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The aim was to determine whether administration of melatonin would alter the yield and
composition of milk from grazing dairy cows in summer. Twelve sets of spring-calving identical
twin Friesian cows were used in the experiment. In late-November (late spring), one twin from
each set was given slow-release melatonin implants behind the ears (108 mg melatonin/cow).
Two further implantations occurred at 4-weekly intervals to maintain increased circulating con-
centrations of melatonin for 12 weeks. The other twin served as a control. Milk yield and
composition were measured twice prior to treatment and then four times over the following
12 weeks. Concentrations of melatonin, prolactin and insulin-like growth factor 1 (IGF-1) were
measured in blood plasma twice before treatment and then either seven (melatonin and pro-
lactin) or three (IGF-1) further times during the experiment. Management procedures for all
cows were similar and cows grazed a daily pasture allowance of approximately 30 kg DM/cow
as their sole feed source. In melatonin-treated cows there was a decrease in mean concen-
trations of prolactin in plasma, but concentrations of IGF-1 did not change. Melatonin reduced
milk yield by 6 weeks after treatment and by the end of the 12-week experimental period milk
yield in melatonin-treated cows had fallen by 23%. Melatonin also reduced concentrations of
lactose in milk, but increased concentrations of fat, protein and casein, changes that were
broadly similar to those that occur in late lactation in seasonally calving dairy cows. Thus, the
results suggest that some of the variation in the volume and quality of milk throughout the
season in New Zealand dairy systems may be due to changes in photoperiod mediated by
increased concentrations of plasma melatonin in association with decreased concentrations of
plasma prolactin.
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The New Zealand dairy industry is based around the use
of pasture as a low-cost feed, which has led to the adop-
tion of seasonal calving to maximize pasture utilization.
Most cows calve just prior to spring, and are dried off
(lactation ceased) for periods of 8–10 weeks during winter.
This production system is characterized by irregularities in
the supply of milk to processors in terms of both quantity
and composition, and is accompanied by seasonal vari-
ations in the manufacturing potential of the milk (Auldist
et al. 1998). In particular, milk from late in the production

season (autumn and winter) can have manufacturing
properties that differ from those of early and mid-season
milk, and some products cannot be made at all during this
time (Lucey, 1996). This reduces the ability of manufac-
turing companies to react to market forces, and necessi-
tates storage of product to meet demand out of season.

Seasonal variation in milk composition in pasture-
based, seasonally calving dairying systems has been associ-
ated with several factors. Nutritional factors associated
with changing availability and quality of pasture through
the year (Kefford et al. 1995; Auldist et al. 2000) and
physiological changes associated with the stage of lac-
tation of cows (Auldist et al. 1998) are commonly regarded
as playing a role (Lucey, 1996). Other environmental and
climatic conditions can also affect the seasonality of milk
production, but information on the impact on these factors
in grazing cows is scarce.
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One such environmental condition is photoperiod
(duration of daylight). Several studies show that increasing
the exposure of cattle to light can increase milk yield in
cows (Dahl et al. 2000). This is probably due, in part, to
increased dry matter intake, but generally the increases in
milk yield induced by extending photoperiod cannot be
fully accounted for by changes in intake. The endocrine
mechanism through which this photoperiod effect is
mediated, however, is uncertain. Daylight is known to
inhibit the synthesis of melatonin, the hormone produced
and secreted from the pineal gland that signals the
duration of night. Associated with the lower amounts of
melatonin secreted is an increase in the secretion of a
number of other pro-lactational hormones, notably pro-
lactin and insulin-like growth factor 1 (IGF-1). It has been
proposed that these endocrine effects are responsible
for the increase in milk yield reported to occur during
long-day photoperiod (Dahl et al. 2000).

Whatever the mechanism, these effects of photoperiod
on milk yield suggest that there are some aspects of
seasonal variation in milk yield and composition that
cannot be altered via the manipulation of nutrition or
calving time. The current experiment determined the im-
pact of elevated melatonin on milk yield and composition
in grazing dairy cows. This was considered a first step in
determining the potential contribution of reduced day-
length to the seasonal variation in milk quantity and
quality in New Zealand.

Materials and Methods

Animals and design

The study used 12 sets of identical twin Friesian cows
sourced from the seasonally calving research herd at
Dexcel (Hamilton, New Zealand). All cows had calved
just prior to spring. Mean ages, liveweights and days in
milk at the first implantation are presented in Table 1. All
cows grazed together for the duration of the experiment
and were subjected to the same management procedures.
Cows were milked twice daily at approx. 7.00 and 16.00
through a common dairy. A daily pasture allowance of
approximately 30 kg DM/cow formed 100% of the diet.
No supplements were fed.

In late November, approximately 1 month before the
summer solstice of 21 December, one twin from each set
received the first of three doses of melatonin. The second
and third doses of melatonin were given 4 weeks and

8 weeks after the first. The other twins from each twin-
set formed the control group. They did not receive any
implants but were also run through the cattle crush when
the treatment cows received their implants.

Melatonin implants

Melatonin was administered as slow-release implants
(Regulin�, NZ Vet, Christchurch, New Zealand), implanted
subcutaneously behind the ears. Each implant contained
18 mg melatonin. Based on the dose recommended for
red deer (Webster et al. 1991), and personal communi-
cation with Dr J Webster (AgResearch Invermay, New
Zealand) each cow was given six capsules (108 mg) at
each of the three implantation times. At each implantation,
three implants were inserted per ear using an implant
gun, following thorough disinfection of the implantation
site.

Blood sampling

Blood samples were drawn from the coccygeal blood
vessel of each cow on two occasions in the week prior to
the first melatonin implantation. Thereafter, blood samples
were collected on seven further occasions over the
duration of the experiment (approximately 2, 4, 6, 8, 10,
11 and 12 weeks after the first melatonin implants were
administered). On each occasion, samples were collected
in daylight (immediately following the morning milking at
approx. 7.00) into vacutainers containing either heparin
(for melatonin analyses) or EDTA (for prolactin and IGF-1
analyses). Samples were chilled on ice immediately, then
the plasma separated by centrifugation within 1 h of
collection.

Milk Sampling

Milk yield was measured electronically on each sam-
pling each day using the Ruakura Milk Harvester. Milk
samples were collected from each individual cow in
both the treatment and control groups using in-line milk
meters. On each milk-sampling occasion, samples were
collected at four consecutive milkings (i.e. am+pm+am+
pm), and the samples bulked to form one sampling per
cow. A blood sample was collected (as above) on one
morning during each milk sampling (extra blood samples
were collected on some mornings when no milk was
sampled).

Two such milk samples were collected in the week
immediately prior to the first melatonin implantation (so
as to obtain reliable baseline data and ensure that milk
composition of twins within twinsets was initially similar).
Further milk samples were collected 6, 8, 11 and 12 weeks
after the first melatonin implantation. Following collec-
tion, samples were immediately chilled and subsampled,
then frozen, preserved or immediately analysed, depending
on assay requirements.

Table 1. Ages, days in milk and liveweights for control cows
and cows treated with Regulin� melatonin implants. Values are
group means (±SD) for n=12 at the first implantation

Control Treatment

Age (years) 3.5 (±2.4) 3.5 (±2.4)
Days in milk 125 (±13.6) 132 (±14.5)
Liveweight (kg) 426 (±31.0) 425 (±26.3)
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Analyses

Melatonin and prolactin were measured in all blood
plasma samples, but IGF-1 was only measured in the
samples collected prior to the first implantations and
the three samples after the final implantations.

Melatonin was measured by radioimmunoassay as
described by Fraser et al. (1983). Intra- and inter-assay
CV was 7.1% and 11.0%, respectively. Prolactin was
measured using the method described by Pearson et al.
(1996) but using lactoperoxidase in place of iodogen
for preparation of the radio-labelled prolactin. Intra- and
inter-assay CV was 8.2% and 6.2%, respectively. Con-
centrations of IGF-1 in plasma samples were measured
by RIA using antibody supplied by Drs LE Underwood and
JJ van Wyk, University of North Carolina, USA through
the National Hormone and Pituitary Program, National
Institutes of Health. Before assay, plasma samples were
extracted using the procedure of Bruce et al. (1991) to re-
move IGF binding proteins. Human recombinant IGF-I
was used as the reference standard. Assay sensitivity was
2.3 nmol/l and intra- and inter-assay CV was 4.6% and
8.9%, respectively.

Milk samples were analysed for fat and lactose using
an infra-red milk analyser (Milkoscan 133B; Foss Electric,
Hillerød, Denmark). Somatic cell counts (SCC) were
measured using an automated cell counter (Fossomatic

215; Foss Electric). Total N (TN) and non-casein N (NCN)
were measured using macro-Kjeldahl techniques (Barbano
et al. 1991), and these N fractions were then used to
calculate casein protein ((TN–NCN)r6.38).

Statistical Analyses

Data were initially analysed as repeated measurements
using the AREPMEASURES procedure in GenStat (GenStat
2002), with twinpair and cows within twin pair as blocks
and treatment, age (cow v. heifer), date and interactions as
fixed effects. Because the effect of melatonin treatment
changed significantly through time for most variables (milk
yield, fat, protein, casein, prolactin; P<0.05), this initial
analysis was followed by univariate analyses of the data
from each date individually (by ANOVA). Data at each
date are presented so as to illustrate better these changes
of treatment effects through time. Data from a cow with
SCC >400 000 cells/ml were excluded from the analysis at
one sampling point (data from her twin remained in the
statistical model).

Results

Blood plasma

Concentrations of melatonin in melatonin-treated cows
were increased several-fold by the first sampling after
implantation and remained so for the duration of the
trial (Fig. 1). No changes were observed in control cows.
Concentrations of plasma prolactin declined over the
course of the study in both treated cows and control cows
(Fig. 1). The decline was greater for melatonin-treated
cows, in which concentrations of prolactin were reduced
compared with control cows by 4 weeks after implan-
tation. There was no difference between treated and con-
trol cows in plasma concentrations of IGF-1 (Table 2).

Milk yield

Compared with control cows, milk yield of melatonin-
treated cows was reduced by 6 weeks after implantation
and remained that way for the duration of the trial (Fig. 2).
At the final measurement, 12 weeks after implantation,
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Figure 1. Plasma concentrations of melatonin and prolactin in
cows treated with Regulin� melatonin implants ($) and control
cows (#). Arrows show times of implantation. Vertical brackets
represent the standard error of the difference between treatment
means (n=12). Asterixes indicate significance of differences
between means at particular times (*P<0.05; **P<0.01).

Table 2. Mean and SED (n=12) concentrations of insulin-like
growth factor 1 in plasma of control cows and cows treated
with Regulin� melatonin implants

Sampling date Control Treatment SED P value†

20 November 92.6 90.5 3.05 NS
27 November 94.9 95.1 2.35 NS
5 February 110.19 113.5 6.41 NS
12 February 86.8 82.7 3.65 NS
19 February 84.7 84.8 3.14 NS

† NS, difference between means is not significant (P >0.05)
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milk yield of the treated cows was 23% (2.8 l) less than the
control cows.

Milk composition

Concentrations of fat, protein and casein were increased,
while lactose concentrations decreased, in milk from
cows treated with melatonin compared with control cows
(Fig. 3). Generally these changes in the concentration of
the major milk components were apparent by 6 or 8 weeks
after implantation (with the exception of casein for which
the changes did not become apparent until 11 weeks after
implantation).

Discussion

An increase in milk yield of dairy cattle as a result of
increasing the amount of daylight per day has been
observed in at least eight studies (see Dahl et al. 2000).
In many of these experiments, increased milk yield in
response to long-day photoperiod was associated with a
reduction in the amount of time during which melatonin
was elevated in blood. Melatonin is released by the
pineal gland during darkness and inhibits secretion of
the lactational hormone prolactin by the pituitary gland.
Thus concentrations of circulating prolactin conse-
quently increase during daylight (Peters & Tucker, 1978;
Buchanan et al. 1993; Dahl et al. 2000). Hence, other
studies have attempted to mimic a reduction in photo-
period by feeding melatonin to cows in an established
lactation. In these previous studies, melatonin reduced
prolactin secretion, but did not change milk volume (Dahl
et al. 2000).

In the Southern Hemisphere, the summer solstice occurs
on 21 December. At this time, the duration of photoperiod
is maximal and, presumably, melatonin secretion is at its
lowest and prolactin secretion at its peak. In the current

experiment, cows were treated with melatonin approxi-
mately 1 month before 21 December. This was done to
maximize concentrations of melatonin and, therefore,
minimize prolactin secretion in treated cows by the time
of the solstice. The results showed that administration of
melatonin reduced concentrations of prolactin in cows
by 4 weeks after melatonin was implanted. In contrast
to previous studies, however, our study showed that
the administration of melatonin also caused a significant
decrease in milk yield within 6 weeks of implantation, an
effect that was sustained until the end of the experiment.
The difference amounted to a 23% decline in milk yield
in treated cows compared with control cows at the end
of the experiment (12 weeks after first implantation).

This effect of melatonin on milk yield in the face of
previous results showing no effect may be due to differ-
ences in the methods of administration. Implanting mela-
tonin subcutaneously may have introduced melatonin
into the circulation more directly than feeding melatonin,
although the average daily dose of melatonin per cow in
our study (y3.8 mg) was considerably less than that
in other feeding studies (e.g. 22.5 mg in the study of Dahl
et al. 2000). Such direct introduction to the bloodstream
may be one reason that a relatively low dose of melatonin
in the current experiment resulted in concentrations of
melatonin that were well above normal physiological
levels. Previous reports show nocturnal melatonin levels
ranging between 26 and 90 pg/ml (Berthelot et al. 1990;
Burchard et al. 1998; Eriksson et al. 1998). In the current
study, concentrations of melatonin in treated cows at times
averaged over 200 pg/ml. It is also possible that cows bred
within pasture-based, seasonally calving dairying systems
may be more sensitive to melatonin than cows bred within
non-seasonal systems, even though Bovidae are not con-
sidered to be especially seasonal (Sanchez-Barcelo et al.
1991) nor sensitive to prolactin in established lactation
(Knight, 2000).

It is also important to note that the constantly elevated
levels of melatonin induced pharmacologically in treated
cows in the current study present a different scenario to
the physiological changes in the pattern of melatonin
secretion that occur during actual alterations in daylength.
Melatonin is elevated in response to darkness, but then
reduced in response to daylight and therefore there is
substantial diurnal variation of circulating melatonin con-
centrations even during short-day photoperiod (Gustafson
1994; Dahl et al. 2000). In our experiment, such circadian
rhythm may have been overridden by the constantly high
melatonin levels such that the experimental conditions
may have more accurately represented constant darkness
rather than short-day photoperiod. This may be another
reason for the differences in our results compared with
previous studies.

Implantation of exogenous melatonin not only reduced
concentrations of prolactin in blood plasma and decreased
milk yield, but also caused changes in milk composition
that were similar to those that occur in late lactation as
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Figure 2. Mean yields of milk from cows treated with Regulin�

melatonin implants ($) and control cows (#). Arrows show
times of implantation. Vertical brackets represent the standard
error of the difference between treatment means (n=12).
Asterixes indicate significance of differences between means at
particular times (*P<0.05; **P<0.01).
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mammary glands of cows approach involution (Auldist
et al. 1998). Specifically, concentrations of fat, protein
and casein increased, while concentrations of lactose
decreased. These changes in milk composition would
have offset some of the decrease in yield of the major
milk solids (fat, protein and casein) induced by melatonin.
Nevertheless, this observation further suggests that at least
some of the seasonal variation in milk yield and compo-
sition may be due to increased amounts of circulating
melatonin during the shorter days of autumn and winter.

The precise mechanism of action of melatonin in in-
ducing a reduction in milk yield in the current experiment
remains unclear. In a review of photoperiod effects on
milk yield, Dahl et al. (2000) point out that the role of
prolactin as a potential mediator of the galactopoietic
effects of photoperiod is questioned by two key obser-
vations. The first is that the administration of exogenous
prolactin to cows in established lactation has no effect
on milk yield, at least not within the first 4 weeks (Plaut
et al. 1987). The second is that at temperatures below
freezing, long-day photoperiod does not change con-
centrations of prolactin but does affect milk yield (Peters
et al. 1980). Dahl et al. (2000) instead put forward the
theory that the increases in milk yield observed when
photoperiod is increased may be mediated via IGF-1. Dahl
et al. (1997) showed that concentrations of IGF-1 were
lower in cows exposed to short-day compared with long-
day photoperiod, while feeding melatonin has previously
had a similar effect. In the current study, IGF-1 was
measured in blood on three occasions after the final
implantations of melatonin but there were no differences
between control or treatment groups at any point. Thus,

our data provide no support for the theory that photo-
period effects on milk yield are mediated through melato-
nin-induced changes in circulating IGF-1 concentrations.

In conclusion, our results show that the administration
of melatonin via subcutaneous implants can affect milk
production in grazing dairy cattle. Melatonin not only
induced a reduction in milk yield, but also caused changes
in milk composition that were similar to those observed
in cows approaching the end of lactation. The results
also showed that exogenous melatonin reduced prolactin
secretion but did not affect circulating levels of IGF-1.
These results imply there may be a proportion of the
seasonal variation in milk yield and composition common
to New Zealand dairying systems that cannot be mitigated
by on-farm strategies involving manipulations to cow
diet or calving pattern. Further studies inducing a more
physiological variation in circulating levels of melatonin
are required to confirm this observation.
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