DOI: 10.5433/1679-0359.2019v40n5p2017

Melatonin concentration in the milk of cows supplemented with
vitamins and milked twice daily

Concentracao de melatonina no leite de vacas suplementadas com
vitaminas e dois horarios de ordenha

Vitoria Maria Montenegro Holzmann'; Milena Trentin'; Fabiola Cristine de
Almeida Rego?; Luiz Fernando Coelho Cunha Filho?; Agostinho Ludovico**

Resumo

Melatonina ¢ um hormoénio secretado no leite e tem efeitos benéficos sobre a satide humana. Este estudo
objetivou avaliar os efeitos da suplementacdo da dieta com vitaminas ¢ da ordenha noturna sobre a
concentragdo de melatonina no leite de vacas. Foram utilizadas 21 vacas confinadas, na fase final de
lactagdo € as vitaminas suplementadas foram do complexo B, vitaminas A, D, e E ramen-protegidas,
sendo a niacina (B3) ndo protegida da degradagdo ruminal. O periodo experimental teve duragdo de
10 dias, as amostras de leite foram coletadas nos dois primeiros dias, sem suplementac@o de vitaminas
(SEM) e nos dois dias finais, oito dias ap6s inicio da suplementagdo (COM). Foram analisadas amostras
do leite produzido sem e com suplementagdo, nas ordenhas realizadas as 05:00 h (NOITE) e do leite
total produzido nas duas ordenhas didrias (TOTAL). A concentragdo de melatonina foi determinada
através de imunoensaio enzimatico em kit de ELISA e os resultados analisados ANOVA e teste Tukey
com 5% significancia. A suplementacdo da dieta COM vitaminas nao teve efeitos sobre a concentragao
de melatonina no leite TOTAL, porém, no leite da NOITE, resultou em concentragdo 40,55% menor
que o leite de vacas SEM suplementagao (6,57 vs 11,06 pg mL", respectivamente). O leite da ordenha
da NOITE apresentou concentragdo de melatonina 1,43 a 2,38 vezes superior ao leite TOTAL diario. O
leite total do rebanho apresentou concentragdo de 2,13 pg mL". A coleta diferenciada do leite produzido
no periodo noturno possibilita a obtengo de leite com alta concentracdo de melatonina.

Palavras-chave: Leite da noite. Niacina. Vitaminas B. Rimen-protegida. Composicao.

Abstract

Melatonin, a hormone secreted in cow milk, has beneficial effects on human health. This study aimed
to evaluate the effects of dietary vitamin supplementation and nocturnal milking on the concentration
of melatonin in cow milk. Twenty-one confined cows in the final period of lactation were used for the
study and the supplemented vitamins were: rumen-protected B vitamins, A, D,, E, and niacin (B3) not
protected from rumen degradation. The experimental period had a duration of 10 days. Milk samples
were collected during the first two days, without supplementation of vitamins (WITHOUT), and during
the final two days, eight days after the beginning of supplementation (WITH). Samples of milk produced
without and with supplementation, milked at 05:00 h (NIGHT) or from the total milk produced in
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the two daily milkings (TOTAL), were analyzed. The concentration of melatonin was determined by
enzyme immunoassay using the ELISA kit, and the results were analyzed by ANOVA and Tukey’s
test with 5% significance. Supplementation of the diet with vitamins (WITH) did not affect melatonin
concentration in TOTAL milk, but it resulted in a concentration 40.55% lower in the NIGHT milk than
in the milk from cows without (WITHOUT) supplementation (6.57 vs. 11.06 pg mL"). Milk milked
at night showed melatonin concentrations 1.43 to 2.38 times higher than daily TOTAL milk. The total
milk of the herd showed a concentration of 2.13 pg mL-'. The differentiated collection of milk produced
during the night period makes it possible to obtain milk with high levels of melatonin.

Key words: Night-milk. Niacin. B vitamins. Rumen-protected. Composition.

Introduction

Consumers increasingly seek  additional
benefits through the consumption of food, besides
the nutrients it provides. This includes cow
milk consumption, because, besides its nutrients
(WIJESINHA-BETTONI; BURLINGAME, 2013),
it contains several other beneficial components to
health known as functional components (BHAT;
BHAT, 2011; STANTON et al.,, 2013). These
include melatonin, which is a hormone produced
primarily by the pineal gland and secreted in milk,
with a regulatory effect on the circadian cycle and
sleep, and antioxidant and antitumor functions,

among others (DI BELLA et al., 2013).

Melatonin biosynthesis is performed in the
absence of light (HOFMAN et al.,, 1995) from
the essential amino acid tryptophan (in the same
biochemical pathway of the serotonin synthesis), in
a sequence of reactions dependent on enzymes and
organic and inorganic cofactors. Research regarding
the effects of nutrients on the synthesis of melatonin
has generally been carried out with rats and humans
and has shown positive results concerning the role
of vitamins, minerals, and polyunsaturated fatty
acids on the production of melatonin (PEUHKURI
etal., 2012).

Nicotinamide, generally known as niacin,
is a vitamin also synthesized in the tryptophan
metabolism (RICHARD et al., 2009). In tissues,
nicotinamide is converted into nicotinamide
adenine dinucleotide (NAD) and nicotinamide
adenine dinucleotide phosphate (NADP), which

are essential coenzymes for energy and lipid

metabolism, functioning as electron acceptors in
catabolic reactions or as electron donors in anabolic
(MARIA; MOREIRA, 2011). The
synthesis of niacin from tryptophan is controlled

reactions

through a negative feedback mechanism, where an
adequate level of niacin inhibits its synthesis from
tryptophan. Thus, increased intestinal absorption
of niacin decreases the use of tryptophan in its
synthesis and makes this amino acid available for
the synthesis of melatonin (DAWN et al., 2009;
MARIA; MOREIRA, 2011).

In ruminants, the organic components of the diet,
including water-soluble vitamins not protected from
ruminal degradation, are intensely degraded by the
ruminal microbiota. However, this same ruminal
microbiota also synthesizes water-soluble vitamins,
usually making it unnecessary to supplement
them for ruminants. Seemingly, 80-90% of dietary
niacin is degraded in the rumen, and its synthesis
at this site does not adequately compensate for this
degradation (SANTSCHI et al., 2005).

The synthesis of melatonin is strongly dependent
on the level of illuminance and photoperiod.
Muthuramalingam et al. (2006) detected that
illuminances of up to 5 and 10 lux do not inhibit the
synthesis of melatonin, while Valtonen et al. (2001)
observed a melatonin increase from 10 pg.mL™! to
60 pg.mL"! in cow milk when they increased the
dark period from 12 to 17 hours.day.

The present study aimed to determine the effects
of dietary supplementation and milking time on the
concentration of melatonin in cow milk produced
by a commercial herd in Parana State, Brazil.
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Material and Methods

The experiment was carried out in December
2017 at a commercial dairy farm in the municipality
of Castro, Parana State, Brazil. The local climate
is temperate and classified as Cfb according to
Koppen’s classification. Twenty-one Holstein cows
were used, with 62.41 + 19 months of age, 2.77 +
1.48 lactations, 357+ 129 days in lactation, estimated
production of 11,602 + 1,980 kg in 305 days of
lactation, and 68.18% with confirmed pregnancies.
Cows were kept in free-stall confinement with a
height of 5.5 m, zinc-aluminum cover with a central
opening, and sand stalls.

During the experimental period, the cows
remained without artificial lighting at night. For the

monitoring of the illuminance inside the free-stall
stable, a portable MLM-1020 (Minipa do Brasil
Ltda, Sao Paulo, Brazil) lux meter was installed and
equipped with a digital visible light sensor (3% of
accuracy) and an automatic data logger recording
at 4-min intervals. The equipment was fixed to
a height of 1.5 m from the floor next to the stalls.
Feed was provided ad /libitum in two daily meals,
with an average consumption of 20.96 kg.day' of
dry matter (DM) and leftovers of 140 g.kg™! of the
natural material supplied. The diet was formulated
to meet the nutritional requirements of the animals.
The ingredients and nutrient composition of the diet
are described in Table 1.

Table 1. Daily consumption (kg DM.cow™) and contents (% of DM) of ingredients and nutrients in the experimental

diet without supplementation.

Ingredients Consumption Concentration
Corn silage 8.50 40.53
Pre-dried silage 4.85 23.13
Wheat straw 0.36 1.72
Soybean meal 46% 2.02 9.63
Soybean hull 1.80 8.58
Wet brewery waste 1.05 5.01
Corn meal 0.86 4.1
High moisture corn silage 0.70 3.34
Optigen 0.04 0.19
Mineral-vitamin mix' 0.79 3.77
Nutrients

Dry matter 9.34 44.55
Ether extract 0.64 3.07
Net energy for lactation, Mcal? 32.46 1.55
Crude protein (CP) 3.49 16.64
Rumen degradable protein 2.39 11.39
Neutral detergent fiber 8.11 38.70
Starch 3.93 18.74
Tryptophan® 0.03 0.86

'Composition (g kg DM): 196 g Ca; 40 g P; 32 g Mg; 16 g S; 86 g Na; 478 mg Mn; 1,451 mg Zn; 330 mg Cu; 2,247 mg Fe; 7 mg
Co; 18 mg I; 8 mg Se; 106 IU vitamin A; 32 TU vitamin D; 633 TU vitamin E; 24 g biotin; 250 mg monensin.kg™'. 2Concentration:

Mcal kg'.DM. 3Concentration: % of CP.
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The experimental period lasted ten days. The
samples were collected during the first two days,
without supplementation of vitamins in the diet
(without), and during the last two days, eight days
after the beginning of the vitamin supplementation
(with). Vitamin supplementation included 3 g.cow™'.
day' of a commercial compound with rumen-
protected vitamins (Vivalto, ®Trow Nutrition)
and 6 g.cow'.day" of niacin (Niavit) not protected
from ruminal degradation, which was pre-mixed
with 141 g of cornmeal and mixed in with the
total diet. Through supplementation, in addition
to the 6 g.cow™ of niacin (B3) not protected from
ruminal degradation, the following amounts of
rumen-protected vitamins were consumed daily (on
average): 120 mg of D-pantothenic acid (B5), 76.5
mg of pyridoxine (B6), 13.05 mg of folic acid (B9),
9.69 mg of biotin (B7), 921 mcg of cyanocobalamin
(B12), 4,500 IU of vitamin A, 900 IU of vitamin
D3, and 45 IU of vitamin E.

The cows were milked daily between 05:00 a.m.
and 05:30 a.m. (night) and between 03:00 p.m. and
03:30 p.m. Samples of milk representative of each
milking were collected during the first two days
(without) and during the last two days (with) in the
pumping of the night and the total daily production
(total). Simultaneously with milk sampling, samples
of the expansion tanks of the farm, including the
total daily milk of 900 cows, were also collected.

Each composite sample was divided into two
flasks: one with a volume of 70 mL and bronopol
preservative, used for physicochemical analyses in
the Holstein Cattle Breeder Association of Parana
(“Associagdo Paranaense de Criadores de Bovinos
da Raga Holandesa” - APCBRH), the other with
a volume of 100 mL and kept at -20 °C for the
determination of melatonin concentration. The
fat, protein, and lactose contents were determined
by infrared spectrophotometry using a Bentley
2000® automated equipment (Bentley Instruments
Inc.); the urea concentration was analyzed by the

Berthelot enzymatic method (BERGMEYER,

1985) and spectrophotometry, using a Chemspec
150® equipment (Bentley Instruments Inc.); and the
somatic cell count (SCC) was performed by flow
cytometry in a Somacount 500® equipment (Bentley
Instruments Inc.).

Melatonin concentration was determined by
enzymeimmunoassayusingthe ELISAkit(RE54041,
IBL International, Hamburg, Germany), according
to Kollmann et al. (2008). Samples were thawed
and centrifuged at 3,000 x g for 10 minutes at 4 °C
for fat separation, and the melatonin concentration
was determined in the defatted phase. The readings
were carried out in a spectrophotometer at 450 nm.
The curve adjustment and mathematical model for
the determination of the melatonin concentration
were performed through logistic regression using
patterns with known concentrations, resulting in a
coefficient of determination (R?) = 0.99.

The data were analyzed through descriptive

statistics. The normality was evaluated with
the Kolmogorov-Smirnov test and the analysis
of variance with paired data (with and without
supplementation of vitamins; total milk and night
milk) and Tukey test at 5% of significance. The Dell
Statistica 13.0 software (DELL, 2016) was used for

the analysis.

Results and Discussion

The concentration of melatonin in the total
daily milk without dietary vitamin supplementation
(3.27 pg.mL") did not differ from milk produced
with supplementation (2.71 pg.mL') and total
milk in tanks from the herd of 900 cows (mean
of 2.96 pg.mL"'; Figure 1). In the night milk,
vitamin supplementation resulted in a melatonin
concentration of 40.55%, which was lower than the
cow milk Without supplementation (6.57 vs 11.06
pg.mL"). The maximum concentration of melatonin
(25.90 pg.mL') was observed in the NIGHT milk
from cows without vitamin supplementation.
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Figure 1. Means (columns) and 95% confidence interval (bars) of the melatonin concentration in the total daily
milk and night milk from cows with and without dietary vitamins supplementation (A) and total milk of the herd in
expansion tanks (B) in the first two days (1) and last two days (2) of the experimental period.
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The concentrations of melatonin observed in this
study were higher than the mean values of 2.2 + 0.5
pg.mL! and 0.4 £ 0.2 pg.mL"! found by Castro et
al. (2011), in milk produced at night (11:00 p.m. to
06:00 a.m.) and daytime (08:00 a.m. to 10:00 a.m.),
respectively. Kollmann et al. (2008) also found
similar concentrations, ranging from 1.8 pg.mL"
to 4.4 pg.mL! in milk milked at 3:45 p.m., and 3.9
pg.mL"'to 6.7 pg.mL" in milk milked at 04:45 a.m.

Results indicating possible inhibitory effects
of vitamins on the synthesis of melatonin were
not found in the literature. Besides, simultaneous
supplementation of several vitamins makes it
challenging to identify which vitamin had an
inhibitory effect and the mechanism by which the
inhibition occurred.

The supplemented water-soluble vitamins act
as coenzymes and are essential for the metabolic
reactions related to melatonin biosynthesis
(PEUHKURI al., 2012). Thus,
supplementation in the diet was performed in
this study in order to improve the synthesis of
melatonin, as it was expected that in the case of
vitamin deficiency, supplementation would produce
an increase in their concentration, or, in the case

et vitamin

of vitamin sufficiency, only the maintenance of its
concentration.

Studies about the effects of nutrients on the
synthesis of melatonin have generally been
performed with mice and humans. Some studies
show a positive impact of the minerals zinc
(BELVIRANLI; BALTACI, 2008), magnesium
(BILLYARD et al., 2006), and calcium (MORTON,
1989) on melatonin production. Moreover, an
increase in the production of melatonin through the
supply of vitamins such as folic acid and pyridoxine
(SCHERNHAMMER et al., 2009),
polyunsaturated fatty acids such as docosahexaenoic
acid (LAVIALLE et al., 2008) have been detected.

Folic acid, pyridoxine, and cyanocobalamin are also

and n-3

essential for the metabolism of homocysteine, which
donates a methyl group in the biochemical reactions
for the synthesis of melatonin (PEUHKURI et al.,
2012).

A possible cause for the decrease of the melatonin
concentration in milk with vitamin supplementation
could be increased amino acid requirements,
including tryptophan, with the eight-day progress
of gestation in 68% of the studied cows, which
would decrease their availability for the synthesis
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of melatonin. However, the increase in protein
concentration in milk indicated the opposite in this
study (Table 2). Besides, high ruminal degradability
of dietary niacin, which may reach as high as 90%
(SANTSCHI et al., 2005), and a possible increase
in its metabolic requirement (NAD and NADP),
may have increased the use of tryptophan for the
synthesis of niacin and limited the synthesis of
melatonin.

Night milk (05:00
concentrations between 1.43 (with vitamins) and
2.38 (without vitamins) times higher than total
daily milk, showing the influence of the dark
period on its synthesis. In the present study, cows
were maintained for only eight to nine hours with
illuminance up to 0.1 lux (Table 2), that is, within
limits that did not inhibit synthesis of melatonin
(MUTHURAMALINGAM et al., 2006).

am.) had melatonin

Table 2. Average time (hours) with illuminance < 0.1 lux (Night) or above 100 lux (Day), and the transition periods
night-day (Dawn) and day-night (Dusk) in the free-stall stable during the periods of milk sampling without and with

vitamin supplementation for cows.

Supplementation Night Day Transition - Dawn  Transition - Dusk Total
Without 08:54 11:54 02:30 00:48 24:00
With 08:18 12:24 02:36 00:30 24:00

According to Muthuramalingam et al. (2006),
illuminances between 5 and 10 lux do not affect the
synthesis of melatonin, while values of 50 lux inhibit
its synthesis by 50%. Thus, for approximately eight
hours in which the illuminance was maintained at
< 0.1 lux, we assumed that there was no inhibition
of the synthesis of melatonin due to illuminance.
However, conducting this study in the summer
resulted in a low number of night hours.

Higher concentrations of melatonin were found
in night milk with longer durations of dark periods in
previous studies. Valtonen et al. (2001) detected an
increase from 10 pg.mL"' to 60 pg.mL"' in melatonin
concentration when they increased the dark period
from 12 to 17 hours/day. Asher et al. (2015) found
30.70 + 1.79 pg.mL"! of melatonin in the milk of
cows kept at 13 hours with illuminance up to 5.08
+ 0.04 lux. Milagres et al. (2014) found melatonin
concentrations of 39.43 pg.mL" in milk milked at
02:00 a.m. and 4.03 pg.mL"" in milk milked at 03:00
a.m., in a study performed in June, when the night
lasts for longer.

Thus, we hypothesize that the short duration of
the dark period, with illuminance < 0.1 lux, limited

the concentration of melatonin in milk milked at
night. Besides, when the duration of the night is
longer, during the winter, night milk may contain a
higher concentration of melatonin.

The performance of only two daily milkings,
with an interval of approximately four hours after
the milking of the afternoon (03:00 p.m.) until early
evening (dark period), and with an illuminance
above 100 lux, may also have contributed to the low
concentration of melatonin in night milk. With such
an illuminance value, the synthesis of melatonin is
insignificant and, consequently, the low-melatonin
secreted milk at this time had a dilutive effect on
the milk secreted at night. A scheme planned for
milking near the early and late night (dark period)
may increase the concentration of melatonin in the
milk from the milking of the end of the night.

Overall, the concentration of components in
milk allowed us to hypothesize that there were no
shortages of nutrients for the melatonin synthesis in
the metabolism, including amino acids for protein
synthesis (Table 3). Among them is tryptophan,
which is the precursor of the synthesis of melatonin.
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Table 3. Means and standard deviations (&) of daily milk production of cow'.day' and the concentrations of
components in the total daily milk of cows without and with vitamin supplementation in the diet, and milk from the

total herd (Tanks).
Supplementation -2
Parameter : - Tanks
Without With

N 21 21
Milk, kg 22.79+3.14 23.06 +3.16 -
Fat, % 4.12+0.93 3.89 £0.62 337+0.18
Protein, % 3.40+£0.30 3.38 £0.57 3.09+0.02
Lactose, % 439 +0.34 4.23+0.44 4.62 +£0.02
Total Solids, % 12.84 +1.30 12.41 £ 1.38 11.99+0.23
Urea® 12.05+£2.52° 14.78 £ 4.74° 10.84 £ 0.74
SCC*, x 1,000 mL™! 134.39 107.86 209.20

'Supplemented vitamins of cow'.day': 120 mg d-pantothenic acid; 76.5 mg pyridoxine; 13.05 mg folic acid; 9.69 mg biotin; 921
mg cyanocobalamin; 4,500 IU vitamin A; 900 IU vitamin D,; 45 U vitamin E, rumen-protected; 6 g niacin, not protected from

ruminal degradation.

2Means with different letters on the same line differ with 5% of significance.

*mg.dL.
4 geometric mean.

The contents of the different components found
in the experimental cow milk and the expansion
tank were in line with the Brazilian legislation
(BRASIL, 2011). They were also similar to those
observed by Ribas et al. (2014), who studied
1,950,034 milk samples in expansion tanks in the
state of Parana and found 3.74 + 0.69% of fat, 3.22
+ 0.27% of proteins, 4.40 + 0.23% of lactose, and
12.29 £ 0.85% of total solids.

The nutrient contents did not differ between milk
with and without vitamin supplementation in the diet,
suggesting that their availability in the metabolism
did not limit their synthesis. Sacadura et al. (2008)
supplemented cows producing 40 kg.day"! of milk
with 3 g of a mixture of rumen-protected B vitamins
in the diet and observed an increase in protein
production (1.21 vs 1.24 kg.day') and a decrease of
fat content (3.71 vs 3.63%) in the milk of 247 cows
with 218.8 = 3.90 days of lactation, concluding that
supplementation increased metabolic efficiency.

The levels of urea in milk are indicators of protein
nutrition. The values found in this study (Table
3) are close to the suggested limits of 10 mg.dL"!

and 14 mg.dL', which indicate adequate protein
nutrition (MUNYANEZA et al.,, 2017). These
values were similar to the mean of 14.18 mg.dL"!
found by Doska et al. (2012) in 127,428 samples of
Holstein cow milk in 96 herds in the state of Parana.
The higher value of urea concentration in milk with
vitamin supplementation suggests that these cows
had an excess of ammonia in ruminal fermentation,
or increased catabolism of amino acids in the
metabolism (SPEK et al., 2013).

The SCC indicates the health of the mammary
glands of the experimental cows, and this variable
did not differ with vitamin supplementation. The
observed values are in line with the requirements
of the Brazilian legislation (max. 400 thousand.mL-
1) and are lower than the average of 553 thousand
mL! found by Ribas et al. (2014) in 1,950,034 milk
samples from the state of Parana.

To evaluate the effects of consumption of
melatonin-rich milk in humans, Valtonen et al.
(2005) offered 0.61 l.day™! of milk with a melatonin
concentration of 15.3+3.1 pg.mL"' to 81 seniors with
a mean age of 82 years and observed improvements
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in their sleep quality and activity level. Recently,
Bae et al. (2016) found greater satisfaction with
sleep and decreased daytime sleepiness in young
people with mild
providing night milk in an amount that contained
1,000 pg of melatonin and 58.24 mg of tryptophan,
which are high values when compared to the total
daily milk (usual; 100 pg of melatonin and 47.5 mg
of tryptophan). The amount of melatonin supplied
through night milk in the study by Bae et al. (2016)
is equivalent to 130 mL of night milk from cows
without vitamins from the present study.

insomnia symptoms after

Conclusions

Under the conditions of the present study,
dietary supplementation with niacin unprotected
from ruminal degradation for cows in the final
lactation period, as well as the vitamins pyridoxine,
cyanocobalamin, folic acid, biotin, pantothenic acid,
vitamin A, vitamin D, and vitamin E protected from
ruminal degradation, decreased the concentration
of melatonin in milk milked at the end of the dark
period.

Milk from cows without vitamin supplementation
milked at the end of the dark period (night), with an
illuminance < 0.1 lux for eight and a half hours, had
a melatonin concentration 2.38 times higher than
the total daily milk. Thus, a differentiated sampling
of the milk from the milking of the end of the dark
period makes it possible to obtain and commercialize
milk rich in melatonin, with potential health benefits
for consumers.
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