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ABSTRACT 
 

Fruits and vegetables are perishable commodities after harvest. Fruit and vegetable 

damage occurs due to post-harvest metabolic processes that can result in the formation of 

ROS and ethylene, bacteria, fungi, chilling injury and mechanical damage (wounds). New 

technologies were discovered to inhibit ripening, aging and post-harvest fruit damage, 

namely the use of Methylcyclopropene (MCP), Nitric Oxide (NO) and Melatonin. The 

purpose of this paper is to analyze the mechanism of the three inhibitors, their 

applications, advantages and disadvantages so that they can be used effectively and 

efficiently. The method used is systematic review, data are collected and analyzed 

systematically. A review of 106 articles shows that MCP, NO, and melatonin have different 

mechanisms. MCP works by inhibiting ethylene receptors, NO through four pathways (S-

nitrosylation, limiting SAM formation, forming MACC, binding NO-ACC-ACC), and 

melatonin through four pathways (slowing ripening, reducing cold damage, as an 

antioxidant, as an antibacterial agent). 

1. INTRODUCTION 

Fruits and vegetables are horticultural commodities that have a role as suppliers of vitamins and minerals (Maharani et 

al., 2023), fiber, folic acid (Chandra & Aisah, 2023), carbohydrates (Sulaiman et al., 2024) and water as much as 55-

85% (Waryat & Handayani, 2020). Apart from containing various nutrients, fruits, vegetables can be harvested after 

ripening. During the ripening process, physiological changes and biochemical (metabolic) reactions occur. This 

Process involves several biomolecular compounds and ethylene production. For climacteric fruits, this process is still 

ongoing and even increases after harvest (Widodo et al., 2019; Yuniastri et al., 2020; Prayitno, 2023) so fruits and 

vegetables are easily damaged (perishable) (Nofiyanto et al., 2024) for 2 - 4 days (Waryat & Handayani, 2020). 

Vegetable damage is characterized by yellowing of the leaves, foul smell, fungus and fly attack (Harnanik, 2018). 

While in the fruit, the texture of the flesh becomes tender, black-brown in color, and juicy (Adirahmanto et al., 2013). 

In some other fruits, the appearance of wounds on the surface of the fruit, necrosis and dents (spots on the skin and 

dark brown spots on the fruit), abnormal discoloration of the surface and inside of the fruit, leakage of damaged 

microorganisms, especially metabolites that promote fungal growth (Sunarso et al., 2023). 

Fruit and vegetable spoilage is caused by several things including excess free radicals (Habibah et al., 2023), 

mold and bacteria growth (Ansiska et al., 2023), as well as physical damage of chilling injury (Ifmalinda et al., 2023). 

Habibah et al. (2023) said that excess free radicals such as reactive oxygen species (ROS), reactive nitrogen species 

(RNS), and reactive sulfur species (RSS) can cause cell damage, thus accelerating aging and degenerative diseases. 

Pathogenic fungi in fruits, namely Botrytis cinerea and Colletotrichum acutatum, cause anthracnose rot and rot on the 
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skin of the fruit (Asharo et al., 2022). Meanwhile, chilling injury occurs due to cell damage or cell death in plant 

tissues that are sensitive to cold temperatures. At cold temperatures, toxic metabolites such as ethanol, acetaldehyde, 

and oxaloacetate accumulate (Sunarso et al., 2023). 

Various studies have been conducted to extend the shelf life of fruits and vegetables including using MCP 

(Methylcyclopropene) (Haloho, 2023; Prabasari, 2024; Lata et al., 2017; Candan & Calvo, 2021; Lv et al., 2023; Peng 

& Fu, 2023; Hasan et al., 2024), Nitric oxide (Sukasih & Setyadjit, 2019; Liu et al., 2023; Corpas et al., 2023; Lu et 

al., 2023), and Melatonin (Wei et al., 2022; Shah et al., 2024; Mandal et al., 2024; Boonsiriwit et al., 2021; Arshad & 

Haghshenas, 2025; Fan et al., 2022; Borthakur et al., 2024), by various methods, namely by immersion (Badiche-El 

Hilali et al., 2023), spraying (Wang et al., 2023), and soaking (Sun et al., 2020). However, it is not yet known which 

of the three technologies (MCP, NO, and Melatonin) is the most effective and efficient. Therefore, a study on the 

mechanism of action, application, advantages and disadvantages of each technology is needed. 

2. METHODS  

The method used in this paper was the Systematic Literature Review (SLR). The SLR method was used to identify, 

review, evaluate and interpret all available research with the topic area of the phenomenon of interest, with certain 

relevant questions. In this study, SLR was conducted by adopting Carrera-Rivera et al. (2022) and Sauer & Seuring 

(2023) stages, including: 

1. Determining the initial idea or interest in a topic. The phenomenon being discussed is the mechanisms of 

technology (MCP, NO, and Melatonin) in extending the shelf life of fruits and vegetables, as well as the 

advantages and disadvantages of each technology.  

2. The SLR continued by searching for relevant literature through Google Scholar.  

3. The obtained literatures was then read to determine the direction of the review and the formulation of questions.  

4. Once the focus was established, research results were selected specifically. The selection of research results was 

reviewed through several questions, such as how do these technologies maintain the freshness of fruits and 

vegetables? What are the advantages and disadvantages of each technology? 

5. Data from literatures, including process mechanisms, technologies, applications, gaps, and challenges, were 

analyzed critically. 

6. The analysis results are evaluated and reported.  

3. RESULTS AND DISCUSSION  

3.1. Technological Mechanisms to Extend Shelf Life  

Fruits and vegetables are still metabolizing after harvest (Sari et al., 2018) in the form of respiration and enzymatic 

reactions (Kurniawan & Deglas, 2022). Respiration that occurs in post-harvest fruits is carried out through the skin of 

the fruit (Mudyantini et al., 2016). Respiration is a chemical reaction that breaks down complex compounds into 

simpler ones (Nur Fauziah et al., 2021) through glycolysis, tricarboxylic acid cycle, Krebs and electron transfer. 

During respiration, all substrates are utilized (Kandasamy, 2022; Mudyantini et al., 2016). Glycolysis is the initial 

stage in carbohydrate metabolism by breaking down glucose into energy in the form of ATP (Adenosine 

Triphosphate). Figure 1 is the reactions of glycolysis, Krebs and electron transfer:  

ATP is the main source of energy for cells in metabolism (Marpaung & Prasetyo, 2024). Jiang et al. (2024) added 

ATP is also the energy used to form ethylene together with the precursor. Ethylene is a hydrocarbon compound with 

the chemical formula C2H4 that plays an important role in the fruit ripening process. Ethylene is also a plant hormone 

that affects the rate of respiration. High respiration rate leads to short shelf life of fruits and vegetables (Giyanto et al., 

2022). Ethylene is formed through three stages, namely the formation of S-adenosyl methionine (SAM) from 

methionine with the help of SAM synthase which requires 1 molecule of ATP. Next, SAM is converted to ACC (1-

aminocyclopropane -1-carboxylic acid) catalyzed by ACC synthase. Methylthiadenosine (MTA) is also produced in 

the process of ACC formation and will be reused for methionine formation so that cellular methionine concentration is  
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Figure 1. Glycolysis, Krebs cycle and electron transfer reactions 

always available despite increased ethylene formation. The last stage is the oxidation of ACC to ethylene (Pradani, 

2020; Giyanto et al., 2022). In addition to ethylene, fruit and vegetable respiration also forms free radicals or reactive 

oxygen species (ROS). ROS are formed from the incomplete reduction of oxygen in the electron transfer chain (ETC) 

(Situmorang & Zulham, 2020). Accumulation of ROS can lead to cell damage, protein structure damage and tissue 

aging (Li et al., 2023).Post-harvest deterioration of fruits and vegetables can be slowed down by using MCP 

(Methylcyclopropene), Nitric oxide (NO) and Melatonin. 

3.1.1. MCP (Methylcyclopropene) 

1-MCP is a gas with a molecular weight of 54 and a formula of C4H6 at standard temperature and pressure 

(Blankenship & Dole, 2003). 1-MCP is used to inhibit the reaction of ethylene in providing plant physiological effects 

(Fauzi et al., 2018; Chang & Brecht, 2023). Kolniak-Ostek et al. (2014) added the ability of 1-MCP to extend shelf 

life is achieved by blocking ethylene receptor capture. The mechanism of ethylene receptor blocking by 1-MCP can be 

seen in the Figure 2. 

 

Figure 2. Receptor blocking by 1-MCP, source : (Alabboud et al., 2017) 

Krebs cycle (Gasmi et al., 2021) 

Pyruvic acid + CoA + NAD+ → Acetil-CoA +CO2 + NADH 
Acetil-CoA + O2 → CO2 + ATP + NADH + FADH2 

Glycolysis (Chandel, 2021) 

Glucose + 2ADP + 2Pi + 2NAD+ → 2Pyruvic acid + 2ATP + 2NADH 

Electron transfer (Hardianti et al., 2023) 

NADH + O2 → H2O + ATP 
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The process of blocking ethylene receptors involves ETR and CTR. Figure 2 explains that ETR is ethylene 

receptor, while CTR2 (Constitutive Triple Signaling) is protein kinase (in certain organs). Protein kinase is an enzyme 

that signals intracellularly (Hidayat, 2020). The analogy is that CTR acts as a brake that inhibits the response of the 

cellular signal pathways, while ETR (ethylene receptor) is a gate sensor. As long as the sensor does not detect 

ethylene, the door remains tightly closed. This sensor is directly connected to the CTR (brake). CTR prevent the 

ripening machine from working. As long as the brake (CTR) is active, the ripening machine cannot run.  

Figure 2A show in the absence of ethylene, CTR2 to be active so ripening machine does not run. The kinase 

activity of the receptor (ETR-1) shuts down the first step in the cascade response (CTR). If sensor detect ethylene, the 

door remains opened. The brake is released (CTR2 is inactive), then the machine immediately starts working 

sequentially. Figure 2B, the ethylene binds to the receptor (ETR-1) the kinase activity is inhibited and the cascade 

begins to respond.  

The prevention of ethylene binding to the receptor in Figure 2C shows when 1-MCP binds to the receptor (ETR-

1), 1-MCP binds irreversibly. That caused ethylene fails to bind to it (Alabboud et al., 2017). Blocking of the receptor 

by ethylene is done by 1-MCP filling the receptor position that ethylene normally occupies. The existence of this bond 

causes ethylene to be unable to bind to the receptor. The mechanism of 1-MCP in blocking receptors occurs, 1-MCP in 

gaseous form enters plant tissues. 1-MCP has a similar structure to ethylene, but 1-MCP has a greater affinity and is 

active at low concentrations than ethylene (Blankenship & Dole, 2003). This causes 1-MCP to bind strongly to the 

ethylene receptor. Once bound, the receptor cannot recognize ethylene anymore (Dong et al., 2021a). To prevent direct 

precursors in the ethylene biosynthetic pathway, S-AdoMet is converted to ACC. 1-MCP then binds to the ACC 

synthase enzyme, preventing ethylene formation and inhibiting ethylene-induced signal transduction (Kumar et al., 

2023). There are several factors that affect the effect of 1-MCP use, namely commodity, developmental level of the 

plant, 1-MCP concentration, ambient temperature at application, and duration of application. 1-MCP is generally 

applied at low concentrations 2.5 nL/L to 1 µL/L for 12–24 h at room temperature 20–25 oC (Nanthachai et al., 2007). 

3.1.2. Nitric Oxide 

Ethylene has an important role in plant development and physiology. Ethylene biosynthesis involves two specialized 

enzymatic reactions. Bioethylene synthesis in fruits and vegetables is initiated from methionine (MET) which is 

converted to S-adenosylmethionine (SAM). SAM is then converted to 1-amino cyclopropene 1-carboxylate (ACC) by 

1-carboxylate synthase (ACC synthase). ACC is again converted to ethylene, carbon dioxide, and cyanide by the 

enzyme ACC oxidase (ACO) (Gardjito & Adnan, 2006). Inhibition of ethylene biosynthesis in fruits and vegetables 

can be done by applying nitric oxide (NO). Inhibition of ethylene biosynthesis by NO occurs through ethylene signal 

transduction with several directions, namely S-nitrosylation, diversion of SAM to polyene synthesis, conversion of 

ACC to MACC, and formation of NO-ACC-ACCO in Figure 3. 

Nitric oxide (NO) is a free radical obtained from various oxidative stress conditions (Norazizah et al., 2020). 

Besides being obtained through endogenous, NO can also be obtained through exogenous, namely from the 

atmosphere or soil that is fixed through nitrification. Endogenous NO formation occurs non-enzymatically and 

enzymatically. Non-enzymatic NO formation is the conversion of NO2 to NO in an acidic or alkaline environment, 

while enzymatic is through oxidative reductive by nitrite reductase (NR). NR uses various cofactors to convert nitrate 

to nitrite in mitochodria, peroxisomes and plant chloroplasts in the electron transport pathway (Figure 3). This gas is 

stable, can signal plants in the process of development, has anti-aging and maturation properties (Duan et al., 2007).  

According to Pols et al. (2022), the inhibition of ethylene synthesis in fruits and vegetables by nitric oxide (NO) 

occurs in four stages. The First, signaling (S-nitrosylation) occurs when NO is attached to the cysteine (Cys) thiol 

(SH) of proteins to form S-nitrosothiol (SNO). S-nitrosothiols reversibly regulate various biological signals and 

processes. (Broniowska & Hogg, 2012). S-nitrosothiol regulates methionine adenosyltransferase (MAT) through S-

nitrosylation, thus inhibiting the activity of MAT enzyme, which catalyzes the biosynthesis of SAM (S-

adenosylmethionine). Secondly, inhibited MAT activity will limit the biosynthesis of SAM, an important precursor in 

ethylene and PA biosynthesis. Third, in addition to helping SAM biosynthesis, the presence of high concentrations of 
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NO in the cell will cause the formation of 1-malonyl aminocyclopropane-1-carboxylic acid (MACC) so that the 

concentration of ACC becomes low and this is irreversible. Fourth, in maturity inhibition, the presence of NO in cells 

affects ethylene formation. NO binds to ACC and ACC oxidase resulting in the formation of NO-ACC-ACO. The 

formation of NO-ACC-ACO causes the conversion of ACC to ethylene to be disrupted (Kaniawati et al., 2024);. The 

mechanism can be seen in Figure 3. 

 

Figure 3. Mechanism of NO as an inhibitor of ACC conversion. The ethylene signal is indirectly inhibited by NO through S-

nitrosylation of MAT that catalyzes SAM biosynthesis (1), signal inhibition can also occur by the binding of NO with ACC and 

ACO to form NO-ACC-ACO which causes ethylene not to be formed (2), SAM is diverted into polyamine synthesis from ACC 

formation (3), and the conversion of ACC to MACC has occurred, source : (Pols et al., 2022) 

3.1.3. Melatonin 

Melatonin is a peptide hormone of the indolamine class produced by the pineal gland. This hormone is commonly 

found in humans which functions to make a person fall asleep and restore physical energy during sleep (Husna & 

Puspita, 2020). According to Hidayat et al. (2020) melatonin is a lipophilic hormone that has antioxidant-like activity 

in fighting free radicals. Melatonin can also be classified as a vitamin and antioxidant. Melatonin is found in 

vegetables, fruit, rice, wheat and herbal remedies (Kesanda et al., 2016). Initially used as a therapy for sleep disorders, 

melatonin has recently become a key modulator in post-harvest preservation of fruits and vegetables. Endogenously, 

melatonin plays an important role in post-harvest ripening of fruits and vegetables. Exogenously, melatonin eliminates 

excessive reactive oxygen species (ROS) by increasing antioxidant enzymes, non-enzymatic antioxidants and enzymes 

related to oxidized proteins (Xu et al., 2019). In extending the shelf life of fruits and vegetables, melatonin has four 

mechanism pathways, namely slowing down ripeness, reducing chilling injury, as an antioxidant and antibacterial 

(Feng et al., 2022). 

In the post-harvest aging process, fruits and vegetables undergo chlorophyll degradation by chlorophyll enzymes. 

During post-harvest aging, fruits and vegetables undergo chlorophyll degradation by chlorophyll enzymes. 

Chlorophyll degradation can be delayed by applying melatonin. The mechanism of inhibition of chlorophyll enzyme 

catabolic activity by melatonin occurs through the inhibition of PAO (Pheophorbide a oxygenase) activity. Melatonin, 

in the form of indoleamine (indole group), captures free radicals (hydroxyl, superoxide, and peroxyl) (An et al., 2025).  

The capture of free radicals by the indole group causes the activation of PAO (Pheophorbide a oxygenase) to be 

inhibited, thereby reducing chlorophyll degradation (Hörtensteiner, 2013; Hörtensteiner & Kräutler, 2011). The 
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reduction in degradation affects the stability of photosynthetic pigments. Photosynthesis becomes stable, so the energy 

supply from chloroplasts remains stable. This ensures that the supply of organic carbon entering the TCA cycle is 

maintained, resulting in optimal energy metabolism (Wang et al., 2025). Beside delayed chlorophyll degradation, the 

mechanism of melatonin in inhibiting aging is by blocking ABA (abscisic acid) signaling by reducing ABA (abscisic 

acid) content and inhibiting signal transduction. Melatonin also inhibits the activity of pectin methylesterase, 

polygalacturonase, cellulase, and β-Glucosidase thus keeping pectin water insoluble thus inhibiting fruit softening 

(Feng et al., 2022; Li et al., 2023).  

In terms of chilling injury, there are some fruits that are sensitive to low temperatures (<10-15 oC) such as 

bananas, papayas, mangoes, tomatoes and eggplants. Low temperature can cause physiological such as surface 

appearance changes such as brown spots on the skin and pulp, skin wrinkling, impaired ripening, abnormal softening, 

and increased susceptibility to pathogen infection. Cold damage can also cause discoloration, wilting, stiffness, and 

brittleness (Dahlan et al., 2024). At the molecular level, cold damage causes changes in composition, lipid membrane 

flexibility, ion and metabolite leakage, substance transport disruption, and tissue damage (loss of cell integrity which 

triggers localized cell death) (Purwanto et al., 2012).  

In addition, there is stress caused by the accumulation of reactive oxygen species (ROS). Cold temperature 

triggers metabolic stress that increases the production of ROS such as superoxide (O2
-), hydrogen peroxide (H2O2) and 

hydroxyl radicals (▪OH). This accumulation causes oxidative damage to fat, protein and DNA, increasing 

malondialdehyde (MDA) and decreasing sulfhydryl content (Mirshekari et al., 2020; Zhang et al., 2018a). Cold 

temperatures also inactivate or denature important enzymes such as dehydrogenase, ATPase and antioxidant enzymes 

which worsen metabolism resulting in decreased enzyme activity and accelerated tissue damage (Feng et al., 2022). 

The addition of melatonin can also inhibit chilling injury.  

The mechanism of melatonin in inhibiting chilling injury is by increasing the accumulation of putrescine, 

spermidine (Spd), spermine (Spm), and conjugated Polyamines (PAs) which regulate cell metabolism such as division, 

differentiation, and neutralizing ROS. Melatonin also increases gamma-aminobutyric acid (GABA) and proline which 

play a role in regulating cell osmotic pressure, releasing toxins from ROS and free radicals (H2O2), putrescine 

conversion, and signal transduction in the cell. The addition of melatonin provides succinic acid and NADH for the 

TCA cycle and electron transfer chain in the mitochondria (Feng et al., 2022). As an antioxidant, melatonin creates an 

antioxidative system as in studies (Wei et al., 2022; Fan et al., 2022). Wei et al. (2022) reported that exogenous 

melatonin application prevented browning in rambutan fruits. In the study (Fan et al., 2022), melatonin in guava 

creates an efficient non enzymatic and enzymatic antioxidative system to prevent ROS and protect oxidative damage. 

Oxidative damage is caused by the presence of CAT, APX, PPO, peroxidase (POD), dehydroascorbate reductase, 

SOD, GR and GPX, which are important for ROS homeostasis in fruits. The application of exogenous melatonin 

effectively reduces ROS in fruits by inducing antioxidant systems, including enzymatic and non-enzymatic 

antioxidants which then delays the fruit ripening process. In the study (Arshad & Haghshenas, 2025), melatonin in 

banana has limited ROS accumulation and inhibited oxidative damage; catalase and superoxide dismutase by creating 

antioxidants. Research (Boonsiriwit et al., 2021) increases the activity of the CAT enzyme (catalase enzyme). 

Research (Charoenphun et al., 2025) increases the activity of antioxidant enzymes such as superoxide dismutase 

(SOD) and ascorbate peroxidase (APX). Figure 4 shows the mechanism of melatonin in maintaining the shelf life of 

fruits and vegetables through antioxidative.  

In Figure 4, three routes are as follow. (1) Red lines and arrows indicate ROS elimination pathways. Melatonin 

acts mainly as a powerful free radical scavenger by increasing the content of antioxidant enzymes, non-enzymatic 

antioxidants, and enzymes related to oxidative protein repair, removing excess active oxygen from post-harvest fruits 

and vegetables. Furthermore, the content of hydroxyl radicals and hydrogen peroxide is reduced, the degree of 

membrane lipid peroxidation is reduced, thereby protecting cells from oxidative damage and extending the shelf life. 

(2) Blue lines and arrows indicate pathogen response-dependent pathways. Exogenous melatonin increases the level of 

JA and SA, triggers plant pathogen responses, enhances pathogen resistance, and extends shelf life. (3) Green lines 

and arrows indicate postharvest fruit and vegetable spoilage. Disease or postharvest aging of fruits and vegetables 

generates a lot of ROS, causes lipid peroxidation, and leads to postharvest spoilage. Red arrows indicate increased 

levels of each component. 
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Figure 4. Model mechanism of exogenous melatonin-mediated postharvest preservation in fruits and vegetables (Xu et al., 2019) 

Melatonin has good antibacterial activity and can be used to reduce the use of pesticides. The activity of 

melatonin as an anti-bacterial is carried out by enhancing the defense system of fruits and vegetables, inhibiting 

microbial growth and providing fungicidal effects. The mechanism of melatonin in improving the defense system of 

fruits and vegetables is by channeling pathogen-resistant signals to induce the biosynthesis of nitric oxide, jasmonic 

acid (JA) and salicylic acid (SA); where JA is an organic compound formed through the biosynthesis of free linolenic 

acid by the lipoxygenase enzyme which is used as a key signal compound in the plant's defense response (Manullang 

et al., 2013), whereas salicylic acid induces the formation of pathogenesis related (PR) proteins that increase 

resistance to plant infection (Gunaeni et al., 2015). Melatonin also circulates glucose in plant leaves and roots, 

increases the accumulation of cellulose, xylose, galactose and kallose in the cell wall by increasing the activity of cell 

wall invertase (CWI) and vacuolar invertase (VI) to increase the thickness of the cell wall (Feng et al., 2022). 

In inhibiting bacterial growth and functioning as a pesticide, melatonin interferes with the amino acid metabolism 

of pathogens by targeting rapamycin (TOR) thereby causing death. Melatonin downregulates genes encoding rate 

limitation of the enzymes pyruvate kinase, fructose diphosphate aldolase and isocitrate dehydrogenase and reduces the 

rate of amine acid metabolism (He et al., 2021; Feng et al., 2022). Based on the explanations of MCP (sub-subchapter 

3.1.1), Nitric Oxide (sub-subchapter 3.1.2), and melatonin (sub-subchapter 3.1.3) have different mechanisms and 

reaction forms. The differences between the three technologies can be seen in Table 1. 

3.2. Application of MCP, NO and Melatonin on Fruits and Vegetables 

The application of MCP, NO and Melatonin on fruits and vegetables varies in both concentration and application 

method. MCP application on fruits and vegetables depends on the concentration used. The use of MCP 300 - 1000 nL 

can reduce the weight loss of tomatoes, 400 - 600 nL can delay the maturity of bananas, MCP application on tomatoes 

and bananas is done by fumigation (Satekge & Magwaza, 2022). Table 2 details of the application and its effects. 

Table 1. Comparison of MCP, NO and Melatonin mechanisms 

Technology MCP (Methylcyclopropene) Nitric oxide Melatonin 

Mechanism Blocking ethylene capture 

receptors 

Through 4 mechanism pathways, 

namely: 

1) S-nitrosylation, 

2) Limiting the formation of SAM, 

3) Forming MACC, and 

4) Binding NO-ACC-AC 

Through 4 paths, namely: 

1) Slows down maturity, 

2) Reduces chilling injury,  

3) As an antioxidant  

4) and antibacterial 

Reaction form Volatile gas Free radicals Hormone 
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Table 2. Effect of inhibitors on shelf life of fruits, vegetables, or flowers at various concentrations 

It can be summarized from the table that various biochemical inhibitors—including methylcyclopropene (MCP), 

nitric oxide (NO), and melatonin—have been shown to significantly enhance the shelf life and postharvest quality of 

different fruits, vegetables, and flowers. MCP, applied mainly in gaseous form, delays ripening, maintains sweetness, 

improves firmness, and even extends the longevity of cut flowers across commodities such as tomatoes, guava, kiwi, 

mango, and chrysanthemums. Nitric oxide, delivered through dipping, spraying, or gas exposure, effectively 

suppresses ethylene production, delays ripening, maintains fruit quality, and enhances disease resistance in tomatoes, 

apricots, and citrus fruits. Melatonin treatments—applied via spraying or dipping—either stimulate or inhibit ripening 

depending on concentration and commodity, while also preserving antioxidant content and reducing oxidative stress in 

fruits like apples, blueberries, mangoes, papayas, and avocados. Overall, the use of these inhibitors demonstrates a 

broad potential to modulate physiological processes and prolong freshness across a wide range of horticultural 

products. 

3.3. Disadvantages and Advantages of MCP, NO and Melatonin   

All inhibitors have the same ability to prevent damage of fruits and vegetables, extend shelf life and maintain quality. 

However, they have advantages and disadvantages as summarized in Table 3. 

3.4. Prospect and Challenges 

MCP, NO, and melatonin also have prospects and challenges. Based on Tables 2 and 3, the prospects and challenges of 

MCP, NO, and melatonin are summarized in Table 4. 

 

Inhibitory 

Ingredients 
Commodities Concentration 

Application 

form 
Influence 

MCP 

(Methylcycloprop

ene) 

Tomato (Horváth-Mezőfi et 

al., 2024) 

2% Gas Tomato color change within 2 

weeks 

Chrysanthemum flower 

(Salsabilla & Kartika, 2013) 

0.3 ppm Gas Extend chrysanthemum cut flowers 

1.2 - 1.8 times 

Guava (Widodo et al., 2016) 0.01 g/mL Gas Able to maintain the sweetness 

level of guava 

Kiwi (Zhao et al., 2024) 0.5 µL-1 Gas Influence on carbohydrate 

metabolism 

Mango (Hasan et al., 2024) 1 µL-1 Gas slowing down fruit weight loss, 

firmness, soluble solids, and acidity 

Nitric oxide (NO) Tomato (Shu et al., 2025) 0.2 mM Dipping inhibits ethylene production 

Apricot (Abd Elwahab et al., 

2024) 

25 µM Spraying delay fruit ripening and maintain 

fruit quality 

Orange (Yang et al., 2021) 15 µL-1 Gas inducing disease resistance to P. 

italicum in citrus fruits 

Melatonin Apple (Verde et al., 2022) 500 µM Spraying melatonin stimulates fruit ripening 

Blueberries (Shang et al., 

2021) 

0.05 mmoL-1 Spraying maintain the content of ascorbic 

acid, anthocyanins, total phenols, 

reduce the accumulation of ROS 

and lipid peroxides 

Mango (Dong et al., 2021b) 200 µM Dipping inhibits the maturation process 

Papaya (Wang et al., 2022) 1.5 mM Spraying reducing postharvest aging and 

maintaining fresh quality of papaya 

fruit in cold storage 

Avocado (Yılmaz et al., 

2025) 

0.5 mM 

1.0 mM 

Spraying maintaining the quality of stored 

avocados 
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Table 3. Advantages and disadvantages of MCP, NO and Melatonin 

Inhibitory material MCP (Methylcyclopropene) Nitric oxide (NO) Melatonin 

Advantages   Already commercial and 

safe, applied at room 

temperature (20-25oC) for 

12-24 hours (Watkins, 

2006) 

  Can be applied with other 

materials such as chitosan 

(You et al., 2022)  

 Can reduce cold damage 

(Zhong et al., 2024) 

 Can be applied as 

fumigation to control 

pests (Liu, 2013) 

 Can be applied to 

bruised/injured fruit 

(Gardjito & Adnan, 

2006) 

 Provides antioxidant effects (Zhang 

et al., 2018b) 

 Delays in fruit maturity and quality 

do not involve ethylene (Zhao et al., 

2020) 

 Can be applied to fruits and 

vegetables prone to cold 

temperatures (Azadshahraki et al., 

2018) 

 Can be a substitute for pesticides 

(Feng et al., 2022) 

Disadvantages The response to 1-MCP may 

vary depending on the species 

and cultivar of the fruit or 

vegetable. Some varieties may 

show lower effectiveness to 1-

MCP treatment (Watkins, 

2006) 

Too high a concentration 

of NO can cause toxic 

effects (Granella et al., 

2022) 

The use of melatonin at high 

concentrations may cause negative 

effects. For example, postharvest 

treatment of strawberries with 

melatonin at a concentration of 1,000 

µM was reported to cause rotting and 

reduced fruit quality (Xu et al., 2019) 

Table 4. Prospects and challenges 

Inhibitory material MCP (Methylcyclopropene) Nitric oxide (NO) Melatonin 

Prospect  More effective on 

climacteric fruits 

 Can be widely applied 

to fruits, flowers, and 

vegetables 

 Can be widely applied to fruits, 

flowers, and vegetables 

 Tends to be safe 

Challenges  MCP only delays, it does not 

fix 

 Unstable 

 Toxic 

 Unstable 

 Quite expensive 

MCP, NO, and melatonin are classified as food additives (BTP) in their application. The Ministry of Health has 

determined that the use of BTP in foodstuffs is subject to certain conditions, namely that it is not treated as a raw 

material, that the additive has an effect on the foodstuff to which it is added, and that it is not a contaminant or harmful 

(Kementerian Kesehatan RI, 2012). Table 4 shows that the use of NO in fruits and vegetables poses a risk to these 

conditions. NO has toxic properties if used in excess. NO also has reversible/unstable effects, where its function will 

disappear if NO in food is lost. NO only disrupts communication; it does not lock like MCP. MCP is also synthetic and 

more effective on climacteric fruits. This is because MCP's mechanism of action is to block ethylene receptors. Based 

on these limitations, MCP and NO have limited prospects for use, while the limitation of melatonin is its relatively 

high cost. However, melatonin has greater potential due to the concentration used, which ranges from 200 µM to 1.5 

mM. 

4. CONCLUSIONS  

Based on the literature study, it was found that MCP, NO and Melatonin have different reaction mechanisms when 

applied as inhibitors. The mechanism of MCP is on the blocking of ethylene receptors, while NO through a four-path 

mechanism that prevents the formation of ethylene, and melatonin by various functions, namely slowing maturity, 

reducing chilling injury, as an antioxidant and antibacterial. The application of the three inhibitors also varies, with 

MCP using more gassing methods, NO and melatonin immersion and spraying with different concentrations. The three 

inhibitors also have their own advantages and disadvantages, where the use of MCP is more effective on climacteric 

and safe fruits, NO can be used in fumigation and melatonin can provide antioxidant effects. However, NO can cause 

toxins if used in excessive concentrations. Therefore, selecting the most suitable inhibitor should be based on its 

mechanism of action, as well as its respective advantages and limitations.  
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