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Introduction

Kinnow mandarin (Citrus reticulata L.) is one of the most important citrus fruits that undergoes significant
postharvest quality deterioration. This deterioration is primarily due to moisture loss, physiological changes, and
pathogen infections. To maintain the quality and extend the shelf-life of kinnow mandarins, various postharvest
treatments and storage conditions have been explored. Melatonin, being a nontoxic and safe chemical, has
application potential in the improvement of fruit quality. By stimulating the production of antioxidants like
ascorbic acid and phenolics, melatonin can boost the overall antioxidant capacity of fruits. It has been reported
that by influencing pigment production, melatonin can enhance fruit color and appearance. Further research is
needed to optimize the application methods and determine the most effective melatonin concentrations for
different cultivars and storage conditions. Additionally, the underlying physiological and biochemical
mechanisms by which melatonin enhances fruit quality during postharvest storage warrant further investigation.
Implementing melatonin treatments in commercial postharvest operations could provide a valuable strategy for
maintaining the quality and extending the shelf-life of Kinnow mandarins and other citrus fruits.

Materials and Methods

A field experiment was conducted at a citrus orchard located in Rudkhan district, Rudan, Iran. Ten-year-old
Kinnow mandarin (Citrus nobilis x Citrus deliciosa) trees were treated with three melatonin concentrations: 0
UM (distilled water as control), 100 uM, and 200 pM. The treatments were applied as foliar sprays one month
prior to harvest, repeated three times at weekly intervals. Mature fruits were harvested in December and
randomly divided into two groups: one for immediate analysis and the other for storage. Fruits destined for
storage were disinfected with 0.05% sodium hypochlorite for one min, rinsed with distilled water, and then
subjected to a 30-min immerse in melatonin solutions (100 uM or 200 uM) corresponding to the previous foliar
treatment. The fruits were then stored at 5 + 1°C. Samples were evaluated for physicochemical properties at 30
and 60 days of storage. A factorial experiment was conducted in a randomized complete block design. Data were
analyzed using SAS software, version 9.4. Means were compared using the Least Significant Difference (LSD)
test at the 5% level of significance. Graphs were generated using Excel software.

Results and Discussion
The results showed that melatonin treatments significantly increased fruit weight, pulp weight, juice volume,
titratable acidity, and ascorbic acid content at harvest. During storage, both sprayed and immersed fruits
exhibited less weight loss. At the end of the storage period, treated fruits also had higher ascorbic acid content
compared to the control. Fruit immersion was more effective in preserving total flavonoids at the end of the
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experiment. The highest antioxidant capacity was observed in fruits sprayed with 100 uM melatonin. Melatonin
is a potent antioxidant, scavenging free radicals and protecting cellular components from oxidative damage. In
addition, by modulating ethylene production, melatonin can influence fruit ripening rate and overall quality.
Melatonin has been studied in fruits like mango and papaya, where it has shown potential to improve fruit
quality and extend shelf life. Studies on citrus fruits have indicated that melatonin can reduce chilling injury,
maintain juice quality, and increase antioxidant content. It's important to note that the optimal melatonin
concentration and application method can vary significantly between fruit species. Overall, the sprayed
treatments showed better performance in terms of marketability and various quality attributes compared to the
other treatments. The findings of this study suggest that pre- and post-harvest melatonin treatments can
effectively maintain the quality and extend the shelf-life of Kinnow mandarin fruit during cold storage.
Melatonin's antioxidant properties and ability to regulate physiological processes may contribute to the observed
improvements in fruit quality. These results have important implications for the postharvest management of
Kinnow mandarins, as melatonin could be a valuable tool for preserving the fruit's nutritional and sensory
attributes during storage and transportation.

Conclusions
The results of this study demonstrate that melatonin application had a beneficial impact on Kinnow mandarin
fruits. Overall, the melatonin spray treatment, particularly at a concentration of 100 UM, led to increased fruit
weight, water content, ascorbic acid content, and titratable acidity at harvest. During storage, treated fruits
exhibited higher antioxidant capacity, phenolic and flavonoid content, and ascorbic acid levels, along with
reduced weight loss compared to the control group. Consequently, the use of melatonin is proposed as a
promising strategy to enhance the quality and marketability of Kinnow mandarins during postharvest storage.
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Figure 3- The effect of pre- and post-harvest application of melatonin on the total soluble solids (TSS) and TA contents of
kinnow mandarin juice (DMRT, p<0.05)
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Figure 5- The effect of pre- and post-harvest application of melatonin on the total phenol and flavonoid contents in kinnow
mandarin juice (DMRT, p<0.05)
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