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Abstract 

An indolic substance made from tryptophan is called melatonin (N-acetyl-5-
methoxytryptamine). This substance, typically classified as a receptor or mam-
malian hormone, was first found in plants in 1995. Research into plant-based 
melatonin is an area that is expanding rapidly. Different plants contain different 
versions of the enzymes involved in the biosynthesis of melatonin. In the 
twentieth century it was discovered that several plant species can produce this 
molecule in large quantities and store it in specialized organs. According to 
endosymbiotic theory, the locations for melatonin biosynthesis in plants are 
chloroplasts and mitochondria. As plants similar metabolites with mammals, 
the metabolism of the sleep-inducing hormone melatonin in plants is less well 
understood. Although our understanding of the melatonin-producing enzymes in 
plants is still in its infancy, it has been found that plant cells are expected to be 
more flexible than animal cells. This chapter summarizes about melatonin dis-
covery, evolution, and biosynthesis. 
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2.1 Introduction 

Melatonin is a substance with a wide range of uses, especially in both animals and 
plants. The hormone indoleamine affects a variety of bodily processes, including 
emotions, slumber, body temperature, the retina, and sexual behaviour. The majority 
of these factors are controlled by or in combination with the animal’s circadian 
schedule (Fuller et al. 2006; Jan et al. 2009; Altaf et al. 2022). It was discovered in 
the twentieth century that several plant species may make this molecule in large 
quantities and store in specific tissues. Melatonin (N-acetyl-5-methoxytryptamine) 
was first discovered in the bovine pineal gland by the dermatologist Lerner et al. 
(1958a, b). The term was first connected to its capacity to bind melanin, a pigment 
granule found in the chromatophores of fish and frog epidermis. Since indolamine 
functions as a neurohormone in the pineal gland of mammals, it was long believed 
that melatonin was only made there. However, it is now known that melatonin is also 
generated by several organisms from the Eukarya and Bacteria domains (Mannino 
et al. 2021a, b). It is a multifunctional signalling molecule that is widely distributed 
throughout a plant’s many organs and is in charge of inducing a number of 
physiochemical reactions in response to harmful environmental circumstances in 
different plant systems. It functions as an essential antioxidant in animals and 
influences a variety of cellular processes, including circadian rhythms, body temper-
ature, sleep, and the immune system (Pieri et al. 1994; Rodriguez et al. 1994; Jan 
et al. 2009). Melatonin is also an antioxidant agent that may regulate plants’ reactive 
oxygen and nitrogen species. It also functions as an indoleamine neurotransmitter. 
As a signalling agent, melatonin causes several distinct physiological reactions in 
plants that may help improve photosynthesis, growth, carbon fixation, root growth, 
seed germination, and defence against various biotic and abiotic stresses (Van Tassel 
et al. 2001; Arnao and Hernández-Ruiz 2015; Sun et al. 2015; Wei et al. 2018; Zhang 
et al. 2018; Altaf et al. 2021; Arnao and Hernández-Ruiz 2019. Melatonin is also 
known to enhance physiological functions, such as spreading a plant’s regular 
development and protecting emerging tissues from damage and stress signals from 
the environment (Erland et al. 2015; Altaf et al. 2023). This chapter explores 
melatonin discovery and divergent biosynthetic pathways in plants more broadly. 

2.2 Discovery and Evolution of Melatonin 

Melatonin is widely distributed, notably among the earliest bacteria (cyanobacteria 
and -proteobacteria), suggesting that it is an old molecule that has persisted through-
out the history of all creatures (Manchester et al. 2015; Pshenichnyuk et al. 2017). 
Melatonin may have originated in bacteria before the endosymbiotic relationship, 
according to a popular theory. Early prokaryotes eventually developed from 
cyanobacteria and proteobacteria into chloroplasts and mitochondria, respectively. 
As a result, all unicellular and multicellular organisms eventually manufacture this 
essential indoleamine in these organelles (Margulis 1975; Tan et al. 2013; Behera 
et al. 2022; Reiter et al. 2017a, b). Melatonin is universally expanded to all creatures



with species diversity, and as a result, its functions, synthesis route, production 
locations, and biosynthetic control have also varied. Melatonin’s detoxification of 
free radicals produced by photosynthesis and metabolism was thought to be its 
primary intent (Manchester et al. 2015; Tan et al. 1993, 2010, 2015; Galano et al. 
2018). Melatonin evolved into a pleiotropic molecule with biodiversification during 
organismal evolution, which affects biological rhythms, reduces inflammation, etc. 
Melatonin also resists oxidation-related stress (Tan et al. 2010; Lochner et al. 2018; 
Chourasia et al. 2021; Onaolapo and Onaolapo 2018; Tamtaji et al. 2018). 
Organisms have created a variety of systems to control the manufacture of melatonin 
in order to benefit from its many biological effects. For instance, the transcription 
factor activator protein-1 (AP-1) stimulates the genes involved in melatonin synthe-
sis while under stress to increase the production of melatonin (Rodriguez et al. 1994; 
Estrada-Rodgers et al. 1998; Korkmaz et al. 2009; Muxel et al. 2016; Cai et al. 
2017). 
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Around 2.5 billion years ago, the Earth’s atmosphere saw a surge in molecular 
oxygen (O2) as a result of the persistent release of this gas by photosynthetic 
microorganisms that had originated about a billion years earlier (the Great 
Oxygenation Event). The increase in atmospheric oxygen exerted a huge selection 
pressure on species to evolve O2 metabolism (Kump and Barley 2007; Reiter et al. 
2017a, b; Chourasia et al. 2022). Reactive oxygen species (ROS) are inevitably 
produced during aerobic metabolism when oxygen takes leaky electrons from the 
electron transport chain (ETC). 

According to estimates, up to 4% of the oxygen that organisms use throughout 
their aerobic metabolism is eventually converted to ROS (Casteilla et al. 2001; 
Treberg et al. 2018). Since these high levels of ROS are hazardous to cells and 
organisms, elaborate and efficient methods to counteract them have been developed; 
this first happened in early life forms like bacteria and later unicellular creatures 
(Case 2017). Melatonin likely first appeared in early photosynthetic prokaryotic 
bacteria as an antioxidant and free radical scavenger to combat oxidative stress (Tan 
et al. 2013; Devi et al. 2022; Reiter et al. 2017a, b). In all living things, melatonin has 
maintained its capacity to reduce oxidative stress, which is brought on by the 
generation of free radicals during photosynthesis and respiration (Manchester et al. 
2015). Based on its capacity to donate an electron or a hydrogen atom, or depending 
on the kind of radical, may be by other mechanisms as well, the unique structure of 
melatonin dictates its high efficacy in detoxifying free radicals (Shi et al. 2016). The 
cascade reaction, which takes place when melatonin produces derivatives that are 
also free radical scavengers, is at least largely responsible for its higher antioxidant 
potential to reduce oxidative stress (Tan et al. 2013). The molecular makeup of 
melatonin has not altered in billions of years, despite its extremely extensive 
evolutionary history and numerous roles (Reiter et al. 2017a, b). Furthermore, 
despite all creatures’ extremely high levels of biodiversification during evolution, 
melatonin may have been kept by all of them. This pertains to the fact that 
mitochondria and chloroplasts (or both) are conserved in the majority of species’ 
cells. Red blood cells are one exception, since they expel various organelles, 
including mitochondria, during erythropoiesis. Cyclic 3-hydroxymelatonin and



other melatonin metabolites are produced when melatonin interacts with different 
ROS. These metabolites serve as radical scavengers, sometimes even more aggres-
sively than melatonin in their ability to neutralize ROS (Lee et al. 2016; Kumar et al. 
2023a, b). 
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Melatonin has been shown to play a variety of roles in the growth and develop-
ment of plants, including seed protection and germination, root development, fruit 
ripening, and senescence (Liang et al. 2017; Kumar et al. 2022b). Due to their sessile 
nature, plants experience more environmental challenges than mammals do. They 
quickly upregulate the production of melatonin as a defence against these pressures, 
which helps them avoid the oxidative damage that thes. In animals, quinone reduc-
tase 2 (QR2, E.C. 1.10.99.2), a cytosolic molecule, also binds directly to the catalytic 
site to influence the activity of this enzyme; this modulation may be either up- or 
downregulation (Boutin et al. 2008). Importantly, the modification in QR2 activity 
might also be crucial for the production or detoxification of ROS (Reybier et al. 
2011). 

2.3 Origin of Melatonin Receptors 

The only thing the cell needed to do for melatonin to fulfil its putative original 
purpose, i.e., act as a direct free radical scavenger, was to place it close to where the 
majority of ROS are often produced. An antioxidant must be positioned in this way 
because free radicals have a very short half-life and instantly destroy molecules in 
the area around where they are generated. The initial harm caused by a highly 
reactive radical cannot be stopped if a free radical scavenger is not placed correctly. 
Evolution designed the uptake and production of melatonin in chloroplasts (Choi 
et al. 2017) and mitochondria (Suofu et al. 2017; Kumar et al. 2023b; Acuna-
Castroviejo et al. 2018)—both significant sources of the overall oxidative burden 
of cells—to achieve this correct placement. Melatonin has an exceptionally wide 
range of physiological tools in vertebrates that are still alive today. It was essential 
for its binding sites/receptors and related signalling transduction mechanisms to 
evolve in order to increase its range of functional possibilities. The outer membrane 
of mitochondria has recently been linked to the MT1 receptor, which is typically 
thought to be restricted to the limiting membrane of cells. They developed the word 
“automitocrine” to describe this mechanism. According to the researchers who made 
this discovery, melatonin diffuses out of these structures and interacts with MT1 
receptors on the outer membrane of these organelles. Melatonin produced by 
mitochondria may regulate the release of cytochrome c from the matrix through 
this receptor-mediated mechanism. This self-regulatory mechanism affects apoptosis 
that results from significant free radical damage. There are binding sites in the 
cytosol (Boutin and Ferry 2019) and the nucleus in addition to the well-studied 
and highly relevant cell membrane receptors that are essential for a number of 
melatonin’s key functions (Hill et al. 2009; Wang et al. 2015; Zhao et al. 2017). 
Quinone reductase 2 (QR2) has been classified as receptor MT3 in the cytosol 
(Boutin 2016; Kumar et al. 2022a). Some of the ways that melatonin reduces



oxidative damage may be connected to the activity of this detoxifying enzyme. 
Additionally, melatonin interacts with calmodulin in the cytosol, which is thought to 
be related to the indoleamine’s stated ability to prevent cancer growth (Menendez-
Menendez and Martinez-Campa 2018). 
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Land plants have many of the antioxidant enzymes found in mammals, in 
addition to melatonin’s direct scavenging of radicals and their byproducts. When 
exposed to an abiotic stress, such as a draught, heat, cold, toxin, etc., plants’ 
melatonin-influenced enzymes are rapidly upregulated (Arnao and Hernández-
Ruiz 2015; Shi et al. 2015). Melatonin receptors are thought to be involved in this 
upregulation, as is probably the case for mammals as well. 

2.4 Melatonin Biosynthesis in Plants and Animals 

Melatonin probably developed in bacteria; it has been detected in both photosyn-
thetic cyanobacteria and in a-proteobacteria. For the first time, Lerner and colleagues 
reported the existence of melatonin in the bovine pineal gland in 1958 (Lerner et al. 
1958a, b). After being isolated and discovered in the cow’s pineal gland, melatonin 
was later discovered in a variety of other plants and animals (Lerner et al. 1958a, b; 
Kumar et al. 2023a, b; Hattori et al. 1995). Melatonin is widely distributed, particu-
larly in cyanobacteria and a-proteobacteria, which suggests that it is an ancestral 
molecule that has persisted throughout the evolution of all organisms (Manchester 
et al. 2015) (Fig. 2.1). Its original association with the name was its capacity to bind 
pigment granules (melanin) in the chromatophores of fish and frog epidermis. Since 
indolamine functions as a neurohormone in the pineal gland of animals, it was 
believed for more than 30 years that melatonin was only produced there. However, 
it is now known that melatonin is also produced by several organisms in the Eukarya 
and Bacteria domains, while no information has been found for Archaea. N-acetyl-5-
methoxytryptamine, also known as melatonin, was first found in 1959 (Lerner et al. 
1959). Soon after, the biosynthetic route from tryptophan, using serotonin as an 
intermediary, was revealed (Lauber et al. 1968). Melatonin was first discovered in 
humans in 1959, and in the 1960s and 1970s, numerous animals and vertebrates, 
including birds, frogs, and fish, were found to contain it (Baker et al. 1965; Axelrod 
and Weissbach 1960). All living things, including microbes, yeast, fungus, animals, 
and plants, are believed to synthesize melatonin (Reiter et al. 2013). According to 
research, plants’ mitochondria and chloroplasts have the greatest amounts of mela-
tonin of any cellular compartment (Kanwar et al. 2018). This finding, along with 
evidence that serotonin N-acetyltransferase (SNAT), one of the rate-limiting 
enzymes involved in melatonin production, is localized in mitochondria and 
chloroplasts, points to the hypothesis that these cells are the primary locations for 
this indolamine’s biosynthesis (Yu et al. 2019; Wang et al. 2017). Tryptophan serves 
as the only amino acid that goes into building this molecule. Although tryptophan is 
a dietary component, some species can also make it using the shikimic acid route, 
which begins with D-erythrose-4-phosphate, phosphoenolpyruvate, or carbon diox-
ide (Bochkov et al. 2012). The only amino acid used to make this protein is



tryptophan. Although tryptophan is a dietary component, some species also have the 
ability to synthesize it using the shikimic acid route, which begins with Derythrose-
4-phosphate, phosphoenolpyruvate, or carbon dioxide (Bochkov et al. 2012; Lal 
et al. 2021b). Bacteria, fungi, and plants maintained the capacity to synthesize 
tryptophan with the evolution of organisms (apart from animals). Conversely,
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Fig. 2.1 This figure illustrates the endosymbiotic origin of mitochondria and chloroplasts. 
a-Proteobacteria (Source: Zhao et al. 2019)



animals can only get the essential amino acid tryptophan through eating. When 
tryptophan levels are lower than they are in plants, mammals produce significantly 
less melatonin than do plants. Since plants are unable to behaviourally prevent 
highly stressful situations, they need additional stress protection. In order to ensure 
that melatonin is available to reduce oxidative stress levels under stressful environ-
mental circumstances, tryptophan biosynthesis is likely maintained in plants. Sero-
tonin is first produced by decarboxylation and hydroxylation of tryptophan. There 
are two methods for serotonin synthesis that result in the production of melatonin in 
various taxa. Microorganisms and plants have a distinct serotonin biosynthetic 
pathway than mammals do. In plants, tryptophan is converted to tryptamine by the 
enzyme tryptophan decarboxylase (TDC), which is followed by the enzyme trypt-
amine 5-hydroxylase (T5H), which catalyses the serotonin biosynthesis (Park et al. 
2008). However, animals first hydroxylate tryptophan using tryptophan hydroxylase 
(TPH) to form 5-hydroxytryptophan, which is then decarboxylated by aromatic 
amino acid decarboxylase (AADC) to produce serotonin. This is in contrast to 
humans, who first produce tryptophan through the decarboxylation of the amino 
acid. Serotonin is a crucial intermediate between tryptophan and melatonin, follow-
ing which the biosynthetic process uses two potential pathways, each of which 
involves two consecutive enzymatic processes that produce melatonin (Back et al. 
2016). These processes use the enzymes serotonin N-acetyltransferase (NAT) and 
acetylserotonin O-methyltransferase (ASMT; formerly known as hydroxyindole-O-
methyltransferase, HIOMT) to catalyse the conversion of serotonin into the end 
product, melatonin. While the final enzyme, ASMT, catalyses NAS to produce 
melatonin, the penultimate enzyme, NAT, plays a critical part in the conversion of 
serotonin to N-acetylserotonin (Byeon et al. 2016).

2 Melatonin Detection and Quantification Techniques 25

Tryptophan and the other aromatic amino acids can be biosynthesized in 
plants through this pathway, which comprises seven distinct stages (Mannino et al. 
2021a, b) as shown in Fig. 2.2. 

In all species, melatonin production involves four enzymatic stages starting with 
tryptophan. The melatonin production rhythm evolved over billions of years, becom-
ing more diverse. There are two stages in the production of melatonin from trypto-
phan (Fig. 2.3). Serotonin is produced from tryptophan in the first stage of the 
melatonin biosynthesis pathway in plants. 

2.5 Melatonin Detection and Quantification 

Melatonin (N-acetyl-5-methoxy-tryptamine) was initially discovered in 1958 and it 
was given that name because it could counteract the melanocyte stimulating hor-
mone (MSH)-induced darkening. It is a ubiquitous chemical found in both plants and 
mammals. It has been found at various levels in many types of plants and organs. 

Melatonin operates as a hormone similar to indole-3-acetic acid because it has the 
same starting biosynthesis component with auxin in plants (Fig. 2.4). In lupin 
hypocotyls, as well as in monocot species like canary grass, wheat, barley, and oat 
(Hernández-Ruiz et al. 2005; Lal et al. 2022b; Arnao and Hernández-Ruiz 2007),



and dicot species like Arabidopsis, melatonin is thought to be a growth-promoting 
chemical, similar to auxin. As such, it is an auxinic hormone in plants. By directly 
scavenging reactive oxygen species and through indirect mechanisms that boost 
antioxidative enzyme activity, photosynthetic efficiency, and metabolite content, 
melatonin increases plants’ ability to withstand stress. It also plays an important 
role in regulating gene expression. 
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Fig. 2.2 Biosynthetic pathway involved in the synthesis of tryptophan, the key compound of 
melatonin in plants. DAHP 3-Deoxy-D-arabino-heptulosonate 7-phosphate, DHQ 
3-Dehydroquinate, DHS 3-Dehydroshikimate, EPSP 5-Enolpyruvylshikimate 3-phosphate; IGP 
synthase, Indole-3-glycerol phosphate synthase, PEP phosphoenolpyruvate, PRA Phosphoribosyl 
anthranilate, PRPP 5-Phospho-ribosyl 1-pyrophosphate 

A plant’s melatonin production is thought to be for its own defence against free 
radicals produced by environmental or metabolic activities, such as photosynthesis 
(Manchester et al. 2000). To corroborate this, it has been shown that the sensitivity of 
Nicotiana tabacum leaves to ozone (a free radical producer) damage varies among 
kinds, with the susceptibility decreasing in leaves with the greatest melatonin 
contents (Dubbels et al. 1995). This is in line with the theory that melatonin serves 
as an antioxidant in both plants and mammals. The seeds of edible plants have also 
been shown to contain significant quantities of melatonin (Manchester et al. 2000). 
Melatonin is thought to be crucial for seeds’ ability to protect germ and reproductive 
organs from oxidative damage brought on by UV radiation, drought, extremely high 
or low temperatures, and other environmental factors. 

To gain deeper understanding of melatonin’s involvement in plant physiology 
and ecology, it is fundamental to establish more dependable analytical methods for 
melatonin detection and quantification. For materials ranging from algae to higher 
plants, melatonin was extracted, purified, and measured using a variety of 
techniques. Simple extraction solvents such ethanol, 10% Na2CO3, phosphate-
buffered saline, or potassium phosphate buffer were employed by several writers 
(Dubbels et al. 1995; Hattori et al. 1995; Lal et al. 2021a; Manchester et al. 2000).



Poeggeler and Hardeland (1994) drew attention to the fact that material from 
unicellular eukaryotes and plants frequently includes substances (for instance, che-
lated iron or redox-active proteins) that encourage melatonin breakdown by photo-
oxidation or free radical-mediated oxidation. Methods that had been used to measure 
melatonin in animals were applied to plants. The sensitivity and specificity of the 
approaches vary. Although HPLC with fluorescence detection was successfully 
utilized to measure melatonin in Chinese medicinal herbs, it was not sensitive 
enough to demonstrate its presence in C. rubrum shoots (Chen et al. 2003). Melato-
nin has recently been identified subjectively and quantitatively in edible plants and
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Fig. 2.3 Pathways of 
melatonin synthesis in 
different plant (left) and 
animal (right) sources; (Zhao 
et al. 2019). AADC aromatic 
L-amino acid decarboxylase, 
ASMT acetylserotonin 
O-methyltransferase, COMT 
catechol-O-methyltransferase, 
SNAT serotonin 
N-acetyltransferase, T5H 
tryptamine 5-hydroxylase, 
TPH tryptophan hydroxylase



animal diets. Many fruits and vegetables contain melatonin, according to researchers 
such as blackberry, black mulberry, white mulberry, radish, jujube, clove, and sweet 
cherry (Riga et al. 2014; González-Gómez et al. 2009). Analytical methods are 
required for the quick and precise measurement and quantification of melatonin in 
soporific medications due to the numerous favourable benefits of melatonin on 
human health, most notably its intense usage in avoiding sleeplessness. Numerous 
techniques have been published for measuring melatonin in various types of matrix, 
such as plasma, saliva, pineal gland, and biological materials using GC-MS chemical 
ionization (Fourtillan et al. 1994), HPLC chemiluminescence (Lu et al. 2002), 
HPLC-FLD (Rizzo et al. 2002), LC-MS/MS (Eriksson et al. 2003), and HPLC-
electrochemical detector (Chanut et al. 1998). There are many more approaches for 
quantifying melatonin such as electrochemical, bioanalytical, and analytical (Stege 
et al. 2010; Lal et al. 2022a; Radi and Bekhiet 1998). None of the methods employs 
ambient mass spectrometry, although it would provide a cheap and fast alternative to 
conventional methods (Black et al. 2016). Out of them, the liquid chromatography 
approach has been frequently utilized. In contrast, HPLC with electrochemical 
detection is more sensitive and was often utilized in algae and higher plants. Despite 
having a very low specificity, melatonin may have retention periods that are 
extremely similar to those of other substances with comparable oxidation potential. 
Melatonin levels in plants measured solely by RIA and not verified by other 
techniques may therefore be exaggerated, as was shown, for instance, for Pharbitis 
nil and tomato. Melatonin RIA is therefore not a valid approach in plants as opposed 
to mammals. The issues raised above can be resolved by using gas chromatography-
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Fig. 2.4 Biosynthesis of 
melatonin 
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mass spectrometry (GC-MS) or low-cost mass spectrometry (LC-MS), which pro-
vide high sensitivity and great detection specificity (Dubbels et al. 1995; Van Tassel 
et al. 2001). Another one, AnFD has low limits of detection and quantification, is 
adaptable and sensitive enough to quantify melatonin in samples with low melatonin 
levels (Milenkovic-Andjelkovic et al. 2015; Setyaningsih et al. 2015). The extraction 
of melatonin can be greatly impacted by a variety of factors, including the extraction 
solvent and extraction time. The polarity and diffusivity of the solvent used deter-
mine how well target chemicals are extracted from plant samples. Depending on the 
polar characteristics of the substance to be extracted, the polarity of the solvent 
influences the extraction (Setyaningsih et al. 2015).
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2.6 Quantification 

A method where representable units are selected from a large sample is quantifica-
tion. A number of plant-derived chemicals may interact with related antibodies and 
enzymes, leading to an overestimation of the true levels of melatonin. 

2.6.1 Chromatographical Procedures 

Chromatographic approach is the most used separation method for melatonin. The 
process of separating, purifying, and analysing chemicals is known as chromatogra-
phy. The word “chromatography” comes from the Greek words “chroma” and 
“graphein,” which in turn mean “to write”. 

2.6.2 Brief Procedure of Chromatography 

The mixture to be separated is applied to a stationary phase (solid or liquid) in this 
procedure, and a pure solvent—such as water or any gas—is then allowed to move 
slowly across the stationary phase, transferring the components separately according 
to their solubility in the pure solvent. 

Advantage of GC-MS is that it provides great sensitivity and specificity, and the 
drawback is the requirement for derivation. HPLC techniques are more effective and 
precise, and they do not need to be derivatized. For melatonin separation, the 
majority of HPLC techniques have utilized reverse-phase columns (RP C18 or RP 
C8), and two distinct detectors, ECD and FD, have been utilized in fruits (Table 2.1). 
By using HPLCeECD (Table 2.1) and acetonitrile in an 80:20 ratio with 0.1 M 
potassium phosphate buffer (pH 14 4.5) at a flow rate of 1 mL/min, the presence of 
melatonin in tart cherries was determined. Garcia-Parrilla et al. (2009) found that 
HPLCeFD was sensitive and versatile in its capacity to measure melatonin in fruits 
and had a low limit of detection and quantification. MV-Rainin instead of Zorbax 
was proved to be more selective towards matrix compounds present in the grappa 
(Mercolini et al. 2012). The mobile phase typically comprised of acetonitrile and



Crops Extraction solvent

water in varying ratios. To reduce the retention period, it is preferable to raise the 
concentration of organic solvents in the mobile phase because there is no upper limit 
for their concentration in HPLCeFD (Huang and Mazza 2011). Consequently, 
compared to HPLCeECD, HPLCeFD provides a superior potential for melatonin 
detection. 
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Table 2.1 Methods that have been adopted in various crops for melatonin extraction 

Analytical 
method 

Hordeum vulgare Chloroform LC-FLD 

Lupinus spp. Chloroform LC-FLD 

Oryza sativa Methanol LC-FLD 

Methanol LC-MS 

Datura metel (seed and 
flower) 

80% methanol LC-MS 

Helianthus annus L. 1 M Tris-HCl, 0.4 M perchloric acid, 0.1%EDTA, 
0.05% Na2S2O5, 10 M ascorbic acid 

LC-UV 

Arabidopsis thaliana 50% methanol LC-MS 

Cynodon dactylon 89% acetone, 10% methanol ELISA 

Musa sp. 10%Na2CO3 and diethyl ether RIA and 
GC-MS 

Malus pumila, Ananas 
comosus 

10 mm PBS buffer RIA 

Ananas comosus, 
Mangifera indica 

Methanol and C18 cartridges HPLC-FD 
and ELISA 

Musa sp., Ananas 
comosus, Punica 
granatum 

10%Na2CO3 and diethyl ether GC-MS 

Vitis Vinifera Methanol and C18 cartridges HPLC-FD 
and ELISA 

Vitis Vinifera 5 g/L tartaric acid in water/ethanol mixture and C8 
sorbent 

HPLC-FD 

Prunus avium 50 mm Pbs buffer and chloroform HPLC-MS 

Fragaria ananassa Acetone and C18 cartridges HPLC-MS 

Montmorency, Balaton 
tart cherry 

Methanol and C18 cartridges HPLC-MS 

Montmorency, Balaton 
tart cherry 

50 mm K3PO4 buffer and chloroform HPLC-ECD 

LC-FLD liquid chromatography with fluorescence detection, LC-MS liquid chromatography-mass 
spectrometry, LC-UV liquid chromatography with ultraviolet detection, ELISA enzyme-linked 
immunosorbent assay, RIA radioimmunoassay, GC-MS gas chromatography-mass spectrometry, 
HPLC-FD high-performance liquid chromatography with fluorescence detection, HPLC-ECD 
high-performance liquid chromatography with electrochemical detection
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2.6.3 Extraction of Melatonin 

For purification and to prevent clogging of the HPLC column, C18 solid phase 
extraction (SPE) can be combined with acetone and PCA extraction techniques. 
Many medicinal plants were found to have substantially greater melatonin 
concentrations, as shown by experiments using SPE and HPLC (Chen et al. 2003). 
The intrinsic selectivity of this HPLC application is enhanced by combining melato-
nin derivatization with HPLC purification to produce a product with a distinct 
fluorescence spectrum and retention time under the same chromatographic 
conditions. For the first time, this technique was utilized to quantify melatonin in 
photoautotrophic organisms. It involves the conversion of melatonin to 6-MOQMA 
(Iinuma et al. 1999). 

Liquid extraction using 10% Na2CO3 and diethyl ether was used to extract 
melatonin from bananas. RIA (radioimmunoassay) kits were also used in cabbage, 
spinach, radish, etc. (Dubbels et al. 1995). Melatonin was extracted from apples, 
pineapples, strawberries, and pomegranates using a similar sequential process 
(Badria 2002). Using phosphate buffer and chloroform, melatonin in cherries was 
extracted, and the recovery rates from sour and sweet cherries, respectively, were 
60% and 70.7% (Burkhardt et al. 2001; González-Gómez et al. 2009). 

Melatonin was isolated from grape skins, strawberries, and mangoes using SPE 
with C18 cartridges (Iriti et al. 2006; Sturtz et al. 2011; Johns et al. 2013). Melatonin 
may be absorbed by SPE, and its expensive extraction is a significant drawback. 
According to a different research, the sample pretreatment process known as 
microextraction by packed sorbent (MEPS) is quicker and less expensive than 
standard SPE. It also needs less sample and solvent volume for melatonin extraction 
(Mercolini et al. 2012). It revealed that all examined samples had melatonin recovery 
rates with MEPS pretreatment that above 90%. Microwave-assisted extraction 
(MAE) was developed by Setyaningsih et al. (2012) for very accurate melatonin 
extraction from rice. Because of the novel extraction technique used, they claimed 
that the average quantity of melatonin in short grain varieties (54.17 13.48 ng/g) is 
significantly greater than the fig. (1.0 0.06 ng/g) reported by Hattori et al. (1995). 

According to Stege et al. (2010), sonication can cause cavitations, which produce 
microenvironments with high temperatures and high pressures and speed up the 
removal of analytes from complicated matrices. So, melatonin extraction may also 
be done with the use of ultrasonography.The whole extraction time can take any-
where between 15 min and more than 16 h, and in most situations, the reader is left to 
infer the total extraction time based on the length of time for separate procedures like 
shaking, sonication, or drying. 

Light is a major factor that contributes to the degradation of melatonin. Since 
sonication generates heat even when done in an ice bath, the study conducted by 
Maharaj and Dukie (2002), found that heat and to a lesser extent sonication had the 
greatest impact on the stability of melatonin, indicating the importance of tempera-
ture on melatonin stability.
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2.7 Conclusion 

Melatonin functions as a circadian regulator, cytoprotector, and growth promoter in 
plants, where it has been documented to be engaged in a number of physiological 
processes. The information presented in this study explains the melatonin’s chemical 
properties as well as the usual biosynthetic routes used by both plants and animals. 
Melatonin, which is thought to have initially developed to offer molecular defence 
against free radicals, has acquired additional functions over a very long evolutionary 
period. Melatonin is thought to have first evolved in microorganisms about 3.0–2.5 
billion years ago. Rhizogenesis, cellular growth, and stress defence are additional 
functions of this compound. In this regard, a number of evaluations with condensed 
data can be examined. Moreover, the main biochemical and biomolecular 
differences were highlighted. In fact, the benefits found in previous studies and the 
lack of toxicity at large doses support the use of this indolamine as a dietary additive 
for animals and plants. A plant’s melatonin production is thought to be for its own 
defence against free radicals produced by environmental or metabolic activities, such 
as photosynthesis. To corroborate this, it has been shown that the sensitivity of 
Nicotiana tabacum leaves to ozone (a free radical producer) damage varies among 
kinds, with the susceptibility decreasing in leaves with the greatest melatonin 
contents. This is in line with the theory that melatonin serves as an antioxidant in 
both plants and mammals. Melatonin in significant concentrations has also been 
found in seeds of edible plants. Hence, melatonin in seeds has been found to be 
crucial for shielding germ and reproductive organs from oxidative damage brought 
on by UV radiation, drought, temperature fluctuations, and environmental 
pollutants. 
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