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Abstract 9 

Preserving post-harvest quality and extending the shelf life of fruits is vital for reducing food waste 10 

and ensuring food security, especially for perishable commodities such as Daisy mandarins. This 11 

study evaluated the impact of bioactive agents incorporated into edible coating-based packaging 12 

systems on the lifespan and characteristics of Daisy mandarin fruits. The experiment at Lovely 13 

Professional University's Department of Fruit Science involved sorting, grading, and washing the 14 

fruits with a chlorine solution (100 mg L-1). Fruits were then coated with different concentrations 15 

of salicylic acid (1 mM, 1.5 mM, and 2 mM) and methyl salicylate to slow aging, with a control 16 

group treated with water. Tween 20 (0.05%) was used as a surfactant. The coated fruits were stored 17 

at 18 ± 4 °C in a randomized design with three replications. Various physicochemical attributes 18 

were observed at 10, 20, 30, and 40 days. Results showed that 2 mM salicylic acid was the most 19 

effective, minimizing physiological weight loss while maintaining juice content and overall fruit 20 

quality over 40 days. This treatment also preserved the fruits' sensory attributes. The study 21 

highlights 2 mM salicylic acid as a promising edible coating-based active packaging treatment for 22 

maintaining postharvest quality of Daisy mandarin under ambient storage conditions. 23 

Keywords: Active packaging, Edible coating, Shelf-life extension, Citrus fruit, Salicylic acid, 24 

Methyl salicylate 25 

 26 

1. Introduction 27 
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Citrus is a significant part of India's fruit economy, with mandarins, especially the 'Daisy' 28 

variety, being favored for their sweetness, juiciness, and ease of peeling. The Daisy mandarin 29 

(Citrus reticulata Blanco) originated from a breeding program that crossed the 'Fremont' and 30 

'Fortune' mandarins. This introduction was particularly important given the dominance of the 31 

'Kinnow' mandarin, which accounts for over 50% of the fruit-growing area in Punjab (Dhillon et 32 

al. 2016). Daisy's superiority over Kinnow lies in its precocity, taste, rind color, and juice content 33 

(Brar et al. 2020). Daisy mandarin fruits typically mature by mid-November, producing medium- 34 

to large-sized fruits with appealing dark orange skin (Chahal and Singh 2017).  35 

Food packaging is essential for preserving freshness and quality by managing moisture, gas 36 

exchange, and microbial growth. Recently, edible coatings have gained attention as eco-friendly 37 

packaging alternatives for fruits and vegetables. When bioactive substances are added to these 38 

coatings, they help maintain the shelf life of produce by reducing respiration and water loss. This 39 

approach has been explored in various studies, including that of Fekry et al. (2021). Extending 40 

the storage duration of 'Daisy' mandarin increases export opportunities and alleviates oversupply 41 

in domestic markets, thereby mitigating post-harvest losses.  42 

Several chemical regulators, including 1-MCP, AVG, salicylic acid, methyl salicylate, 43 

polyamines, and brassinosteroids, are used as anti-senescence compounds to slow down 44 

senescence, helping keep the fruit marketable for longer periods. This extended storage allows 45 

farmers to sell their produce at more opportune times, reducing waste and increasing profitability 46 

(Jarman et al. 2021). Salicylic acid (SA) is a naturally occurring plant hormone crucial for 47 

regulating plant development, growth, and responses to both biotic and abiotic stresses (Khademi 48 

et al. 2019). This phenolic hormone is involved in several plant functions, such as stomatal 49 

movement, seed germination, sex determination, photosynthesis, transpiration, and ion uptake and 50 

transport (Ali et al. 2020). Additionally, SA contributes to maintaining the taste, aroma, color, and 51 

firmness of fruits (Ramezanian et al. 2018). Research has shown that SA is beneficial in preserving 52 

various fruits, including bananas, peaches, and strawberries (Srivastava and Dwivedi 2000; 53 

Babalar et al. 2007). 54 

Methyl salicylate (MeSA), a benzoate ester derived from salicylic acid, has shown 55 

the potential to enhance fruit quality and extend the postharvest shelf life of various agricultural 56 



products (Chotikakham et al. 2020). This compound acts as a flavouring agent, metabolite, and 57 

insect attractant. MeSA is characterized by its sweet aroma, colorless appearance, molecular 58 

weight of 152.149 g/mol, and a boiling point of 223°C (Gondor et al. 2022). Research indicates 59 

that MeSA can delay changes in peel color and firmness while mitigating physiological disorders 60 

in kiwi (Li et al. 2017). Furthermore, MeSA treatment enhances enzyme activity, reduces oxidative 61 

damage, and slows ripening in pomegranates and sweet cherries (Sayyari et al. 2011). Studies have 62 

also explored optimizing crops for pest and disease biocontrol to improve overall plant health 63 

(Razo-Belman and Ozuna 2023). 64 

Investigating salicylic acid (SA) and methyl salicylate (MeSA) as potential anti-senescence 65 

agents for postharvest use has introduced new opportunities in postharvest research. Salicylic acid 66 

functions as a signalling molecule in plant defence and stress responses, though its precise role in 67 

postharvest physiology remains unclear (Yang et al. 2023). Similarly, MeSA, known for its role in 68 

plant communication and defence against pests, requires further investigation to determine its 69 

exact impact on senescence processes in harvested fruits (Midzi et al. 2022). Although previous 70 

studies have shown that salicylic acid concentrations ranging from 0.1 to 2 mM can extend fruit 71 

shelf life (García-Pastor et al. 2020; Baswal et al. 2021), comparative evaluation of SA and MeSA-72 

based edible coatings as active packaging under ambient storage conditions remains limited for 73 

Daisy mandarin. Furthermore, understanding the ecological and environmental implications of SA 74 

and MeSA applications in postharvest management is crucial for developing sustainable and 75 

environmentally friendly preservation methods (Correia et al. 2017). This study aimed to evaluate 76 

salicylic acid- and methyl salicylate-based edible coatings as active packaging to extend the shelf 77 

life and maintain the quality of Daisy mandarin during ambient storage. This research seeks to 78 

address gaps in current understanding of postharvest physiology and to offer practical solutions to 79 

minimize postharvest losses, enhance fruit quality, and improve the economic sustainability of 80 

citrus production. 81 

2. Materials and methods 82 

The study utilized Daisy mandarin fruits harvested at peak maturity in November. These 83 

fruits were obtained from healthy, well-maintained plants, following recommended cultivation 84 

practices, at the Punjab Agricultural University fruit orchard in Ludhiana (30.9041ºN, 75.8066ºE). 85 



Uniform-sized fruits, free from disease and bruises, were collected using clippers while leaving a 86 

small stem attached. The harvested fruits were carefully packed in cushioned crates and 87 

transported to the postharvest laboratory of the Department of Horticulture (Fruit Science) at 88 

Lovely Professional University in Phagwara. Upon arrival, the fruits were sorted, graded, and 89 

cleaned with a chlorine solution (100 mg L-1) to ensure proper hygiene. Following these steps, the 90 

fruits were then divided into appropriate groups for further processing. Selected fruits were dipped 91 

inside an emulsion including Tween 20 (0.05%) with three distinct levels (2 mM, 1.5 mM, and 1 92 

mM) of two anti-senescence packaging compounds (salicylic acid and methyl salicylate) for 5–6 93 

min at room temperature (Table 1), followed by the complete drying of the fruits (Fig. 1). Although 94 

applied by dipping, the formulations formed a thin edible coating layer on the fruit surface after 95 

drying and therefore functioned as coating-based packaging systems. After thorough drying, the 96 

fruits were placed on shelves according to the specific treatments and stored at 18 ± 4°C with 65–97 

80% relative humidity for up to 40 days. Ripe fruits were evaluated on the initial day for baseline 98 

data. Fruit samples were removed from storage at 10, 20, 30, and 40 days and analyzed for various 99 

physicochemical properties. In the experimental design, the focus was solely on the coating 100 

materials and the duration of storage intervals.  101 

 102 

Fig. 1. Application of methyl salicylate and salicylic acid as a fruit coating of Daisy mandarin 103 

Table 1. Salicylic acid and Methyl salicylate treatment details for fruit coating  104 



Treatments Compounds Concentrations Emulsifier 

SA Salicylic acid 1 mM Tween 20 (0.05%) 

 Salicylic acid 1.5 mM Tween 20 (0.05%) 

 Salicylic acid 2 mM Tween 20 (0.05%) 

MeSA Methyl salicylate 1 mM Tween 20 (0.05%) 

 Methyl salicylate 1.5 mM Tween 20 (0.05%) 

 Methyl salicylate 2 mM Tween 20 (0.05%) 

Control Water 100 % None 

 105 

2.1. Fruit weight (g) and Physiological loss in weight (%) 106 

Fruit weight was recorded at each 10-day storage interval and expressed both in grams and 107 

as percentage physiological loss in weight (PLW). The physiological weight loss was computed 108 

by comparing the final and initial fruit weights using the formula below (Kader 2005). 109 

 PLW (%) =
Initial fruit weight (g) − Final fruit weight (g)

Initial fruit weight (g)
 × 100 110 

2.2. Fruit peel weight (g) 111 

The fruit peel weights were recorded using a weighing balance (Wensar Precision Balance 112 

Model PGB 1000) after 10-day intervals up to 40 days. The mean values were calculated for five 113 

randomly selected fruits from three replications.  114 

2.3. Total soluble solids (°B) 115 

The degree of total soluble solids (TSS) in the fruits (°Brix) was determined using a 116 

Milwaukee MA871 Digital Refractometer. The obtained values were adjusted to a standard 117 

temperature of 20°C and reported as percentages (AOAC 2005). 118 

2.4. Total sugar (%) 119 

In a conical flask, combine 10 mL of juice with 100 mL of distilled water and 2 mL of 45% 120 

lead acetate, then allow the mixture to sit for 2 days. After this period, add 1.9 mL of 22% 121 



potassium oxalate and 250 mL of distilled water to reach a total volume of 250 mL. The following 122 

day, introduce 5 mL of concentrated hydrochloric acid into 50 mL of this solution and let it sit for 123 

24 hours. Afterward, neutralize the mixture with 40% NaOH until a pale pink color is achieved, 124 

then dilute to 100 mL. In a separate conical flask, mix 2.5 mL each of Fehling's solutions A and B 125 

with 50 mL of distilled water and heat the mixture on a hot plate at room temperature. Methylene 126 

blue indicator is introduced to the boiling Fehling's solution, and the juice sample is gradually 127 

titrated from a burette. The results were expressed as percentages (AOAC 2005). 128 

2.5. Ascorbic acid (mg 100 g-1) 129 

The ascorbic acid level in the fruit was measured using the visual titration method with 2,6-130 

dichlorophenolindophenol (DCPIP) dye (Ranganna 1994). 131 

Dye factor standardization: Take 50 mg of ascorbic acid and dissolve it in a specific volume of 132 

either 3% metaphosphoric acid or 4% oxalic acid to achieve the desired concentration. Then, take 133 

4 mL of the prepared solution and dilute to a final volume of 100 mL with either a 3% HPO3 134 

solution or a 4% oxalic acid solution. The dye factor can be calculated using the following formula 135 

(Razo-Belman and Ozuna 2023): 136 

Dye factor =
0.5

Titer value
 137 

Estimation: A sample weighing 10-20 mg was ground and then combined with either a 3% HPO3 138 

solution or a 4% oxalic acid solution to reach a final volume of 100 mL. This mixture was filtered 139 

through paper. From the prepared sample, 10 mL was taken and titrated against a 0.04% DCPIP 140 

dye solution until a persistent pink endpoint was achieved, lasting for at least 15 seconds. The 141 

outcomes are presented as mg 100 g-1 of the sample (AOAC 2005).             142 

Ascorbic acid (
mg

100g
) =

Titer × Volume made × Dye factor

Weight of sample × Aliquot made
 × 100 143 

2.6. Total antioxidant activity (%) 144 

To determine the antioxidant capacity of fruit juice, its ability to scavenge DPPH radicals was 145 

evaluated using a method adapted from Brand-Williams et al. (1995). The DPPH solution was first 146 



kept in the dark for two hours to stabilize its absorbance. Next, a reaction mixture containing 1 mL 147 

DPPH, 800 µL Tris-HCl, and 4.5 mL ethanol was assembled, and the absorbance was read at 517 148 

nm. The control consisted of 1.2 mL ethanol and 800 µL Tris-HCl. For sample preparation, 10 149 

grams of fruit were homogenized with 20 mL of 80% ethanol using a mortar and pestle. After 150 

homogenization, the mixture was centrifuged at 10,000 rpm for 20 minutes, and the resulting 151 

supernatant was reserved for analysis. For the assay, 200 µL of this extract was mixed with 4.5 152 

mL ethanol, 800 µL Tris-HCl, and 1 mL DPPH in a test tube. The mixture was then incubated in 153 

the dark for 30 minutes, after which absorbance was measured at 517 nm. The control sample, 154 

containing 1.2 mL ethanol and 800 µL Tris-HCl, was also measured. Antioxidant activity was 155 

calculated as a percentage using the equation described by Valko et al. (2007). 156 

Inhibition ratio (%) =
Ac − As

Ac
 × 100 157 

Where Ac- represents the absorbance (OD) of the control (DPPH solution without the sample), 158 

and As- represents the absorbance (OD) of the sample (DPPH solution with the sample). 159 

2.7. Reducing sugar (%) 160 

The determination of reducing sugars involved titrating a sample aliquot with 5 mL each of 161 

Fehling's solutions A and B, both preheated. Methylene blue served as the indicator throughout 162 

the process. The titration was stopped once a brick-red endpoint was observed, and the sugar 163 

content was calculated as a percentage, following AOAC (2005) guidelines. 164 

2.8. Juice percentage (%) 165 

 Fruit juice was extracted using a screw-type extractor, strained through a mesh, and weighed. 166 

The juice percentage was calculated based on fresh weight. Mean values were derived from five 167 

randomly selected fruits across three replications. 168 

2.9. Peel thickness (mm) 169 

Peel thickness was measured in millimeters using a Mitutoyo 500-196-30 Advanced Onsite 170 

Sensor Absolute Scale Digital Caliper. The mean values were calculated for five randomly selected 171 

fruits of three replications. 172 



2.10. Spoilage (%) 173 

The percentage of fruit rot was determined by counting the number of spoiled fruits at each 174 

storage interval. The spoilage percentage was calculated using the formula provided by Gajanana 175 

et al. (2019): 176 

Spoilage (%) =
Number of spoiled fruits

Total number of fruits
 ×  100 177 

2.11. Organoleptic sensory attributes (Hedonic scale 1-9) 178 

A semi-trained panel of ten judges evaluated the fruits for flavor, texture, appearance, and 179 

taste using a 9-point hedonic scale. Samples were coded and presented in random order under 180 

controlled laboratory conditions (Lim 2011). Ethical approval was not required for this study as 181 

the sensory evaluation involved voluntary participation of trained panelists and did not involve 182 

any clinical or invasive procedures. Informed consent was obtained from all participants prior to 183 

the evaluation. The panelists were familiarized with evaluation procedures prior to assessment. 184 

Samples were randomized and coded to avoid bias. Evaluations were conducted under controlled 185 

conditions (ambient temperature 22–25°C, neutral lighting), and water was provided to cleanse the 186 

palate between samples. 187 

2.12. Statistical analysis 188 

A completely randomized design (CRD) was implemented, consisting of three biological 189 

replicates per treatment and five fruits per replicate, resulting in 15 fruits per treatment. Statistical 190 

analyses were conducted using SPSS. Data were evaluated by one-way ANOVA, and results are 191 

presented as mean ± standard error (SE) based on the three biological replicates. Duncan's Multiple 192 

Range Test (DMRT) was applied to separate means at p ≤ 0.01. 193 

3. Results 194 

3.1. Fruit weight and PLW 195 

The treatments and storage duration significantly influenced (p ≤ 0.01) the fruit weight and 196 

physiological weight loss of Daisy mandarin fruits (Figures 2 a & b). Fruit weight decreased 197 

progressively during storage in all treatments. The highest fruit weight at the end of storage (40 198 



days) was observed in fruits treated with 2 mM salicylic acid (106.5 g), followed by 2 mM methyl 199 

salicylate (103.8 g), whereas the control fruits recorded the lowest fruit weight (82.4 g). Similarly, 200 

PLW increased with storage duration across all treatments. The lowest PLW at 40 days was 201 

recorded in fruits treated with 2 mM salicylic acid (22%), followed by 2 mM methyl salicylate 202 

(26.5%), while the highest PLW was recorded in control fruits (46%). 203 

  204 

  205 

Fig. 2. Effect of salicylic acid (SA) and methyl salicylate (MeSA) based active packaging on Daisy 206 

mandarin fruits stored at ambient conditions up to 40 days: (a) fruit weight (g), (b) physiological 207 

loss in weight, (c) juice content (%), and (d) TSS (ºBrix). The values are presented in mean (n=3) 208 

and standard error. The letters indicate a significant level at p ≤ 0.01. 209 

3.2. Juice percentage and TSS 210 

Figure 2 (c) illustrates the impact of salicylic acid and methyl salicylate on juice content, 211 

showing a notable but gradual decrease in average cumulative juice content compared to the 212 

control. The data showed that juice content decreased during storage across all treatments; 213 
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however, fruits treated with 2 mM SA (38.40%) and 2 mM MeSA (28.50%) retained higher juice 214 

content at the end of storage (40 days), whereas control fruits recorded the lowest juice content 215 

(9.45%). Among the treatments, 2 mM salicylic acid was the most effective. Additionally, Figure 216 

2(d) shows that TSS increased during storage in all treatments; however, control fruits showed a 217 

greater increase than treated fruits. After 40 days of storage at room temperature (18 ± 4 °C), 218 

control fruits recorded the highest TSS (11.83 °Brix), while fruits treated with 2 mM salicylic acid 219 

(10.03 ºBrix) and 2 mM methyl salicylate (10.43 °Brix) showed lower values, indicating a slower 220 

rate of increase in TSS in treated fruits. 221 

3.3. Peel weight and peel thickness 222 

Throughout storage, treatments with salicylic acid and methyl salicylate reduced peel 223 

weight. The weight of the fruit peel is crucial for determining the fruit's overall quality and value. 224 

As depicted in Fig. 3 (a), the peel weight was highest at 6.36 g and 5.82 g for fruits treated with 2 225 

mM salicylic acid and 2 mM methyl salicylate, respectively, after 40 days of storage at room 226 

temperature (18 ± 4 °C). Peel weight for fruits treated with SA 2 mM and MeSA 2 mM ranged 227 

from 12.13 to 6.36 g and 11.6 to 5.82 g, respectively, over the 10 to 40-day storage period. 228 

Similarly, Fig. 3 (b) shows a decrease in peel thickness during storage. The thickest peels (0.66 229 

mm and 0.65 mm) were observed in fruits treated with 2 mM salicylic acid and 2 mM methyl 230 

salicylate after 40 days at room temperature. Among the treatments, 2 mM salicylic acid was 231 

notably superior, with a peel thickness of 0.66 mm after 40 days, while the control group had the 232 

thinnest peel thickness at 0.41 mm. 233 

3.4. Total sugar and reducing sugar 234 

Figure 3 (c) shows that total sugar levels in Daisy mandarin fruit increased gradually across 235 

all treatments compared with the control during storage at ambient conditions. The highest total 236 

sugar content was observed in the control group (9.44%) and in fruits treated with 1.5 mM methyl 237 

salicylate (9.12%). The lowest total sugar levels were found in fruits treated with 2 mM salicylic 238 

acid (7.00%) and 2 mM methyl salicylate (7.46%), both stored for 40 days at room temperature 239 

(18 ± 4°C). The smallest increase in total sugar was noted in fruits treated with 2 mM salicylic 240 

acid. Figure 3(d) depicts a similar pattern for reducing sugars, which were significantly influenced 241 

by the treatments and storage time (p ≤ 0.01). The highest reducing sugar content was recorded in 242 



the control (7.68%) and in fruits treated with methyl salicylate at 1.5 mM (6.86%). The lowest 243 

reducing sugar levels were seen in fruits treated with 2 mM salicylic acid (5.53%) and 2 mM 244 

methyl salicylate (5.63%) after 40 days of storage at 18 ± 4°C. Among the treatments, fruits treated 245 

with 2 mM salicylic acid had the lowest reducing sugar content after 40 days. 246 

 247 

 248 

Fig. 3. Effect of salicylic acid (SA) and methyl salicylate (MeSA) based active packaging on Daisy 249 

mandarin fruits stored at ambient conditions: (a) peel weight (g), (b) peel thickness (mm), (c) total 250 

sugar (%), and (d) reducing sugar (%). The values are presented in mean (n=3) and standard error. 251 

The letters indicate a significant level at p ≤ 0.01. 252 

3.5. Ascorbic acid and total antioxidant activity 253 

The influence of salicylic acid and methyl salicylate on ascorbic acid and total antioxidant 254 

activity in Daisy mandarin fruit was examined. As depicted in Fig. 4(a), ascorbic acid content 255 

decreased gradually during storage across all treatments; however, fruits treated with 2 mM 256 
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salicylic acid retained significantly higher levels than the control (p ≤ 0.01). The highest 257 

concentrations of ascorbic acid were observed in fruits treated with 2 mM salicylic acid (24.74 mg 258 

100 g-1) and 2 mM methyl salicylate (21.82 mg 100 g-1). In contrast, the lowest concentrations 259 

were found in the control (16.75 mg 100 g-1) and fruits treated with 1 mM methyl salicylate (18.21 260 

mg 100 g-1) after 40 days at 18 ± 4°C. Ascorbic acid decreased during storage in all treatments; 261 

however, treated fruits retained higher levels than the control. Similarly, Fig. 4 (b) shows that total 262 

antioxidant activity (TAA) increased with treatment.  263 

 264 

 265 

Fig. 4. Effect of salicylic acid (SA) and methyl salicylate (MeSA) based active packaging on Daisy 266 

mandarin fruits stored at ambient conditions: (a) ascorbic acid (%), (b) antioxidant activity (%), 267 

(c) spoilage (%), and (d) organoleptic sensory attributes (1-9). The values are presented in mean 268 

(n=3) and standard error. The letters indicate a significant level at p ≤ 0.01. 269 

The highest TAA values were recorded in fruits treated with 2 mM salicylic acid (18.58%) 270 

and 2 mM methyl salicylate (18.24%), while the lowest values were found in the control (16.25%) 271 
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and fruits treated with 1 mM methyl salicylate (16.87%) after 40 days of storage at room 272 

temperature (18 ± 4°C). Fruits coated with 2 mM salicylic acid exhibited the highest antioxidant 273 

activity during ambient storage. 274 

3.6. Spoilage and sensory characteristics of fruits 275 

Over the storage period, spoilage percentages were significantly lower (p ≤ 0.01) across all 276 

treatments than in the control. As shown in Fig. 4 (c), fruits treated with 2 mM salicylic acid 277 

exhibited the lowest average spoilage rate of 44.66% after 40 days. In contrast, the control group 278 

experienced the highest spoilage at 86.66%, with fruits treated with 1.5 mM methyl salicylate 279 

following closely at 83.33%. Other spoilage percentages included 52.66% at 2 mM methyl 280 

salicylate, 64.66% at 1.5 mM salicylic acid, 67.33% at 1 mM methyl salicylate, 74% at 1 mM 281 

salicylic acid (Fig. 5). The control group had the highest spoilage rate at 86.66% after 40 days. 282 

Additionally, Fig. 4 (d) shows the sensory attributes of the fruits after 40 days of storage. Fruits 283 

coated with 2 mM salicylic acid received the highest average sensory rating of 6.33, followed by 284 

fruits coated with 2 mM methyl salicylate, which had a rating of 6.16. Uncoated fruits had the 285 

lowest average sensory score of 4.66. Coated fruits showed a slower decline in sensory attributes 286 

compared to those that were uncoated. 287 

 288 

Fig. 5. Fruit physical changes after treatment with salicylic acid and methyl salicylate-based active 289 

packaging for a 40-day storage period. 290 

 291 



4. Discussion 292 

The present study shows that salicylic acid (SA) at 2 mM was most effective (p ≤ 0.01) in 293 

maintaining higher fruit weight during storage at 18 ± 4 °C, followed by methyl salicylate (MeSA) 294 

at 2 mM, compared to the control. Fruits treated with SA (2 mM) recorded the highest fruit weight 295 

(106.5 g) and the lowest physiological loss in weight (22%) after 40 days of storage. The higher 296 

retention of fruit weight in treated fruits may be attributed to the ability of SA and MeSA to 297 

regulate respiration and transpiration, thereby reducing moisture loss and metabolic degradation. 298 

These treatments likely slow down the breakdown of stored carbohydrates and limit water loss, 299 

which are the primary contributors to postharvest weight reduction (Lufu et al. 2019; Ennab et al. 300 

2020). In contrast, the lower fruit weight and higher PLW observed in control fruits may be due to 301 

increased transpiration and faster metabolic activity under ambient storage conditions. Similar 302 

results have been reported in mango (Reddy et al. 2016) and citrus fruits (Baswal et al. 2021), 303 

where salicylic acid treatments effectively reduced weight loss during storage. Comparable 304 

findings have also been reported in grapes (Hazarika and Marak 2022) and mandarins (Orabi and 305 

El-Motty 2018). 306 

The present study indicates that 2 mM SA and 2 mM MeSA maintain better retention of 307 

juice content during storage. This may be associated with better maintenance of cellular integrity 308 

during storage. Microorganisms can feed on the sugars and other nutrients present in the fruit, 309 

leading to the breakdown of the cellular structure and a reduction in juice content (Cywińska-310 

Antonik et al. 2023). Similar results have been observed in Mandarin when stored for 45 days at 311 

7.2 ºC (Orabi and El-motty, 2018). A similar trend was observed in grapes treated with 2 mM SA 312 

during ambient storage conditions (Hazarika and Marak 2022). Although TSS increased during 313 

storage, treated fruits showed a slower increase compared to the control, indicating delayed 314 

ripening. These treatments delay the ripening process, affecting the conversion of starches into 315 

sugars, leading to an increase in TSS (Dwivany et al. 2020). The rise in TSS may be attributed to 316 

the production of mono- and disaccharides through the hydrolysis of starch and pectin (Kaur and 317 

Dhillon 2015). Similar results were observed in phalsa, which retained lower TSS when treated 318 

with 2 mM SA (Vyas et al. 2016). 319 



The weight of the fruit peel is a key factor in determining the fruit's overall quality and value. 320 

Peel weight decreased gradually during storage across all treatments, with better retention 321 

observed in SA and MeSA-treated fruits. Sabir and Sabir (2017) found a similar trend in grapes 322 

when treated with SA 2 mM at 1 ºC, and relative humidity was 90% up to 60 days. A similar trend 323 

was observed in guava fruit, which retained its quality for up to 14 days at 5 °C (Midzi et al. 2022). 324 

Fruit peel thickness significantly influences fruit quality and shelf life (Gupta et al. 2020; Kumar 325 

et al. 2021). Treatments of 2 mM SA, followed by 2 mM MeSA, maintained the greatest thickness 326 

after 40 days at 18 ± 4 ºC compared to the control. Microbial growth may also contribute to a 327 

decrease in fruit peel thickness. Bacteria and fungi may colonize the surface of the fruit and break 328 

down the cells in the peel. As cells break down, the peel becomes thinner and more susceptible to 329 

damage (Gupta et al. 2020). Similar observations have been made with peach fruits, where quality 330 

parameters were maintained, extending the shelf life by up to 10 days (Taher et al. 2022). 331 

Additionally, consistent results were observed in apricot fruits, which retained their quality during 332 

21 days of cold storage (Ezzat et al. 2017). 333 

The rise in total sugar content during storage plays an important role in determining fruit 334 

sweetness and flavor. In the present study, total sugar increased gradually across all treatments, 335 

with a slower rate of increase observed in fruits treated with SA (2 mM), followed by MeSA (2 336 

mM), compared to the control. A similar trend was observed for reducing sugars, including glucose 337 

and fructose, which increased during storage but at a slower rate in treated fruits. This gradual 338 

increase in sugars may be attributed to the breakdown of complex carbohydrates into simpler 339 

sugars during ripening (Ghnimi et al. 2018; Lufu et al. 2019). Enzymatic hydrolysis of starch into 340 

soluble sugars is a key process contributing to this increase (Kebede and Admassu 2019). Similar 341 

findings have been reported in custard apple, where SA (2 mM) treatments influenced sugar 342 

accumulation during storage (Vyas et al. 2015), and in guava, where SA application improved 343 

shelf life and reduced decay (Madhav et al. 2016). 344 

Ascorbic acid, a potent antioxidant, effectively donates electrons to neutralize free radicals 345 

(Gulcin 2020). SA 2 mM and MeSA 2 mM slowed the decline of ascorbic acid compared to the 346 

control. During storage, fruits are exposed to air and oxygen, leading to the oxidation and 347 

breakdown of ascorbic acid into inactive forms, a process accelerated by temperature and light 348 

(Varatharajan and Pushparani 2018). Fruits continue to respire post-harvest, consuming oxygen 349 



and releasing carbon dioxide, which generates reactive oxygen species that degrade ascorbic acid 350 

(Alam et al. 2021). Comparable results were reported by Orabi and El-motty (2018) for 351 

'Clementine' mandarins and by Shanbehpour et al. (2020) for Indian jujube. SA may reduce 352 

ethylene production and delay senescence, while MeSA acts as a signaling molecule enhancing 353 

stress tolerance (Zhang et al. 2020; Wang et al. 2022).  354 

After 40 days of storage at 18 ± 4 °C, coating with SA 2 mM reduces fruit spoilage compared 355 

to the control and to MeSA 2 mM. Microorganisms such as bacteria, fungi (like Penicillium 356 

digitatum), and yeasts are significant contributors to fruit spoilage (Zhao et al. 2022). Rasouli et 357 

al. (2019) observed a similar trend of spoilage in SA 2 mM. This is consistent with a previous 358 

study on phalsa fruit, which showed that SA at 2 mM with sodium benzoate resulted in a lower 359 

spoilage percentage (Vyas et al. 2016). The same is true in the case of the sensory attributes of 360 

fruits. After 40 days of storage, fruits treated with 2 mM SA and 2 mM MeSA had the highest 361 

sensory ratings compared to the control group. The coated fruits showed a slower decline in 362 

sensory attributes than the uncoated fruits. Storage conditions can induce physicochemical changes 363 

in food products, resulting in sensory deterioration. Oxidation, moisture loss, enzymatic activity, 364 

and loss of volatile compounds are key factors that can alter the sensory attributes of stored food 365 

items (Barrett et al. 2010). The application of SA 2 mM has demonstrated the highest acceptability 366 

scores for pomegranate fruit stored at 5 ± 2 °C and 85-90% relative humidity for 90 days (Sayyari 367 

et al. 2011; Opara et al. 2015).  368 

Edible coatings containing salicylic acid and methyl salicylate functioned as active 369 

packaging by forming a semipermeable barrier that regulated moisture loss, gas exchange, and 370 

oxidative reactions. In the present study, salicylic acid and methyl salicylate coatings effectively 371 

reduced physiological weight loss, delayed sugar accumulation, preserved antioxidant capacity, 372 

and minimized spoilage, demonstrating their role beyond chemical treatments. This highlights 373 

their relevance as sustainable alternatives to conventional packaging materials in citrus supply 374 

chains. 375 

 376 

5. Conclusion 377 



Salicylic acid and methyl salicylate-based edible coatings effectively extended the shelf life of 378 

Daisy mandarin while maintaining physicochemical and sensory quality. These compounds likely 379 

help in reducing enzymatic and metabolic degradation and microbial activity, mitigate pigment 380 

degradation, and regulate the synthesis of secondary metabolites. As a result, they maintain the 381 

firmness, color, texture, nutritional content, and flavor profiles of fruits, enhancing their visual 382 

appeal, textural integrity, taste, aroma, and overall sensory quality, thereby ensuring the shelf life 383 

of produce. The findings demonstrate that salicylic acid-based edible coatings, particularly at 2 384 

mM, function effectively as active packaging by regulating physiological and biochemical 385 

deterioration in Daisy mandarin. These coatings offer a low-cost, eco-friendly packaging strategy 386 

for extending shelf life under ambient conditions and thereby demonstrating their potential 387 

application in citrus postharvest handling and sustainable food packaging systems 388 
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