paper to prevent the mechanical injury 

and transportation shocks. The performance of elicitors sprays 

on quality attributes and shelf life of papaya was studied at 3 

days intervals. 

The physiological loss in weight of the fruits in each 

treatment was recorded at three days interval and subtracted 

from the initial weight. The loss of weight in grams in relation 

to initial weight was calculated and expressed as percentage. 

The fruit firmness was determined by using fruit tester 

penetrometer and expressed in kgcm-2 as per the procedure 

outlined by Saini et al. (2006) [29]. The fruits were visually 

observed during storage for spoilage and the number of 

spoiled fruits in the total fruits was determined and spoilage 

ratios were calculated as percentage. The total soluble solids 

(TSS) were determined by using hand refractometer. The 

total, reducing and non-reducing sugars were estimated as per 

the procedure described by Lane and Eyon (AOAC, 1965) [18] 

method. The titrable acidity in fruit pulp was determined by 

titrating the sample extracted in water against 0.1N NaOH as 

described by Ranganna (1986) [27]. The non-enzymatic 

antioxidants viz., β-carotene and ascorbic acid were estimated 

as per the procedures described by Ranganna et al. (1986) [27]. 

The enzymatic antioxidants viz catalase and peroxidase and 

total antioxidant activities were estimated as per the 

procedures described by Luck (1974) [19]; Mallik and Singh 

(1980) [20] and Eghdami and Sadeghi (2010) [10] respectively.  

 

Results and Discussion  

Physical Parameter 

Physiological loss in weight (%)  

The data on influence of preharvest elicitors sprays on 

physiological loss in weight was presented in Table-1. The 

physiological loss in weight was increased gradually from 

upto 9th day after storage in all the treatments. The minimum 

percent weight loss was recorded in Salicylic acid @ 300 ppm 

(S2) treatment from 3rd to 9th day after storage (4.27% to 

8.35%) followed by Chitosan @ 1.5% treatment (S3) from 3rd 

to 9th day after storage (4.60% to 8.75%) whereas, the 

maximum physiological loss in weight was recorded in 

unsprayed (control) fruits (S5) from 3rd to 9th day after storage 

(6.28% to 12.99%). Salicylic acid treatment had significantly 

reduced the physiological loss in weight of fruits might be due 

to decrease in transpiration as well as respiration rates (Singh 

and Tiwari, 1994) [32]. Similar results were reported by Zhang 

and Zheng (2004) [42] in ‘ponkan’ mandarin; Venu et al. 

(2016) [36] in guava; Devarkonda et al. (2020) [7] and Kavya et 

al. (2022a) [15] in papaya cv. Red Lady. 

 

Fruit firmness (kg cm-2) 

The data collected on effect of preharvest elicitors sprays on 

fruit firmness was shown in Table-2. The fruit firmness was 

decreased significantly in all the treatments as storage period 

advanced. The fruit firmness was more in all the pre harvest 

elicitors treatments as compared to unsprayed fruits during 

ambient storage condition. However, fruits sprayed with 

Salicylic acid @ 300 ppm (S2) had retained significantly the 

maximum fruit firmness (11.69 kg cm-2 to 9.90 kg cm-2 from 

3rd to 9th day of storage respectively) followed by Chitosan @ 

1.5% (S3) (11.22 kg cm-2 to 9.46 kg cm-2 from 3rd to 9th day of 

storage respectively). The minimum fruit firmness was 

recorded in unsprayed fruits (9.20 kg cm-2 to 7.50 kg cm-2 

from 3rd to 9th day of storage respectively). Softening of 

papaya fruits were remarkably delayed with the preharvest 

elicitors spray i.e., Salicylic acid @ 300 ppm might be due to 

decrease in the activity of cell wall degrading enzymes 

through regulation of ethylene production. The results are in 

agreement with the findings of Srivastava and Dwivedi (2000) 
[34] in banana; Asghari and Aghdam (2010) [3] in peach; 

Devarkonda et al. (2020) [7] and Kavya et al. (2022a) [15] in 

papaya cv. red lady. 

 

Fruit spoilage (%) 

The data pertaining to percent fruit spoilage was presented in 
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Table-3. Preharvest elicitors sprays had significantly reduced 

the percent fruit spoilage. No fruit spoilage (0%) was 

recorded at 3rd day of storage in fruits harvested from the 

plants treated with Salicylic acid @ 300 ppm (S2) and 

Chitosan @ 1.5% (S3) whereas maximum (24.45%) percent of 

fruit spoilage was recorded in fruits harvested from the plants 

without any elicitors spray. The lowest percent fruit spoilage 

was recorded at 6th (6.67%) and 9th (40.00%) day after storage 

in fruits harvested from the plants treated with salicylic acid 

@ 300 ppm (S2) followed by Chitosan @ 1.5% (S3) at 6th 

(8.89%) and 9th (46.67%) day after storage. The highest 

percent fruit spoilage was recorded in fruits without any 

elicitors spray at 6th (37.78%) and 9th (75.56%) day after 

storage. Salicylic acid shows direct toxic effect on fungi and 

significantly inhibits the fungal growth and pathogen spore 

germination in vitro. Salicylic acid might had reduced the 

lesion diameter on fruits by upregulation of genes encoding 

for β-1,3-glucanase and phenylalanine ammonia-lyase (PAL) 

activities during storage. Preharvest application of salicylic 

acid may provide a useful means of controlling postharvest 

decay by reducing microbial growth as well as ethylene 

production there by extending the storage life fruits (Wang 

and Shaohua, 2008) [37]. Similar results were reported by 

Devarkonda et al. (2020) [7] and Kavya et al. (2022a) [15] in 

papaya cv. red lady. 

 

Biochemical Parameters 

Titrable acidity (%) 

The data on influence of preharvest elicitors sprays on titrable 

acidity of papaya cv. Red Lady fruits was presented in Table-

4. Significant differences were noticed among the treatments 

for titrable acidity at all intervals of storage. The data depicted 

that titrable acidity showed a consistant decline among treated 

fruits as storage period advances. The maximum titrable 

acidity was maintained in fruits sprayed with Salicylic acid @ 

300 ppm (S2) treatment at 3rd (0.388%), 6th (0.347%) and 9th 

(0.285%) day of storage, while minimum was recorded in 

unsprayed fruits (S5) at 3rd (0.322%), 6th (0.248%) and 9th 

(0.190%) day of storage. Salicylic acid treatment had 

maintained the highest titrable acidity during storage interval 

might be due to less metabolic activities i.e., slow conversion 

of acids into sugars has led to delay in ripening and thereby 

increased the fruit shelf life. Similar results were reported by 

Martínez-Esplá et al. (2017) [22] in plum; Orabi et al. (2018) 
[24] in mandarin and Hanif et al. (2020) [11] in papaya and 

Devarkondanda et al. (2020) [7].  

 

Total soluble solids (° Brix) 

The data on total soluble solids in papaya cv. red lady fruit 

pulp was shown in Table-5. A gradual increase in total 

soluble solids were noticed all the treated and untreated fruits 

during the storage later showed a decreasing trend. At 3rd day 

after storage, the total soluble solids were maximum in fruits 

harvested from the plants sprayed with Salicylic acid @ 300 

ppm (S2) (8.87 oBrix) which was on par with Chitosan @ 

1.5% treatment (8.71 oBrix) and the minimum (8.34 oBrix) 

TSS was in brassinosteroid @ 0.1% (S1) treatment. At 6th day 

of storage, the highest total soluble solids (10.36 oBrix) were 

recorded in fruits without any elicitors spray (S5) treatment 

followed by fruits harvested from the plants applied with 

Salicylic acid @ 300 ppm (S2) (10.10 oBrix) and the least TSS 

(9.45 oBrix) was recorded in fruits harvested from the plants 

treated with Benzyl Adenine @ 50 ppm (S5). At 9th day of 

storage, the highest total soluble solids (11.40 oBrix) were 

recorded in fruits harvested from the plants sprayed with 

Salicylic acid @ 300 ppm (S2) followed by Chitosan @ 1.5% 

(S3) treatment (11.12 oBrix) whereas the lowest TSS (10.20 

oBrix) was recorded in fruits taken from the plants without 

elicitors spray (S5). 

 

Total sugars (%) 

The data pertaining to percent total sugars in papaya cv Red 

Lady fruit pulp was presented in Table-6. Significant 

differences were noticed among the treatments for percent 

total sugars. The percent total sugars were gradually increased 

from 3rd to 9th day of storage later showed a decreasing trend. 

The percent total sugars were high (7.55%) in fruits harvested 

from the plants sprayed with Salicylic acid @ 300 ppm (S2) 

followed by Chitosan @ 1.5% (S3) treatment (7.25%) and low 

(7.01%) in fruits harvested from the plants without any 

preharvest elicitors spray (control) treatment at 3rd day of 

storage. The percent total sugars were high (8.21%) in fruits 

harvested from the plants without any elicitors spray followed 

by Salicylic acid @ 300 ppm (S2) treatment (8.14%) and low 

(7.62%) in fruits harvested from the plants sprayed with 

preharvest elicitors Benzyl Adenine @ 50 ppm (S4) treatment 

at 6th day of storage. At 9th day of storage, the percent total 

sugars were more (9.89%) in fruits harvested from the plants 

sprayed with preharvest elicitors Salicylic acid @ 300 ppm 

(S2) treatment followed by (Chitosan @ 1.5%) S3 treatment 

(9.66%) and the percent total sugars were found less (8.76%) 

in fruits harvested from the plants without any preharvest 

elicitors spray (control) treatment (S5). 

 

Reducing sugars (%) 

The data (Table-7) showed significant differences with pre 

harvest elicitors spray on percentage of reducing sugars in 

papaya fruit. The trend was alike to total sugars content. At 3rd 

day of storage, the maximum reducing sugars content (4.66%) 

was found in fruit harvested from the plants sprayed with 

Salicylic acid @ 300 ppm (S2) and minimum (4.33%) was 

found in Benzyl Adenine @ 50 ppm (S4) and fruits without 

any elicitors sprays (S5) (4.35%). At 6th day of storage, among 

preharvest sprays the high reducing sugars content (4.96%) 

was found in unsprayed fruits (S5) and low reducing sugars of 

4.50% was found in fruits sprayed with Benzyl Adenine @ 50 

ppm (S4). At the 9th day of storage, maximum percentage of 

reducing sugars (5.94%) was recorded in S2 (Salicylic acid @ 

300 ppm) which was on par with S3 (Chitosan @ 1.5%) 

(5.73%) and minimum was noticed in S5 (unsprayed fruits) 

(5.10%). 

 

Non-Reducing sugars (%) 

The data in respect of percentage of non-reducing sugars are 

presented in the Table-8. It showed that the treatments had 

significant influence on percentage of non-reducing sugars. 

The trend was alike to total sugars content. At 3rd day of 

storage, the highest percentage of non-reducing sugar (2.72%) 

was found in Salicylic acid @ 300 ppm (S2) whereas, fruits 

with no elicitors sprays (S5) recorded lowest non-reducing 

sugar percentage (2.32%). At 6th day of storage, Salicylic acid 

@ 300 ppm (S2) (3.28%) recorded maximum non-reducing 

sugars content which was on par with unsprayed fruits (S5) 

(3.24%) and minimum was observed in Benzyl Adenine @ 50 

ppm (S4) (3.12%). At 9th day of storage showed that 

maximum non-reducing sugars (3.90%) in fruit harvested 
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from fruits sprayed with S2 (Salicylic acid @ 300 ppm) which 

was on par with Chitosan @ 1.5% (S3) (3.83%), and 

minimum (3.50%) in S5 (unsprayed fruits). 

There was a gradual increase in TSS, total sugars, reducing 

sugars and non-reducing sugars in fruits harvested from the 

plants sprayed with Salicylic acid @ 300 ppm might be due to 

slowed down of the activities of hydrolytic enzymes involved 

in starch hydrolysis by suppression of ethylene biosynthesis 

and thereby delayed the ripening process. Similar results were 

reported by Singh et al. (2001) [33] in mango; Devarkonda et 

al. (2020) [7] and Hanif et al. (2020) [11] in papaya. 

 

β- Carotene content (mg 100 g-1) 

The data on β-carotene content of papaya fruits as influenced 

by the application of preharvest elicitors sprays was presented 

in Table-9. Significant differences were found among the 

treatments. The β-carotene content was increases as the 

advancement of storage period and decreases later on. It was 

found that there was a rapid increase in β-carotene content in 

untreated fruits upto 6th day of storage and declines thereafter. 

The minimum β-carotene content was recorded in fruits 

harvested from the plants sprayed with Chitosan @ 1.5% (S3) 

treatment from 3rd (0.58 mg 100 g-1) to 9th (1.05 mg 100 g-1) 

day of storage which was on par with β-carotene content in 

fruits harvested from the plants sprayed with salicylic acid @ 

300 ppm (S2) treatment from 3rd (0.59 mg 100 g-1) to 9th (1.06 

mg 100 g-1) day of storage. The maximum β-carotene content 

was observed in unsprayed fruits at 3rd (0.74 mg 100 g-1) to 6th 

(1.04 mg 100 g-1) day of storage while the fruits sprayed with 

Benzyl Adenine @ 50 ppm (S4) treatment had showed the 

maximum (1.11 mg 100 g-1) β-carotene content at 9th day of 

storage. The plants sprayed with preharvest elicitors Chitosan 

@ 1.5% percent had recorded the lowest β-carotene content 

(1.05 mg 100 g-1) in fruit pulp as compared to other 

preharvest elicitors sprays might be due to suppression of 

ethylene biosynthesis as well as slower degradation of 

chlorophyll content in fruit peel during storage. Similar 

results were reported by Barrera et al. (2015) [5] in papaya; 

Zoran et al. (2008) [45] in bell pepper and Kavya et al. (2022b) 
[16] in papaya. 

 

Ascorbic acid (mg 100 g-1) 

The data on ascorbic acid content of papaya fruit pulp as 

influenced by the different preharvest elicitors sprays was 

presented in Table-10. Ascorbic acid content showed a 

declining trend with an increase in storage period. The 

maximum ascorbic acid content was recorded in fruits of 

plants sprayed with Salicylic acid @ 300 ppm (S2) from 3rd 

(91.50 mg 100 g-1) to 9th (75.30 mg 100 g-1) day of storage 

followed by Chitosan @ 1.5% (S3) from 3rd (90.40 mg 100 g-

1) to 9th (74.76 mg 100 g-1) and minimum ascorbic acid 

content was noticed in fruits harvested from the plants 

without any elicitors (S5) treatment from 3rd (84.59 mg 100 g-

1) to 6th (70.31 mg 100 g-1) day of storage. In the present 

investigation, there was a gradual decline in ascorbic acid 

content of the fruit pulp irrespective of the treatments during 

the storage period. The loss in ascorbic acid content during 

storage might be due to its degradation during metabolic 

processes or due to enzymatic oxidation of L-ascorbic acid 

into dehydro ascorbic acid (Mapson, 1970) [21]. The highest 

ascorbic acid content was found in fruit pulp of Salicylic acid 

treated fruits could be due to control of oxidative degradation 

of ascorbic acid during fruit ripening thereby reduced the 

production of reactive oxygen species (Jimenez et al., 2002) 
[13]. Similar observations were reported by Karlidag et al. 

(2009) [14] and Salari et al. (2012) [30] in strawberry, Ardakani 

et al. (2013) [2] in apricot; Khademi and Ershadi, (2013) in 

peach; Venu et al. (2016) [36] in guava cv. Allahabad safeda 

and Devarkonda et al. (2020) [7] in papaya cv. “Red Lady”. 

 

Catalase activity (units/mg protein/min) 

The perusal of data presented in Table-11 and Fig-1 reveals 

that significant differences were found among the treatments 

for catalase (CAT) activity in papaya cv Red Lady fruit under 

ambient conditions. Catalase activity was gradually increased 

upto 9th day of and declined thereafter in treated fruits 

whereas in untreated fruits the catalase activity was increased 

rapidly up to 6th day of storage and declines thereafter. The 

catalase activity was lowest in Salicylic acid @ 300 ppm (S2) 

treatment (0.38 and 0.68 units/mg protein/min at 3rd and 6th 

day of storage respectively) followed by Chitosan @ 1.5% 

(S3) treatment (0.47 and 0.72 units/mg protein/min at 3rd and 

6th day of storage respectively) whereas unsprayed fruits (S5) 

had recorded the highest catalase activity (0.64 and 0.82 units/ 

mg protein/ min at 3rd and 6th day of storage respectively). 

Further, at 9th day of storage the highest catalase activity was 

recorded in Salicylic acid @ 300 ppm (S2) treated fruits (0.84 

units/mg protein/min) followed by Chitosan @ 1.5% (S3) 

treatment (0.80 units/mg protein/ min) while the lowest 

catalase activity (0.68 units/mg protein/min) was recorded in 

unsprayed fruits (S5). 

 

Peroxidase activity (units/mg protein/min) 

The data on influence of preharvest elicitors sprays on 

peroxidase (POD) activity in papaya cv. Red Lady fruit pulp 

was shown in Table-12 and Fig-2. Significant differences 

were noticed among the treatments. The peroxidase activity 

was gradually increased from initial to 9th day of storage for 

the treated fruits and declined thereafter whereas in untreated 

fruits, there was a rapid increase in peroxidase activity up to 

6th day of storage and gradually decreased as the storage 

period advanced. The peroxidase activity was low (0.37 and 

0.63 units/mg protein/min at 3rd and 6th day of storage 

respectively) in fruits harvested from the plants treated with 

salicylic acid @ 300 ppm (S2) treatment. The peroxidase 

activity was high (0.48 and 0.91 units/mg protein/min at 3rd 

and 6th day of storage respectively) in unsprayed fruits (S5) 

treatment. Further, at 9th day of storage, the peroxidase 

activity was maximum (0.81 units/mg protein/min) in 

Salicylic acid @ 300 ppm (S2) sprayed fruits, while the 

minimum (0.71 units/ mg protein/ min) was noticed in 

unsprayed fruits (S5).  

The Salicylic acid treatment could maintain the higher levels 

of non-enzymatic antioxidants viz., gradual increase in β-

carotene (1.06 mg 100 g-1), higher levels of ascorbic acid 

content (75.30 mg 100 g-1), enzymatic antioxidants viz., 

catalase (0.84 units/mg protein/min) and peroxidase (0.81 

units/mg protein/min) enzyme activities and total antioxidants 

(69.02% DPPH activity) might prevent the lipoxygenase 

(LOX) activity, production of oxygen free radicals (ROS) 

thereby slow down the ethylene biosynthesis and respiration 

rate during early stages of fruit ripening (Zhang et al., 2003 

and Ding and Wang, 2003) [43, 8]. Salicylic acid could protect 

the cell from damage at earlier stages of fruit development, 

thus enhanced the shelf life by regulating the balance between 

production and degradation of ROS. Similar results of 
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increase in catalase and peroxidase enzyme activities were 

reported by Wang and Li (2006) [38] in grape, Wang et al. 

(2006) [39] in peach, Xu and Tian (2008) [41] in sweet cherry, 

Ding et al. (2007) [9] in mango, Huang et al. (2008) [12] in 

oranges, Xu and Tian (2008) [41] in sweet cherry, Kazemi et 

al. (2011) [17] in apple and Kranthi (2019) [35] in banana.  

 

Total antioxidants (%DPPH activity) 

The preharvest elicitors sprays significantly influenced the 

total antioxidants in papaya fruit pulp (Table-13). An 

increasing trend was observed with respect to total antioxidant 

capacity of the fruit pulp in treated fruits up to 9th day of 

storage and decline thereafter whereas in untreated fruits, the 

total antioxidant capacity was increased up to 6th day of 

storage and decreased later on. The preharvest elicitors 

Salicylic acid @ 300 ppm treatment (S2) had recorded the 

highest total antioxidants (49.50% to 69.02% from 3rd to 9th 

day of storage respectively) which was on par with S3 

(Chitosan @ 1.5% (48.38% to 68.10% from 3rd to 9th day of 

storage respectively) and S1 (Brassinosteroid @ 0.1%) 

treatments (47.91% to 66.69% from 3rd to 9th day of storage 

respectively). The lowest total antioxidant activity (45.68% to 

59.63% from 3rd to 9th day of storage respectively) was 

recorded in unsprayed fruits (S5). The total antioxidant 

activity was more in fruits harvested from the plants treated 

with preharvest elicitors Salicylic acid @ 300 ppm could be 

due to presence of more β-carotene (1.06 mg 100 g-1), high 

ascorbic acid content (75.30 mg 100 g-1), catalase (0.84 units/ 

mg protein/ min) and peroxidase (0.81 units/ mg protein/ min) 

enzyme activities in fruit pulp. Salicylic acid treatment might 

increase the total antioxidant activity by preventing the 

oxidation of phenolic compounds and promote the activation 

of alternative oxidase enzyme (AOX). Similar results were 

reported by Asghari (2006) [4] in strawberry; Qin et al. (2003) 
[26] in sweet cherry; Wei et al. (2011) [40] in asparagus and 

Hanif et al. (2020) [11] in papaya. 

 

Shelf life (days) 

The data on influence of preharvest elicitors sprays on shelf 

life of papaya var. Red Lady fruits was presented in Table-14. 

Significant differences were existed among the treatments for 

shelf life of fruits. The higher shelf life was found in fruits 

harvested from the plants treated with preharvest elicitors 

Salicylic acid @ 300 ppm S2 (10.68 days), followed by 

Chitosan @ 1.5% S3 treatment (9.96 days) as compared to the 

shelf life of fruits harvested from the plants without any 

elicitors spray (S5) control (7.48 days) Salicylic acid was 

found effective in enhancing the shelf life of the fruits by 3 

days as compared to control treatment. It could be due to 

reduction in loss of physiological weight (8.35%), delay in 

decrease of fruit firmness (9.90 kg cm-2), less percentage of 

fruit spoilage (40.00%) maximum retention of TSS (11.40 

°Brix) and more enzymatic (catalase (0.84 units/ mg protein/ 

min) and peroxidase (0.81 units/ mg protein/ min) and non-

enzymatic antioxidants contents (β-carotene content (1.06 mg 

100 g-1) and ascorbic content (75.30 mg 100 g-1) had extended 

the shelf life by 3 days in Salicylic acid treated fruits. It may 

also interfere with the 1-Aminocyclopropane-1-Carboxylic 

Acid (ACC) synthase and/or ACC oxidase activities which 

regulate the ethylene production (Raskin, 1992) [28] thereby 

increased the fruit shelf life as earlier reported by Mo et al. 

(2008) [23] in sugar apple; Shivendra and Singh (2015) [31] in 

mango cv. Dashehari; Devarkonda et al., (2020) [7] and Kavya 

et al., (2022a) [15] in papaya.  

 
Table 1: Effect of pre harvest elicitors sprays on physiological loss in weight (%) of papaya cv. Red Lady. 

 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 5.02 (2.45*) 6.97 (2.82) 9.17 (3.16) 13.14 

Salicylic acid @ 300 ppm (S2) 4.27 (2.29) 6.37 (2.71) 8.35 (3.05) 11.67 

Chitosan @ 1.5% (S3) 4.60 (2.36) 6.65 (2.76) 8.75 (3.12) 12.70 

Benzyl Adenine @ 50 ppm (S4) 5.34 (2.52) 7.28 (2.88) 10.25 (3.21) _ 

No spray (S5) 6.28 (2.69) 8.33 (3.04) 12.99 (3.43) _ 

S Em± 0.01 0.01 0.01  

CD at 5% 0.03 0.03 0.03  

* Figures in parenthesis are square root transformed values. 

 

Table 2: Effect of pre harvest elicitors sprays on fruit firmness (Kg cm-2) in papaya cv. Red Lady. 
 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 10.73 10.05 9.08 6.18 

Salicylic acid @ 300 ppm (S2) 11.69 10.95 9.90 6.73 

Chitosan @ 1.5% (S3) 11.22 10.49 9.46 6.51 

Benzyl Adenine @ 50 ppm (S4) 10.28 9.36 8.86 _ 

No spray (S5) 9.20 7.68 7.50 _ 

S Em± 0.10 0.09 0.08  

CD at 5% 0.27 0.25 0.23  
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Table 3: Effect of pre harvest elicitors sprays on fruit spoilage (%) in papaya cv. Red Lady. 

 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 2.22 (4.99*) 11.11 (11.75) 48.89 (44.40) 64.44 (53.71) 

Salicylic acid @ 300 ppm (S2) 0.00 (0.00) 6.67 (10.36) 40.00 (39.04) 51.11 (45.69) 

Chitosan @ 1.5% (S3) 0.00 (0.00) 8.89 (8.85) 46.67 (43.08) 60.00(51.15) 

Benzyl Adenine @ 50 ppm (S4) 6.67 (8.85) 20.00 (21.49) 57.78 (49.88) 75.56 (65.17) 

No spray (S5) 24.45 (29.24) 37.78 (36.30) 75.56 (61.85) 93.33 (81.15) 

S Em± 0.07 0.19 0.36 0.32 

CD at 5% 0.20 0.55 1.04 0.92 

* Figures in parenthesis are angular transformation values. 

 
Table 4: Effect of pre harvest elicitors sprays on titrable acidity (%) in papaya cv. Red Lady. 

 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 0.380 (1.18*) 0.291 (1.14) 0.243 (1.12) 0.203 

Salicylic acid @ 300 ppm (S2) 0.388 (1.18) 0.347 (1.16) 0.285 (1.13) 0.228 

Chitosan @ 1.5% (S3) 0.348 (1.16) 0.312 (1.15) 0.260 (1.12) 0.218 

Benzyl Adenine @ 50 ppm (S4) 0.331 (1.15) 0.296 (1.14) 0.221 (1.11) _ 

No spray (S5) 0.322 (1.15) 0.248 (1.12) 0.190 (1.09) _ 

S Em± 0.001 0.001 0.001  

CD at 5% 0.004 0.004 0.003  

* Figures in parenthesis are square root transformed values. 

 
Table 5: Effect of pre harvest elicitors sprays on Total Soluble Solids (°Brix) in papaya cv. Red Lady. 

 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 8.34 9.71 10.85 10.84 

Salicylic acid @ 300 ppm (S2) 8.87 10.10 11.40 11.72 

Chitosan @ 1.5% (S3) 8.71 9.83 11.12 10.98 

Benzyl Adenine @ 50 ppm (S4) 8.62 9.45 10.64 _ 

No spray (S5) 8.56 10.36 10.20 _ 

S Em± 0.08 0.10 0.09  

CD at 5% 0.22 0.29 0.25  
 

 
Table 6: Effect of pre harvest elicitors sprays on total sugars (%) in papaya cv. Red Lady 

 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 6.99 (2.83*) 7.78 (2.96) 9.56 (3.25) 8.79 

Salicylic acid @ 300 ppm (S2) 7.55 (2.92) 8.14 (3.02) 9.89 (3.30) 9.63 

Chitosan @ 1.5% (S3) 7.25 (2.87) 7.96 (2.99) 9.66 (3.27) 9.14 

Benzyl Adenine @ 50 ppm (S4) 6.74 (2.78) 7.62 (2.94) 9.49 (3.24) _ 

No spray (S5) 7.01 (2.78) 8.21 (2.94) 8.76 (3.12) _ 

S Em± 0.011 0.012 0.015  

CD at 5% 0.033 0.034 0.044  

* Figures in parenthesis are square root transformed values. 

 
Table 7: Effect of pre harvest elicitors sprays on reducing sugars (%) in papaya cv. Red Lady. 

 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 4.41 (2.33*) 4.62 (2.37) 5.65 (2.58) 4.78 

Salicylic acid @ 300 ppm (S2) 4.66 (2.38) 4.84 (2.42) 5.94 (2.64) 5.81 

Chitosan @ 1.5% (S3) 4.52 (2.35) 4.71 (2.39) 5.73 (2.59) 5.21 

Benzyl Adenine @ 50 ppm (S4) 4.33 (2.31) 4.50 (2.35) 5.62 (2.57) _ 

No spray (S5) 4.35 (2.31) 4.96 (2.44) 5.10 (2.47) _ 

S Em± 0.008 0.009 0.008  

CD at 5% 0.022 0.025 0.023  

* Figures in parenthesis are square root transformed values. 
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Table 8: Effect of pre harvest elicitors sprays on non-reducing sugars (%) in papaya cv. Red Lady. 

 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 2.44 (1.85*) 3.17 (2.04) 3.70 (2.17) 3.18 

Salicylic acid @ 300 ppm (S2) 2.72 (1.93) 3.28 (2.07) 3.90 (2.21) 3.78 

Chitosan @ 1.5% (S3) 2.62 (1.90) 3.21 (2.05) 3.83 (2.20) 3.19 

Benzyl Adenine @ 50 ppm (S4) 2.60 (1.90) 3.12 (2.03) 3.67 (2.16) _ 

No spray (S5) 2.32 (1.82) 3.24 (2.06) 3.50 (2.12) _ 

S Em± 0.007 0.007 0.008  

CD at 5% 0.022 0.020 0.022  

* Figures in parenthesis are square root transformed values. 

 
Table 9: Effect of pre harvest elicitors sprays on β-carotene content (mg 100 g-1) in papaya cv. Red Lady. 

 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 0.63 0.88 1.09 1.18 

Salicylic acid @ 300 ppm (S2) 0.59 0.84 1.06 1.17 

Chitosan @ 1.5% (S3) 0.58 0.82 1.05 1.06 

Benzyl Adenine @ 50 ppm (S4) 0.69 0.96 1.11 _ 

No spray (S5) 0.74 1.04 1.07 _ 

S Em± 0.006 0.008 0.010  

CD at 5% 0.017 0.023 0.028  

 
Table 10: Effect of pre harvest elicitors sprays on ascorbic acid (mg 100 g-1) in papaya fruit cv. Red Lady. 

 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 89.38 79.73 74.29 66.35 

Salicylic acid @ 300 ppm (S2) 91.50 81.24 75.30 68.35 

Chitosan @ 1.5% (S3) 90.40 80.38 74.76 66.95 

Benzyl Adenine @ 50 ppm (S4) 88.58 79.24 73.56 _ 

No spray (S5) 84.59 75.64 70.31 _ 

S Em± 0.82 0.68 0.61  

CD at 5% 2.36 1.97 1.77  

 
Table 11: Effect of pre harvest elicitors sprays on catalase activity (units/mg protein /min) in papaya cv. Red Lady. 

 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 0.57 0.76 0.78 0.61 

Salicylic acid @ 300 ppm (S2) 0.38 0.68 0.84 0.71 

Chitosan @ 1.5% (S3) 0.47 0.72 0.80 0.65 

Benzyl Adenine @ 50 ppm (S4) 0.61 0.75 0.72 _ 

No spray (S5) 0.64 0.82 0.68 ___ 

S Em± 0.005 0.007 0.007  

CD at 5% 0.015 0.019 0.012  

 
Table 12: Effect of pre harvest elicitors sprays on peroxidase activity (units/mg protein/ min) of papaya cv. Red Lady. 

 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 0.40 0.74 0.75 0.62 

Salicylic acid @ 300 ppm (S2) 0.37 0.63 0.81 0.73 

Chitosan @ 1.5% (S3) 0.38 0.69 0.79 0.68 

Benzyl Adenine @ 50 ppm (S4) 0.39 0.79 0.73 _ 

No spray (S5) 0.48 0.91 0.71 _ 

S Em± 0.004 0.005 0.006  

CD at 5% 0.011 0.016 0.019  
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Table 13: Effect of pre harvest elicitors sprays on total antioxidants (% DPPH activity) in papaya cv. Red Lady. 

 

Pre-harvest elicitors sprays 
Day after storage 

3rd 6th 9th 12th 

Brassinosteroid @ 0.1% (S1) 47.91 (43.78*) 56.88 (48.94) 66.69 (54.75) 55.93 

Salicylic acid @ 300 ppm (S2) 49.50 (44.70) 58.06 (49.62) 69.02 (56.18) 65.93 

Chitosan @ 1.5% (S3) 48.38 (44.05) 57.32 (49.19) 68.10 (55.61) 60.67 

Benzyl Adenine @ 50 ppm (S4) 47.01 (43.27) 55.79 (48.31) 65.06 (53.77) _ 

No spray (S5) 45.68 (42.50) 53.79 (45.58) 59.63 (50.62) _ 

S Em± 0.24 0.26 0.36  

CD at 5% 0.70 0.75 1.03  

* Figures in parenthesis are angular transformation values. 
 

Table 14: Effect of pre harvest elicitors sprays on shelf life of fruit (days) in papaya cv. Red Lady. 
 

Pre-harvest elicitors sprays Days 

Brassinosteroid @ 0.1% (S1) 9.76 

Salicylic acid @ 300 ppm (S2) 10.68 

Chitosan @ 1.5% (S3) 9.96 

Benzyl Adenine @ 50 ppm (S4) 8.55 

No spray (S5) 7.48 

S Em± 0.08 

CD at 5% 0.24 

 

 
S1- Brassinosteroid @ 0.1%; S2- Salicylic acid @ 300 ppm; S3- Chitosan @ 1.5%;  

S4- Benzyl Adenine @ 50 ppm; S5- No spray  
 

 

Fig 1: Effect of pre harvest elicitors sprays on catalase activity (units/mg protein/min) in papaya cv. Red Lady. 
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S1- Brassinosteroid @ 0.1%; S2- Salicylic acid @ 300 ppm; S3- Chitosan @ 1.5%;  

S4- Benzyl Adenine @ 50 ppm; S5- No spray 
 

Fig 2: Effect of pre harvest elicitors sprays on peroxidase activity (units/mg/min) of papaya cv. Red Lady 
 

Conclusion 

On the basis of results obtained in the present investigation, it 

could be concluded that, the fruits sprayed twice with 

Salicylic acid @ 300 ppm had performed best followed by 

Chitosan @ 1.5%, Brassinosteroid @ 0.1% and Benzyl 

Adenine @ 50 ppm with respect to both physical (PLW, fruit 

firmness, percent fruit spoilage and shelf life) and 

biochemical parameters viz., TSS, titrable acidity, reducing 

sugars, ascorbic acid content and enzymatic antioxidants. The 

salicylic acid @ 300 ppm had showed no significant effect 

with other treatments with respect to total sugars, non-

reducing sugars, β-carotene content and total antioxidant 

activities of the fruit pulp. Hence it could be concluded that 

elicitors as preharvest sprays were found more effective in 

maintaining the quality thereby extending the shelf life of 

fruits by 3 days. Further research work could be undertaken 

regarding physiological studies on preharvest application of 

elicitors, use of different concentration of elicitors to study its 

effect at different storage conditions and also use of pre 

harvest sprays of elicitors with other commercial varieties of 

papaya. 
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