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ABSTRACT

The aim of this study was to determine the difference between melatonin
hormone in night milk and melatonin concentration in day milk of
Holstein cows. In this study, daytime milk obtained from 40 heads
Holstein cows in the first lactation raised in a private dairy cattle farm in
Karapinar district of Konya state province in Turkey and night milk
samples taken from the same cows that were kept in darkness for one
week were used. The milk samples were collected from day and night

concentration in day time and night time milk were determined as
respectively 103.70 + 6.61 pg mL™ and 163.13 + 8.96 pg mL™. The
difference between melatonin levels of day and night milk was
statistically significant (P<0.01). Since significant difference occurred
between melatonin concentration between day and night milk at the end
of the study, it can be stated that night milk can be used for medical
purposes that is used cure of some illnesses and producers can be provided
with a new production source.

milking in order to determine the melatonin concentration with the help
of Bovine Melatonin (MLT) Elisa Kit. In this study, melatonin
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1. Introduction

Melatonin is a hormone secreted from the gland called pineal or epiphysis located at the base of the brain, which weighs 100-
180 mg in mature humans and a tiny pea-sized gland. Melatonin in the blood is found between 60-70% depending on the albumin
(Olmez et al. 2000; Atasoy & Erbas 2017). Melatonin secretion is not restricted to mammals but is also produced in non-
mammalian vertebrates, in some invertebrates, and in many plants, with the same molecular structure. The synthesis of melatonin
is strictly controlled by lighting conditions and shows a clear circadian rhythm with low values during the daytime and significant
increase at night (Karasek & Winczyk 2006; Srinivasan et al. 2011). This hormone secret during sleep at night, is intensely
secreted, especially between 23 and 05 hours. For this intense secretion to occur, the environment must be dark (Jainudeen 2000;
Olmez et al. 2000; Karasek & Winczyk 2006; Balch 2010; Atasoy & Erbas 2017). Pineal gland is present in all vertebrates.
Mammalian pineal is derived from photo-receptor cells capable of synthesizing melatonin (Gupta & Spessert 2007). This gland
consists of specialized epithelial cells called pinealocytes. In mammals, the pineal gland loses its ability to synthesize melatonin
when exposed to direct light. Melatonin synthesis is at the lowest level during the day (light phase) and at the highest level at
night (dark phase) (Boztepe 2019).

Melatonin is synthesized from tryptophan amino acid in all vertebrates. It is first converted to 5-hydroxy tryptophan by the
tryptophan hydroxylase enzyme and then to 5-hydroxytryptamine, that is, serotonin, by the aromatic L-amino acid decarboxylase
enzyme. Serotonin is converted to the N-acetylserotonin form by the AA-NAT (Arylalkylamine-N-acetyltransferase) enzyme.
Finally, N-acetylserotonin is converted to N-acetylmethoxideriptamine, melatonin, via the HIOMT (hydroxyindole-O-
methyltransferase) enzyme. While AA-NAT limits melatonin secretion with very low activity during the day, it reaches high
activity at night. As a result, the rate of conversion of serotonin to melatonin is minimal as it leads to the accumulation of
serotonin in pinealocytes during daytime. AA-NAT activity increases at the onset of darkness, which regulates the rate of
melatonin synthesis. It causes norepinephrine (NE) secretion to increase from the end of the postganglionic sympathetic nerve
fibers present in the pineal gland. NE plays a role as a second means on pinealocytes via membrane-bound adrenergic receptors
and cAMP, leading to an increase in melatonin synthesis and secretion (Gupta & Spessert 2007). According to Ozgelik et al.
(2013), in human the secretion of melatonin hormone depends on the sensitivity of pinealocyte cells to light. With this sensitivity,
lightinhibition is eliminated in the dark, and melatonin secretion is increased again. Especially between 23:00 and 05:00 at night,
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melatonin secretion peaks and its concentration in the blood increases 3-10 times. In humans, the release of melatonin starts to
increase in the evening at 21.00-22.00 hours and reaches the highest level at 02.00-04.00 hours. It starts to decrease at 05.00-
07.00 in the morning and drops to basal levels after 07.00. While the blood concentration of melatonin is approximately 0-20 v
during the day, it increases to 50-200 pg mL* during the night. An average of 30 mg melatonin is synthesized overnight. Singh
and Rao (2016) reported that the melatonin exchange interval in low-density in human, cow and goat milk was 5-25 pg mL™.
Romanini et al. (2019) found the highest concentration of melatonin in individual cow's milk as 41.94 pg mL1. They reported
that there were seasonal changes and that the highest melatonin concentration was reached at night hours in winter.

Melatonin is a very powerful antioxidant, it is stronger than vitamin C, E or beta carotene, and it prevents harmful oxidation.
In this way, it can reduce the risk of hypertension, heart attack and some types of cancer. It has also been stated that it regulates
the immune system, prevents memory loss, vascular congestion and paralysis, and can be useful in the treatment of Alzheimer's
and cancer (Yazic1 & Kose 2004; Hardeland et al. 2011; Ozgelik et al. 2013; Salt et al. 2017). In addition, there is no toxic level
of melatonin consumption (Balch 2010). In case of covering long distances in a short time, biological dysfunctions occur in the
body, and the biological balance is disrupted due to the changes of the biological clock. According to some sources, melatonin
plays a role in the regulation of biological clock (Liu & Borjigin 2006). In fact, the arrangement of the biological clock provides
regular secretion of melatonin in the body and provides protective and therapeutic functions. Jimenez et al. (2009) have reported
that goat somatic cell count (SCC) is a very important quality indicator, and it is related to the function of the immune cells in
the breast and oxidative metabolism. Researchers have stated that melatonin plays a positive role in oxidative metabolism. The
same study group divided 60 Verata goats into two groups in order to demonstrate the effects of melatonin implant reduction on
SCC in dairy goats. The first group was the melatonin implanted and the other was the non-implanted control group. All animals
were followed bacteriologically during lactation and evaluated for clinical mastitis. Blood and milk samples were taken three
days after birth and four times at monthly intervals. At the end of the experiment, the milk composition did not change and SCC
decreased significantly in the middle of lactation in the implant group compared to the control group.

Because of these benefits of melatonin, determination of natural resources is very important. In animal products milk etc,
melatonin is more abundant in night milk than in day-time milk. There have been some studies on this subject abroad (Valtonen
et al. 2005; Asher et al. 2015; Romanini et al. 2019) but the studies on this issue are quite insufficient in our country. This study
was conducted to determine the level of melatonin in milk obtained from day and night milking of Holstein cows, and the
production status of a natural source of melatonin.

2. Material and Methods
2.1. Material

The animal material of the study consisted of the milk samples obtained from the first lactating Holstein cows which were raised
farm in Karapar district of Konya province in Turkey. Milk samples were collected from the same cows as day milk (evening
milking) at the beginning of the study and night milk after one week darkening application at nights. Cows are milked three
times a day at 07.00 in the morning, at 16.00 in the evening and at 01.00 at night.

2.2. Method

The samples to be analysed were obtained through milking the milk produced during the day by 40 heads of Holstein cows in
the first lactation.

The cows were kept in a completely darkened barn for a week. Because of milking program differenced the cows is being
probably mastitis, since the management of the enterprise could not be interfered, the animals were exposed to light in the milking
house for their night milking.

Milk samples were homogenously taken (from onset to end of milking) carefully taken into 50 mL tubes to represent the total
milk with the help of milk sampling apparatus which can be mounted to the milking system. The milk samples were transferred
to the laboratory in cold chain, and dark environment being homogenized and filled into 8 mL polypropylene tubes.

In the laboratory, the samples were centrifuged twice at 4500 rpm for 15 minutes. After each centrifugation, the fat layer
accumulated in the upper part was removed and the milk samples completely separated from the fat were kept at -80 °C until
study day. On the study day, the samples were first thawed to -20 °C, then to +4 °C and finally at room temperature. After
thawing, homogenization was achieved through vortexing. Homogenized samples were prepared using the MYBIOSOURCE
brand Bovine Melatonin (MLT) ELISA Kit (Competitive ELISA) (MBS743340, Mybiosource, California, USA) and in
accordance with the kit procedure, using the Rayto RT-2600 Microplate Washer (India) washer and BMG LABTECH (Enzyme-
Linked Immuno Sorbent Assay (ELISA) scanner Melatonin levels were determined in pg mL™. The quantitation limits of the
melatonin kit used were between 0-1000 pg mL* and no dilution was applied to the samples.
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Differences between melatonin levels in day and night milk were determined by pairing t-test in order to prevent dependence
since the samples were taken from the same animals before and after darkening (Kesici & Kocabasg 2007). Statistical analyses
were performed with the help of MINITAB statistical package program (Minitab 2010).

3. Results and Discussion
Melatonin levels were determined with ELISA method from the samples of the daytime milk taken at the beginning of the study
and the milk samples obtained only in the evening without any additional application (feeding, lighting, etc.) from the same cows

in the barn prevented from receiving light for a week.

At the end of the study, the rate of melatonin in day milk was 103.70 pg mL* and in night milk it was 163.13 pg mL* (Table
1). The difference between melatonin levels of day and night milk was statistically significant (P<0.01).

Table 1- Melatonin levels and standard errors in day and night milk

Samples n X +S3 Min Max

Day Milk (pg mL™) 40 103.70+6.61  28.76 213.68
Night Milk (pg mL%) 40 163.1348.96  64.58 322.08
Difference (pg mL?) 40 59.43+12.81 1.26 293.32

The difference of between day and night milk was 59.43 pg mL™. (Table 1, Figure 1). This difference is important only in
determining the difference between day and night milk without any application. This difference is also above the highest
melatonin value of 41.49 pg mL™* in the milk produced overnight. Asher et al. (2015) detected melatonin levels in milk in
darkness at night and in limited lighting conditions at night. Melatonin level of the night milk in the dark is around 30 pg mL?,
while in the group with limited illumination it is between 15-20 pg mL*. The difference between melatonin levels of daytime
milk and animals kept in total darkness and cows with limited illumination at night was also significant. Melatonin detected in
daytime milk of animals kept in the dark at night decreased with limited illumination. That is, any lighting or light leads to a
decrease in the level of melatonin.
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Figure 1- Melatonin levels in day and night milk

Asher et al. (2015) also studied the effects of the seasons on melatonin levels. Differences in melatonin levels of daytime
milk and night milk in dark or limited lighting conditions between winter and summer months were found statistically significant.
While melatonin levels under darkened conditions were around 22 pg mL™* in low yield animals, it was 16 pg mL in high yield
animals under the same conditions in winter. The same researchers investigated differences between melatonin levels in cow
milk, UHT (Ultra High Temperature) milk and tank milk. While there was no statistically significant difference between cow
milk and UHT milk in winter, the difference between tank milk was significant. At the same time, the difference between UHT
milk and tank milk is statistically insignificant.

In this study, melatonin levels for both day and night milk were found higher than those reported in the literature (Asher et
al. 2015; Romanini et al. 2019). The possible cause of this difference may be attributed to the different kits used to determine
melatonin level and the differences in seasons. That is, the reference range for melatonin levels in the Elisa kit (MYBIOSOURCE
brand Bovine Melatonin (MLT) ELISA Kit (Competitive ELISA) (Catalog Number: MBS743340)) catalog used in this study is
between 0 and 1000 while this reference ranges from 0 to 50 in the catalogs of different companies.
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4. Conclusions

Valtonen et al. (2005) reported that even the lowest dose of melatonin, 0.1 mg, was 10 times greater than total melatonin secreted
at night. So, it is impossible to meet this amount by consuming melatonin-rich milk. Accordingly, at least half a liter of “’night
milk>” produced from cows should be consumed by adults, especially children and the elderly as a supplement to patients'
melatonin secretion basing on the reports of Valtonen et al. (2005). When this is realized, it is likely that complaints about many
diseases or disorders on which melatonin is known to be effective will be reduced. As demonstrated in some studies, melatonin
has a protective effect. Therefore, consuming this milk, at least for protection, will have important health-related contributions.
Although the level of melatonin in milk is far from meeting the needs of people, meeting the milk needs from night milk can be
helpful in reducing many melatonin-induced diseases or symptoms. In the study on this issue, Konturek et al. (2007) reported
that plasma melatonin levels decreased with age. It is a known fact that the complaints about illness and health increase at the
age of 50s-55s normally. It is also known that these complaints increase in later ages. That is, plasma melatonin level decreases
with age and when these known facts are evaluated together, it can be concluded that the event is related to melatonin. Thus,
plasma melatonin levels in the 21-25 age range reach up to 80 pg mL*, while this value is almost halved in the 51-55 age range.
According to the results of the present study, an average of 163 pg mL™ melatonin was detected in the milk obtained from cows
overnight. Considering that a glass is 200 mL, 163x200 = 32600 pg of melatonin is consumed. At night, one glass of milk at
night can contribute to increase the decreased level of melatonin in the 51-55 age range to reach the 21-25 age range and decrease
the possible complaints.

Melatonin has a vital role in humans, animals and plants and is essential for a healthy life, and even the resources rich in
melatonin should be evaluated for a healthy and happy life. For example, in Finland (Valtonen et al. 2005) and Germany (Mullins
2010), melatonin-rich milk produced from cattle under the name of ‘’night time milk’” has been commercially produced. In this
regard, Valtonen et al. (2005) reported that melatonin secretion decreased with age and that they used the night milk called “night
time milk”’ as the material for the elimination of sleep disorders in elderly people, and they accomplished positive results when
the patients were given approximately 0.61 liters day™. Bae et al. (2016) compared the effects of consuming normal milk
containing 100 pg melatonin and 47.5 mg tryptophan amino acid with a glass of night milk containing 1000 pg melatonin and
58.24 mg tryptophan amino acid. As a result, a glass of overnight milk containing 1000 pg of melatonin increased sleep comfort
and decreased insomnia throughout the day.

Regarding this melatonin-rich (approximately 67% richer), which can be called “night time milk” or night milk; (1) new
studies related to production should be conducted, (2) the time when the levels of melatonin are highest in milk at night should
be determined, (3) which light sources are more suitable for the production of night milk with melatonin should be ascertained,
(4) how tryptophan contribution in feed will contribute to melatonin production in “night milk’> should be established as
tryptophan amino acid is the source of melatonin, and (5) the effects of “night milk’’ on patients should be investigated, and also
(6) this melatonin-rich milk is marketed as “night time milk’” in some countries. In Turkey, these studies should be carried out
and melatonin-rich milk should be more produced in dairy cattle farms and it is important that this product is delivered to the
consumers.
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