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Abstract 

Nutrition and diet are two essential components for maintaining optimal health and life for the 
entire body, and proper nutrition, combined with good quality sleep, are two factors generally 
associated with promoting a healthy and balanced lifestyle. Sleep is a natural physiological 
phenomenon that serves to maintain the entire body in a state of rest necessary for recuperation and 
for the synchronization of most physiological, metabolic, and biological processes, which generally 
occur at a lower or higher intensity under the influence of the photoperiod. Melatonin is a biochemical 
compound produced by the pineal gland of vertebrates, with the purpose of acting as a biological 
signal, informing the body about the type of photoperiod in the external environment, and stimulating 
the onset of sleep. In this review paper, we conducted a detailed analysis of melatonin, based on a 
selection of a total of 80 bibliographic sources from the specialized literature, starting with the first 
evidence reported in 1917, which provided clues about the existence of this substance, and ending 
with the most recent information documented up to 2025, which highlights the importance of 
melatonin in nature through the roles and functions it performs in living organisms. 
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INTRODUCTION 

Melatonin, scientifically known as 
N-acetyl-5-methoxytryptamine [1-3], is a 
natural hormone [4,5] considered to be an 
idioamine, which is present in most forms of 
life on Earth. The presence of melatonin has 
been confirmed in vertebrates such as 
mammals, fish, and birds [6-9] and 
invertebrates [10-12], as well as in other life 
forms such as plants [13,14] and various 
species of microorganisms [15,16]. 
Melatonin has the chemical formula 
C13H16N2O2 [17] and is mainly known for its 
role in initiating sleep, regulating the 
circadian rhythm [18,19], and improving 
sleep quality in vertebrates [20], but it also 
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has the ability to perform multiple other roles, 
depending on the organism in which it is 
present, such as antioxidant [21,22], anti-
inflammatory [23], anticarcinogenic [24], 
antiapoptotic [25], anti-aging [26], and 
various other functions, such as regulating the 
reproductive system, the immune system, etc. 

Melatonin is considered to be an 
idoalamine, classified as an idoalamine 
compound due to the fact that it is derived 
from tryptophan, and the chemical structure 
of indole is functionalized with a 3-amino 
group and a 5-alkoxy group, which give this 
molecule amphiphilic character [27]. 

Difficulties in achieving good quality 
sleep, generally manifested by the excessive 
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amount of time an individual needs to fall 
asleep (the time required to initiate sleep), 
followed by difficulties in remaining asleep 
for a sufficient period of time for the sleep 
achieved to be considered good quality 
(approximately 8 hours per day), are mainly 
due to an inadequate diet and the stressful 
situations that are increasingly common in 
21st-century society. Lack of sleep and 
difficulties in achieving good quality sleep 
affect an increasing number of individuals 
[28,29], so that melatonin (the main 
promoter that ensures both the initiation of 
sleep and the maintenance of this 
physiological state) has come to be widely 
used worldwide as a dietary supplement [30] 
to compensate for melatonin deficiencies 
suffered by various individuals. 
 
MATERIALS AND METHODS 

In this review paper, we presented the 
physiology and functions of the pineal 
gland; the differences between the synthesis 
processes of melatonin produced by 
vertebrates and melatonin produced by 
plant organisms; the level of knowledge 
about melatonin based on data available in 
the scientific literature from 1917 to 2025, 
through the analysis of a total of 80 
scientific papers; various laboratory 
methods and techniques used to determine 
melatonin in various plant and animal raw 
materials and in different foods; nutritional 
sources of melatonin for animals and 
humans; as well as the effects of exogenous 
melatonin administration in humans. 

The search for bibliographic sources 
was conducted in the digital databases Web 
of Sciences, Scopus, Google Academic, and 
Multidisciplinary Digital Publishing 
Institute (MDPI). The search for scientific 
articles was conducted based on keywords 
and keyword combinations: melatonin, 
phytomelatonin, pineal gland, melatonin 
determination techniques, dietary sources 
of melatonin, roles of melatonin in animals, 

roles of melatonin in human health, effects 
of exogenous melatonin in humans. 

Searches based on keywords and 
keyword combinations generated a total of 
67,287 scientific papers. Of the 67,287 
papers identified as a result of searches in 
digital databases, 51,793 scientific papers 
were found based on the keyword 
“melatonin”; 155 scientific papers were 
found based on the keyword 
“phytomelatonin”; 11,889 scientific papers 
were found based on the keyword “pineal 
gland”; 359 scientific papers were found 
based on the keyword combination 
“melatonin determination techniques”; 209 
scientific papers were found based on the 
keyword combination “melatonin food 
sources”; 1,949 scientific papers were found 
based on the keyword combination “roles of 
melatonin in animals”; 472 scientific papers 
were found based on the keyword 
combination “roles of melatonin in human 
health”; 461 scientific papers were found 
based on the keyword combination “effects 
of exogenous melatonin in humans”. 

For this review, 80 scientific papers were 
selected from the 67,287 papers found in the 
searches. The selection of scientific papers 
that make up the bibliography of this review 
was made based on the following inclusion 
and exclusion criteria, as applicable: 

1. Duplicate works and those 
presenting identical or similar information 
to other works included in the bibliography 
were excluded; 

2. Articles presenting information on 
the administration of exogenous melatonin 
to animals were excluded, due to European 
Union regulations prohibiting the use of 
hormones in farm animal husbandry; 

3. Only studies reporting concrete 
results and presenting few limitations in 
terms of the conduct of the experiments and 
the accuracy of the results obtained were 
included. 
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PINEAL GLAND: LOCATION, 
PHYSIOLOGY, AND FUNCTIONS 

The pineal gland, also known as the 
epiphysis, is a complex organ located on the 
sagittal line of the brain, connected to the 
third ventricle, shaped like a pine cone and 
reddish-gray in color. Anatomically, the 
pineal gland varies in size and weight 
between 5 and 9 mm in length, 2 and 5 mm 
in width, and 100 and 180 mg in weight 
[31-33]. The main function of the pineal 
gland is to produce melatonin, the hormone 
responsible for regulating circadian 
rhythms and controlling the physiological 
state of sleep by initiating, maintaining, and 
improving sleep quality [33,34]. The pineal 
gland is differently affected by photostimuli 
from the external environment, depending 
on the organism in which it is located, and 
can receive information about the intensity 
of light in the environment, either directly 
or indirectly. 

In humans and higher vertebrates, 
evolutionary processes have led to the loss of 
the pineal gland’s ability to directly detect 
light in the environment, as a result of the 
pineal gland’s location at the base of the 
brain and the protection provided by the skull 
and the tissues covering it, which do not 
allow light to penetrate inside the skull. This 
aspect led to the evolution of the channel for 
perceiving and transmitting information 
about light intensity from the retina to the 
pineal gland, representing the indirect 
perception of light. In contrast, in 
amphibians and some species of fish, there is 
a thinner area of the skull and the tissue 
covering it, located at the back of the head, 
which allows light to penetrate and the light 
beam to be detected, directly or indirectly, by 
the pineal gland. Depending on the organism, 
there are two channels of light perception, 
separate from interaction with the eyeball. 

Fish and some species of amphibians 
have a photosensitive pineal organ, called 
the parietal eye, which directly perceives 
light entering through the more transparent 
area at the front of the skull, converts it into 

an electrical signal, and transmits it to the 
pineal gland, thus informing the body about 
the type of photoperiod in the natural 
environment. Other amphibian species do 
not have such a photosensitive pineal organ, 
but they do have photosensitive cells 
integrated directly into the pineal gland, and 
the light that penetrates the skull is 
perceived directly by the pineal gland 
through the photosensitive cells [7,10]. The 
pineal gland is a highly vascularized organ, 
ensuring a blood flow of approximately 4 
milliliters of blood per minute per gram. It 
is located outside the blood-brain barrier 
(BBB), more precisely between the superior 
colliculi of the tectum, in the posterior part 
of the wall behind the third ventricle. Thus, 
based on these characteristics, the pineal 
gland can accumulate large amounts of 
fluoride and calcium throughout life [33]. 

Fluoride has a very limited safety margin 
for the human body, so even in small doses it 
can cause various disorders or even toxicity. 
The level of safety and potential toxicity of 
fluoride on animal and human organisms 
depends on the dose and long-term intake of 
fluoride into the body. Naturally, vertebrates 
have developed and adapted several defense 
mechanisms against fluoride poisoning, but 
these mechanisms are quite limited, due to the 
fact that excessive doses of fluoride cannot be 
properly managed by the body, which can 
ultimately lead to poisoning. Among the 
mechanisms used by animals and humans to 
utilize fluoride, the most useful in preventing 
poisoning are fluoride homeostasis with other 
minerals such as calcium, magnesium, 
sodium, and potassium, and the deposition of 
fluoride in various resistant tissues such as 
bones and teeth. Other mechanisms that 
protect animals and humans against fluoride 
poisoning include the elimination of fluoride 
through urine and the protection of the brain 
provided by the blood-brain barrier, which 
prevents excessive amounts of fluoride from 
passing from the bloodstream to the brain. 
Fluoride can also be deposited in the pineal 
gland as a result of calcium deposits at the 
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pineal level and due to fluoride’s increased 
affinity for calcium [34]. 

Figure 1 shows the morphology of the 
pineal gland, while Figure 2 shows the 

mechanisms of light perception depending 
on the vertebrate organism and the 
morphology of the skull. 

 

 
 

Fig. 1 Morphological characterization of the pineal gland 
 

 
 

Fig. 2 Mechanisms of light perception in the pineal gland 
 

An undesirable process affecting the 
pineal gland is pineal calcification, which is 
generally associated with aging and 
involves excessive calcium accumulation in 

the pineal gland, specifically in the apatite 
structure. 

Numerous specialized studies have 
reported that the process of calcium 
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accumulation in the pineal gland begins in 
childhood in newborns, but increases with 
age [33,35]. 
 
MELATONIN AS A PINEAL AND 
EXTRAPINEAL HORMONE 

Melatonin is a molecule that was 
discovered in extracts from the pineal gland of 
cattle by Lerner A.B. and his colleagues in 
1958 [36]. At that time, Lerner A.B. et al. 
relied on a study published in 1917 by 
McCord C.P. and Allen F.P., who reported at 
the time that there were one or more 
substances in the pineal gland that had the 
ability to act on the reproductive system of 
amphibians [37]. Based on this observation, 
Lerner A.B. and his colleagues discovered in 
1958 a new substance derived from the pineal 
gland of cattle that had the ability to whiten the 
skin of amphibians, which they named 
melatonin, but they were unable to fully 
characterize it chemically in 1958. In 1959, 
the presence of melatonin in the human body 
was confirmed [38], and in 1960, melatonin 
was fully characterized chemically [39]. The 
name melatonin was given to this substance as 
a result of the first observed effect of this 
molecule, which was to light up the skin of 
amphibians. Initially, after its discovery, it 
was observed that melatonin has the ability to 
lighten the skin of amphibians, as well as 
some species of fish, through the phenomenon 
of aggregation of melatonin granules found in 
the dermal melanosomes around the skin 
nucleus of frogs and fish, thus giving the skin 
a lighter shade [40,41]. Thus, based on this 
discovery, melatonin was subsequently used 
on human patients to reduce skin 
pigmentation in certain areas that were 
hyperpigmented, but this method proved 
ineffective, as no effects on skin lightening 
were observed in humans [42]. This is because 
mammalian melanosomes are permanently 
dispersed in smaller or larger proportions 
compared to amphibian melanosomes, so 
melatonin has a reduced effect on the 
phenomenon of pigment aggregation in 
mammalian skin [42]. The antioxidant role of 

melatonin was discovered in 1993 [43], but 
according to subsequent research and 
discoveries, melatonin was initially produced 
by bacteria and primitive eukaryotes about 
2.5-3.5 billion years ago, precisely to 
neutralize free radicals, the antioxidant role 
being the first function performed by this 
substance in living organisms [44]. 

Extra-pineal melatonin is produced in 
vertebrates both centrally, by the brain, and 
peripherally by other tissues and organs 
such as the skin, retina, liver, kidneys, 
thyroid gland, cochlea, testicles, ovaries, 
and gastrointestinal tract [45]. 
 
PHYTOMELATONIN 

Melatonin was first discovered in plants 
in 1995, simultaneously by three different 
groups of researchers [45-47], who identified 
melatonin in various plant materials. 
Melatonin from plants is generically called 
phytomelatonin (a name proposed in 2004 in 
order to differentiate plant-derived melatonin 
from other types of melatonin), and has a 
synthesis pathway similar to that of 
melatonin produced by the pineal gland of 
vertebrates, but which may follow a different 
synthesis pathway, depending on the need of 
plant organisms for phytomelatonin [48,49]. 
Phytomelatonin is produced exclusively by 
plants and algae. 

The synthesis of phytomelatonin begins 
with the amino acid tryptophan, similarly to 
vertebrates, but in plants, tryptophan is 
produced directly by the plant organism, 
through the shikimate pathway [48]. 
Tryptophan is then converted into tryptamine 
by the enzyme tryptophan decarboxylase 
(TDC), and tryptamine is converted by the 
enzyme tryptamine 5-hydroxylase (T5H) into 
serotonin, also known by its scientific name 
5-hydroxytryptamine. The next step in 
obtaining phytomelatonin is the process of N-
acetylation of serotonin, carried out by the 
enzyme N-acetyltransferase (SNAT), thus 
obtaining N-acetylserotonin, which is 
subsequently methylated by acetylserotonin 
O-methyltransferase (ASMT), an enzyme in 
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the hydroxyindole O-methyltransferase 
enzyme category, through which 
phytomelatonin is generated [30]. The 
process of obtaining phytomelatonin differs 
from the synthesis of melatonin in vertebrates 
in the way its precursors are synthesized. For 
example, after the action of N-
acetyltransferase, serotonin can be converted 
to 5-methoxytryptamine by ASMT or by 
caffeic acid O-methyltransferase (COMT). 
Another example is the methylation process 
of N-acetylserotonin, which can also be 
performed by COMT [30,50,51], a class of 
enzymes that can act on a wide variety of 
substrates, including caffeic acid [30]. 
Specialized studies conducted in the field of 
phytomelatonin have shown that in plants, the 
cellular compartments where the highest 
amounts of melatonin are found are 
chloroplasts and mitochondria (and in 
vertebrates, mitochondria are also important 
sources of melatonin production) [52]. The 
shikimate pathway is a large and complex 
process involving seven different steps, 
through which all aromatic amino acids in 
plants, including tryptophan, are synthesized 
[53]. The first step in obtaining tryptophan via 
the shikimate pathway involves the enzyme 
3-Deoxy-D-arabinoheptulosonate-7-
phosphate synthase (EC 2.5.1.54) converting 
phosphoenolpyruvate (PEP) and erythrose-4-
phosphate into 3-Deoxy-D-
arabinoheptulosonate-7-phosphate(DAHP). 
The next step is achieved by cyclizing DAHP 
into 3-dehydrochimate (DHQ) due to the 
action of DHQ synthase (EC 4.2.3.4). In the 
third step, shikimate is obtained, which is 
synthesized through dehydration and 
catalyzed dehydrogenation processes by 
DHQ dehydratase (EC 4.2.1.10) and 
shikimate dehydrogenase (EC 1.1.1.25). 
Subsequently, shikimate is phosphorylated 
by shikimate kinase (EC 2.7.1.71), forming 
shikimate-3-phosphate, which is converted 
by EPSP synthase (EC 2.5.1.19) into 5-
enolpyruvylshikimate-3-phosphate. The next 
step is achieved through the formation of 

chorismate, which occurs through chorismate 
synthesis (EC 4.2.3.5), which converts EPSP 
into chorismate. In the next step, chorismate 
(the main intermediate in tryptophan 
biosynthesis) is converted to anthranilate by 
anthranilate synthase (EC 4.1.3.27), which is 
condensed with phosphoribosyl 
pyrophosphate (PRPP), ultimately generating 
phosphoribosyl anthranilate (PRA). The 
ribose ring added in the previous reaction is 
opened by PRA isomerase (PRAI; EC 
5.3.1.24), which is then subjected to reductive 
decarboxylation to form indole-3-glycerol 
phosphate, which is spontaneously converted 
to the indole skeleton. In the final stage of the 
shikimate pathway, tryptophan is obtained 
through the reaction of indole with serine and 
the action of tryptophan synthase (TPS; EC 
4.2.1.20) [48]. Melatonin produced by 
vertebrates and phytomelatonin have some 
differences in terms of synthesis pathways, 
the enzymes involved in the processes of 
converting tryptophan into serotonin and 
subsequently into melatonin, as well as in the 
order of decarboxylation and hydroxylation 
of the amino acid tryptophan. In vertebrates, 
tryptophan is first hydroxylated and 
converted to 5-hydroxytryptophan (5-HTP), 
after which 5-HTP undergoes 
decarboxylation to be converted to serotonin. 
However, in plant organisms, tryptophan is 
first decarboxylated to obtain tryptamine, 
after which tryptamine is hydroxylated to 
obtain serotonin. To obtain melatonin and 
phytomelatonin, the main precursor involved 
in the synthesis of this substance is the amino 
acid tryptophan, and the intermediate 
substance obtained in both synthesis 
processes is serotonin. Thus, tryptophan is the 
starting point in the creation of a metabolic 
pathway that supports the health of living 
organisms [2]. 

Figure 3 and Table 1 show a schematic 
and comparative representation of the 
synthesis processes of melatonin (in 
vertebrates) and phytomelatonin. 
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Figure 3 Schematic representation of the synthesis processes of melatonin and phytomelatonin 
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Table 1 Description of the stages of melatonin and phytomelatonin synthesis 
 

Substance of 
origin 

The enzyme that 
acts Process name Resulting 

substance References 
Melatonin 

Tryptophan Tryptophan 
hydroxylase Hydroxylation 5-

hydroxytryptophan 

[3] 

5-
hydroxytryptophan 

5-Hydroxytryptophan 
Decarboxylase Decarboxylation Serotonin 

Serotonin Serotonin-N-
acetyltransferase Acetylation N-acetylserotonin 

N-acetylserotonin Hydroxyindole-O-
methyltransferase Methylation Melatonin 

Phytomelatonina 
Tryptophan Tryptophan 

decarboxylase Decarboxylation Tryptamine 
[44] 

Tryptamine 5-hydroxylase 
tryptamine Hydroxylation Serotonin 

Serotonin Serotonin-N-
acetyltransferase Acetylation N-acetylserotonin 

[48] 
N-acetylserotonin Hydroxyindole-O-

methyltransferase Methylation Phytomelatonină 

 
In plant organisms and microorganisms, 

the synthesis pathway of melatonin can be 
accelerated under stressful conditions in 
order to neutralize reactive oxygen species 
(ROS) and reactive nitrogen species (RNS). 
In general, the final step involved in 
melatonin synthesis is methoxylation by the 
enzyme acetylserotonin O-
methyltransferase (ASMT), but it has been 
observed that under certain conditions in 
which plant organisms are subjected to 
additional stress, the step in which 
acetylation is carried out by serotonin N-
acetyltransferase (SNAT) becomes the final 
step in melatonin synthesis. This 
phenomenon occurs in order to accelerate 
melatonin production, to more effectively 
protect the body from oxidative damage 
caused by ROS and RNS [51,53]. 
 
METHODS FOR DETERMINING 
MELATONIN LEVELS IN DIFFERENT 
FOODS 

Melatonin is a substance found in most 
biological fluids in the animal and human 
body, such as blood, cerebrospinal fluid, 
saliva, urine, and milk. Numerous 
researchers have reported the presence of 
melatonin in a wide range of plant and 

animal raw materials, as well as in several 
finished food products that have undergone 
various processing steps. 

The determination of melatonin content 
can be achieved by several methods, 
depending on the type of raw material or 
food product being analyzed. Through 
several specialized studies, the level of 
melatonin in various plant and animal 
products has been determined using specific 
detection methods. Based on research 
conducted up to 2025 on melatonin, it has 
been demonstrated that the most useful 
techniques for determining the melatonin 
content in various biological materials are 
high-performance liquid chromatography 
(HPLC), tandem electrospray ionization 
mass spectrometry (EIS-MS-MS), 
radioimmunoassay, and ELISA [54-58]. 

The presence of melatonin in plant 
organisms provides humans and animals 
with an additional source of melatonin, 
apart from that produced naturally by 
vertebrates. 

Examples of organic materials of plant 
and animal origin with a high melatonin 
content, as well as the laboratory techniques 
used to determine melatonin in these 
organic materials, are presented in Table 2. 
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Table 2 Melatonin levels determined in various raw materials of plant and animal origin and in 
various food products 
 

Product name Melatonin level N Determined 
by References 

Cereals
Whole yellow corn 1.0 ng/g FW 5 HPLC

[59] 

Corn germ flour 1.3 ng/g FW 5 HPLC 

Black rice 212.01 ng/g FW 9 PLE 
HPLC-FD 

Red rice 182.04 ng/g FW 9 PLE 
HPLC-FD 

Purple wheat 4.0 ng/g FW 3 HPLC-UV 
Fruit

Apples 
(Malus domestica Borkh. Cv. Red Fuji) 5 ng/g FW 3 HPLC [59] 

Strawberries 
(Fragaria ananassa L. cv. Festival) 11.26 ng/g FW 3 HPLC [60] 

Cherries 
(Prunus avium L. cv. Hongdeng) 10-20 ng/g FW 3 SPE HPLC [59] 

Cranberry 
(Vaccinium vitis-idaea L.) 25 ug/g DW 5 UPLC-MS [61] 

Grapes + peel 
(Vitis vinifera L. cv. Malbec) 1.2 ng/g 5 CEC [59] 

Vegetables
Tomatoes 

(Solanum lycopersicum L. cv. Optima) 
14.77 ng/g FW 

249.98 ng/g DW 4 

UHPLC-
MS/MS [61] Tomatoes 

(Solanum lycopersicum L. cv. Ciliegia)
0.64 ng/g FW 
7.47 ng/g DW 4 

Pepper 
(Capsicum annuum L. cv. F26)

11.9 ng/g FW 
93.4 ng/g DW 4 

Meat
Cattle 2.1 ng/g 5 

HPLC [59] 
Pork 2.5 ng/g 5 
Lamb 1.6 ng/g 5 

Chicken (meat with skin) 2.3 ng/g 5 
Fish (Salmon) 3.7 ng/g 5

Milk
Raw cow’s milk 1.3 ÷ 25 pg/mL 10 ELISA [62] 

Raw cow’s milk (night milk) 14.87 ± pg/mL-1 30 ELISA [63] 
Skim milk 18.41 pg/mL-1 6 LC-MS/MS [59] 
UHT milk 4.16 pg/mL 12 ELISA [63] 
UHT milk 4.5 pg/mL 20 

ELISA [62] 
HTST milk 7.6 pg/mL 21 

ESL-HE milk 7.0 pg/mL 19 
ESL-MF milk 6.5 pg/mL 20 
NTMP milk 12.4 pg/mL 20 

Eggs
Raw eggs, whole (egg white + egg yolk) 1.54 ng/g ** 5 HPLC [59] Solid, dry egg 6.1 ng/g 5 

Abbreviations used: N - Number of Tests Performed; FW - Fresh Weight; DW - Dry Weight; 
HPLC - High Performance Liquid Chromatography; PLE HPLC-FD - Pressurized Liquid Extraction 
Followed by High Performance Liquid Chromatography with Fluorescence Detection; HPLC-UV - High 
Performance Liquid Chromatography - Ultraviolet detection; SPE HPLC - Solid Phase Extraction High 
Performance Liquid Chromatography; UPLC-MS - High Performance Liquid Chromatography coupled 
with Mass Spectrometry; CEC - Capillary Electrochromatography; UHPLC - Ultra-Efficient High 
Performance Liquid Chromatography; UHT - Ultra-High Temperature; HTST - High Temperature 
Pasteurized Milk; ESL-HE - Pasteurized Milk with Extended Shelf Life; ESL-MF - Microfiltered Milk with 
Extended Shelf Life; NTMP - Night Milk Powder. 
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High Performance liquid chromatography 
High-performance liquid 

chromatography, abbreviated HPLC, is a 
laboratory technique characterized by high 
precision in the accuracy of the results 
obtained, short laboratory analysis times, and 
a wide range of analysis methods derived 
from this technique. Basically, HPLC is a 
type of column chromatography that involves 
two phases, one mobile and one stationary. 
As a result of adding the solvent to the 
sample, a solution of known concentration 
and volume is obtained, which is added to the 
top of the column. The separation of the 
mixture in the sample is due to dissolution 
and absorption processes, which depend on 
the stationary phase. HPLC allows the 
detection of melatonin concentrations in 
small samples of biological material, up to 20 
microliters [64]. 
 
ELISA method 

The ELISA (enzyme-linked 
immunosorbent assay) method is a 
laboratory technique based on the reaction 
between an antigen and an antibody, which 
allows the determination of melatonin 
concentrations in various biological 
materials such as blood, serum, saliva, 
urine, and milk. ELISA is a laboratory 
technique that can be used to quantitatively 
determine the level of melatonin in a 
sample, based on the principle of 
competitive reaction between a specific 
antibody and melatonin [64]. 
 
Radioimmunoassay 

Radioimmunoassay, abbreviated RIA, is 
a laboratory technique widely used in the 21st 
century to determine melatonin 
concentrations in various biological 
materials such as blood, saliva, and urine. 
The method combines biochemical and 
statistical principles and involves measuring 
the radioactivity of a radioactive isotope 
attached to the antigen. Three types of 
substances are used in the laboratory test: the 

melatonin antibody, unlabeled melatonin, 
and labeled melatonin. The antibody for 
melatonin and labeled melatonin are added in 
known concentrations, and unlabeled 
melatonin is that which comes from the 
analyzed biological material. Once the 
laboratory sample is mixed and the reaction 
is started, the labeled melatonin and 
unlabeled melatonin compete to bind to the 
specific antibodies. After reaching reaction 
equilibrium, the antigen-antibody complexes 
are separated from the free melatonin, and 
the radioactivity of the bound fraction is 
measured. The measured radioactivity is 
inversely proportional to the concentration of 
unlabeled melatonin, so that the higher the 
radioactivity level of the sample, the lower 
the level of unlabeled melatonin [64]. 
 
THE BENEFITS OF MELATONIN IN 
ANIMAL ORGANISMS 

Nutrition is a key factor in obtaining 
high-quality and high-quantity animal 
production [65], and the nutritional intake 
of plants/plant by-products rich in 
phytomelatonin can support and even 
improve animal health. 

In farm animals, melatonin generally 
performs roles and functions similar to 
those performed in the human body. 
However, the use of hormones in livestock 
farming technologies is prohibited at 
European Union level [66], so that the 
nutritional intake of phytomelatonin 
remains the only source of exogenous 
melatonin for farm animals. 

Peña-Delgado V. et al. [67] reported in 
a study published in 2023 that enriching the 
diets of Aragonesa rams with various plant 
by-products rich in melatonin improved the 
quality of the rams’ semen, thus proving the 
powerful antioxidant role of melatonin in 
protecting sperm against free radicals and 
the impact of this molecule in regulating the 
reproductive system of seasonally breeding 
animals. The plant by-products rich in 
phytomelatonin that were introduced into 
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the experimental group’s diet were grape 
pulp, which had a melatonin content of 
45.94 ± 4.19 ng/g, pomegranate pomace 
with a melatonin content of 35.81 ± 0.4 
ng/g, and tomato pomace with a melatonin 
content of 23.76 ± 1.37 ng/g [67]. 

In the case of animals, for which 
European Union legislation and regulations 
do not allow the administration of 
exogenous hormones during their rearing 
[66], in order to obtain animal products with 
high levels of melatonin, additional 
stimulation of the pineal gland is necessary 
to produce larger quantities of N-acetyl -5-
methoxytryptamine, which enters the 
bloodstream and is subsequently released 
into the production of milk, meat, eggs, etc. 

The concentrations of melatonin present 
in various raw materials of plant and animal 
origin, as well as in various finished food 
products, vary widely depending on several 
factors external to the body, such as climatic 
and environmental conditions in the case of 
plant organisms, or nutritional and 
technological factors in the case of farm 
animals. The impact of nutritional and 
technological factors, when managed 
correctly on livestock farms, on melatonin 
concentrations in cow’s milk is a topic we 
addressed in a previous paper [68]. The 
bioavailability of tryptophan and the 
duration of exposure of the eyeball to 
intensities greater than 30 lux during the day 
are the main factors influencing the pineal 
gland’s ability to produce and secrete 
melatonin into the blood, which is then 
released into the milk of mammals. 

The influence of milk processing on 
melatonin concentrations in finished 
products is also a topic of interest for the 
development of functional foods that 
improve sleep quality. In studies conducted 
up to 2025 on melatonin concentrations 
determined in various finished dairy 
products, there is a lack of traceability of 
raw materials (there are no studies 
comparing melatonin levels in the same 
batch of milk before and after processing). 

Schaper S. et al. (2015) [62] investigated 
and compared melatonin concentrations in 
raw milk from 10 Holstein cows, collected 
twice with a two-week interval between 
samples, and melatonin concentrations in 
five different types of processed milk (the 
results of that study on melatonin content in 
raw milk and processed milk are presented 
in Table 2). Significant differences were 
reported between all types of milk analyzed 
by Schaper S. et al. (2015) [62], with a 
difference primarily observed in the 
melatonin content determined in the 20 raw 
milk samples collected from 10 Holstein 
cows (melatonin concentrations in raw milk 
ranged from 1.3 to 25.0 pg/mL, with an 
average of 13.6 pg/mL for the 20 samples 
analyzed), and secondly between the 
average of the raw milk samples and the 
results obtained for the 5 types of processed 
milk (UHT, HTST, ESL-HE, ESL-MF, 
NTMP) [62]. 

Melatonin concentrations in different 
types of dairy products were also 
determined by Romanini E.B. et al. (2019) 
[63], who determined the melatonin content 
in three different sources of milk samples 
(raw milk collected individually from 30 
Holstein cows, raw milk collected from 16 
raw material storage tanks, and UHT heat-
treated milk from 12 different producers in 
the Castro region, Brazil). The results 
obtained by Romanini E.B. et al. (2019) 
[63] suggest that the UHT heat treatment 
process does not significantly influence 
melatonin concentrations in finished 
products, as observed by the similar 
melatonin values determined in the three 
types of milk analyzed (6.98 pg/mL for raw 
milk collected individually from 30 
Holstein cows; 4.71 pg/mL in raw milk 
collected from storage tanks; and 5.62 
pg/mL in UHT milk). 

Correlating the results obtained for 
melatonin content determined in UHT milk 
by Schaper S. et al. (2015) [62] with the 
results obtained by Romanini E.B. et al. 
(2019) [63], in which the melatonin 



Iasi University of Life Sciences 
 

 
- 222 - 

 Article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (http://creativecommons.org/licenses/by-nc-sa/4.0/) 

concentration was 4.5 pg/mL [62] and 4.16 
pg/mL [63], respectively, suggests that 
there is a negative effect caused by heat 
treatment performed at extreme temperature 
parameters. 
 
MELATONIN USED AS A FOOD 
SUPPLEMENT 

In humans, melatonin is used as a dietary 
supplement to alleviate difficulties caused by 
a lack of naturally produced melatonin, 
mainly to improve sleep quality. Several 
clinical studies have reported that melatonin 
is not toxic when administered in high doses. 
Synthetic melatonin can be administered 
intravenously, subcutaneously, or orally. 

The impact of diets rich in dairy 
products with high tryptophan and/or 
melatonin content, as well as the impact of 
Mediterranean dietary patterns, on sleep 
quality in healthy people of different ages, 
is a topic that we have presented in detail in 
a previous paper [69]. 

The multiple roles and functions 
performed by melatonin in the animal and 
human body make this compound a complex 
substance that can act as a hormone that 
initiates and maintains sleep (in the case of 
pineal melatonin), as a vitamin with 
antioxidant properties, and also has autacoid 
and paracoid properties [70]. 

The decrease in the pineal gland’s ability 
to synthesize melatonin in relation to each 
individual’s age, combined with the 
difficulties increasingly encountered by 21st-
century society, in achieving good quality 
sleep, lead to an increasingly pronounced 
need to consume exogenous melatonin in 
order to improve sleep quality and reduce the 
risk of diseases or conditions generally 
associated with disturbances in the 
physiological state of sleep. Melatonin can be 
introduced into the human body exogenously, 
either through the consumption of foods with 
a high melatonin content or through the direct 
consumption of melatonin-based 
pharmaceutical supplements. 

Consuming orange or pineapple juice 
and eating two bananas for breakfast have 
been shown to be important sources of 
phytomelatonin, which increased plasma 
melatonin levels in healthy adults. Sae-
Teaw M. et al. (2013) [71], reported that 
orange juice consumption increased serum 
melatonin levels from 40 to 151 pg/mL, 
pineapple juice consumption increased 
plasma melatonin levels from 48 to 146 
pg/mL, and fresh bananas increased levels 
from 30 to 140 pg/mL. Another aspect 
observed by Sae-Teaw M. et al. (2013) [71] 
was the time taken for serum melatonin 
concentrations to increase and the half-life. 
According to the data reported by the 
authors of that study, plasma melatonin 
levels reached their maximum 
concentration two hours after consumption 
of plant products, after which they fell to 
less than 50 pg/mL between two and three 
hours after consumption, thus indicating the 
rapid metabolism of melatonin [71,72]. 

Supplementing diets with melatonin in 
tablet or capsule form can be an effective 
strategy for treating sleep-related disorders, 
but it is not a universal solution [73]. 
Melatonin is synthesized in varying 
amounts by the pineal gland, depending on 
the age of each individual. Numerous 
specialized studies have shown that 
supplemental exogenous melatonin intake 
in humans does not appear to have negative 
effects such as toxicity or dependence on 
melatonin intake [74]. 

Chemically produced melatonin has 
both advantages and disadvantages in terms 
of its use in clinical research and as a dietary 
supplement in humans. Synthetic melatonin 
can be produced through several chemical 
synthesis pathways, starting from different 
molecules, such as 5-methoxytryptamine; 
phthalimide, also known as 1,3-dihydro-
1,3-dioxoisonidol; 5-methoxy-3-(2-
nitroethyl)-indole; 5-methoxy-3-
indoleacetonitrile. This aspect, in direct 
correlation with the processes of obtaining 
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and purifying synthetic melatonin, can lead 
to the formation of residues in the resulting 
melatonin mass, which can have toxic 
effects on the human body if consumed. 
According to Minich D.M. et al. (2022) 
[16], common contaminants in synthetic 
melatonin preparations are represented by: 

 3-(phenylamino)-alanine; 
 1,1’-ethylidene bis-(tryptophan), 

also called E-tip; 
 1,2,3,4-tetrahydro-β-carboline-3-

carboxylic acid; 
 2-(3-indolylmethyl)-tryptophan; 
 Formaldehyde-melatonin 

condensation products; 
 Hydroxy-bromo-

propylphthalimide; 
 5-hydroxy-tryptamine derivatives; 
 5-methoxy-tryptamine 

derivatives; 
 Hydroxymelatonin isomers; 
 N-acetyl and diacetyl indole 

derivatives; 
 Chloropropylphthalimide; 
 1,3-diphtalimidopropane. 

Wang Y. et al. [75] conducted a study in 
which they presented the beneficial effects 
of administering an encapsulated tablet 
containing fast-release vitamin B6 and 
controlled-release melatonin. The 
difficulties in obtaining good quality sleep 
have generated increasing interest among 
the human population in the global 
consumption of melatonin, with the aim of 
reducing the consequences caused by the 
lack of melatonin in the human body. Due 
to melatonin’s short half-life, the pineal 
gland continuously produces this hormone 
throughout the night to help the body 
maintain sleep. For these reasons, it is 
necessary that melatonin introduced into the 
body exogenously, through dietary 
supplements, has a controlled release rate 
that allows the body to be supplied with 
melatonin throughout the entire duration of 
the dark photoperiod. 

According to Wang Y. et al. [75], in 
addition to the very low toxicity of 

mematonin, oral administration of melatonin 
has other advantages, such as a hypnotic 
effect at very low doses, endogenous action 
through regulation of the endocrine system, 
and the existence of its own metabolic 
pathway, through which the accumulation of 
the drug and its metabolites in the body is not 
promoted. Due to the short half-life, 
melatonin is completely eliminated from the 
body, so there is no possibility of various 
residual concentrations of melatonin 
accumulating in the body and affecting 
energy levels the next day. 

The bilayer tablet produced by Wang Y. 
et al. [75] showed high resistance to elevated 
temperature and humidity, as well as 
increased resistance to direct light exposure. 
However, the authors recommended that the 
encapsulated product be stored in cool, dry 
environments. The release time of the two 
layers of the tablet was 10-15 minutes for the 
complete release of vitamin B6 and 8 hours 
for the release of approximately 90% of the 
melatonin substrate. 

The use of synthetic melatonin as a 
supplement in combating sleep-related 
disorders appears to be a useful long-term 
solution due to several characteristics of 
melatonin, such as the effects of small 
amounts of melatonin in the human body, 
the lack of toxicity of this substance, and the 
lack of dependence on this substance. 
However, a relevant question in this field, 
the answer to which highlights the 
effectiveness of naturally produced 
melatonin in living organisms, is the 
following: “Can synthetic melatonin have 
the same effects and intensity on living 
organisms as vertebrate melatonin or 
phytomelatonin?”. To answer this question, 
we analyzed several papers in the literature 
that studied and compared the effects of 
synthetic melatonin with those of melatonin 
produced naturally by living organisms. 

Kukula-Koch W. et al. [76] reported in 
a paper published in 2021 that 
phytomelatonin has anti-inflammatory and 
antioxidant effects that are much stronger 
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than those of synthetically produced 
melatonin. The results reported by Kukula-
Koch W. et al. (2021) [76], who conducted 
the experiment on human cell lines, it was 
found that phytomelatonin has a 646% 
higher efficacy in inhibiting 
cyclooxygenase-2 (COX-2), a 267-470% 
higher antioxidant effect, and a ROS 
neutralization power that is 100% higher 
compared to synthetic melatonin [76]. 

Consuming foods with levels of 
melatonin is a useful method for combating 
sleep-related disorders, as most of the 
melatonin ingested through diet enters the 
bloodstream [77]. 

The use of melatonin as a nutraceutical is 
an area that has been the subject of numerous 
scientific papers. Nutraceuticals are defined 
as foods or parts of certain foods that can 
have beneficial effects on human health. 
Numerous authors have reported in various 
specialized studies that melatonin introduced 
into the body exogenously, from various 
nutritional sources or through synthetic 
melatonin intake, is effectively absorbed by 
the human body. However, it has been shown 
that the level of absorption of exogenous 
melatonin and the rate of elimination through 
urine vary from one individual to another 
[78,79]. Andersen L.P.H. et al. (2016) [80] 
conducted a cross-over cohort study in which 
they reported that melatonin administered 
orally to healthy male patients had a higher 
absorption rate in the human body compared 
to exogenous melatonin administered 
intravenously. 

Anderson L.P.H. et al. (2016) [80] 
administered melatonin in doses of 10 
mg/day and studied the pharmacokinetics of 
orally and intravenously administered 
melatonin by determining the time to 
maximum concentration (tmax) and 
maximum plasma concentrations of 
melatonin (Cmax). The time to maximum 
melatonin concentration was 41 minutes for 
orally administered melatonin. Maximum 
plasma melatonin concentrations varied 

between individuals, and the bioavailability 
of orally administered melatonin was found 
to be only 3% higher than that of 
intravenously administered melatonin. 
 
CONCLUSIONS 

Melatonin is a complex substance 
produced widely by most life forms on 
Earth. In relation to the physiology of the 
pineal gland, melatonin synthesized by the 
epiphysis is produced in varying amounts, 
depending on the age of each individual, 
showing an upward trend in synthesis from 
childhood to around the age of 30, followed 
by a period in which melatonin is produced 
relatively constantly in the body (30-50), 
after which the process of melatonin 
synthesis gradually decreases until it is 
almost completely absent around the age of 
75. Nutrition can be a supporting factor in 
compensating for the natural lack of 
melatonin, through an adequate nutritional 
intake of foods that have a high chemical 
content of N-acetyl-5-methoxytryptamine. 
Another approach proposed in this field is 
the use of synthetic melatonin, administered 
orally in capsule form, or in injectable form, 
subcutaneously or intravenously. However, 
melatonin produced naturally by living 
organisms appears to have stronger effects 
in performing certain functions, such as 
antioxidant and anti-inflammatory, 
compared to synthetic melatonin. 

In the case of farm animals, additional 
amounts of melatonin can be introduced 
into the body by supplementing their feed 
with various plant products or by-products 
from other plant processing industries that 
contain large amounts of phytomelatonin. 

Melatonin is not toxic to the human 
body when administered in large doses, nor 
is it addictive. However, synthetic 
melatonin tablets may contain certain 
protective coatings made up of substances 
that could make the dietary supplement 
potentially addictive, along with other 
secondary substances. 
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