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Abstract

The increase in postharvest losses in horticultural crops, especially fruits and vegetables, has become one of the major
challenges in food security and supply chain sustainability due to high perishability, physiological stresses, and oxidative
damage. The use of traditional chemical compounds, although effective to some extent in spoilage control, has highlighted the
need for safe and biocompatible alternatives due to environmental concerns and consumer health risks. In the meantime,
melatonin (N-acetyl-5-methoxytryptamine) as an endogenous, non-toxic, and multifunctional signaling molecule has great
potential for application in postharvest technology. Research evidence shows that exogenous application of melatonin can
prevent the occurrence of physiological disorders and premature aging by strengthening the antioxidant defense system,
increasing the activity of protective enzymes and non-enzymatic compounds, reducing the accumulation of reactive oxygen
species, and maintaining the integrity of cell membranes. In addition, melatonin modulates the expression of defense genes
and increases the tolerance of horticultural products to post-harvest stresses, including frost, by regulating ethylene-, salicylic
acid-, and abscisic acid-dependent signaling pathways. These properties maintain quality traits such as tissue firmness, soluble
matter content, phenolic compounds, and vitamins during storage. Accordingly, melatonin can be a suitable alternative to
conventional chemical methods as a green and sustainable preservative and play an effective role in reducing waste,
increasing shelf life, and improving the quality of horticultural products.
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1. Introduction

The growing global population has significantly
increased the demand for food (Ema et al., 2024). A
certain percentage of food produced globally is lost
or wasted. (Lau et al., 2021), is a serious challenge in
the food supply chain. Several post-harvest
technologies, including cold storage and the use of
synthetic chemicals, have been applied to reduce this
waste and improve product quality (Ferreira et al.,
2024; Patil et al., 2024; Zhang, 2024). However, due
to increasing environmental and health concerns, the
use of synthetic chemicals is decreasing (Bose et al.,
2021), which highlights the need to develop new and
sustainable technologies. In this regard, exogenous
plant hormone treatments have been proposed as a
natural and promising solution to maintain the quality
and increase the shelf life of fruits and vegetables
(Aghdam et al., 2020; Baswal et al., 2020; Adhikary
et al., 2021; Islam et al., 2022; Gutiérrez-Villamil et
al., 2023). Phytohormones, natural organic
compounds, play a pivotal role in coordinating plant
physiological activities, responding to environmental
stresses, and regulating growth and development (Hu
et al., 2022; Massolo et al., 2022). Horticultural
crops, due to their vital role in food security,
commercial economy, and industrial applications,
have a special place in global agriculture and are
considered a rich source of micronutrients, vitamins,
and bioactive compounds (Gao et al., 2022).
However, the production of these products is always
constrained by biotic (e.g., pests and pathogens) and
abiotic (e.g., temperature fluctuations, drought,
salinity, and heavy metals) stresses, which lead to a
decrease in the quantity and quality of products
(Ahmad et al, 2019; Kumari et al., 2021;
Umamaheswari et al., 2020). Therefore, it is essential
to develop effective management strategies to
increase the resilience and sustainability of the
production of these products. The high perishability
of horticultural products due to mechanical damage,
physiological deterioration, and improper post-
harvest management is a serious obstacle in their
supply chain and marketing (Xu et al., 2019). Despite
the widespread use of technologies and chemicals to
control spoilage, their environmental and health-

related risks have drawn researchers' attention to
natural preservatives (Bose et al., 2021). In response
to the increasing demand for safe and nutritious
products, the use of compounds such as melatonin
has attracted special attention as a novel and
sustainable solution to increase the shelf life and
maintain the quality of horticultural products (Nitu et
al., 2024; Padilla-Gonzalez et al., 2026).

Melatonin (N-acetyl-5-methoxytryptamine,
MT), an indole compound first identified in the
pineal gland of animals (Wang et al., 2026; Favero et
al., 2026; Huang and Wong, 2026), has been widely
considered in recent years as an effective tool in
promoting stress tolerance and improving plant
growth (Ahmad et al., 2023). This compound, which
is endogenously present in many plant species, plays
a key role in regulating physiological activities
(Arnao and Herndndez-Ruiz, 2014). Research has
shown that exogenous application of melatonin, in
addition to stimulating growth, increases tolerance to
environmental stresses and delays the aging process
by modulating defense responses (Zhou et al., 2021;
Wang et al., 2023; Nguyen and Ha, 2025).
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Figure 1.
Chemical structure of Melatonin (MEL). (Padilla-Gonzélez et al.,
2026).

Melatonin, as a plant growth regulator (PGR),
affects important processes such as fruit formation,
seed germination, root proliferation, flowering, and
fruit ripening (Dai et al., 2020). In plants, melatonin
acts as a biological signal in several plant processes
such as photosynthesis, growth, defense, germination,
budding, flowering, leaf senescence, membrane
integrity, root growth, osmotic regulation, and plant
protection against biotic and abiotic stresses (Sharma
and Zheng, 2019). Also, this compound is able to
increase the shelf life and freshness of fruits after
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harvest. The role of melatonin in stress resistance,
hormone regulation, and postharvest quality
improvement has been consistently reported (Wang et
al., 2020; Jabbari and Jabbari, 2023). Treatment with
exogenous melatonin can improve the stress
resistance, antioxidant capacity, and antimicrobial
ability of fruits after harvest, thereby increasing their
shelf life and quality (Hernandez-Ruiz et al., 2022).
In particular, the function of melatonin in delaying
fruit ripening and senescence during storage has
attracted the attention of researchers, as the
mechanism of its influence on the quality of
harvested fruits has become an important research
focus (Arnao and Hernandez-Ruiz, 2020; Kumar
Bose and Howlade, 2026). Melatonin has recently
been studied to maintain postharvest quality and
increase the shelf life of various horticultural crops
(Hei et al., 2025). External application of melatonin
can enhance endogenous melatonin to enhance its
activities in several physiological processes and
scavenge Reactive Oxygen Species (ROS) from fruits
and vegetables during storage by increasing the
activity of antioxidant enzymes. Several previous
reports have indicated that external application of
melatonin can maintain quality, control postharvest
diseases, and extend the shelf life of jujube (Hei et
al., 2025), plum (Zhang et al., 2024), pepper (Li et
al., 2024; Charoenphun et al., 2024), guava (Yang et
al., 2023), papaya (Wang et al., 2022), sweet cherry
(Wang et al., 2019; Bal, 2023), strawberry (Liu et al.,
2018), tomato (Sharafi et al., 2019), grape (Meng et
al., 2019), peach (Gao et al., 2018), pear (Liu et al.,
2019) and many others have gradually attracted the
attention of researchers and consumers. In this
review, we systematically summarize recent research
advances that reveal the multiple functions and
mechanisms of action of melatonin during
postharvest storage of horticultural crops and provide
future research directions for the use of melatonin for
postharvest management.

2. Melatonin metabolism in plants

Melatonin (N-acetyl-5-methoxytryptamine) is an
indoleamine compound derived from the amino acid
tryptophan that is found in a wide range of
organisms, from microorganisms to vertebrates
(Juhnevica-Radenkova et al., 2020). It was first

isolated and identified in 1958 from the bovine pineal
gland.

In the early decades after its discovery,
melatonin was known solely as a neurohormone in
mammals, and studies focused on its role in
regulating circadian rhythms, modulating immune
responses, and controlling seasonal reproductive
cycles; however, with the development of
biochemistry, the functional scope of this hormone is
now being evaluated far beyond these classical
definitions (Shao et al., 2024).

As research progressed, melatonin was also
found in other biological domains. In the 1980s, it
was reported in invertebrates, and in 1989, it was first
identified in a phototrophic unicellular organism
called Lingulodinium  polyedrum  (formerly
Gonyaulax polyedra). Finally, findings in 1995
showed that melatonin is also present in plant
species, thus introducing this compound as a
biological molecule with a wide distribution in nature
(Salehi et al., 2019). In plants, melatonin is a
multifunctional compound whose biosynthesis occurs
through the Shikimate metabolic pathway using the
amino acid tryptophan as the main precursor. This
biosynthetic process is complex and takes place in
various cellular organelles, including the cytoplasm,
chloroplasts, mitochondria, and endoplasmic
reticulum (Kumari et al., 2023).
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Figure 2.
Melatonin (MT) acts as a dual-organelle antioxidant shield against
ROS (Eisa et al., 2026).

The main pathway of melatonin biosynthesis in
plants involves four sequential enzymatic reactions:
tryptophan is decarboxylated by the enzyme
tryptophan decarboxylase (TDC) and converted to
tryptamine; tryptamine is converted to serotonin (5-
hydroxytryptamine) by the enzyme tryptamine-5-
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hydroxylase (T5H); serotonin is converted to N-
acetyl serotonin (NAS) by the enzyme serotonin-N-
acetyltransferase (SNAT); in the final step, NAS is
methylated by the activity of the enzymes N-acetyl
serotonin methyltransferase (ASMT) or caffeic acid-
O-methyltransferase (COMT) and converted to
melatonin (He et al., 2023; Chen et al., 2026). The
melatonin biosynthesis pathway in plants is linked to
the synthesis of other secondary metabolites and is
influenced by a complex network of genetic factors,
plant hormones, and environmental stresses.

Previously, several researchers have identified
melatonin biosynthesis genes in various horticultural
crops such as apple, cherry, pepper, tomato, and
watermelon,  suggesting that  melatonin s
endogenously biosynthesized and plays an important
role in growth and defense responses. For example,
the MdTDC, MdT5H, MdAANAT, and MdASMT
genes were identified in the fruit of ‘Red Fuji’ apple
and are involved in melatonin biosynthesis (Lei et al.,
2013). In another study, the PaTDC gene was
identified in cherry fruit, and it was suggested that
PaTDC positively regulates melatonin biosynthesis
(Yu Zhao et al., 2012). SICOMT1 is another gene
identified in tomato fruit (Solanum lycopersicum
Mill. cv. Ailsa Craig) (Liu et al., 2019). Various
genes such as CITDC, CIT5H, CISNAT, CIASMT,
and CICOMT are involved in melatonin biosynthesis
in watermelon (Mandal et al., 2018). Therefore, the
above findings indicate that melatonin is
endogenously produced in different parts of plants
including fruits, flowers, leaves, seeds, etc.

Figure 3.
Melatonin biosynthesis pathways in horticulture crops (Gao et al.,
2022).
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Table 1.
Effect of melatonin on different fruit crops
Scientific name Application method Effective Plant response References
concentration (LM/ppm)
Mangifera indica L. Immersed 500 uM Delayed ripening and softening Liu et al., 2020
Musa acuminata L. Immersed 200 or 500 uM Delayed postharvest ripening Hu et al., 2017
Kiwifruit Immersed 50 uM Enhanced their germination rate and germination  Shenetal., 2019
potential
Apple Sprayed - Promoted adventitious root formation mainly at the  Mao et al., 2020
stage of AR induction
by increasing IAA levels and activating the function
of MdWOX11 (overexpres-sion lines)
Grapes (5BB rootstock and the  Immersed 0.1and 0.5 uM Induced rooting in cultivar and root-stock Gokbayrak et al., 2020
cultivar Cabernet Sauvignon)
Pomegranate sprayed 5 ppm Reduces the fruit drop and viable hermaphrodite  Usanmaz et al., 2022
flowers drop, which increases the fruit set
Apple sprayed 20 and 200 pM Improved flowering rate Zhang et al., 2019
Apricot sprayed 25 ppm Increased vegetative growth El-Naby et al., 2019
Sweet cherry sprayed 0.3mM Improved crop yield and quality Carrién-Antoli et al., 2021
Pomegranate sprayed 0.1 mM Increased crop yield as well as fruit quality Medina-Santamarina et al., 2021
Grape (Kyoho) Immersed 200 uM Reduced berry abscission and rotten index Wang et al., 2019
Grape (Moldova) Immersed 10 and 100 pM Promoted berry ripening Xu et al., 2018
Banana Immersed - Delayed chilling injury and alleviating peel browning Cao et al., 2018
Jujube sprayed 200 umolL* Increased the disease resistance against Alternariarot ~ Zhang et al., 2022
Apple (golden delicious) Immersed 50 umolL* Induced resistance to blue mold Wang et al., 2023
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Table 2.
Melatonin concentration in different fruit species
Fruits Scientific name Variety/cultivar Concentration (ng g™') Stage of evaluation References
Almond Prunus dulcis - 0.12 Mature Paroni et al., 2019
Red grape (wine) Vitis vinifera L. Nebbiolo 0.57 t0 0.63 Ripe Fracassetti et al., 2019
“Nero d’Avola 0.05 to 0.62 Ripe Fracassetti et al., 2019
Sour cherry Prunus ceracus - 20 In the Second stage of fruit  Tijero etal., 2019
development
Goji berry/wolfberry Lycium barbarum 1600.48 + 23.66 Mature Yilmaz, 2021
Black mulberry Morus nigra 178.70 £ 0.57
White mulberry Morus alba 183.29 £ 6.27
Blackberry Rubus fructicous L. 177.91 £ 27,51
Purple mulberry Morus rubra 233.86 +7.20
Bursa black mulberry - 123.44 £ 2.05
Cornelian cherry Cornus mas L. - 130.82—201.84 Mature Ugur, 2023
Date Palm Phoenix dactylifera Deglet Nour 0.02 Mature Verde et al., 2019
Allighes 0.0074
Medjbouda 0.02
Kenta 0.17
Khadrawy 0.0148
Medjou 0.0087
Walnut Juglans regia Hartley 33 Mature Verde et al., 2022
Franquette 16
Pizarro 1.19
Native 2.07
Apple Malus domestica Mill. Granny Smith 7.37 Ripe Zhang et al., 2018
Fuji 67.63
Mulberry Morus alba - 1.739 £ 0.076 Mature Pranil et al., 2021
Guava Psidium guajava - 1.570 £ 0.015 Mature
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Banana Musa sapientum - 1.741 £ 0.103 Ripe

Mango Mangifera indica - 2.401 +0.036 Mature
Pineapple Ananas comosus - 1.693 +0.088 Mature
Orange Citrus sinensis - 1.704 £ 0.028 Mature
Longan Dimocarpus longan - 1.676 + 0.080 Mature
Red passion fruit Passiflora edulis - 1.528 +£0.113 Mature
Yellow passion fruit Passiflora edulis - 1.744 £ 0.140 Mature

Jujube Ziziphus jujuba - 1.679 £ 0.163 Mature
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3. Increasing shelf life and improving post-harvest
quality

The use of melatonin as a post-harvest treatment
plays an effective role in maintaining the quality and
increasing the shelf life of agricultural products. In a
study on nectarine (Fantasia cultivar), immersing
fruits in different concentrations of melatonin (250,
500, and 1000 pumolL?) and storing at temperatures
of 0 to 1 °C and relative humidity of 85 to 90%
resulted in maintaining the texture (firmness) of the
fruit and preventing browning of its skin and flesh. In
addition, this treatment, while reducing respiration
rate and weight loss, favorably maintained quality
indicators such as total soluble solids (TSS) and
soluble sugars (Chen et al., 2022). In another study
on cassava root tubers, exogenous melatonin
significantly prevented postharvest physiological
deterioration (PPD) by modulating oxidative stress
through reducing hydrogen peroxide levels and
increasing the activities of antioxidant enzymes
catalase and peroxidase (Hu et al., 2016). Overall, the
available evidence suggests that melatonin
application is an effective strategy to delay the aging
process and reduce postharvest losses in horticultural
crops, which is achieved through improving
antioxidant defense mechanisms and maintaining
physicochemical properties.

4. Effect of melatonin on the quality of harvested
fruits

The visual quality of fruits includes factors such
as size, firmness, skin smoothness, color, and other
aspects. These visual characteristics directly affect
the commercial value of the fruit and also influence
consumer choice (Li et al., 2023; Shi et al., 2024).
Studies have shown that melatonin enhances
antioxidant systems and improves membrane
integrity, thereby reducing chilling injury and
increasing fruit firmness and color (Padilla-Gonzalez
et al., 2026). Melatonin (100 umolL?) delayed the
loss of firmness of guava fruit and reduced fruit
weight loss (Chen et al., 2022). Spraying melatonin at
a concentration of 100 umolLon grapes during the
variation period induced skin pigmentation earlier
than the control group and also caused higher
transcript abundance of genes related to anthocyanin

biosynthesis and the transcription factors MYBAL
and MYBAZ2 (Xia et al., 2021).
5. Slowing down ripening
senescence
Melatonin treatments delay ripening by reducing
softening, weight loss, ethylene production and
respiration rate (Zhai et al., 2018; Rastegar et al.,
2020; Onik et al., 2021). This leads to increased TSS,
TA and inhibition of surface browning (Aghdam and
Fard, 2017; Xu et al., 2018; Liu et al., 2018; Zheng et
al., 2019; Fan et al., 2023). The efficacy of melatonin
is strongly linked to its ability to suppress ROS
production by increasing the activity of antioxidant
enzymes (Zhang et al., 2018; Ze et al., 2021). For
example, Gao et al. (2016) reported increased APX,
SOD, POD, and CAT activities in peach fruit treated
with 100 uM melatonin during 7 days of storage at
ambient temperature. Similar results were observed
in pomegranate fruit stored at 4°C for 120 days with
the same melatonin concentration (Seyed et al.,

and delaying

2020). Melatonin treatments are significantly
associated with  increases in  nonenzymatic
antioxidant  systems, including  anthocyanins,

flavonoids, and ascorbic acid (Sun et al., 2020; Seyed
et al., 2020).
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Several studies on the effect of exogenous melatonin on the postharvest treatment of fruits

Botanical Name

Optimum

Effects

Mangifera

Concentration (uM)

100

Application  References

indica L.

Mangifera

1000

improved membrane stability.

Soluble solids, pH, total soluble solid and acidity ratio; maintained a higher concentration of total phenolics Dipped for 120 Bhardwaj et
and total flavonoids; increased the activities of antioxidant enzymes superoxide dismutase and CAT; and i

min al., 2022

indica

Carica papaya

400

Improved postharvest quality; maintained firmness; improved
bioactive compounds; increased phenolic content; and increased the
activity of CAT and peroxidase (POD).

Immersed for Rastegar et al.,
10 min 2020

Momordica

120

Delayed fruit softening; reduced anthracnose incidence; enhanced
antioxidant activity; and decreased fruit oxidative injury; induced total
phenol, total flavonoid, and ascorbic acid accumulation; increased CAT,
ascorbate peroxidase, NADH oxidase, glutathione reductase,
polyphenol oxidase, superoxide dismutase, and peroxidase activity;
enhanced the activity of defense-related enzymes, such as chitinase,
4-coumaric acid-CoA-ligase, and phenylalanine ammonia lyase;
repressed lipid metabolism.

Immersed for2 Fanetal.,
h 2022

charantia L.

Vaccinium spp.

50

Increased chlorophyll, total soluble solids (TSS), soluble sugar, soluble
protein, and ascorbic acid (AsA); promoted the synthesis of total
phenols and flavonoids.

Immersed for Lin et al., 2020
10 min

Musa
paradisiaca L.

200-500

Maintained the contents of AsA, anthocyanin, and total
phenol; reduced the accumulation of reactive oxygen species and
membrane lipid peroxidation; and promoted the activities of ascorbate
peroxidase (APX), glutathione S-transferase, and phenylalanine
ammonia lyase (PAL).

Sprayed Shang et al.,
2021

Psidium guajava
L.

600

Inhibited the ripening process.

Soaked for 2 h Hu et al., 2017

Malus domestica

1000

Maintained postharvest quality, delayed fruit softening, and reduced
the incidence of anthracnose; enhanced the antioxidant capacity and
reduced the oxidative damage; enhanced the activities of CAT,
superoxide dismutase, ascorbate peroxidase, and glutathione

reductase; and maintained total flavonoids and AsA.

Soaked for2h  Fanetal.,
2022

Reduced ethylene production and weight loss; maintained skin
structure; increased the activity of three enzymes, including POD,

Sprayed Onik et al.,
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Borkh superoxide dismutase (SOD), and CAT. 2021
Malus domestica 200 Inhibited gray mold diseases. Immersed Caoetal.,
Borkh 2017
Prunus persica 100 Reduced weight loss, decay incidence, and respiration rate; maintained Dipped for 10 Gaoetal.,
firmness, TSS, and AsA contents; enhanced the activities of superoxide min 2016

dismutase, CAT, peroxidase, and ascorbate peroxidase; decreased the
activity of lipoxygenase, levels of superoxide anion and hydrogen
peroxide, and malondialdehyde content.

Prunus persica

100 Reduced chilling injury; increased extractable juice rate and TSS;
enhanced expression of PPADC, PpODC, and PpGAD; increased
polyamines and y-aminobutyric acid (GABA) contents.

Immersed for2 Caoetal.,
h 2016
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Other  nonenzymatic
melatonin treatments include carotenoids,
dehydroascorbic acid, and glutathione, which
contribute to ROS homeostasis (Miranda et al.,
2020). Melatonin treatments also induce proline
synthesis and increase endogenous melatonin content
(Liu et al., 2018; Sharafi et al., 2021; ). Notably,
melatonin treatments reduce MDA content and EL
and LOX enzyme activities while maintaining a
higher ratio of unsaturated to saturated fatty acids
(Gao et al., 2018; Jannatizadeh et al., 2019). This
efficacy is also related to the ability of melatonin to
reduce oxidative stress by enhancing antioxidant
defense systems.

systems induced by

6. Post-harvest quality and shelf life

Given that the quality of horticultural products
after harvest can only be maintained and not
improved (Arah et al., 2015), the development of

post-harvest technologies is essential to reduce waste
(Ullah et al., 2025). In the meantime, melatonin plays
a pivotal role in maintaining the quality of products
due to its safe nature and high efficiency (Badiche-El
Hilali et al., 2024). Studies show that exogenous
melatonin treatment can ensure the nutritional value
of products such as jujube and Chinese cabbage by
preserving their antioxidant compounds (such as TPC
(Total Phenolic Content), TFC (Total Flavonoid
Content) and acetylsalicylate (ASA)) and total
soluble solids (TSS) (Gurjar et al., 2024; Kang et al.,
2025). Furthermore, melatonin significantly increases
the physical and chemical shelf life of fruits such as
plums, cherries, and papayas by delaying weight loss,
softening tissue, and reducing respiration and
ethylene production (Zhang et al., 2024; Bal, 2023;
Borthakur et al., 2024). These findings make
melatonin an ideal option for post-harvest
management and reducing horticultural crop waste.

Table 4.
Multifunctional role of melatonin during postharvest storage of horticultural crops
Botanical Name Application Effective Function and Mechanism References
Method Concentration
Anthurium Dipped 100 pM Increased higher ph'enylalgn_ine ammpnia Iyas_e gctivity Aghdam et al., 2019
andreanum and DPPH scavenging activity, ameliorate chilling
injury during low temperature storage
Malus domestica  Sprayed 500 M Stimulated fruit ripening through the induction of Verde et al., 2022
ethylene synthesis
Persea americana  Immersed 50 mM Enhanced total phenol and flavonoid accumulation and ~ Tu et al., 2022
maintained titratable acidity, total soluble solids, lipid
and ascorbic acid contents
Musa Immersed 1000 M Maintained quality and enhanced shelf life during Devi et al., 2025
paradisiaca ambient and cold storage
Vaccinium spp Soaked 300 M Inhibiting cell wall degradation, improved fruit quality ~ Qu et al., 2022
and increased antioxidant capacity
Brassica oleracea  Dipped 100 uM Maintained higher chlorophyl content and phenolic Abou-Elwafa and
var. italica content during storage Safaa, 2025
Manihot Soaked 500 mg/L Delayed postharvest physiological and root Hu et al., 2018
esculenta deterioration
Solanum Dipped 0,1 mM Induced phenylpropanoid pathway and resist against Lietal., 2019
lycopersicum L. Botrytis cinerea during postharvest storage
Citrus reticulate Immersed 50 uM Decreases resistance to green mold on citrus fruit by Linetal., 2019
Blanco scavenging defense related reactive oxygen species
Cucumis sativus Immersed 500 uM Delayed the loss of chlorophyll, vitamin C, and the Xinetal., 2017
L. content of titratable acidity and soluble protein
Vitis vinifera L. Soaked 10 and 100 Increased the levels of ABA, H202, and ethylene Xu et al., 2018
uM production and promoted berry ripening
Crataegus spp Immersed 0.10 and 0.25, Maintained fruit quality by increasing phenolic Kguker et al., 2024
mM compound during cold storage
Actinidia Immersed 100 and 200 Inhibited cell wall degradation and preserved fruit Cao et al., 2022
deliciosa uM quality
Litchi chinensis Immersed 0.2 and 0.6 Preserved fruit quality and delayed senescence Xie etal., 2022
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mM
Mangifera indica  Immersed 0.5 mM Reduced chilling injury and enhanced shelf life Ping et al., 2024
Abelmoschus Immersed 100 uM Delayed senescence by increasing endogenous 1AA, Shi etal., 2024
GABA, GA and ABA
Passiflora edulis Soaked 200, uM defense-related mechanisms. Enhanced antioxidant Cai et al., 2024
activity and delayed senescence
Prunus persica Sprayed 150 uM Promotes the sugar accumulation and organic acid Zhou et al., 2023
degradation in early-ripening
Pyrus communis Immersed 100 uM Inhibited ethylene synthesis via nitric oxide regulation Jia Zhiwei et al.,
and delayed senescence 2019
Capsicum Sprayed 100, 200 and Improved chilling tolerance and enhanced shelf life Huang et al., 2024
300 uM
Punica granatum Immersed 100 uM Enhanced antioxidant enzymes activity and maintained ~ Aghdam et al., 2020
nutraceutical properties
Rubus idaeus Immersed 0.001 and Improved phenolic compounds, as well as antioxidant Rahmanzadeh-Ishke
0.01 mM and enzyme activities etal., 2024
Rosa hybrida Sprayed 20 uM Reduced weight loss and bacterial growth Tongtong et al.,
2018
Fragariaananassa  Immersed 200 and 500 Maintained postharvest quality during storage Kahramanoglu,
uM 2024
Prunus avium Immersed 100 and 200 Delayed softening by reducing cell wall disruption, and  Ghorbani and
uM maintain the postharvest quality Najafzadeh, 2022
Solanum Dipped 100 uM Increasing chilling tolerance by enhancing linoleicand ~ Jannatizadeh et al.,

lycopersicum L.

linolenic acids accumulation

2019

7. Control of Postharvest Decay and Diseases

Postharvest diseases caused by microorganisms
are a major factor in reducing the quality and shelf
life of horticultural crops. Melatonin enhances
resistance to pathogens by stimulating plant defense
pathways, including the phenylpropanoid (PP)
pathway and disease-related proteins (PRs) (Fan et
al., 2022). By activating defense enzymes such as
PAL, chitinase, and 4-coumaric acid-CoA ligase, this
compound can significantly inhibit the occurrence of
diseases such as anthracnose, gray mold (Botrytis
cinerea), and black spot caused by Alternaria
alternata in crops such as mango, blueberry, and pear
(MiaoLian et al., 2022; Wei et al., 2025; Njie et al.,
2022). In addition to directly inhibiting pathogens,
melatonin prevents physiological damage including
browning, frost damage, and tissue deterioration in
crops such as tomato and cassava by regulating redox
homeostasis and enhancing the antioxidant system
(Aghdam et al., 2019; Ma et al., 2016). Overall,
melatonin has great potential in managing decay and
maintaining the quality of postharvest products with a
multifaceted approach.

8. Role of Melatonin in Inhibiting Oxidative Stress
Excessive production of Reactive Oxygen
Species (ROS) and subsequent lipid peroxidation are

considered to be the main factors in cell membrane
damage and accelerating the aging process in
postharvest products (Li et al., 2016). Melatonin can
effectively inhibit this destructive process by playing
a dual role as a direct antioxidant and a signaling
molecule (Shi et al., 2015). Melatonin treatment leads
to efficient scavenging of ROS and a significant
reduction in the levels of oxidative products,
including malondialdehyde (MDA), by inducing the
activities of key antioxidant enzymes such as SOD,
CAT, APX, POD, and GR, as well as by improving
the glutathione to glutathione disulfide ratio (Li et al.,
2024; Wan et al., 2024). In addition to protecting
membrane integrity and reducing chilling-induced
damage, melatonin increases the concentrations of
phenolic compounds, anthocyanins, vitamins, and
other nutrients by stimulating biosynthetic pathways
(such as the shikimate pathway) (Bhardwaj et al.,
2022). Extensive evidence supports that melatonin
maintains the nutritional quality and significantly
increases the shelf life of horticultural products by
regulating cellular defense responses and enhancing
antioxidant capacity (Borthakur et al., 2024; Kang et
al., 2025).

9. Conclusion
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Melatonin has emerged as a multifunctional,
environmentally benign signaling molecule with
considerable  potential in  the  postharvest
physiological management of horticultural crops.
Converging experimental and molecular evidence
indicates that melatonin acts as a central regulatory
hub that preserves tissue and membrane integrity,
attenuates oxidative damage, and effectively delays
ripening and senescence through the modulation of
hormonal signaling networks, the reinforcement of
plant defense systems, and the stimulation of both
enzymatic and non-enzymatic antioxidant machinery.
Furthermore, its capacity to enhance tolerance to
biotic and abiotic stresses—including chilling and
frost injury—and to elevate the concentration of
health-promoting bioactive compounds underscores
its strategic relevance for safeguarding both the
nutritional and commercial value of harvested
produce.

However, despite these promising findings, the
translation of melatonin-based treatments from
controlled  laboratory  conditions to  routine
commercial application remains constrained by
several unresolved challenges. First, the dose—
response relationship of melatonin is frequently non-
linear and species-, cultivar-, and maturity-
dependent; both suboptimal and supraoptimal
concentrations can produce negligible or even
detrimental  effects, necessitating the precise
determination of optimal doses for each commodity
and storage scenario. Second, the efficacy of
melatonin is strongly influenced by the application
strategy—including timing (preharvest s,
postharvest), mode of delivery (dip, spray,
fumigation, or incorporation into coatings), carrier
formulation, and interaction  with  storage
environment—yet standardized protocols for these
variables are still lacking. Third, the economic
feasibility of large-scale application, particularly
regarding the cost of formulation, labor, and
infrastructure, has not been rigorously assessed
within real supply-chain contexts. Finally, the
absence of validated quality benchmarks, regulatory
frameworks, and consumer acceptance data limits the
industrial adoption of melatonin-based postharvest
interventions.

To address these gaps, future research should be
directed along three complementary axes: (i)

elucidation of the precise molecular mechanisms
underlying melatonin action through integrated omics
approaches and the identification of key regulatory
transcription factors; (ii) systematic evaluation of the
synergistic effects of melatonin with emerging
postharvest technologies, such as edible coatings,
modified/controlled  atmosphere  storage, and
biocontrol agents; and (iii) optimization of
application protocols—including dose, formulation
(e.g., nanoencapsulation), and timing—together with
comprehensive  techno-economic and life-cycle
assessments under pilot and commercial-scale
conditions. Ultimately, once these translational
barriers are overcome, melatonin can serve as a
sustainable, cost-effective, and innovative solution
for reducing postharvest losses and enhancing the
resilience of the horticultural supply chain.

References

[1] Abou-Elwafa, S.M. and Safaa, Z., 2025. Effect
of melatonin and ascorbic acid application on
delay of senescence and keeping quality of fresh
broccoli florets. Horticulture Research Journal, 3
(2), 1-14.

[2] Adhikary, T., Gill, P.S., Jawandha, S.K.,
Bhardwaj, R.D. and Anurag, R.K. 2021.
Browning and quality management of pear fruit
by salicylic acid treatment during low
temperature storage. Journal of the Science of
Food and Agriculture, 101, 853-862.

[3] Aghdam, M.S., Jannatizadeh, A., Nojadeh, M.S.
and Ebrahimzadeh, A. 2019. Exogenous
melatonin ameliorates chilling injury in cut
anthurium flowers during low temperature
storage. Postharvest Biology and Technology,
148, 184-191.

[4] Aghdam, M.S., Luo, Z., Jannatizadeh, A.
Sheikh-Assadi, M., Sharafi, Y., Farmani, B., Fard,
J.R. and Razavi, F. 2019. Employing exogenous
melatonin applying confers chilling tolerance in
tomato fruits by up regulating ZAT2/6/12 giving
rise to promoting endogenous polyamines,
proline, and nitric oxide accumulation by
triggering arginine pathway activity. Food
Chemistry. 275, 549-556.

[5] Aghdam, M.S., Luo, Z., Li, L., Jannatizadeh, A.,
Fard, J.R. and Pirzad, F. 2020. Melatonin
treatment maintains nutraceutical properties of



Iranian Journal of Postharvest Biology, (2026 ), 2 : 2: 102-123 115

pomegranate fruits during cold storage. Food
Chemistry. 303, 125385.

[6] Aghdam, M.S. and Fard, J.R. 2017. Melatonin
treatment attenuates postharvest decay and
maintains nutritional quality of strawberry fruits
(Fragaria x anannasa cv. Selva) by enhancing
GABA shunt activity. Food Chemistry, 221,
1650-1657.

[71 Aghdam, M.S., Mukherjee, S., Flores, F.B.,
Arnao, M.B., Luo, Z. and Corpas, F.J. 2022.
Functions of Melatonin during Postharvest of
Horticultural Crops. Plant and Cell Physiology,
63, 1764-1786.

[8] Ahmad, I., Song, X., Hussein lbrahim, M.E.,
Jamal, Y., Younas, M.U., Zhu, G., Zhou, G. and
Adam Ali, A.Y. 2023. The Role of Melatonin in
Plant Growth and Metabolism, and Its Interplay
with Nitric Oxide and Auxin in Plants under
Different Types of Abiotic Stress. Frontiers in
Plant Science, 14, 1108507.

[91 Ahmad, S., Kamran, M., Ding, R., Meng, X.,
Wang, H., Ahmad, I., Fahad, S. and Han, Q.
2019. Exogenous melatonin confers drought
stress by promoting plant growth, photosynthetic
capacity and antioxidant defense system of maize
seedlings. Peer journal, 7, e7793.

[10] Arah, I.K., Amaglo, H., Kumah, E.K. and Ofori,
H. 2015. Preharvest and postharvest factors
affecting the quality and shelf life of harvested
tomatoes: a mini review. International Journal of
Agronomy, https://doi.org/10.1155/2015/478041.

[11] Arnao, M.B. and Hernandez-Ruiz, J. 2018.
Melatonin and its relationship to plant hormones.
Annals of Botany, 121, 195-207.

[12] Arnao, M.B. and Herndndez-Ruiz, J. 2020.
Melatonin in flowering, fruit set and fruit
ripening. Plant Reproduction, 33, 77-87.

[13] Arnao, M.B. and Hernandez-Ruiz, J. 2014.
Melatonin: Plant Growth Regulator and/or
Biostimulator during Stress? Trends in Plant
Science, 19, 789-797.

[14] Badiche-ElI Hilali, F., Garcia-Pastor, M.E.,
Valverde, J.M., Castillo, S., Valero, D. and
Serrano, M. 2024. Melatonin as an efficient and
eco-friendly tool to increase yield and to maintain
quality  attributes during lemon storage.
International Journal of Molecular Sciences, 25
(18).

[15] Bal, E. 2023. Impact of chitosan-melatonin
composite coating on postharvest quality of sweet
cherry. Applied Fruit Science, 66 (2), 763—770.

[16] Baswal, A.K., Dhaliwal, H.S., Singh, Z,
Mahajan, B.V.C. and Gill, K.S. 2020. Postharvest
application ~ of  methyl  jasmonate,  1-
methylcyclopropene and salicylic acid extends
the cold storage life and maintain the quality of
‘Kinnow’ mandarin (Citrus nobilis L. X C.
deliciosa L.) fruit. Postharvest Biology and
Technology, 161, 111064.

[17] Bhardwaj, R., Pareek, S., Mani, S., Dominguez-
Avila, J.A. and Gonzélez-Aguilar, G.A. 2022. A
melatonin  treatment  delays  postharvest
senescence, maintains quality, reduces chilling
injury, and regulates antioxidant metabolism in
mango fruit. Journal of Food Quality, 2022,
2379556.

[18] Borthakur, P., Chinnasamy, K., Paramasivam,
S.K., Venkatachalam, S., Alagarswamy, S.,
Iruthayasamy, J., Thiyagarajan, E. and
Muthusamy, S. 2024. Exogenous melatonin as
pre- and postharvest application on quality
attributes, antioxidant capacity, and extension of
shelf life of papaya. Horticulturae, 10 (10), 1099.

[19] Bose, S.K., Howlader, P., Jia, X., Wang, W. and
Yin, H. 2019. Alginate oligosaccharide
postharvest treatment preserves fruit quality and
increase storage life via Abscisic acid signaling in
strawberry. Food Chemistry, 283, 665-674.

[20] Bose, S.K., Howlader, P., Wang, W. and Yin, H.
2021. Oligosaccharide is a promising natural
preservative  for improving postharvest
preservation of fruit: A review. Food Chemistry,
341, 128178.

[21] Cai, S., Zhang, Z., Wang, J., Fu, Y., Zhang, Z.,
Khan, M. and Cong, X. 2024. Effect of
exogenous melatonin on postharvest storage
quality of passion fruit through antioxidant
metabolism. LWT, 194, 115835.

[22] Cao, S., Shao, J., Shi, L., Xu, L., Shen, Z.,
Chen, W. and Yang, Z. 2018. Melatonin increases
chilling tolerance in postharvest peach fruit by
alleviating oxidative damage. Scientific Reports,
8(1): 806.

[23] Cao, JJ. Yu, Z.C,, Zhang, Y., Li, B.H., Liang,
W.X. and Wang, C.X. 2017. Control efficiency of
exogenous melatonin against post-harvest apple
grey mold and its influence on the activity of



116 Iranian Journal of Postharvest Biology, (2026 ), 2: 2: 102-123

defensive enzymes. Plant Physiology Journal, 53,
1760.

[24] Cao, S., Qu, G., Ma, C., Ba, L., Ji, N., Meng, L.,
Lei, J. and Wang, R. 2022. Effects of melatonin
treatment on the physiological quality and cell
wall metabolites in kiwifruit. Food Science &
Technology. (N. Y.) 42.

[25] Cao, S., Song, C., Shao, J., Bian, K., Chen, W.
and Yang, Z. 2016. Exogenous melatonin
treatment increases chilling tolerance and induces
defense response in harvested peach fruit during
cold storage. Journal of Agricultural and Food
Chemistry, 64, 5215-5222.

[26] Carrion-Antoli, A., Lorente-Mento, J.M.,
Valverde, J.M., Castillo, S., Valero, D. and Ser-
rano, M. 2021. Effects of melatonin treatment on
sweet cherry tree yield and fruit quality.
Agronomy, 12(1):3.

[27] Charoenphun, N., Pham, N.H., Rattanawut, J.
and Venkatachalam, K. 2024. Exogenous
application of melatonin on the preservation of
physicochemical and enzymatic qualities of
pepper fruit from chilling injury. Horticulturae,
10 (6), 550.

[28] Chen, H., Lin, H., Jiang, X., Lin, M. and Fan, Z.
2022. Amelioration of chilling injury and
enhancement of quality maintenance in cold-
stored guava fruit by melatonin treatment. Food
Chemistry X. 14: 100297.

[29] Chen, Z., Lin, W,, Yang, S., Cui, W., Zhang, S.,
Peng, Z., Li, Y., Zheng, Y., Xie, F. and Li, M.
2026. Exogenous Melatonin Enhances the Salt
Tolerance of Celery (Apium graveolens L.) by
Regulating Osmotic Adaptation and Energy
Metabolism via Starch and Sucrose Metabolic
Pathways. International Journal of Molecular
Sciences, 27, 1299.

[30] Dai, L., Li, J., Harmens, H., Zheng, X. and
Zhang, C. 2020. Melatonin enhances drought
resist-ance by regulating leaf stomatal behaviour,
root growth and catalase activity in two
contrasting rapeseed (Brassica hapus L.)
genotypes. Plant Physiology and Biochemistry,
149: 86-95.

[31] Devi, M., Jeyakumar, P., Ravichandran, V., Arul,
L., Balakrishnan, M. and Kavino, M. 2025.
Melatonin application extends banana shelf life
by delayed ripening. Plant Science Today.

[32] Eisa, E.A., Tilly-Mandy, A. and Honfi, P. 2026.
Phytomelatonin in Ornamental Horticulture: A

Comprehensive Review of Growth Promotion,
Stress Tolerance, and Post-Harvest Quality.
International Journal of Molecular Sciences, 27
(4): 1645.

[33] El-Naby, A., Abdelkhalek Ahmed Mohamed, M.
and EI-Naggar, Y.I.M. 2019. Effect of melatonin,
GA3 and NAA on vegetative growth, yield and
quality of  ‘Canino’apricot fruits. Acta
Scientiarum Polonorum. Hortorum Cultus, 18 (3):
167-74.

[34] Ema, N.R., Mithu, M.A.H. and Sayem, A. 2024.
Exploring driving factors in employing waste
reduction tools to alleviate the global food
security and sustainability. Heliyon, 10, e28192.

[35] Fan, A., Wan, C., Liu, H., Xiong, X., Nong, Y.,
Kahramanoglu, 1., Yang, R. and Zeng, L. 2023.
Melatonin treatment maintains the quality and
delays senescence of postharvest cattails (Typha
latifolia L.) during cold storage. Food Chemistry:
X, 19, 100796.

[36] Fan, S., Li, Q., Feng, S., Lei, Q., Abbas, F., Yao,
Y., Chen, W,, Li, X. and Zhu, X. 2022. Melatonin
maintains fruit quality and reduces anthracnose in
postharvest papaya via enhancement of
antioxidants and inhibition of pathogen
development. Antioxidants, 11, 804.

[37] Fan, S., Xiong, T., Lei, Q., Tan, Q., Cai, J.,
Song, Z., Yang, M., Chen, W,, Li, X. and Zhu, X.
2022. Melatonin treatment improves postharvest
preservation and resistance of guava fruit
(Psidium guajava L.). Foods, 11, 262.

[38] Favero, G., Sulas, F., Labanca, M., Scilla, F.,
Punzi, C.F, Lonati, C. and Rezzani, R. 2026.
Glioblastoma and Melatonin’s Effects, A
Narrative Review. Cancers, 18, 703.

[39] Ferreira, C., Ribeiro, C. and Nunes, F.M. 2024.
Effect of storage conditions on phenolic
composition, vitamin C and antioxidant activity
of ‘Golden Delicious’ and ‘Red Delicious’ apples.
Postharvest Biology and Technology, 210,
112754,

[40] Fracassetti, D., Vigentini, I., Lo Faro, A. F. F,
De Nisi, P., Foschino, R., Tirelli, A., Orioli, M.,
and Iriti, M. 2019. Assessment of Tryptophan,
Tryptophan Ethylester, and Melatonin
Derivatives in Red Wine by SPE-HPLC-FL and
SPE-HPLC-MS Methods. Foods, 8(3), 99.

[41] Galano, A. and Reiter, R.J. 2018. Melatonin and
its metabolites vs oxidative stress, From



Iranian Journal of Postharvest Biology, (2026 ), 2 : 2: 102-123 117

individual actions to collective protection.
Journal of Pineal Research, 65, e12514.

[42] Gao, H., Lu, Z, Yang, Y., Wang, D., Yang, T.,
Cao, M. and Cao, W. 2018. Melatonin treatment
reduces chilling injury in peach fruit through its
regulation of membrane fatty acid contents and
phenolic metabolism. Food Chemistry, 245, 659—
666.

[43] Gao, H., Zhang, Z.K., Chai, H.K., Cheng, N.,
Yang, Y., Wang, D.N., Yang, T. and Cao, W. 2016.
Melatonin  Treatment  Delays  Postharvest
Senescence and Regulates Reactive Oxygen
Species Metabolism in Peach Fruit. Postharvest
Biology and Technology, 118, 103-110.

[44] Gao, T., Liu, X., Tan, K., Zhang, D., Zhu, B.,
Ma, F. and Li, C. 2022. Introducing Melatonin to
the Horticultural Industry: Physiological Roles,
Potential  Applications, and  Challenges.
Horticulture Research, 9, uhac094.

[45] Ghorbani, B. and Najafzadeh, R. 2022. The Role
of Melatonin on postharvest properties of sweet
cherry fruit cv. siah mashhad during storage.
Journal of Horticultural Science, 36 (1), 71-85.

[46] Gokbayrak, Z., Engin, H. and Kiraz, H. 2020.
Effects of melatonin and IAA on adventitious
root formation in rootstock 5BB and cv. cabernet
sauvignon (Vitis vinifera L.). Kahramanmaras
Siitgii imam Universitesi Tarim Ve Doga Dergisi,
23 (4): 835-41.

[47] Gurjar, P.S., Berwal, M.K., Kumar, R., Sarolia,
D.K. and Choudhary, M.K. 2024. Post-harvest
melatonin treatment maintains freshness and
delayed peel browning by sustaining higher
antioxidants in Indian jujube (ziziphus mauritiana
lamk) fruits. Applied Fruit Science. 67 (1).

[48] Gutiérrez-Villamil, D.A., Balaguera-Ldpez, H.E.
and Alvarez-Herrera, J.G. 2023. Brassinosteroids
Improve  Postharvest  Quality, Antioxidant
Compounds, and Reduce Chilling Injury in
‘Arrayana’ Mandarin Fruits under Cold Storage.
Horticulturae, 9, 622.

[49] Hanci, F. and Hasan, A.H.H. 2025. Acute and
Delayed Effects of Melatonin Pretreatment
Against Cold Stress in  Leek (Allium
ampeloprasum L. var. porrum). Horticulturae, 11,
1208.

[50] Hanif, A., Ahmad, S., Shahzad, S., Liaquat, M.
and Anwar, R. 2020. Postharvest application of
salicylic acid reduced decay and enhanced
storage life of papaya fruit during cold storage.

Journal of Food Measurement  and
Characterization, 14, 3078-3088.

[51] He, Z., Wen, C. and Xu, W. 2023. Effects of
Endogenous Melatonin  Deficiency on the
Growth, Productivity, and Fruit Quality
Properties of Tomato Plants. Horticulturae, 9,
851.

[52] Hei, H., Tang, H., Zhao, R., Li, G. and Shi, F.
2025. Effect of Melatonin Treatment on storage
quality and antioxidant system of postharvest
winter jujube (Zizyphus jujube mill. cv. dongzao).
Foods, 14 (4), 576.

[53] Hernandez-Ruiz, J., Ruiz-Cano, D., Giraldo-
Acosta, M., Cano, A. and Arnao, M.B. 2022.
Melatonin in Brassicaceae, Role in Postharvest
and Interesting Phytochemicals. Molecules, 27,
1523.

[54] Hu, W., Kong, H., Guo, Y., Zhang, Y., Ding, Z.,
Tie, W,, Yan, Y., Huang, Q., Peng, M., Shi, H. and
Guo, A. 2016. Comparative Physiological and
Transcriptomic Analyses Reveal the Actions of
Melatonin in the Delay of Postharvest
Physiological Deterioration of Cassava. Frontiers
in Plant Science. 7: 736.

[55] Hu, C., Zheng, Y., Tong, C. and Zhang, D. 2022.
Effects of exogenous melatonin on plant growth,
root hormones and photosynthetic characteristics
of Trifoliate orange subjected to salt stress. Plant
Growth Regulation, 97, 551-558.

[56] Hu, S., Ma, Y., Xie, B., Hou, Y., Jia, Z., Zhao,
L., Zheng, Y. and Jin, P. 2022. 24-Epibrassinolide
improves chilling tolerance by regulating
PpCBF5-mediated membrane lipid metabolism in
peach fruit. Postharvest Biology and Technology,
186, 111844.

[57] Hu, W., Tie, W., Ou, W,, Yan, Y., Kong, H., Zuo,
J., Ding, X., Ding, Z., Liu, Y., Wu, C., Guo, Y.,
Shi, H., Li, K. and Guo, A. 2018. Crosstalk
between calcium and melatonin  affects
postharvest physiological deterioration and
quality loss in cassava. Postharvest Biology and
Technology, 140, 42-49.

[58] Hu, W,, Yang, H., Tie, W,, Yan, Y., Ding, Z., Liu,
Y., Wu, C., Wang, J., Reiter, R.J., Tan, D.X., Shi,
H., Xu, B. and Jin, Z. 2017. Natural Variation in
Banana Varieties Highlights the Role of
Melatonin in Postharvest Ripening and Quality.
Journal of Agricultural and Food Chemistry,
65(46): 9987-9994.



118 Iranian Journal of Postharvest Biology, (2026 ), 2: 2: 102-123

[59] Huang, N.C. and Wong, C.S. 2026. Melatonin as
an Integrative Adjunct in Multimodal Analgesia,
Linking Circadian Regulation, Anti-Inflammatory
Modulation, and Opioid-Sparing Mechanisms.
International Journal of Molecular Sciences, 27,
2046.

[60] Huang, T., Kou, X., Qiao, L., Li, J., Luo, D.,
Wang, X. and Cao, S. 2024. Maintaining quality
of postharvest green pepper fruit using melatonin
by regulating membrane lipid metabolism and
enhancing antioxidant capacity. Food Chemistry,
460, 140671.

[61] Islam, M., Ali, S., Nawaz, A., Naz, S., Ejaz, S.,
Shah, A.A. and Razzaq, K. 2022. Postharvest 24-
epibrassinolide treatment alleviates pomegranate
fruit chilling injury by regulating proline
metabolism and antioxidant activities.
Postharvest Biology and Technology, 188,
111906.

[62] Jabbari, M. and Jabbari, M. 2023. Regulatory
and protective role of plant melatonin. Iranian
Journal of Biology, 7 (autumn and winter), 179-
193.

[63] Jannatizadeh, A., Aghdam, M.S., Luo, Z. and
Razavi, F. 2019. Impact of exogenous melatonin
application on chilling injury in tomato fruits
during cold storage. Food and Bioprocess
Technology, 12 (5), 741-750.

[64] Jia Zhiwei, S.M., Jinmei, C., Kanghua, S. and
Lubin, Z. 2019. Effect of melatonin treatment on
the preservation of the flower stalk of brassica
campestris L. ssp. chinesis var. utilistsen et lee
after. Chinese Journal of Tropical Crops, 40 (7),
1413-1420.

[65] Juhnevica-Radenkova, K., Moreno, D.A., Ikase,
L., Drudze, I. and Radenkovs, V. 2020. Naturally
occurring melatonin: Sources and possible ways
of its biosynthesis. Comprehensive Reviews in
Food Science and Food Safety. 19(6): 4008-30.

[66] Kahramanog™lu, I'. 2024. Melatonin prolongs
the postharvest storability of strawberry fruits
through reduced oxidative stress and improved
enzyme activity. Hortscience, 59 (9), 1350-1357.

[67] Kang, D., Zeng, J., Lu, D., Yue, L., Zhong, M.,
Kang, Y., Guo, J. and Yang, X. 2025. Melatonin
maintains postharvest quality by modulating the
metabolisms of cell wall and sugar in flowering
Chinese cabbage. Scientific Reports, 15 (1),
5396.

[68] Kigiker, E., Kuru Berk, S., Melda Colak, A.
and Gundogdu, M. 2024. Melatonin use in post-
harvest fruit physiology: effect of melatonin
treatments on quality properties, primer and
seconder metabolites contents of hawthorn fruit
during cold storage. Journal of Plant Growth
Regulation, 44 (5), 2023-2036.

[69] Kumar Bose, S. and Howlade, P. 2026.
Melatonin: An eco-friendly biomolecule for
maintaining postharvest quality and enhancing
storage life of horticultural crops. Journal of
Experimental Horticulture, 1:100003.

[70] Kumari, A., Singh, S.K., Mathpal, B., Verma,
K.K., Garg, V.K., Bhattacharyya, M. and Bhatt,
R. 2023. The Biosynthesis, Mechanism of Action,
and Physiological Functions of Melatonin in
Horticultural Plants, A Review. Horticulturae, 9,
913.

[71] Kumari, A., Singh, S.K. and Rai, G.K. 2021.
Physiological and Biochemical Response of
Plants under Drought Stress. In Plant Abiotic
Stress Tolerance: Physiochemical and Molecular
Avenues; Deepika Book Agency: Delhi, India,
pp. 77-92.

[72] Lau, K.Q., Sabran, M.R. and Shafie, S.R. 2021.
Utilization of Vegetable and Fruit By-products as
Functional Ingredient and Food. Frontiers in
Nutrition. 8, 661693.

[73] Lei, Q., Wang, L., Tan, D.X., Zhao, Y., Zheng,
X.D., Chen, H., Li, Q.T., Zuo, B.X. and Kong, J.
2013. Identification of genes for melatonin
synthetic enzymes in 'Red Fuji' apple (Malus
domestica Borkh. cv. Red) and their expression
and melatonin  production  during  fruit
development. Journal of Pineal Research, 55(4):
443-51.

[74] Li, H., He, J., Yang, X., Li, X., Luo, D., Wei, C.,
Ma, J., Zhang, Y., Yang, J. and Zhang, X. 2016.
Glutathione-dependent induction of local and
systemic defense against oxidative stress by
exogenous melatonin in cucumber (Cucumis
sativus L.). Journal of Pineal Research, 60(2):
206-16.

[75] Li, J., Liu, J., Zhu, T., Zhao, C., Li, L. and Chen,
M. 2019. The Role of Melatonin in Salt Stress
Responses. International Journal of Molecular
Sciences, 20, 1735.

[76] Li, J.X., Luo, M.M., Tong, C.L., Zhang, D.J. and
Zha, Q. 2023. Advances in fruit coloring research



Iranian Journal of Postharvest Biology, (2026 ), 2 : 2: 102-123 119

in grapevine, an overview. Plant Growth
Regulation, 103, 51-63.

[77] Li, P, Zhang, R., Zhou, H., Mo, Y., Wu, S,
Zhang, X., Xie, Z., Zhang, T., Zhao, K., Lv, J.
and Deng, M. 2024. Melatonin delays softening
of postharvest pepper fruits (Capsicum annuum
L.) by regulating cell wall degradation,
membrane stability and antioxidant systems.
Postharvest Biology and Technology, 212,
112852.

[78] Li, S., Xu, Y., Bi, Y., Zhang, B., Shen, S., Jiang,
T. and Zheng, X. 2019. Melatonin treatment
inhibits gray mold and induces disease resistance
in cherry tomato fruit during postharvest.
Postharvest Biology and Technology, 157,
110962.

[79] Li, X., Xu, D., Xu, H. and Cao, P. 2026.
Melatonin Supplementation in Sex-Sorted Nili-
Ravi Buffalo Semen, Effect on Sperm Quality,
Subsequent in Vitro Embryo Development, and
Pregnancy Outcomes. Antioxidants, 15, 344.

[80] Lin, X., Wang, L., Hou, Y., Zheng, Y. and Jin, P.
2020. A combination of melatonin and ethanol
treatment improves postharvest quality in bitter
melon fruit. Foods, 9, 1376.

[81] Lin, Y., Fan, L., Xia, X., Wang, Z., Yin, Y,
Cheng, Y. and Li, Z. 2019. Melatonin decreases
resistance to postharvest green mold on citrus
fruit by scavenging defense-related reactive
oxygen species. Postharvest Biology and
Technology, 153, 21-30.

[82] Liu, S., Huang, H., Huber, D.J., Pan, Y., Shi, X.
and Zhang, Z. 2020. Delay of ripening and
softening in ‘Guifei” mango fruit by postharvest
application of melatonin. Postharvest Biology
and Technology, 163: 111136.

[83] Liu, C., Zheng, H., Sheng, K., Liu, W. and
Zheng, L. 2018. Effects of melatonin treatment
on the postharvest quality of strawberry fruit.
Postharvest Biology and Technology, 139, 47-55.

[84] Liu, D.D., Sun, X.S., Liu, L., Shi, H.D., Chen,
S.Y. and Zhao, D.K. 2019. Overexpression of the
melatonin  synthesis-related gene SICOMT1
improves the resistance of tomato to salt stress.
Molecules, 24 (8), 1514.

[85] Liu, J., Yang, J., Zhang, H., Cong, L., Zhai, R.,
Yang, C., Wang, Z., Ma, F. and Xu, L. 2019.
Melatonin inhibits ethylene synthesis via nitric
oxide regulation to delay postharvest senescence

in pears. Journal of Agricultural and Food
Chemistry, 67 (8), 2279-2288.

[86] Ma, Q., Zhang, T., Zhang, P. and Wang, Z.Y.
2016.  Melatonin  attenuates  postharvest
physiological deterioration of cassava storage
roots. Journal of Pineal Research, 60 (4), 424—
434,

[87] Mandal, M.K., Suren, H., Ward, B., Boroujerdi,
A. and Kousik, C. 2018. Differential roles of
melatonin in plant-host resistance and pathogen
suppression in cucurbits. Journal of Pineal
Research, 65 (3), e12505.

[88] Mao, J., Niu, C., Li, K., Chen, S., Tahir, M.M.,
Han, M. and Zhang, D. 2020. Melatonin
promotes adventitious root formation in apple by
promoting the function of MdWOX11. BMC
Plant Biology, 20(1):1-11.

[89] Massolo, J.F., Sanchez, R., Zaro, M.J,
Concellon, A. and Vicente, A.R. 2022. Low-dose
prestorage 24-epibrassinolide spray enhances
postharvest chilling tolerance in zucchini squash
(Cucurbita pepo L.) by eliciting peroxidase and
phenolic antioxidants. Journal of Food Processing
and Preservation, 46, e16576.

[90] Medina-Santamarina, J., Serrano, M., Lorente-
Mento, J.M., Garcia-Pastor, M.E., Zapata, P.J.,
Valero, D. and Guillén, F. 2021. Melatonin
treatment of pomegranate trees increases crop
yield and quality parameters at harvest and during
storage. Agronomy, 11(5): 861.

[91] Meng, J.F, Yu, Y., Shi, T.C, Fu, Y.S., Zhao, T.
and Zhang, Z.W. 2019. Melatonin treatment of
perversion grape berries modifies phenolic
components and antioxidant activity of grapes
and wine. Journal of Food Science and
Technology, 39 (1), 35-42.

[92] MiaoLian, X., Fan, W., Cheng, L.S., YinBao,
W,, LiuHua, X., WenWen, P., JinYin, C. and
Ming, C. 2022. Effects of melatonin treatment on
resistance to black spot and postharvest storage
quality of pear fruit. Scient. Agril. Sinic. 55 (4),
785-795.

[93] Miranda, S., Vilches, P., Suazo, M., Pavez, L.,
Garcia, K., Méndez, M.A., Gonzalez, M., Meisel,
L.A., Defilippi, B.G. and del Pozo, T. 2020.
Melatonin triggers metabolic and gene expression
changes leading to improved quality traits of two
sweet cherry cultivars during cold storage. Food
Chemistry, 319, 126360.



120 Iranian Journal of Postharvest Biology, (2026 ), 2: 2: 102-123

[94] Nguyen, T. and Ha, S. 2025. Melatonin: An Eco-
Friendly Preservative for Improving Post-Harvest
Quality and Longevity of Cut Flowers.
Horticulturae, 11(6), 574.

[95] Nitu, N.J., Ullah, M.S., Howlader, P., Mehedi,
M.N.H., Meem, H.Z. and Bose, S.K. 2024.
Chitosan oligosaccharides maintained postharvest
quality and increased shelf life of mango. Journal
of Horticulture and Postharvest Research. 8 (1),
43-66.

[96] Njie, A., Zhang, W., Dong, X., Lu, C., Pan, X.
and Liu, Q. 2022. Effect of melatonin on fruit
quality via decay inhibition and enhancement of
ant oxidative enzyme activities and genes
expression of two mango cultivars during cold
storage. Foods, 11 (20).

[97] Onik, J.C., Wai, S.C,, Li, A, Lin, Q., Sun, Q.,
Wang, Z. and Duan, Y. 2021. Melatonin treatment
reduces ethylene production and maintains fruit
quality in apple during postharvest storage. Food
Chemistry, 337, 127753.

[98] Orsini, F., Kahane, R., Nono-Womdim, R. and
Gianquinto, G. 2013. Urban Agriculture in the
Developing World: A Review. Agronomy for
Sustainable Development, 33, 695-720.

[99] Padilla-Gonzélez, P.A., Garrido-Aufén, F.,
Garcia-Pastor, M.E., Guillén, F., Serrano, M.,
Valero, D. and Agull6, V. 2026. Melatonin as a
Pre-and Postharvest Tool for Enhancing Fruit
Quality. Plants, 15, 331.

[100]  Paroni, R., Dei Cas, M., Rizzo, J., Ghidoni,
R., Montagna, M.T., Rubino, F.M. and Iriti, M.
2019. Bioactive phytochemicals of tree nuts.
Determination of the melatonin and sphingolipid
content in almonds and pistachios. Journal of
Food Composition and Analysis, 82: 103227.

[101]  Patil, M., Sharma, S., Sridhar, K., Anurag,
R.K., Grover, K., Dharni, K., Mahajan, S. and
Sharma, M. 2024. Effect of postharvest
treatments and storage temperature on the
physiological, nutritional, and shelf-life of
broccoli  (Brassica oleracea)  microgreens.
Scientia Horticulturae, 327, 112805.

[102] Ping, X., Huang, T., Shiqi, L., Meijiao, H.,
Zhaoyin, G., Jialiang, L. and Zhang, Z. 2024.
Effect of melatonin on chilling injury and
ripening of postharvest mango fruits during shelf
life  after refrigeration and  underlying

physiological mechanism. Food scientists,. (N.
Y.) 45 (8), 218-227.

[103] Poveda, J. 2020. Use of plant-defense
hormones  against  pathogen-diseases  of
postharvest fresh produce. Physiological and
Molecular Plant Pathology, 111, 101521.

[104]  Pranil, T, Moongngarm, A,
Manwiwattanakul, G., Loypimai, P. and Kerr,
W.L. 2021. Melatonin and its derivative contents
in tropical fruits and fruit tablets. Journal of Food
Composition and Analysis, 103: 104109.

[105] Qi, Z.Y., Wang, K.X., Yan, M.Y., Kanwar,
M., Li, D.Y., Wijaya, L., Alyemeni, M., Ahmad,
P. and Zhou, J. 2018. Melatonin Alleviates High
Temperature-Induced Pollen Abortion in Solanum
lycopersicum. Molecules, 23, 386.

[106] Qu, G, Ba, L., Wang, R., Li, J., Ma, C., Ji,
N. and Cao, S. 2022. Effects of melatonin on
blueberry fruit quality and cell wall metabolism
during low temperature storage. Food Science &
Technology, 42.

[107] Raak, N., Symmank, C., Zahn, S.,
Aschemann-Witzel, J. and Rohm, H. 2017.
Processing and product related causes for food
waste and implications for the food supply chain.
Waste Management, 61, 461-472.

[108] Rahmanzadeh-Ishkeh, S., Shirzad, H.,
Tofighi, Z., Fattahi, M. and Ghosta, Y. 2024.
Exogenous  melatonin  prolongs  raspberry
postharvest life quality by increasing some
antioxidant and enzyme activity and
phytochemical contents. Scientific Reports, 14
(1), 11508.

[109] Rastegar, S., Hassanzadeh Khankahdani, H.
and Rahimzadeh, M. 2020. Effects of melatonin
treatment on the biochemical changes and
antioxidant enzyme activity of mango fruit during
storage. Scientia Horticulturae, 259, 108835.

[110] Riva, S.C., Opara, U.O. and Fawole, O.A.
2020. Recent developments on postharvest
application of edible coatings on stone fruit: A
review. Scientia Horticulturae, 262, 109074.

[111] Salehi, B., Sharopov, F., Fokou, P.V.T.,
Kobylinska, A., Jonge, L., Tadio, K., Sharifi-Rad,
J., Posmyk, M.M., Martorell, M., Martins, N. and
Iriti, M. 2019. Melatonin in Medicinal and Food
Plants: Occurrence, Bioavailability, and Health
Potential for Humans. Cells, 8(7): 681.



Iranian Journal of Postharvest Biology, (2026 ), 2 : 2: 102-123 121

[112] Saud, S., Jiang, Z., Chen, S. and Fahad, S.
2023. Interaction of melatonin on post-harvest
physiology and quality of horticultural crops.
Scientia Horticulturae, 321, 112286.

[113] Seyed, M.H.M., Somayeh, R., Valiollah,
G.0. and Orang, K. 2020. Ameliorative effect of
melatonin against storage chilling injury in
pomegranate husk and arils through promoting
the antioxidant system. Scientia Horticulturae,
295, 110889.

[114] Shang, F, Liu, R., Wu, W., Han, Y., Fang,
X., Chen, H. and Gao, H. 2021. Effects of
melatonin on the components, quality and
antioxidant activities of blueberry fruits. LWT,
147, 111582.

[115] Shao, R., Wang, Y., He, C. and Chen, L.
2024. Melatonin and its emerging physiological
role in reproduction: a review and update.
Current Molecular Medicine, 24: 449-56.

[116] Sharafi, Y., Aghdam, M.S., Luo, Z,
Jannatizadeh, A., Razavi, F., Fard, J.R. and
Farmani, B. 2019. Melatonin treatment promotes
endogenous melatonin accumulation and triggers
GABA shunt pathway activity in tomato fruits
during cold storage. Scientia Horticulturae, 254,
222-2217.

[117] Sharafi, Y., Jannatizadeh, A., Fard, J.R. and
Aghdam, M.S. 2021. Melatonin treatment delays
senescence and improves antioxidant potential of
sweet cherry fruits during cold storage. Scientia
Horticulturae, 288, 110304.

[118] Sharma, A. and Zheng, B. 2019. Melatonin
mediated  regulation of drought  stress:
Physiological and molecular aspects. Plants, 8,
190.

[119] Shen, T, Liang, D., Wang, X., Lv, X., Wang,
J. and Xia, H. 2019. Effect of Melatonin on the
Breaking Dormancy of Kiwifruit Seeds. In: IOP
conference series: earth and environmental
science, vol. 237, No. 5, p. 052073. IOP
Publishing.

[120] Shi, G., Zhou, X., Tong, C. and Zhang, D.
2024. The Physiological and Molecular
Mechanisms of Fruit Cracking Alleviation by
Exogenous Calcium and GAS3 in the Lane Late
Navel Orange. Horticulturae, 10, 1283.

[121]  Shi, H., Tan, D.X., Reiter, R.J.,, Ye, T., Yang,
F. and Chan, Z. 2015. Melatonin induces class Al
heat-shock factors (HSFA 1s) and their possible

involvement of thermo tolerance in Arabidopsis.
Journal of Pineal Research, 58 (3), 335-342.

[122] Shi, L., Chen, Y., Dong, W., Li, S., Chen,
W., Yang, Z. and Cao, S. 2024. Melatonin
delayed senescence by modulating the contents of
plant signaling molecules in postharvest okras.
Frontiers in Plant Science, 15, 1304913.

[123] Sun, H.J., Luo, M.L., Zhou, X., Zhou, Q.
and Ji, S.J. 2020. Influence of melatonin
treatment on peel browning of cold-stored
‘Nangu’ Pears. Food and Bioprocess Technology,
13, 1478-1490.

[124] Tijero, V., Munoz, P. and Munne-Bosch, S.
2019. Melatonin as an inhibitor of sweet cherries
ripening in orchard trees. Plant Physiology and
Biochemistry, 140: 88-95.

[125] Tongtong, L., Tianhong, P., Ji, M., Hui, L.,
Xiaoting, Q., Fangfang, H. and Changxia, D.
2018. Melatonin for cut flower preservation with
Rosa hybrida’Corolla’. Zhejiang Agriculture and
Forestry University, 35 (5), 981-986.

[126] Tu, V.T.C., Tra, H.T.T., An, H.D., Thanh,
L.D., Hoang, T.M.N. and Hue, T.T. 2022.
Influence of exogenous application of melatonin
on biochemical changes of avocado fruit during
ripening. Academia Journal of Biology, 44 (2),
123-132.

[127]  Ugur, Y. 2023. Extraction and quantification
of melatonin in cornelian cherry (Cornus mas L.)
by ultra-fast liquid chromatography coupled to
fluorescence  detector  (UFLC-FD). Acta
Chromatogr, 35 (3): 219-26.

[128] Ullah, S.K., Nitu, N.J., Howlader, P,
Mehedi, N.H. and Bose, S.K. 2025. Natural
preservatives maintained postharvest quality,
reduced decay percentage and increased shelf life
of mango. International Journal of Horticultural
Science and Technology, 1261-1280.

[129] Umamaheswari, R., Prasannakumar, N.R.,
Sriram, S., Sharma, S.K., Rao, M.S. and Chaya,
M.K. 2020. Biotic Stress Management in
Horticultural Crops Using Microbial Intervention.
In Rhizosphere Microbes; Sharma, S.K., Singh,
U.B., Sahu, P.K., Singh, H.V,, Sharma, P.K., Eds.;
Springer: Singapore, Volume 23, pp. 619-654.
ISBN 9789811591532.

[130] Usanmaz, S., Askin, M.A. and
Kahramanoglu, 1. 2022. Effects of foliar
melatonin application on the flowering and fruit



122 Iranian Journal of Postharvest Biology, (2026 ), 2: 2: 102-123

set of pomegranate (Punica granatum L.
Wonderful). In: V international symposium on
pomegranate and minor Mediterranean fruits.
1349. p. 63-72.

[131] Verde, A., Miguez, J.M. and Gallardo, M.
2019. Melatonin  and related bioactive
compounds in commercialized date palm fruits
(Phoenix dactylifera L.): correlation with some
antioxidant parameters. European Food Research
and Technology, 245: 51-9.

[132] \erde, A., Miguez, J.M. and Gallardo, M.
2022. Role of melatonin in apple fruit during
growth and ripening: possible interaction with
ethylene. Plants, 11(5): 688.

[133] Verde, A., Miguez, J.M., Leao-Martins,
J.M., Gago-Martinez, A. and Gallardo, M. 2022.
Melatonin  content in walnuts and other
commercial nuts Influence of cultivar, ripening
and processing (roasting). Journal of Food
Composition and Analysis, 105: 104180.

[134] Verde, A., Miguez, J.M. and Gallardo, M.
2022. Role of melatonin in apple fruit during
growth and ripening: possible interaction with
ethylene. Plants, 11 (5): 688.

[135] Wan, J., Wu, Y., Tong, Z., Su, W,, Lin, H.
and Fan, Z. 2024. Melatonin treatment alleviates
chilling injury of loquat fruit via modulating ROS
metabolism. Foods, 13 (19): 3050.

[136] Wang, F., Zhang, X., Yang, Q. and Zhao, Q.
2019. Exogenous melatonin delays postharvest
fruit senescence and maintains the quality of
sweet cherries. Food Chemistry, 301: 125311.

[137] Wang, M., Li, Y., Li, C., Xu, H., Sun, T. and
Ge, Y. 2023. Melatonin induces resistance against
Penicillium expansum in apple fruit through
enhancing phenylpropanoid metabolism.
Physiological and Molecular Plant Pathology,
127: 102082.

[138] Wang, D., Randhawa, M.S., Azam, M., Liu,
H., Ejaz, S., llahy, R., Qadri, R., Khan, M.I.,,
Umer, M.A., Khan, M.A. and Wang, K. 2022.
Exogenous  melatonin  treatment  reduces
postharvest senescence and maintains the quality
of papaya fruit during cold storage. Frontiers in
Plant Science, 13, 1039373.

[139] Wang, F, Zhang, X., Yang, Q. and Zhao, Q.
2019. Exogenous melatonin delays postharvest
fruit senescence and maintains the quality of
sweet cherries. Food Chemistry, 301, 125311.

[140] Wang, H., Zhang, W., Xu, M. and Su, L.
2026. Melatonin-Induced Leaf Growth in
Lithocarpus litseifolius: A Synergistic Interplay
among Hormone Homeostasis, Photosynthetic
Enhancement, and Transcriptional Regulation.
Horticulturae, 12, 694.

[141] Wang, K., Xing, Q., Ahammed, G.J. and
Zhou, J. 2022. Functions and Prospects of
Melatonin in Plant Growth, Yield, and Quality.
Journal of Experimental Botany, 73, 5928-5946.

[142] Wang, M., Xu, J., Ding, Z. and Xie, J. 2023.
Prolong the Postharvest Shelf Life of Spinach
through the Ant oxidative Ability of Melatonin.
Food Chemistry. X, 19, 100769.

[143] Wang, S., Shi, X., Wang, R., Wang, H., Liu,
F. and Laborda, P. 2020. Melatonin in fruit
production and postharvest preservation, A
review. Food Chemistry, 320, 126642.

[144] Wi, Q., Xiao, L., Du, Q., Zhang, P., Deng,
J. and Wang, F. 2025. Postharvest application of
melatonin suppresses gray mold in blueberry
fruits by regulating cell wall metabolism. ES
Food & Agroforestry. doi:10.30919/faf1924.

[145] Xia, H., Shen, Y., Deng, H., Wang, J., Lin,
L., Deng, Q., Lv, X., Liang, D., Hu, R., Wang, Z.
and Xiong, B. 2021. Melatonin application
improves berry coloration, sucrose synthesis, and
nutrient absorption in 'Summer Black' grape.
Food Chemistry, 356: 129713.

[146] Xie, J., Qin, Z., Pan, J., Li, J., Li, X., Khoo,
H.E. and Dong, X. 2022. Melatonin treatment
improves postharvest quality and regulates
reactive  oxygen species metabolism in
“Feizixiao” litchi based on principal component
analysis. Frontiers in Plant Science, 13, 965345.

[147] Xin, D, Si, J. and Kou, J. 2017. Postharvest
exogenous melatonin enhances quality and delays
the senescence of cucumber. Acta Horticulturae,
44 (5), 891-901.

[148] Xu, L., Yue, Q., Xiang, G., Bian, Fe. and
Yao, Y. 2018. Melatonin promotes ripening of
grape berry via increasing the levels of ABA,
H202, and particularly ethylene. Horticulture
Research, 5, 41.

[149] Xu, T., Chen, Y. and Kang, H. 2019.
Melatonin is a potential target for improving
post-harvest preservation of fruits and vegetables.
Frontiers in Plant Science, 10, 1388.

[150] Yang, Y., Cui, X. and Zhong, L. 2023. Effect
of melatonin on ripening of ‘Pearl’ guava fruit at



Iranian Journal of Postharvest Biology, (2026 ), 2 : 2: 102-123 123

ambient temperature. Emirates Journal of Food
and Agriculture, 35 (1): 32-39.

[151] Yimaz, U.C.UR. 2021. Investigation of
Melatonin content and antioxidant capacity in
grape berries. Inoénii  Universitesi  Saglik
Hizmetleri Meslek Yiiksek Okulu Dergisi. 9(3):
820-30.

[152] Zhao, Y., Tan, D.X., Lei, Q., Chen, H.,
Wang, L., Li, Q.T., Gao, Y. and Kong, J. 2013.
Melatonin and its potential biological functions in
the fruits of sweet cherry. Journal of Pineal
Research, 55 (1): 79-88.

[153] Ze,Y., Gao, H., Li, T., Yang, B. and Jiang, Y.
2021. Insights into the roles of melatonin in
maintaining quality and extending shelf life of
postharvest fruits. Trends in Food Science &
Technology, 109, 569-578.

[154]  Zhai, R., Liu, J., Liu, F, Zhao, Y., Liu, L.,
Fang, C., Wang, H., Li, X., Wang, Z., Ma, F. and
Xu, L. 2018. Melatonin limited ethylene
production, softening and reduced physiology
disorder in pear (Pyrus communis L.) fruit during
senescence. Postharvest Biology and Technology,
139, 38-46.

[155] Zhang, H., Liu, X., Chen, T., Ji, Y., Shi, K.,
Wang, L., Zheng, X. and Kong, J. 2018.
Melatonin in Apples and Juice: Inhibition of
Browning and Microorganism Growth in Apple
Juice. Molecules, 23(3), 521.

[156] Zhang, H., Wang, L., Shi, K., Shan, D., Zhu,
Y., Wang, C., Bai, Y., Yan, T., Zheng, X. and
Kong, J. 2019. Apple tree flowering is mediated
by low level of melatonin under the regulation of
seasonal light signal. Journal of Pineal Research,
66 (2): e12551.

[157] Zhang, L., Yu, Y., Chang, L., Wang, X. and
Zhang, S. 2022. Melatonin enhanced the disease
resistance by regulating reactive oxygen species
metabolism in post-harvest jujube fruit. Journal
of Food Processing and Preservation, 46(3):
€16363.

[158] Zhang, T., Wang, J., Sun, Y., Zhang, L. and
Zheng, S. 2022. Versatile roles of melatonin in

growth and stress tolerance in plants. Journal of
Plant Growth Regulation, 41: 1-17.

[159] Zhang, Y., Gong, Y., Chen, L., Peng, Y.,
Wang, Q. and Shi J. 2019. Hypotaurine delays
senescence of peach fruit by regulating reactive
oxygen species metabolism. Scientia
Horticulturae, 253: 295-302.

[160] Zhang, M., Yang, X,, Yin, C., Lin, X,, Liu,
K., Zhang, K., Su, Y., Zou, X., Liao, L., Wang,
X., He, S, He, R,, Sun, G., He, J., Xiong, B. and
Wang, Z. 2024. Effect of exogenous melatonin on
antioxidant properties and fruit softening of
‘Fengtang’ plum fruit (Prunus salicina Lindl.)
during storage at room temperature. Frontiers in
Plant Science, 15, 1348744.

[161] Zhang, Y. 2024. Post-harvest cold shock
treatment enhanced antioxidant capacity to
reduce chilling injury and improves the shelf life
of guava (Psidium guajava L.). Frontiers in
Sustainable Food Systems, 8, 1297056.

[162] Zhang, Y., Huber, D.J., Hu, M., Jiang, G.,
Gao, Z., Xu, X., Jiang, Y. and Zhang, Z. 2018.
Delay of postharvest browning in litchi fruit by
melatonin via the enhancing of antioxidative
processes and oxidation repair. Journal of
Agricultural and Food Chemistry, 66, 7475-7484.

[163] Zheng, H. Liu, W, Liu, S., Liu, C. and
Zheng, L. 2019. Effects of melatonin treatment
on the enzymatic browning and nutritional
quality of fresh-cut pear fruit. Food Chemistry,
299, 125116.

[164] Zhou, K., Cheng, Q., Dai, J., Liu, Y., Liu,
Q., Li, R., Wang, J., Hu, R. and Lin, L. 2023.
Effects of exogenous melatonin on sugar and
organic acid metabolism in early-ripening peach
fruits. PL0S One, 18 (10): e0292959.

[165] Zhou, K., Li, Y., Hu, L., Zhang, J., Yue, H.,
Yang, S., Liu, Y., Gong, X. and Ma, F. 2021.
Overexpression of MdASMT9, an N-
acetylserotonin methyltransferase gene, increases
melatonin biosynthesis and improves water-use
efficiency in transgenic apple. Tree physiology,
42,1114-1126.



