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Abstract: Melatonin is a natural hormone synthesized mainly by the pineal gland of ver-
tebrates, and, secondarily, by other tissues and organs as well. It is deemed a bioactive 
molecule due to the multiple roles and functions it performs in animals and humans. Re-
search conducted up to 2024 has reported the presence of melatonin in a wide variety of 
plants and bacteria, as well. This review aims to collect some of the scientific data to iden-
tify and describe the main sources of melatonin, and to document the functions and roles 
it plays in animal organisms. It also includes a description of the main technological and 
nutritional factors that can positively or negatively influence the synthesis and secretion 
process of melatonin, which is subsequently transported from the animal body into some 
food products, such as milk. This paper also includes information on the interaction be-
tween melatonin and other bioactive compounds present in animal and human bodies, 
with the aim of identifying what other functions and roles this hormone performs, and 
whether it interacts with other substances present in the vertebrate organism. 

Keywords: melatonin; pineal gland; bioactive molecule; nutritional factors; technological 
factors 
 

1. Introduction 
Melatonin, also known by its chemical name, N-acetyl-5-methoxytryptamine [1], is a 

natural hormone synthesized and secreted generally by the pineal gland of mammals [2], 
derived from the limiting essential amino acid tryptophan [3,4], which plays multiple roles 
and functions in both animal and human organisms. Melatonin is an endogenous idolamine 
[5] first discovered in 1958, in the pineal gland of cattle [6]; it was first isolated in 1960 [7], 
and is known as the hormone of darkness or the sleep hormone due to the fact that melato-
nin secretion occurs as an automatic response of organisms to the lack of light [8,9]. 

The pineal gland is an endocrine gland located on the third ventricle of the brain of 
all vertebrates, and its basic function is the production and secretion of melatonin [10–12]. 

The determination of circadian rhythms in vertebrates is carried out by an internal 
biological clock, which consists of the retina, hypothalamus, and pineal gland. Through 
the retinal, encephalic, and pineal photoreceptors, these three components (the retina, hy-
pothalamus, and pineal gland) are synchronized with light cycles [13]. The pineal gland 
is an organ characteristic of vertebrates, being present in the animal body of all mammals, 
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including in the human body [14], as well as in birds [15] and fish [16]. Through special-
ized studies, melatonin has been detected in other life forms that do not have a pineal 
gland, and its presence has also been reported in some species of microorganisms [17]. 

Melatonin is a bioactive molecule that acts in the regulation of sleep [18] and of the 
circadian rhythm [19], while also performing antioxidant [20], anti-inflammatory [21,22], 
immunomodulatory [23], anti-aging, anti-carcinogenic [24,25] and anti-apoptotic functions, 
being able to regulate apoptosis [26–28], and improving immune activity in organisms [29]. 

The term bioactive molecule (bioactive compound) is a notion whose definition is 
still being discussed and debated in 2024, because the opinions of different authors are 
divided into two spheres of classification of these substances [30]. Some researchers define 
bioactive molecules as substances with a positive or negative biologically active role, in-
fluenced by the nature of the bioactive compound, and by the quantity of molecules avail-
able in the sources of supply of these biologically active substances (the uptake of dietary 
bioactive molecules). Other authors strictly emphasize that a substance can be considered 
a bioactive molecule only if it fulfills an exclusively positive role on the organism in which 
it exerts its action [31,32]. 

Based on the literature survey, we have defined bioactive molecules as substances of 
dietary origin, with a biologically active role, fulfilling multiple roles and functions in the 
animal and human body, such as regulating the circadian rhythm, the normal and harmo-
nious development of the physiological processes of growth and development of the 
body, maintaining the health of vertebrates, etc. These substances with bioactive role are 
widely distributed in nature, found in a multitude of sources, including raw materials and 
finished food products. They are classified from a chemical point of view as compounds 
different from the nutrients found in food. From a biological point of view, these sub-
stances fulfill an exclusively positive role in the animal and/or human body, acting either 
individually or in a synergistic relationship with other molecules present in the vertebrate 
organism [30–32]. 

2. Melatonin Synthesis and Secretion 
Melatonin, with the chemical formula C13H16N2O2, can be synthesized and secreted 

in vertebrates by hydroxylation, decarboxylation, acetylation, and methoxylation pro-
cesses [4,5]. Physically, melatonin in its pure state is a colorless powder with a whitish 
hue. The density of melatonin is 1.175 g/cm3, with a molar mass of 232.28 g/mol and a 
boiling point reached at a temperature of +512.8 °C. The melting point of melatonin is 
within the limits of the thermal range of +116.5–+118 °C [7]. 

From a physiological point of view, melatonin can be secreted in the animal and hu-
man body via the pineal route (via the pineal gland) and via the extrapineal route in other 
organs and tissues of the body. In the vertebrate organism a much higher amount of mel-
atonin is secreted at the extrapineal level, compared to the level of melatonin secreted 
exclusively by the pineal gland. However, it was observed that the quantitative level of 
melatonin secreted extrapineally cannot compensate for or replace the role played by mel-
atonin secreted by the pineal gland, in terms of regulating the circadian rhythm and im-
proving sleep quality. Compared to pineal melatonin, which has a well-established circa-
dian rhythm, the melatonin secreted at the extrapineal level is not released into the blood, 
acting only locally, at the level of the tissues and organs that produce it, and does not have 
a circadian secretion pattern [1]. With the exception of intrapineal and extrapineal sources 
of melatonin secretion, the vertebrates� also have two other sources of this hormone, namely: 
gut microbiota and the dietary uptake [4]. Thus, by consuming food products rich in mela-
tonin obtained through synthesis and natural secretion, the level of circulating melatonin in 
the body can be increased, leading to the improvement of people�s health by manifesting 
the multiple roles and functions that melatonin can perform in the human body. 
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Pineal melatonin and extrapineal melatonin have the same chemical structure and 
perform similar roles in the animal and human body, but have different sources of origin 
(Figure 1). In the animal and human body, both pineal melatonin and extrapineal melato-
nin have an antioxidant role by eliminating free radicals [33], also performing functions 
in modulating inflammatory responses at the intestinal level [34]. 

 

Figure 1. Organs and tissues where melatonin can be synthesized in animal and human bodies. * 
pineal-originated melatonin; ** extrapineal-originated melatonin. 

Acuña-Castroviejo et al. (2014) [33] suggested that the absence of photoperiod-in-
duced variations in the synthesis and secretion process of extrapineal melatonin is due to 
the existence of different synthetic pathways for this hormone at the extrapineal level, 
compared to melatonin synthesized and secreted exclusively by the pineal gland. These 
differences observed in the synthesis process of extrapineal melatonin may be due to 
states of adaptability in the organism, involved in cell survival. An example suggested by 
Acuña-Castroviejo et al. (2014) [33] is the antioxidant effect of melatonin, achieved 
through the neutralization of reactive oxygen species (ROS) and reactive nitrogen species 
(RNS). The production of ROS and RNS mainly occurs during phases of metabolic, motor, 
and neural activity, when oxygen consumption is at its maximum in both animal and hu-
man organisms [33]. Thus, in the case of diurnal animal species, which consume the larg-
est amount of oxygen during the day, the organism�s synchronization with environmental 
conditions and with physiological processes that are more intense during the day, leading 
to the production of large amounts of ROS and RNS, could represent an evolutionary fac-
tor that determined the adaptation of the organism through the establishment of an ex-
trapineal melatonin synthesis process that is not dependent on day–night variations, and 
which provides a strong protective mechanism for cellular survival. 

Melatonin has a very low toxicity, and in relatively high doses, due to its optimal 
dimensions, it is able to easily cross physiological barriers. N-acetyl-5-methoxytryptamine 
(melatonin) has an amphiphilic character, being partially soluble in water and highly sol-
uble in lipids [35]. 

2.1. Pineal-Originated Melatonin 

The pineal synthesis and secretion of melatonin begins with the help of noradrena-
line, which is the main neurotransmitter involved in the activation of the pineal enzyme 
group, especially N-acetyltransferase. This activation of the pineal enzyme group is due 
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to the cAMP (cyclic adenosine monophosphate) and cGMP (cyclic guanosine monophos-
phate) pathways that contributes to the activation of alpha1 (α1), alpha2 (α2) and beta1 
(β1) receptors, located on the pinealocyte membrane [36]. 

Melatonin synthesis (Figure 2) is a sequential process, consisting of four phases/steps 
[37], and begins in the first phase with the transformation of tryptophan into 5-hydroxy-
tryptophan, a transformation that occurs due to the action of the enzyme tryptophan hy-
droxylase (TPH). Subsequently, 5-hydroxytryptophan is transformed into serotonin (5-
HT), and after transformation, serotonin undergoes the process of N-acetylation as a result 
of the action of arylalkylamine N-acetyltransformase (AANAT), forming NAS (N-acetyl-
serotonin). In the last step, N-acetylserotonin is transformed into melatonin, and this pro-
cess of transformation of N-acetylserotonin into melatonin is facilitated by the enzyme 
hydroxyindole-O-methyltransferase (HIOMT) [38]. 

 

Figure 2. Synthesis of melatonin from limiting essential amino acid tryptophan. Original processing 
content. 3D models of Tryptophan, 5-Hydroxytryptophan, Serotonin, N-Acetylserotonin and Mela-
tonin molecules are taken from online and copyrighted with permission to use them. Graphics: 
Tryptophan, 5-Hydroxytryptophan, Serotonin and N-Acetylserotonin—Copyright © “Creative 
Commons CC0 1.0 Universal Public Domain Dedication”. Graphics: Melatonin—All rights reserved 
by the Free Software Foundation under the “GNU Free Documentation License”. 

Due to the fact that the enzyme arylalkylamine N-acetyltransformase (AANAT), 
which plays the role of catalyzing the conversion of serotonin into N-acetylserotonin, has 
minimal activity in the organism during the day, the melatonin production process is lim-
ited, thus favoring the accumulation of serotonin in pinealocytes, while melatonin synthe-
sis at night is due to the increased activity of the AANAT as a result of the onset of dark-
ness [39]. 

Melatonin synthesis in the pineal gland is rhythmically regulated by the body�s 
“master biological clock” located in the hypothalamic suprachiasmatic nucleus (SCN). 
Melatonin synthesis begins with the conversion of the essential amino acid tryptophan 
(which is of dietary origin) into serotonin [40]. Furthermore, some studies have reported 
that mitochondria contain high levels of melatonin [41]. 

The process of capturing and transmitting light information from the retina to the 
pineal gland begins with photoreceptor cells in the retina, which receive light signals (the 
retina is responsible for transforming optical signals into biological signals), and transmit 
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the information to the hypothalamic suprachiasmatic nucleus (SCN) via the retinohypo-
thalamic tract. The main cells on the surface of the retina that receive light information are 
the photosensitive ganglion cells (ipRGC), which are highly sensitive to blue light. The 
suprachiasmatic hypothalamic nucleus (SCN) is the body�s main biological clock, and 
through the information it receives from the retina, it determines whether it is day or night 
outside, depending on the intensity of light that has penetrated the surface of the retina. 
In turn, the suprachiasmatic hypothalamic nucleus sends the information received 
through the sympathetic preganglionic neurons that are located in the brainstem (espe-
cially in the modular area or in the lower part of the brainstem) to the superior cervical 
ganglia (SCG) [42]. 

In humans, melatonin synthesis is initiated immediately after sunset, reaching a peak 
in secretion in the middle of the night, and gradually decreasing in the second half of the 
night. About 80% of the melatonin present in the human body over a 24 h period is syn-
thesized during the night. Serum melatonin levels during the night in humans reach val-
ues between 80 pg/mL and 120 pg/mL, respectively, and during the day the amount of 
melatonin decreases drastically to values of about 10–20 pg/mL [42,43]. 

2.2. Extra-Pineal-Originated Melatonin 

Melatonin can also be synthesized and secreted in the animal and human body, and 
in other tissues and organs such as the skin [44–46], the retina [47,48], certain brain regions 
[49], the liver, kidneys, and female reproductive organs [33], the thyroid gland, the lens 
and bone marrow [50], the ciliary bodies [51], the thymus [52], and the cochlea [53], and 
is also present in the gastrointestinal tract [54,55]. 

It has been found that melatonin synthesized and secreted in other tissues and organs 
fulfills other roles in living organisms, compared to the ones played by the pineal melato-
nin, depending on the tissue or organ in which it is synthesized and secreted. Another 
characteristic of extrapineal melatonin is that it is not transported in the body through the 
blood and acts only locally, in the area where it was secreted. For instance, it was discov-
ered that extrapineal melatonin synthesized in the skin protects the tissue against reactive 
oxygen species (ROS) and reactive nitrogen species (RNS) that are induced as a result of 
skin exposure to chemical toxins or ultraviolet radiation [4,56,57]. 

Extrapineal melatonin secreted in the skin is not able to directly neutralize ROS and 
RNS without assistance [1]. Thus, it has been demonstrated that when melatonin donates 
an electron in order to inactivate a radical species, it is transformed into another radical 
scavenger, called 3-hydroxymelatonin. This phenomenon of melatonin transformation 
into other derivatives with a role in the capture of reactive species is generally called the 
melatonin antioxidant cascade, or the free radical elimination cascade [4,55]. This trans-
formation of melatonin into different radical scavengers includes the following forms: N-
acetylserotonin (NAS), 5-methoxytryptamine (5-MT), cyclic 3-hydroxylated melatonin 
(c3OHM), N1-acetyl-N2-formyl-5-methoxykynuramine (AFKM), N1-acetyl-5-methox-
ykynuramine (AMK), 6-Hydroxymelatonin (6-OHM), 4-Hydroxymelatonin (4-OHM), 
and 2-Hydroxymelatonin (2-OHM) [58]. 

3. The Role of Melatonin 
Multiple studies conducted in the field of knowledge of the mode of action of mela-

tonin on vertebrate organisms have highlighted a series of roles and functions that this 
hormone performs in the animal and human body. Thus, depending on the nature of mel-
atonin (pineal or extrapineal), and depending on the tissue or organ in which it is synthe-
sized and secreted, this hormone performs different roles and functions at the level of each 
individual organism. 
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3.1. The Role of Melatonin in the Animal Body 

In the animal body, melatonin plays a role in regulating the circadian rhythm [19], 
improves sleep quality by regulating the sleep–wake rhythm [59], increases the quality of 
milk in mammals, mediates seasonal reproductive changes [60,61], modulates energy me-
tabolism [62], regulates cellular redox homeostasis [63], and plays a role in domestic spe-
cies� reproduction [19]. 

Melatonin is rhythmically secreted in the animal body, as a result of the photostimu-
latory action caused by darkness, or by suppressing synthesis by exposing the eyeball to 
natural and/or artificial light [7]. After synthesis, pineal melatonin is released into the cer-
ebrospinal fluid of the third ventricle, after which it is distributed to different regions of 
the brain in order to signal photoperiodic changes in the environment [64,65]. 

A study conducted on rats has shown that melatonin has the ability to inhibit the 
growth and development of certain cancerous tumors. Two groups of tumor-bearing rats 
were analyzed, infused with blood from human donors. The rats in the first group were 
infused with blood that had melatonin concentrations specific to the night period, and the 
rats in the second group were infused with blood that had melatonin levels specific to the 
day period. The results showed that in the case of rats infused with melatonin-rich blood, 
tumor growth was inhibited, while perfusion with melatonin-deficient blood led to tumor 
growth in the studied rats [66]. 

The involvement of melatonin in the reproductive process of animals is a well-known 
and documented function of this hormone. Melatonin primarily acts through the MT1 and 
MT2 receptors, whose presence has been reported in several specialized studies, in nu-
merous brain and peripheral tissues, including the testes and ovaries. Specialized studies 
have reported that the melatonin receptor MT1 is more widely distributed in brain regions 
and endocrine tissues, compared to the MT2 receptor, which appears to be generally ab-
sent in the pituitary gland and hypothalamus. The brain regions and endocrine tissues are 
the main response areas for the circadian and physiological effects induced by N-acetyl-
5-methoxytryptamine (melatonin), and the presence of the MT1 receptor in these organs 
indicates that this receptor (MT1) plays a major role in the physiological reproductive pro-
cesses of mammals that are modulated by melatonin [67]. Melatonin is a hormone in-
volved in the modulation of the hypothalamo–pituitary–gonadal (HPG) axis, which 
serves as a regulatory center for the reproductive process in both seasonally reproducing 
animals and non-seasonal reproducers (including humans) [68]. 

The influence of melatonin-rich diets on reproductive performance in rams was stud-
ied by Peña-Delgado et al. (2023) [69], who conducted a study in Spain on a group of 16 
rams of the Aragonesa breed. In that study, the animals were divided into two groups, 
each consisting of 8 rams: a control group that received 500 g of a commercial diet, and an 
experimental group that received a modified diet, also administered at a rate of 500 g per 
day, but consisting of 20% agro-food by-products rich in phytomelatonin (plant melato-
nin), with the remaining 80% being the same commercial diet given to the control group. 
The study was conducted over a period of 5 months, from February to July, representing 
the non-reproductive season for the rams, and the animals were fed ad libitum with straw 
throughout the entire duration of the research. The phytomelatonin-rich by-products in-
troduced into the diet of the experimental group consisted of pomegranate pomace with 
a melatonin content of 35.81 ± 0.4 ng/g, tomato pomace with a melatonin content of 23.76 
± 1.37 ng/g, and grape pulp with a melatonin content of 45.94 ± 4.19 ng/g. The plant com-
ponents that made up the modified ration for the experimental group were mixed in equal 
proportions, and the melatonin levels in the plant by-products were determined by the 
authors using the HPLC-ESI-MS/MS technique (High Performance Liquid Chromatog-
raphy–Electrospray Ionization–Tandem Mass Spectrometry). The authors of that study 
reported in their findings that a diet rich in phytomelatonin increased melatonin levels in 
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seminal plasma and improved sperm viability and morphology. In the context of the same 
research, the authors highlighted that the introduction of plant by-products rich in phy-
tomelatonin into the diets of farm animals offers economic benefits for both the agro-food 
industry and animal husbandry, as the reuse of plant materials, derived from certain pro-
duction processes, reduces the waste levels resulting from the food and beverage pro-
cessing processes, while the presence of a higher amount of melatonin in the animal�s 
body exhibits protective effects against oxidative damage to sperm cells by reducing in-
tracellular levels of reactive oxygen species [69]. 

3.2. The Role of Melatonin in the Human Body 

Melatonin, a hormone generally synthesized by the pineal gland under the influence 
of light intensity, and whose synthesis and secretion are carried out in the highest quan-
tities in the time interval 01:00–04:00 in the morning, as specified by some authors [70], 
fulfills multiple roles in the human body, some of which are similar to the roles performed 
in the animal body. The most studied roles and functions that melatonin fulfills in the 
human body are represented by the regulation of the circadian rhythm and the improve-
ment of sleep quality [18], the reduction of oxidative stress at the level of the whole body 
[71,72], the intervention in the regulation of the immune system [73], the regulation of the 
functions of the cardiovascular system [74] and the nervous system [75], the participation 
in the regulation of the biological rhythm [76], the stimulation of immune cells, and the 
regulation of cytokine production [77]. 

Under optimal conditions of human activity, performed within 24 h, the share allo-
cated to rest through quality sleep should represent one third of the duration of a circadian 
cycle [78]. Sleep-related disorders are situations encountered in all age groups among the 
human population, and various studies have demonstrated that a low quality of sleep 
achieved during a 24 h day of activity has multiple negative effects on the general health 
of the human body, such as fatigue, low performance in carrying out daily activities, and 
others [79,80]. 

According to some clinical research, it has been found that in the first months of a 
newborn�s life, the pineal gland is not able to start a natural and individual synthesis and 
secretion of melatonin, so that infants must benefit exclusively from melatonin from ex-
ternal sources, such as breast milk [81,82]. The secretion and synthesis of melatonin, as 
well as the development of circadian sleep–wake rhythms, begin to manifest in infants 
only after the second to sixth month of life of newborns, or even after the sixth month in 
certain situations [81]. Due to these observations, the need for a more focused study of the 
way melatonin is secreted in cow�s milk is justified, in order to allow the production of 
milk and dairy products derived from it, which can support the population suffering from 
sleep disorders due to melatonin deficiency. 

According to other studies, melatonin secretion in human milk also exhibits a circa-
dian rhythm [83], with a maximum melatonin hormonal content of 46.9 ± 4.2 pg/mL de-
termined in milk collected at midnight, and very low levels (undetectably low) in milk 
collected during the day, when the retina was exposed to the influence of natural and/or 
artificial light [84]. 

An advantageous aspect of melatonin is that this hormone does not present toxicity 
in the human body when administered in high doses. Thus, it has been demonstrated 
through various clinical studies that daily oral administration of melatonin, even in high 
doses (between 1 and 300 g or between 4.3 and 1291.5 µmol), did not produce negative 
effects on the health of human patients who benefited from melatonin treatment [35], an 
aspect that may encourage the consumption of foods with a high content of melatonin, 
especially due to the simple fact that in milk and other food products, melatonin is found 
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in small quantities (expressed in pg) compared to the levels of melatonin administered to 
human patients in clinical studies. 

Some researchers have reported through their studies that melatonin has an inhibi-
tory effect on intrinsic apoptotic pathways in neurodegenerative diseases, especially in 
Alzheimer�s disease, Huntington�s disease, Parkinson�s disease, vascular accidents, and 
amyotrophic lateral sclerosis [85]. 

Melatonin is synthesized and secreted in the human body depending on the age of 
each individual. A circadian rhythm is an oscillation between the light period and the 
dark period, carried out within approximately 24 h. In the vertebrate body, the suprachi-
asmatic nucleus (SCN) determines the synchronization of circadian rhythms by regulating 
body temperature, through various hormonal signals and by regulating neuronal activity. 
According to research conducted up to 2024, aging of people leads to various changes in 
sleep patterns, such as daily synchronization of rest hours, sleep duration, high latency of 
sleep onset, greater susceptibility to awakenings, sleep fragmentation manifested by pe-
riodic awakenings during a rest cycle, reduction in the quality of deeper sleep, amplifica-
tion of periods spent in lighter stages of sleep, etc. Thus, it has been found that starting at 
the age of 50, the amount of melatonin secreted in the human body begins to decrease, 
and after the age of 70, the process of synthesis and secretion of melatonin naturally seems 
to be almost completely absent [86–88]. 

Milagres et al. (2013) [89] reported that the administration of cow�s milk collected at 
02:00 AM, which was rich in melatonin obtained through both synthetic production and 
natural secretion, increased plasma melatonin levels by 26.5% in adult Wistar rats, com-
pared to plasma melatonin levels detected in adult Wistar rats that consumed daytime 
milk (cow�s milk collected at 15:00 PM). In the same study, it was determined that the 
addition of tryptophan to nighttime milk increased plasma melatonin levels by 35.6% in 
adult Wistar rats that consumed this type of milk enriched with natural melatonin and 
added tryptophan [89]. Similarly, beneficial effects of consuming melatonin-rich milk 
have been reported in humans, through the improvement of sleep quality, which was 
manifested by greater satisfaction with the rest period achieved through sleep and by the 
improvement in the performance of daily activities [59]. 

4. Melatonin in Milk 
Milk is a liquid mixture, formed of water and dry matter (the proportions of the two 

components being approximately 87.5% water and 12.5% dry matter, respectively). Milk 
is defined as a homogeneous and opalescent liquid, white in color and free of foreign bod-
ies suspended in the liquid volume, being secreted by the mammary gland of female 
mammals [90]. 

The dry matter in milk is in turn represented by several nutritional components (pro-
teins, fats, lipids, etc.) with a role in providing the body with the energy necessary to sup-
port healthy and harmonious growth and development [91], and by a series of molecules 
with a bioactive role in the animal and human body (vitamins, hormones, minerals). Due 
to the chemical composition of cow�s milk, which is considered to be complex and com-
plete, and due to the high nutritional value of this liquid, milk is considered to be one of 
the most important products of animal origin [92]. Naturally, raw milk has in its chemical 
composition several bioactive molecules (including free oligosaccharide structures, vari-
ous hormones, peptides, lipids, etc.), which fulfill multiple active biological roles in the 
animal and human body with a different metabolic impact compared to the nutritional 
value of milk [93,94]. 

The natural secretion of melatonin is a process that occurs in the animal and human 
body during the night, so melatonin is also called the sleep hormone. Melatonin is natu-
rally secreted first in the blood and in the cerebrospinal fluid of the third ventricle of the 



Agriculture 2025, 15, 273 9 of 30 
 

 

vertebrate brain [1], and in the case of female mammals, melatonin is subsequently re-
leased into the milk. For this reason, any variation in nutrients and bioactive molecules in 
the blood (including melatonin) will directly influence the chemical composition of milk, 
in terms of the milk�s content in nutrients and bioactive molecules. Due to the nocturnal 
nature of melatonin secretion, numerous researchers have initiated the idea of harvesting 
animal milk at night, so as to obtain milk with a higher melatonin content, thus giving rise 
to the concept of daytime milk (milk harvested during the day) and nighttime milk (milk 
harvested at night). 

Studies conducted in the zootechnical field on the factors that can influence the se-
cretion of melatonin in cow�s milk (but also in other species of animals of zootechnical 
interest), have demonstrated that the process of melatonin release in milk is a phenome-
non influenced by a series of technological factors (breed and species of animals, animal 
health, conditions in shelters, photoperiods, the time when milk is harvested, milking fre-
quency, environmental conditions in which animals are raised, etc.), and nutritional fac-
tors (animal nutrition and feeding). 

According to the specialized literature and experiences in zootechnical research, it 
has been highlighted that the health status of animals (cattle, sheep, goats, birds, etc.), as 
well as the conditions of raising and care (generally exposure to stress factors) directly 
influence the quality and quantity of productions made [95]. 

Some authors reported in a study conducted in Switzerland, on a herd of 125 cows 
from eight farms with automatic milking systems, a correlation between the increase in 
the number of milkings performed in a night and the low content of salivary melatonin 
detected [96]. In this review, we will analyze and describe the influence of the main tech-
nological and nutritional factors that can significantly influence (positively or negatively) 
the natural secretion of melatonin in cow�s milk, according to the information available in 
the specialized literature. 

4.1. Farming Technology Factors 

The most studied technological factors that can influence the melatonin content in 
cow�s milk are represented by the species and breed of animals, environmental conditions, 
the daily milk production of the animals, the frequency of milking, the lighting conditions, 
and the intensity of artificial light in the animal shelters [5,97,98]. 

4.1.1. Species and Breed 

Animal species and breed are two factors that can directly influence the melatonin 
content in the milk of cows and other animals raised for dairy production. Studies on cattle 
and sheep have shown that there are major differences between the melatonin content 
released in milk collected during the day and the melatonin content released in milk col-
lected at night, as well as between milk collected individually from the two animal species 
studied, according to the data presented in Table 1 [99,100]. These differences are mainly 
due to the circadian rhythm of melatonin synthesis, as well as to genetic differences be-
tween the two animal species. 

Table 1. Melatonin content determined in daytime milk and nighttime milk collected from cattle 
and sheep. 

Species Breed 
Melatonin Content (pg/mL) 

References 
Daytime Milk Nighttime Milk Difference 

Cattle 
Jersey 2.924 ± 0.216 a 6.954 ± 0.567 a 4.03 

[99] 
Holstein Friesian 2.912 ± 0.266 a 11.314 ± 1.1 a 8.402 

Sheep Awassi 6.12 ± 4.55 b 11.06 ± 7.24 b 4.94 [100] 
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a—values are expressed as the mean of the samples XǊ  ± Sx̄; b—values are expressed as the mean of 
the samples XǊ  ± s.e. (s.e.—standard error). 

In sheep [100], it was demonstrated that keeping the animals for a period of 16 h in 
the dark and 8 h in the light did not influence the chemical composition of the milk in 
protein, fat, lactose, and salt, but led to the obtaining of milk with a higher melatonin 
content in the case of samples analyzed from milk collected at night (11.06 ± 7.24 pg/mL), 
compared to milk samples collected during the day (6.12 ± 4.55 pg/mL). The results pre-
sented in Table 1 highlight the nocturnal nature of melatonin secretion in bovine and 
ovine milk, due to the obtaining of higher melatonin values in nocturnal milk, compared 
to the results obtained in the case of daytime milk collected from both species. 

4.1.2. Environmental Conditions 

Environmental conditions are other important factors in obtaining milk with a high 
melatonin content. Significant differences in the melatonin content of cow milk were also 
recorded in the milk of the same breed (Holstein) but located in different geographical 
regions, according to the data presented in Table 2. 

Table 2. Melatonin content recorded in daytime milk and nighttime milk collected from Holstein 
cattle located in different geographical regions of the world. 

Melatonin Content (pg/mL) 
Study 
Period 

Duration of Photoperiod N * Geographical 
Area 

References Daytime Milk 
(Milking Time) 

Nighttime Milk 
(Milking Time) Difference 

2.912 ± 0.266 
(15:00–17:00) 

11.314 ± 1.1 
(03:00–05:00) 

8.402 January 
11 h of light 

13 h of darkness 
27 

Konya, 
Turkey 

[99] 

103.7 ± 6.61 a 

(07:00–16:00) 
163.13 ± 8.96 a 

(01:00) 
59.43 Unspecified Unspecified 40 

Konya, 
Turkey 

[101] 

4.03 a,b 

(15:00) 
39.43 a,b 

(02:00) 
35.4 2–16 June 

15 h of light 
9 h of darkness 

10 
Viçosa, 
Brazil 

[89] 

6.98 ± 3.05 
(N.S. **) 

14.87 ± 7.69 
(N.S. **) 

7.89 S. *** S. *** 30 Castro, 
Brazil 

[102] 

5.36 ± 0.33 (12:30) 
30.7 ± 1.79 

(04:30) 
25.34 

1–15 
November 

10.4 h of light 
13.6 h of darkness 

28 Israel [103] 
3.3 ± 0.18 

(12:30) 
17.81 ± 0.33 

(04:30) 
14.51 

90.21 ± 7.21 c 

(15:00) 
120.07 ± 7.21 c 

(05:00) 
29.86 August 

13 h of light 
11 h of darkness 

10 China [104] 

* N—number of studied animals; ** N.S.—not specified; *** S (Specification)—data presented in that 
row of the table represent average melatonin content determined from milk samples collected in 
two seasons (winter and summer). All values are expressed as mean of samples ±SD. a—amount of 
that value is expressed in pg/mL−1; b—variation index not stated; c—mean value ±SEM. 

The significant differences between the values of melatonin levels in the milk of Hol-
stein cows are mainly due to the conditions in which the experiments were carried out. 
Boztepe et al. [99] carried out their study in January (with a photoperiod of 11 h of natural 
light and 13 h of darkness) and with an artificial light intensity measured at eye level dur-
ing the night of 150 lx. In that study, milk was collected in two different time intervals 
(between 15:00 and 17:00 for daytime milk, and between 03:00 and 05:00 in the morning 
for nighttime milk). In another study, Şahin et al. [101] collected milk from cows three 
times a day at 07:00 in the morning, 16:00 in the afternoon, and 01:00 in the morning. Mil-
agres et al. [89] conducted a study on the differences in melatonin detected in the milk of 
Holstein cows during the summer season (between 2 and 16 June) for a period of 15 days, 
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collecting milk at 02:00 in the morning for nighttime milk and 15:00 in the afternoon for 
daytime milk. 

In the context of the study conducted by Romanini et al. [102], nighttime milk was 
collected between 05:00 and 06:00 in the morning, and daytime milk was collected during 
the day, when the animals were milked according to the milk collection schedule applied 
in the farm where the research was carried out. 

The research conducted by Asher et al. [103] was carried out during the period of 1–
15 November of the year, with a photoperiod duration of 10.4 h of natural light and 13.6 
h of darkness. The study involved the formation of two experimental group that were 
subjected to different artificial lighting conditions during the night. In the case of cows in 
the Dark-Night batch, the lighting conditions applied in the animal shelters during the 
night were 648 ± 5.12 nm and 5.08 ± 0.04 lx, and for cows in the Night-Illumination group, 
lighting conditions of 462 ± 5.12 nm and 105 ± 3.91 lx were applied. 

Teng et al. [104] conducted a study on the melatonin content of cow�s milk at the end 
of August, and the milk was collected at 03:00 PM, representing daytime milk, and at 05:00 
AM, representing nighttime milk. 

The correlation of the data presented in Table 2, in relation to all the experimental 
conditions that were applied in the studies presented in this article, shows the high degree 
of variability of the melatonin content found in bovine milk. The experimental data pre-
sented in Table 2 indicate different values of the melatonin content range determined in 
both daytime and nighttime milk of cows. The presence of a higher level of melatonin in 
nighttime milk demonstrates the nocturnal nature of biosynthesis and secretion of this 
pineal hormone in the bovine body. The existence of a higher concentration of melatonin 
in nighttime milk, compared to daytime milk, indicates that a higher synthesis and secre-
tion of melatonin achieved in the cow�s body will lead to a subsequent release of this hor-
mone in a larger quantity in milk, due to the nature of melatonin as a circulating molecule. 

The large fluctuations in the minimum and maximum limits of melatonin found in 
both daytime milk (2.912–103.7 pg/mL) and nighttime milk of cattle (11.314–163.13 
pg/mL), as well as the significant differences in melatonin content determined by different 
researchers (data presented in Table 2), are most likely due to the different experimental 
conditions (length of photoperiods, intensity of artificial light in animal shelters, and times 
at which milk samples were collected) in which the research was conducted [89,99,101–104]. 
Among the environmental conditions that represent technological factors that can influence 
the synthesis and secretion of melatonin, and the subsequent release of this hormone in 
cow�s milk, are photoperiods (in the southern parts of the globe, the days are longer com-
pared to the northern parts, which increases the period of exposure of the eyeball to nat-
ural light, thus inhibiting the synthesis and secretion of melatonin), and ambient temper-
ature (the heat stress of animals is a factor that can influence the productivity of cattle). 

Heat stress in dairy cows is a phenomenon that can lead to a decrease in the milk 
yield and to a decrease in the quality of the product obtained. It is well documented that 
the vertebrate organism must receive certain specific and distinct signals (the absence of 
light and the relatively low temperature of the environment) to initiate the process of en-
tering rest. Cattle are animals tolerant to low temperatures (cows can also withstand tem-
peratures in the thermal range of 0 ÷ +5 °C), and begin to show behavioral and physiolog-
ical changes when they are exposed for a longer period of time to the influence of too high 
or even too low temperatures. The occurrence of heat stress in cattle is a phenomenon that 
can be regulated to certain extent through the animal�s nutrition. In situations of heat 
stress, cattle will use more energy for thermoregulation, an aspect that will depreciate 
milk production from a qualitative and quantitative point of view, as a result of the man-
ifestation of an energy unavailability at the animal�s body level. This situation can also be 
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accentuated by the low dry matter intake in forage, as a result of the unavailability of 
nutrients that should be assimilated by the animal�s body [105]. 

It has been demonstrated (according to the data presented in Table 2) that milk has 
in its composition, different amounts of melatonin, depending on the environmental con-
ditions to which the animals are exposed. Thus, for Holstein cows, in Konya, Turkey, mel-
atonin amounts were recorded that varied in daytime milk between the limits of 2.912 
pg/mL [99] and 103.7 pg/mL [101], and in nighttime milk, between the limits of 11.314 pg/mL 
[99] and 163.13 pg/mL [101]. In other studies conducted in different geographical regions of 
Brazil (Viçosa and Castro), the degree of variability of the melatonin content secreted in the 
milk of Holstein cattle was highlighted [89,102], with cattle from the Viçosa area recording 
a melatonin content of 4.03 pg/mL in daytime milk and 39.43 pg/mL in nighttime milk [89], 
while in the study conducted in the Castro region, the melatonin content level was 6.98 ± 
3.05 pg/mL in daytime milk and 14.87 ± 7.69 pg/mL in nighttime milk [102]. 

In other studies conducted in Israel [103] and China [104], variations in melatonin 
content were also reported both between daytime and nighttime milk of cattle (highlight-
ing once again the nocturnal nature of melatonin synthesis and secretion), and between 
milk collected from the experimental groups analyzed in the two works (highlighting the 
impact of environmental conditions to which the animals are exposed on the melatonin 
content in milk). 

In the study conducted in Israel [103], milk samples were collected from two groups 
of animals kept under different lighting conditions throughout the rest period (night pe-
riod). One group of cows was kept in dark conditions throughout the rest period, and the 
other group was kept under lighting conditions throughout the night. Differences were 
recorded both in terms of individual comparison (comparison made at group/lot level) 
and in terms of the common comparison made between the milk collected from the two 
groups of cattle studied. According to the results obtained by Asher and his collaborators, 
a higher melatonin content was recorded for both experimental groups studied, in the 
case of nighttime milk (30.7 ± 1.79 pg/mL for the group kept in dark conditions, and 17.81 
± 0.33 pg/mL for the group kept in light conditions), compared to the melatonin values 
detected in the daytime milk (5.36 ± 0.33 pg/mL for the group kept in dark conditions, and 
3.3 ± 0.18 pg/mL for the group kept in light conditions). 

The common comparison made on the research conducted by Asher et al. [103] was 
established between the results of the melatonin content determined in the daytime milk 
and in the nighttime milk, which was collected from the two groups/lots of animals stud-
ied. Thus, through the data presented in Table 2, it is observed that the melatonin level 
determined in the milk of cows was higher in the case of animals kept in the dark during 
the rest period, in the case of both types of milk (day and night). In the case of milk col-
lected from cattle in the dark group, the melatonin level was 5.36 ± 0.33 pg/mL in daytime 
milk, and 30.7 ± 1.79 pg/mL in nighttime milk, compared to the melatonin level deter-
mined in milk collected from animals kept under light conditions (3.3 ± 0.18 pg/mL of 
melatonin determined in daytime milk, and 17.81 ± 0.33 pg/mL of melatonin determined 
in nighttime milk). These results demonstrate the nocturnal nature of melatonin synthesis 
and secretion, as well as the influence of artificial light as an inhibitory factor in the pineal 
gland action process. Due to the fact that differences were also recorded between the mel-
atonin content in the daytime milk collected from the two groups of animals studied (5.36 
± 0.33 pg/mL of melatonin determined in the daytime milk of the animals in the group 
kept in dark conditions, and 3.3 ± 0.18 pg/mL of melatonin determined in the daytime 
milk of the animals in the group kept in light conditions), it can be deduced that the ex-
posure of cattle to lighting conditions during the night (which should be intended for rest 
through sleep), can inhibit the synthesis and secretion of melatonin during the day, which 
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will lead to circadian rhythm disorders, decreased sleep quality, and possible occurrence 
of health conditions in the animal body. 

Data found in specialized literature indicate that the levels of melatonin that can be 
found in milk show a very high degree of variation, which can be explained by the man-
agement of the farms where the studied animals were raised and maintained. 

4.1.3. Animals� Productivity 

Many authors have reported in their studies that they have recorded a much higher 
melatonin content in milk collected at night, and during winter periods. This phenomenon 
can be explained by the longer duration of winter nights, compared to other seasons, a 
factor that reduces the duration of exposure of animals to natural light conditions. At the 
same time, the shorter duration of winter days is also correlated with the lower milk pro-
duction that animals have during the cold season. Thus, by extending the duration of the 
animals� exposure to darkness, a greater amount of melatonin is obtained in milk, and by 
obtaining a small amount of milk, the ratio of melatonin dissolved in the total volume of 
liquid increases. For these reasons, the amount of milk that the animal produces in a day 
is another factor that must be taken into account when it comes to obtaining milk rich in 
melatonin, because in the case of a high milk production, the amount of melatonin se-
creted will be diluted in a larger volume of liquid, compared to the situation in which a 
smaller amount of milk is obtained, in which case the melatonin content will be diluted in 
a smaller volume of liquid [102]. 

4.1.4. Frequency of Milking 

The frequency of milking is another important factor that influences the hormonal 
level of melatonin secreted in cow�s milk. Some studies have shown that milk milked in 
the morning (recommended at 04:30) contains the highest amount of melatonin, and other 
authors have reported that the highest melatonin secretion in the animal organism reaches 
its maximum values at 00:00 [103]. Thus, by performing a milking process in the morning, 
a milk rich in melatonin can be obtained, as a result of the hormonal accumulation of N-
acetyl-5-methoxytryptamine (melatonin) in the mammary gland fluid throughout the 
whole night. 

From the point of view of productivity, the number of milkings performed in a day 
must also be taken into account. Under optimal management conditions of a dairy farm, 
two milkings per day are usually applied, although there are also situations in which this 
number can vary in an increasing or decreasing direction. Thus, some authors have re-
ported that performing a single milking per day can reduce part of the farm�s operating 
expenses, but it also reduces milk production in terms of quantity [106], and by increasing 
the number of milkings, from two to four milkings per day, milk production can be in-
creased by modifying the expression of genes in the mammary gland [107], but it still 
remains debatable whether the milk loses its quality or not if a greater number of milkings 
per day is performed. 

Harvesting milk twice a day (once during the day before sunset, and once in the early 
morning hours), and storing the harvested milk in different storage tanks, is a practice 
that can facilitate the obtaining and marketing of milk with a high content of melatonin 
that has been eliminated in the milk naturally. 

4.1.5. Lighting Conditions 

Organizing a nighttime milk collection program is a process that would facilitate ob-
taining milk with a high melatonin content, but the involvement of the stress factor of 
animals subjected to numerous sleep interruption processes, as a result of the need to col-
lect milk, must also be taken into account. 
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An inhibitory factor of the synthesis and secretion process of melatonin is repre-
sented by the intensity of light in the milk collection space. In order to carry out the milk-
ing stage, the existence of light in the collection room is necessary in order to facilitate the 
milking process in good conditions. This aspect could depreciate the quality of the next 
volume of milk collected, as a result of the inhibition of melatonin secretion, inhibition 
resulting from the penetration of light into the retina of the animals. For this reason, both 
the type of light used and the intensity of artificial light in the resting areas of the cows 
and in the milk collection spaces must be taken into account. 

Numerous studies have demonstrated that the highest amount of melatonin in cow 
and sheep milk is secreted at night, in dark conditions, when the intensity of natural light 
is very low [5,108]. 

4.1.6. Type and Intensity of Artificial Lighting 

The intensity of artificial light that enters the retina is a very important factor for 
stimulating or inhibiting the synthesis and secretion of melatonin in the animal body. The 
high intensity of natural light throughout the day inhibits the secretion of melatonin and 
stimulates the secretion of serotonin, and the absence of light at night stimulates the se-
cretion of melatonin and the release of this hormone into the blood and subsequently into 
the milk. Some studies have shown that the highest amount of melatonin can be obtained 
from cow�s milk during the night, if the influence of the light intensity in the animal�s 
shelters is suppressed to a minimum. At the same time, the duration of photoperiods di-
rectly influences the natural secretion of melatonin in milk, so that the highest quality 
milk, in terms of melatonin content, can be obtained from cows during the winter, as a 
result of the animals being exposed to darkness for a longer period of time. This longer 
exposure of animals to darkness is due to longer winter nights compared to the rest of the 
seasons, and as a result of obtaining a smaller amount of milk, which leads to the dilution 
of the melatonin content in a smaller volume of liquid [5,102]. 

Studies conducted to determine the impact of artificial light in cow sheds on the qual-
ity of raw milk have shown that exposing animals for a longer period of time to artificial 
light can increase milk production, but decreases the melatonin content in the body and 
in the milk. Thus, an effective method to stimulate the synthesis and secretion of melato-
nin in the body of cows, which will subsequently lead to the release of this hormone in 
the milk of cattle, is represented by increasing the photoperiod of darkness, and by using 
low-intensity light sources in animal sheds [5,108,109]. 

From a qualitative point of view, it has been demonstrated that the use of artificial 
light in cattle housing does not influence the chemical composition of milk in terms of dry 
matter, protein, fat, and lactose [104,108], but excessive use of artificial light in animal 
housing inhibits melatonin secretion and implicitly the release of this hormone in milk [5]. 
Due to the fact that the implementation of a nighttime milk collection program also re-
quires the use of artificial light sources, it is recommended to use a certain type of artificial 
light and with a certain light intensity, which does not greatly inhibit melatonin synthesis 
and secretion. Research has been carried out and focused on studying the influence of the 
intensity and color of LED light on the melatonin content found in the milk of cows that 
were exposed during rest periods to artificial lighting conditions, with the application of 
different types of lights of different intensities and colors. It seems that LED light is the 
most useful artificial source of light propagation when it comes to the effects it has on the 
animal body, because LEDs have the ability to disperse light evenly over the entire area 
of action and to imitate natural light. The type and intensity of artificial light used in ani-
mal resting areas are two key factors in stimulating or inhibiting melatonin secretion, with 
the use of blue artificial light being found to produce milk with lower melatonin content 
than red or yellow light [110,111]. Other studies have also shown that keeping animals in 
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natural darkness throughout the resting period stimulates melatonin secretion and re-
duces the number of somatic cells in milk, and by reducing the number of somatic cells, 
qualitative milk is obtained, the risk of mastitis is reduced, the health of the animals is 
improved, and stress in the cows is reduced by inducing a state of well-being [5]. 

Some studies have shown that LED lights with different color shades and wave-
lengths can inhibit to a greater or lesser extent the synthesis and secretion of melatonin in 
the animal body. The use of short wavelength (465–485 nm) blue light applied over a long 
period of time can quantitatively increase milk production but inhibits melatonin synthe-
sis and secretion [110,111]. 

According to research conducted up to 2024, it has been demonstrated that in order 
to inhibit melatonin secretion from cow�s milk to the baseline melatonin values recorded 
in daytime milk, it is necessary for cattle to be kept in shelters with artificial white light 
and a light intensity of at least 400 lx applied to both eyes of the animals, and in the case 
of using blue light, but applied to only one eye, to inhibit melatonin secretion, it is neces-
sary to apply a light intensity of only 225 lx [109,110]. However, more concrete studies are 
needed in which blue light penetrates both eyes of the animals to determine how different 
shades of artificial light, applied under the same conditions, influence the level of melato-
nin secreted in the animal�s body and subsequently released into the milk. 

4.2. Nutritional Factors 

Nutritional factors directly influence the chemical composition of milk secreted by 
the mammary gland of cows, through the intake of feed nutrients assimilated by the ani-
mal body. Any nutritional deficiency in the feed rations administered to animals has direct 
negative effects on the health of the animal body and on the quality of the production 
obtained, as a result of the non-assimilation of some chemical components with an ener-
getic and bioactive role, necessary for the proper functioning of physiological and pro-
duction processes [112]. 

Nutritional factors that can influence the melatonin content found in cow�s milk in-
clude animal nutrition and feeding. Some studies have highlighted the fact that one of the 
sources of melatonin procurement by the body is represented by each individual�s own diet 
[4], so that, also related to the process of synthesis and natural secretion of melatonin in the 
vertebrate body, the level of circulating melatonin can be increased, which can subsequently 
be eliminated in cow�s milk by administering feeds rich in melatonin and/or tryptophan, 
as well as by administering rumen-protected tryptophan in the animal�s rations. 

4.2.1. Feeding Melatonin Rich Feedstuffs 

Some studies have reported the existence of melatonin in plant organisms [113], thus 
there is the possibility that by administering feeds containing plants with a high level of 
melatonin, a higher quality milk can be obtained, in terms of the content in some bioactive 
molecules, brought into the animal body through the diet. Melatonin from plants has been 
identified in the highest quantities in roots, stems, flowers, and leaves [114,115]. 

An important aspect that must be taken into account in the process of designing feed 
recipes is represented by the fact that animal rations must be calculated in such a way that 
they can cover the daily nutrient requirements that ensure the growth and development 
of the body in optimal conditions [112]. 

In mammals, it has been reported that the gastrointestinal tract contains higher levels 
of melatonin than the pineal gland, with melatonin in the rumen originating from the food 
consumed by the animals, from ruminal microorganisms, and from the ruminal wall [116]. 

According to a study conducted in the zootechnical field, regarding the influence of 
feed rations administered to cows on the hormonal secretion of melatonin in milk, it was 
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found that supplementing a ration with ruminally protected B complex vitamins (D-pan-
tothenic acid, pyridoxine, biotin, folic acid, cyanocobalamin) and ruminally unprotected 
vitamins A, D3, E, and B3, has no significant influence on the melatonin content in daytime 
milk, but negatively influences melatonin secretion in nighttime milk, with a melatonin 
content approximately 40.55% lower in nighttime milk collected from cows that consumed 
vitamin-supplemented feed, compared to the optimal melatonin values determined in the 
milk of cows that did not consume a vitamin supplement [117]. 

Table 3 presents the melatonin contents determined in various raw materials of plant 
origin, materials that can represent a feed base in the design of rations for dairy cows. 

Table 3. Melatonin content in different cereals. 

Feedstuff Melatonin Content Samples Assessment Method References 

Corn (whole, yellow) 1.3 ± 0.28 ng/g 
5 HPLC ** [29] 

Corn, germs floor 1.0 ± 0.1 ng/g 
Wheat (Triticum aestivum L.) 124.7 ± 14.9 ng/g FW * 

3 HPLC-ECD *** [118] Barley (Hordeum vulgare L.) 82.3 ± 6.0 ng/g FW * 
Oat (Avena sativa L.) 90.6 ± 7.7 ng/g FW * 

All values are expressed as mean ± SD; * FW—fresh weight; ** HPLC—high precision liquid chroma-
tography; *** HPLC-ECD—high-precision liquid chromatography with electrochemical detection. 

4.2.2. Feeding Ruminally Protected L-Tryptophan 

Tryptophan, with the chemical formula C11H12N2O2, and a molar mass of 204.22 
g/mol, is an essential amino acid, introduced into the animal and human body through 
the diet. Tryptophan, along with phenylalanine and tyrosine, are amino acids that contain 
at least one six-membered benzene ring in their side chain [119]. 

Tryptophan is an amino acid that must be supplemented in the body through food, 
being the first precursor in the synthesis and secretion process of melatonin. From a bio-
chemical point of view, the synthesis and secretion of melatonin begins with the transfor-
mation of the essential amino acid tryptophan into 5-hydroxytryptophan [38]. 

Supplementing dairy cow rations with different feeds containing high levels of tryp-
tophan may be a useful method for stimulating melatonin secretion and synthesis. Sup-
plementing feed rations with a higher intake of tryptophan in the animal body, which is 
absorbed and transported to the brain, can lead to the synthesis and secretion of a greater 
amount of serotonin, which subsequently, by ensuring optimal dark conditions, is trans-
formed into melatonin, thus providing the body with much higher circulating melatonin 
hormonal amounts, compared to the situation in which the animals would not benefit 
from a tryptophan supplementation of the rations. 

Various plant products rich in tryptophan (Table 4), which can be administered in 
the rations of cows intended for milk production, are represented by soybeans, soybean 
cake, alfalfa hay, oat hay, and wheat bran. 

Table 4. Protein and tryptophan content of various feedstuffs. 

Feedstuff Protein Content (g per 100 g) Tryptophan (g per 100 g) References 
Soybean 36.49 0.59 [120] 

Soybean meal 47.46 0.53 

[121] 
Alfalfa hay 19.61 0.24 

Oat hay 8.88 0.08 
Wheat bran 20.15 0.26 
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Some studies that had as their main purpose the stimulation of the hormonal secre-
tion of melatonin in cow�s milk, or the increase of the protein content of milk, by the ad-
ministration of L-tryptophan, have highlighted that the supplementation of feed rations 
with the amino acid L-tryptophan can influence the melatonin content in the body only 
under certain conditions [105,122,123]. 

Studies conducted up to the year 2024 have highlighted that the administration of 
ruminally protected L-tryptophan in different amounts (20, 30, 50, 100, and 125 g) had 
different positive effects on animal productivity. The administration of 20 g of ruminally 
protected L-tryptophan had the effect of decreasing the amount of food consumed by each 
animal, increasing milk production, decreasing the plasma cortisol concentration by re-
ducing the thermal stress to which the animals are subjected, and increasing the amount 
of melatonin in milk [122]. 

Supplementation of Holstein cows with 30 g of rumen-protected L-tryptophan in-
creased milk production, altered the ratio of basic milk chemical composition (increased 
dry matter and reduced water content), and increased milk protein content [105]. Liu et 
al. [123] observed that supplementation of the rations with 50 g and 100 g of rumen-pro-
tected L-tryptophan, respectively, did not appear to influence the melatonin and trypto-
phan content of the milk or the tryptophan content of the blood of Holstein cows, but did 
appear to increase the circulating melatonin level in the blood of the animals. In the study 
conducted by Liu et al. (2024) [123], it was reported that supplementing the diet with ru-
men-protected L-tryptophan in Holstein cows during the preparation period had positive 
effects on reproductive performance and postpartum lactation, as a result of the increased 
serum concentrations of FSH with 100 g of rumen-protected L-tryptophan supplementa-
tion, and the increased serum LH content with 50 g of rumen-protected L-tryptophan sup-
plementation, compared to the control group. FSH (follicle-stimulating hormone) and LH 
(luteinizing hormone) are two hormones involved in the regulation of reproductive func-
tions in both males and females [123]. 

A comparative study conducted in Germany on a herd of 12 non-pregnant Brown 
Swiss heifers weighing 536 ± 13 kg and aged 22 ± 3 months and on a herd of 12 adult cows 
(also Brown Swiss) aimed to determine the effects of rumen-protected tryptophan supple-
mentation at a dose of 125 g/day on plasma tryptophan content and hormonal levels in 
the heifers. The study showed that plasma levels of tryptophan (in heifers and cows) and 
melatonin (in heifers only) increased in response to dietary tryptophan supplementation 
[124]. An increase in the content of melatonin in the blood of cows was also observed in a 
study conducted in Viçosa, Brazil on an experimental batch of Holstein cows whose diet 
was supplemented with tryptophan [89]. 

The correlation of technological and nutritional factors that can influence the content 
of melatonin in the milk secreted by the mammary gland of cows is most likely a main 
reason why different authors have recorded different levels of melatonin in the milk of 
cows located in different geographical regions, both in daytime milk (between 2.912–103.7 
pg/mL) and in nighttime milk (between 11.314–163.13 pg/mL), according to the results 
presented in Table 2 [99,101]. 

The management of livestock farms is the main starting point that determines the 
quality of the productions obtained, so that poor management of livestock units will have 
a negative impact on the welfare of the animals, as well as the quantity and quality of the 
resulting productions. Melatonin is a molecule that has been detected in cow�s milk, in a 
very wide range of variation, mainly due to the lack of correlation of factors that can in-
fluence the synthesis and secretion of this hormone. The studies available in the special-
ized literature up to 2024, which focused both on determining the melatonin content in 
cow�s milk and on the factors that can influence the quantitative variations of this hor-
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mone present in the mammary gland fluid, were carried out under particular and differ-
ent conditions, so that we identified the following two situations: (1) different researchers 
collected milk samples from farms only to determine the melatonin content of that milk, 
without intervening in the management system of the livestock units from which they took 
the milk samples, and (2) other authors applied certain conditions for raising and maintain-
ing the animals, to determine the degree of inhibition of melatonin synthesis and secretion, 
related to the evaluation of one or more factors, a situation in which it was not taken into 
account whether the hormonal secretion of melatonin can be stimulated or inhibited by cor-
relating technological and nutritional factors. Thus, conducting a larger number of re-
searches focused on the interrelationships that may arise between the application of differ-
ent technological and nutritional factors on the processes of melatonin synthesis and secre-
tion in the cow�s body is a necessity for a deeper understanding of this subject. 

5. Sources of Melatonin in Human Nutrition 
Obtaining milk with a high content of naturally secreted melatonin is a complex pro-

cess, influenced by a series of technological and nutritional factors, the correct manage-
ment of which can lead to the desired result. However, in the milk processing process, in 
order to obtain derived food products with a high content of melatonin, two important 
factors intervene that must be taken into account and on which more studies must be car-
ried out. These two factors are represented by the technological parameters applied dur-
ing the raw milk processing process, and by the conditions for the development and ob-
taining of certain categories of dairy food products. 

From a technological point of view, the possible influences that the work processes 
performed and the technological parameters used to obtain finished dairy products may 
have should be studied. Among these processes, greater attention should be paid to the 
stages of milk heat treatment (pasteurization and sterilization), homogenization, stand-
ardization/normalization, defatting, and concentration. 

Heat treatment is a critical point in the technological flow of milk processing, because 
any variation in the technological parameters of pasteurization/sterilization can have ir-
reversible repercussions on the finished product (for example, the appearance of the effect 
of over-pasteurization of milk). The impact that the temperature–time–thermal shock ratio 
can have on the melatonin concentration in the finished product should be studied. At the 
same time, the influences that the pressures used during the homogenization process, the 
milk centrifugation processes with the aim of separating a certain amount of fat from the 
liquid, and the milk filtration concentration processes can have on the melatonin content 
found in the obtained dairy products should also be studied. 

The type of dairy product is another factor that should be taken into account when it 
is desired to process a milk rich in melatonin, in order to obtain finished dairy products 
with a similar melatonin content, compared to the melatonin content found in the raw 
material. Thus, greater attention should be paid to the influence that the acidic environ-
ment of fermented dairy products (yogurt, kefir, sana, acidophilus milk, buttermilk) can 
have on the melatonin content found in finished products. 

Studies conducted up to 2024 on the amount of melatonin determined in different 
finished dairy products are few, which is why it would be useful to pay greater attention 
to this area. Table 5 presents the data available from specialized literature regarding the 
melatonin content found in some finished dairy products. 

  



Agriculture 2025, 15, 273 19 of 30 
 

 

Table 5. Melatonin content of different dairy products. 

Product Name Melatonin Content Number of Samples Performed Assessment Method References 

Fresh/processed milk 
Whole cow milk 14.45 ± 0.12 pg/mL−1 

6 LC-MS/MS * [125] 
Skimmed cow milk 18.41 ± 0.62 pg/mL−1 

UHT milk 4.16 pg/mL 16 
ELISA 

(RE54041; IBL) ** 
[102] 

Other dairy products 
Colostrum, fresh 0.06 ng/g 

5 HPLC *** [29] 
Colostrum, powder 0.6 ± 0.06 ng/g 

Yogurt 0.13 ± 0.01 ng/g 5 LC-MS/MS * [29] 
Probiotic yogurt 126.7 ± 9 pg/mL 

5 LC-MS/MS * [126] 
Kefir Not detected 

All values are expressed as mean ± SD; * LC-MS/MS—Liquid chromatography with tandem mass 
spectrometry; ** ELISA (RE54041; IBL International, Hamburg, Germania); *** HPLC—high-preci-
sion liquid chromatography. 

The lack of melatonin content in kefir [126] may be due to one of the following two 
causes (or even both of these related situations): 

1. The use in the kefir production process of raw milk with a very low, almost non-
existent, melatonin hormonal content, which would explain the absence of melatonin 
in the finished product; 

2. The type of double fermentation (lactic + alcoholic) characteristic to kefir could be a 
factor in the depreciation of the melatonin content in the finished product. 

A study conducted on determining the difference between the melatonin content in 
milk collected from temporary storage tanks, milk collected from cows individually, and 
milk heat-treated by UHT pasteurization process highlighted the fact that no major differ-
ences were recorded between the melatonin content determined in milk collected from 
storage tanks of different farms and milk heat-treated by UHT process. The study was 
conducted in Brazil (Castro), and the milk samples were collected from the same geo-
graphical area, as follows: milk samples collected from tanks were collected from 16 tem-
porary raw material storage tanks, individual milk samples were collected from 30 Hol-
stein cows, and UHT milk samples were collected commercially from 12 brands from dif-
ferent manufacturers. According to the results presented by the authors, there was no sig-
nificant difference between milk collected from tanks and milk processed by the UHT heat 
treatment technique. Thus, for milk collected individually from Holstein cows, a melato-
nin content of 5.24 pg/mL was determined, for milk collected from raw material storage 
tanks, the melatonin content recorded was 4.08 pg/mL, and for UHT milk, a melatonin 
content of 4.16 pg/mL was recorded [102]. 

These results may suggest that the heat treatment by UHT pasteurization process 
does not negatively influence the melatonin content of milk. Romanini and his collabora-
tors [102] collected milk from temporary storage tanks and from 30 Holstein cows in two 
different seasons, summer and winter. This aspect suggests that the collection of milk over 
a longer period of time, and from the same geographical area, correlated with the milk 
samples heat-treated by UHT process and purchased from the market, could strengthen 
the idea that the high temperatures of UHT pasteurization and the thermal shock to which 
the milk was subjected during sudden cooling, would not significantly influence the mel-
atonin content of the finished product. However, it should also be taken into account that 
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the samples analyzed did not follow a tradability flow, since the UHT milk samples col-
lected from the market were not part of the same batch of milk with the samples collected 
from the tanks, or with the samples collected individually from each animal. Thus, there 
is a probability that to obtain the UHT milk analyzed in that study, a raw material milk 
with a higher melatonin content was used, and the heat treatment process negatively in-
fluenced the hormonal melatonin content of the finished product. This statement is also 
supported by the higher melatonin content found by the authors in the milk collected 
individually from Holstein cows (5.24 pg/mL), compared to the melatonin level found in 
the milk collected from the tanks (4.08 pg/mL). To explain this phenomenon, the authors 
proposed the idea that in the case of individually collected milk, there was a much better 
and more efficient farm management regarding the conditions of melatonin secretion in 
cow�s milk, compared to the farms from which the samples were collected from the tanks. 

Due to the fact that the respective research was not focused on studying the melato-
nin content in a volume of milk that would follow an optimal transability of the produc-
tion flow (from farm to factory, and from factory to trade), we propose to carry out more 
precise research in which the level of melatonin found in raw milk, entirely obtained in 
livestock farms, would be compared with the finished milk/dairy products obtained from 
milk received from livestock farms and subjected to various technological processes (ho-
mogenization, centrifugal separation, concentration, thermal tartarization, seeding using 
production cultures, etc.). In this way, more precise results can be obtained that provide 
more concrete and realistic information. 

Obtaining natural milk with a high melatonin content by managing technological 
and nutritional factors that can influence the process of melatonin synthesis and secretion 
in the animal body is a research topic the results of which would bring multiple benefits to 
farmers (by increasing the welfare of farm animals and by obtaining higher quality milk, 
with the same production costs, but with a higher selling price, compared to raw, whole 
milk that does not contain a surplus of bioactive molecules naturally existing in the liquid 
volume), processors (by marketing higher quality products at a better price), and end con-
sumers (through the existence of food products with beneficial effects on the body). 

Milk and dairy products are important sources of melatonin for the human body; 
however, the presence of N-acetyl-5-methoxytryptamine has been reported in varying 
amounts in other raw materials and finished food products of both plant and animal 
origin [29]. In cereals, large amounts of melatonin have been reported in black rice (182.04 
± 1.62 ng/g dry weight) and in red rice (212.01 ± 1.37 ng/g dry weight); in fruits, large 
amounts of melatonin have been determined in strawberries Fragaria ananassa L. cv. Fes-
tival (11.26 ± 0.13 ng/g fresh weight) [29]; and in vegetables, melatonin has been found in 
large amounts in tomatoes Lycopersicon esculentum cv. Gordala (17.1 ± 1.21 ng/g fresh 
weight) and Lycopersicon esculentum cv. Marbonea (18.13 ± 2.24 ng/g fresh weight) [127]. 
Melatonin is present in varying amounts in animal-origin products, such as lamb meat 
(1.6 ± 0.14 ng/g), beef (2.1 ± 0.13 ng/g), pork (2.5 ± 0.18 ng/g), chicken meat and skin (2.3 ± 
0.23 ng/g), fish meat from salmon (3.7 ± 0.21 ng/g), and in whole eggs, where melatonin is 
found in a concentration of 1.54 ng/g [29]. 

The difficulties related to insomnia and the decrease in the amounts of melatonin 
naturally synthesized in the human body due to aging make the presence of melatonin in 
plant and animal-origin raw materials a useful technique through which the human body 
can benefit from exogenous melatonin derived from natural sources. The multiple roles 
and bioactive functions that melatonin performs in the human body, the evidence re-
ported through clinical studies demonstrating that the presence of higher levels of mela-
tonin in the human body does not appear to have negative effects on human health, and 
the fact that, up until 2024, no cases have been reported where the consumption of mela-
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tonin-rich foods has endangered the health of consumers, make N-acetyl-5-methoxytryp-
tamine an ideal candidate for maintaining human health and improving the performance 
of physiological processes in the human body. 

6. The Role of Melatonin in Relation to Other Bioactive Molecules  
on the Animal and Human Body 

Numerous studies have demonstrated that melatonin as a hormone secreted by the 
pineal and extrapineal pathways, as well as melatonin originating from the body�s micro-
flora or brought through the diet of each individual, interacts with a series of other mole-
cules with a biologically active role, to ensure the achievement of various functions and 
roles in the animal and human body. Studies conducted in this field have reported that 
melatonin can interact in the animal and human body with serotonin [128], with melato-
nin receptors MT1, MT2, and MT3 [42,129,130], with lactoferrin [131–137], with vitamins 
B3, B6, and B12 [138,139], with the stress hormone cortisol [5,140], and with insulin [141–
145], as shown in Figure 3. 

 

Figure 3. Bioactive molecules with which melatonin can interact in the animal and human body. 
Original processing content. 3D models of Melatonin, Tryptophan, Serotonin, Lactoferrin, Cortisol, 
and Insulin molecules are taken from online and copyrighted with permission to use them. 
Graphics: Tryptophan, Serotonin, Lactoferrin, and Cortisol—Copyright © “Creative Commons CC0 
1.0 Universal Public Domain Dedication”. Graphics: Melatonin—All rights reserved by the Free 
Software Foundation under the “GNU Free Documentation License”. Graphics: Insulin—Copyright 
© “Creative Commons (CC) Attribution 2.5 Generic”. 

Serotonin, also known as 5-hydroxytryptamine or 5-HT, acts as a neurotransmitter 
and a peripheral hormone. Serotonin synthesis is carried out in two steps from the essen-
tial amino acid tryptophan. In the first step, tryptophan hydroxylase (TPH) hydrolyzes 
tryptophan to produce 5-hydroxytryptophan, and in the second step of serotonin synthe-
sis, decarboxylation of L-aromatic amino acids and conversion to 5-hydroxytryptamine 
are carried out [128]. Any variation in tryptophan and/or serotonin in the body will di-
rectly influence the melatonin content in the body and in the milk of mammals. 

The MT1 (MTNR1A) and MT2 (MTNR1B) receptors are two membrane receptors for 
melatonin. These two receptors belong to the G protein-coupled receptor superfamily 
[119]. Activation of MT1 or MT2 receptors by melatonin leads to inhibition of PKA (kinase 
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A) activity, since melatonin activation of these two receptors decreases the amount of cy-
clic adenosine monophosphate (cAMP) [42]. In terms of interaction with melatonin, the 
MT3 receptor shows a lower affinity for this hormone [130]. 

Lactoferrin (Lf) is a multifunctional glycoprotein, which belongs to the transferrin 
family and plays a role in iron binding in the animal and human body [131]. 

Milk proteins are of two types: casein (the main protein in milk, accounting for about 
80% of total milk proteins) and serum proteins (accounting for about 20%), which are pro-
teins that pass into whey and buttermilk after milk processing to obtain certain categories 
of dairy products [132]. 

Lactoferrin, along with alpha-lactalbumin, beta-lactoglobulin, immunoglobulins, bo-
vine serum albumin, glycomacropeptides, lactoperoxidase, and lysozyme, are part of the 
serum protein category [133]. 

Numerous studies have highlighted the role of lactoferrin as an antioxidant, antibac-
terial, and antiviral factor [134], antimicrobial and anticancer [135], and antiparasitic and 
antifungal [133], as well as a role in maintaining intestinal health [136]. 

Lactoferrin performs an antibacterial role in the body (being also the first discovered 
function of this protein) through two different mechanisms. A first mechanism for achiev-
ing the antibacterial function of lactoferrin involves sequestering free iron, thus depriving 
bacteria of an essential substrate necessary for the growth and development of these mi-
croorganisms. The second mechanism for fulfilling the antibacterial role involves the 
binding of lactoferrin to the lipopolysaccharide that enters the structure of the bacterial 
cell walls, thus degrading the bacteria by forming peroxides catalyzed by iron (III) ions 
bound to lactoferrin. Thus, the permeability of the bacterial membrane is affected, result-
ing in bacterial cell lysis [137]. 

Bovine lactoferrin (bLF) has the ability to control the production of reactive oxygen 
species (ROS) and the rate of their elimination by sequestering iron [131]. 

Pyridoxine (vitamin B6) acts as a coenzyme in the synthesis of melatonin, and any 
deficiency in this vitamin will inevitably lead to sleep disorders [138,139], and therefore 
to various conditions with a negative impact, caused by the lack of melatonin in the body. 

Some studies have reported that vitamin B3 (niacin) can have a tryptophan-sparing 
effect and that vitamin B12 (cobalamin) contributes directly to the secretion process of 
melatonin [139]. 

Cortisol is a glucocorticoid hormone that is produced by the adrenal glands, and the 
release of this hormone in the body follows a circadian rhythm regulated by the internal 
clock located in the suprachiasmatic nucleus [140]. Melatonin can regulate the secretion 
of certain hormones, in particular inhibiting the release of corticotropin (CRH) from the 
hypothalamus. By inhibiting CRH secretion by melatonin, it results in decreased levels of 
adrenocorticotropic hormone (ACTH) and cortisol during the night [5]. 

Insulin is a polypeptide hormone, composed of 51 amino acids, and secreted mainly 
by β cells located in the islets of Langerhans of the pancreas. The main role of this hormone 
in the body is to modulate blood glucose levels, also having a role in glucose homeostasis, 
metabolism and cell growth [141]. Some clinical studies have highlighted the role that 
melatonin MT1 and MT2 receptors have on the process of insulin secretion [142]. 

Research carried out in the field of knowledge of the interactions that can be achieved 
between melatonin and insulin has demonstrated that there is a direct and inversely pro-
portional relationship between the amount of melatonin synthesized in the body, and the 
processes of inhibition or stimulation (as appropriate) of insulin synthesis and secretion. 
Thus, it has been demonstrated that a large amount of melatonin secreted in the body can 
inhibit insulin secretion, through melatonin receptors located on pancreatic β cells. Mela-
tonin receptors are coupled to three different signaling pathways (cAMP, cGMP, and IP3) 
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and have their own unique and different influences on insulin secretion [143–145]. Bind-
ing of melatonin to the MT1 receptor can lead to inhibition of insulin secretion by decreas-
ing cAMP. This phenomenon occurs due to MT1 receptors binding to Gi (inhibitory G) 
proteins, which in turn leads to decreasing cAMP (cyclic adenosine monophosphate) and 
inhibiting PKA activity [145]. 

Melatonin may also influence the cGMP (cyclic guanosine monophosphate) signaling 
pathway by stimulating vasodilator signals via nitric oxide (NO). The cGMP signaling 
pathway may promote insulin secretion, as it may increase pancreatic blood flow by acti-
vating protein kinase (which is dependent on the cGMP signaling pathway). Thus, NO 
may activate guanylate cyclase, thereby increasing cGMP levels and stimulating insulin 
secretion. The IP3 (inositol triphosphate) pathway plays a role in regulating intracellular 
calcium concentration, and can be influenced by the presence of melatonin that binds to 
MT1 and MT2 receptors, receptors that can activate Gq-type G proteins. Thus, when the 
two melatonin receptors (MT1 and MT2) are activated, they allow the Gq protein to which 
they are bound to activate PLC (phospholipase C). Subsequently, PLC catalyzes the de-
composition of PIP2 (phosphatidylinositol 4,5-bisphosphate) into two other secondary 
messengers (IP3 and diacylglycerol). Finally, the IP3 pathway stimulates the release of 
Ca2+ ions from the endoplasmic reticulum into the cytoplasm, thus favoring insulin secre-
tion, due to the increase in intracellular calcium levels [145]. 

Therefore, melatonin can play a role in modulating insulin synthesis and secretion, 
through the MT1 and MT2 receptors to which melatonin binds. The presence of melatonin 
in the vertebrate body, and its interaction (of melatonin) with the MT1 and MT2 receptors 
can modulate insulin synthesis and secretion, through stimulation or inhibition, due to 
the three signaling pathways (cAMP, cGMP, and IP3) through which melatonin works. 

7. Conclusions 
The multiple roles and functions that melatonin performs in the animal and human 

body, both individually and in relation to other bioactive molecules, make this hormone 
a valuable compound that actively participates in improving living conditions by main-
taining optimal health of the body. 

The proper management of technological and nutritional factors, which can posi-
tively influence the melatonin content in cow�s milk, has major implications for the imple-
mentation of high-quality agricultural and zootechnical practices, due to a higher level of 
farm animal welfare. This level is achieved by regulating the circadian rhythm, improving 
sleep quality, and regulating basic physiological processes such as reproduction. 

This paper contains valuable information regarding the synthesis and secretion pro-
cesses of melatonin in vertebrate organisms, its multiple roles and functions in both ani-
mal and human organisms, and the main factors that can directly influence melatonin 
synthesis in the bovine organism, as well as the subsequent release of this hormone into 
the milk of cows. Specialized studies conducted in this field up until 2024 have provided 
valuable information, resulting in a deeper understanding of melatonin as a bioactive 
molecule. However, it is necessary to conduct more experiments focused on studying the 
impact of cow maintenance conditions on the melatonin content in milk, and some future 
research should also address the influence of milk processing technological processes on 
the melatonin content found in finished dairy products. 
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