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Milk yield, prolactin and IGF-1 in cows which calve in Autumn; preliminary report

J. WRIGLEY, C. HOLMES AND N. LOPEZ-VILLALOBOS

Massey University, Private Bag 11-222, Palmerston North, New Zealand

ABSTRACT
The objective of this study was to investigate causes of reduced peak milk yield of autumn-calving cows.  This experiment

is part of a study that is comparing autumn- and spring-calving systems.  Two groups of 17 multiparous, Friesian cows that
had calved between April 1 and May 6 were fed either ad libitum on grazed pasture (G), or restricted pasture (10kg DM/
cow/day) supplemented with maize silage (6kg DM/cow/day) (G + MZ) for a period of 21 days.  Milk yield by cows on G
increased by 6.2 litres over the 21-day period and was significantly higher (P< 0.01) than the yields of cows on G + MZ.
Milk prolactin concentration had no significant association with milk yield.  There were higher average plasma concentrations
of IGF-1 in the G group (range 104-140ng/mL vs. 95-107ng/mL) that corresponded to higher average milk yields but IGF-
1 concentration had no significant association with milk yield.  Milk yield and milk prolactin concentration were negatively
associated with condition score and plasma IGF-1 concentration was positively associated with condition score.
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INTRODUCTION
Most New Zealand dairy cows calve in spring to

coincide with an increase in pasture growth rate (Garcia &
Holmes, 1999).  However, milk production can be spread
more evenly throughout the year by implementing two
calving dates (spring and autumn).

Cows that calve in autumn and produce milk in winter,
generally achieve lower peak daily milk yields than spring-
calving cows (Garcia & Holmes, 1999; Suksombat et al.,
1994).  This can be explained at least partly by nutritional
effects, because autumn-calving cows are usually given
restricted pasture plus supplements during early lactation
because of the reduced winter pasture growth rate.

However, part of the decrease in peak milk yield may
be due to endocrine mechanisms within the cow caused by
photoperiod factors.  For example, photoperiod affects
melatonin secretion and probably also prolactin and IGF-1
secretion (Dahl et al., 2000).  These effects may act to
depress peak milk production of autumn-calving cows
because of their role in galactopoiesis.  It is generally
accepted that prolactin is required for the initiation of
lactation and is positively correlated with milk yield (Akers
et al.; 1980; Plaut et al., 1987).  Prolactin is released in
surges (Sejrsen et al., 1983) which are difficult to detect
from blood samples.  However, concentration of prolactin
in milk is less variable so that milk samples give a better
indication of prolactin activity than blood samples (Malven,
1977; Akers & Kaplan, 1989).  IGF-1 is relatively stable in
plasma and is negatively correlated with milk yield (Tucker,
2000).

The present study was designed to measure
concentrations of circulating IGF-1 and prolactin at peak
lactation in autumn-calving cows fed on pasture alone or
pasture supplemented with maize silage.  Changes in the
concentrations of these hormones may account for
differences in peak milk yield of autumn-calving cows.

MATERIALS AND METHODS
Experimental design

The experiment was carried out during a 3-week period
in the winter month of June 2000 with 34 Friesian
multiparous autumn-calved cows.  Two diets were offered;

generous pasture allowance alone (G), or restricted pasture
allowance supplemented with maize silage (G + MZ).  Half
of the daily allowance of supplement was fed after each
milking (at approximately 08:00 and 16:00 h).  All cows
had been on a diet of pasture plus silage prior to the trial, in
the normal farm management regime.  Therefore, those
cows to be fed pasture alone (G) were given five days to
adapt to pasture alone, before the experiment began.  Cows
were ranked according to age, number of prior lactations,
and current level of production, and then blocked into pairs.
Each cow within the pair was then randomly assigned to
one or other of the dietary groups.

Grazing Management
The study was conducted on Massey University Number

1 Dairy Unit, Palmerston North, which is divided into two
farmlets of equal size (61.4 hectares) with either 150
autumn-calving cows, or 150 spring-calving cows.
Paddocks within each farmlet are distributed evenly across
the farm area.  Pasture was grazed rotationally so that one
paddock was grazed for a 24-hour period.  The G + MZ
treatment group grazed with the main herd, but was drafted
out after each milking to be fed a measured allowance of
maize silage in feed bins on a concrete feed pad.  The cows
in the G treatment grazed the paddocks in the normal
rotation, but one day before the main herd.

MEASUREMENTS
Milk production of all cows was measured at three herd

tests; one prior to the start of the adaptation period, and
then on Day 11 and on Day 19 of the experimental period.
In addition, milk samples were taken from the back left
quarter of each cow prior to machine milking on days 0, 7,
14 and 21, and analysed for prolactin concentration.  The
assay of prolactin in milk was adapted from
radioimmunoassay (RIA) of prolactin in bovine blood
described in Pearson et al., (1996).  Milk was defatted by
centrifugation and used in the assay.  On each of the
sampling days after milking, blood samples were taken by
venepuncture of the coccygeal vein in the tail, for
measurement of IGF-1 concentration, by RIA using the
antibody from Dr Underwood and Van Wyk (University of

ISSN 0370-2731/2001 Proceedings of the New Zealand Society of Animal Production 61: 210-212



North Carolina; distributed by National Hormone and
Pituitary Program, NIH, Bethesda, MD, USA).  Samples
were extracted before assay by the procedure of Bruce et
al. (1991), Sample extracts were then diluted 1/15 (v/v)
with assay buffer (50 mM NaPhosphate, pH 7.4 containing
0.02% protamine sulphate 10 mM EDTA and 0.05% Tween
20), prior to addition of primary antibody and [125I] IGF-
I (10,000cpm).  Final assay volume was 0.5ml.  The assay
was incubated at 4ºC for 72h prior to precipitation of the
primary antibody using goat anti-rabbit IgG antiserum and
4% polyethylene glycol 6000.  Inter- and intra-assay
coefficients of variation for this assay were 15 and 11%,
respectively.  On days 0, 7, 14 and 21 each cow was weighed
and condition scored (scale 0 - 10).  Grazing behaviour
was monitored for two 24-hour periods on days 5 and 19,
and the data will be reported later.  Dry matter intake by
each cow was measured by the alkane method (analyses
are not yet available).

Blood samples were centrifuged at 3000rpm for 20
minutes at 5oC and the plasma was frozen.  Milk and plasma
samples were assayed for prolactin and IgF-1 respectively
at AgResearch Ruakura, Hamilton.

Statistical analysis
Variables analysed were milk prolactin concentration,

plasma IGF-1 concentration and milk yield.  The linear
model included the effects of diet, day of measurement,
and their interaction, and as covariables, breeding values
for milk, protein and fat (as estimated by Livestock
Improvement Corporation) and days in milk.  Repeated-
measures analysis was used for analysis of milk yield,
plasma IGF-1 concentration and milk prolactin
concentration.  Live weight, body condition score, milk
prolactin concentration and plasma IGF-1 concentration
were fitted as covariables for the analysis of milk yield.
Milk yield and body condition score were fitted as
covariables for the analysis of milk prolactin concentration
and plasma IGF-1 concentration.  Least-square means for
each of the variables studied on days 0, 7, 14 and 21 of the
experimental period were obtained using the PROC
MIXED of SAS (SAS, 2000).

RESULTS
The main results are presented in Table 1.  Daily milk

yield by the G + MZ group increased slightly from 18 to
20 litres during the 21 days, whereas production by the G
group increased to nearly 25 litres over the experimental
period.  The difference in yield between the groups was
significant (P > 0.01) in all three weeks of the experimental
period.

There were no significant differences in milk prolactin
concentration between the two groups either before or
during the experimental period.

There were no significant differences in plasma IGF-1
concentration between the two groups on day 0, but the G
group had higher concentrations than the G + MZ group
during the experimental period, differences which were
significant on days 7 and 21.

Body condition score at day 0 averaged 4.1 and 4.2 for
the G and G + MZ groups respectively.  The regression co-
efficient of milk yield on body condition score was
estimated at –0.00371 ± 0.01453 for the G group and –

0.1153 ± 0.04243 for the G + MZ group, with the highest
milk yields produced by the thinnest cows.  There was no
significant effect of treatment on prolactin concentration
in milk.  The pooled regression co-efficient of milk prolactin
concentration on body condition score was –0.4268 ±
0.01982.  The regression co-efficient for plasma IGF-1
concentration on body condition score was 1.1258 ± 0.5018
for the G group and 2.4688 ± 0.9855 for the G + MZ group.

DISCUSSION
Pre-experimental milk yields were similar to those

reported by Suksombat et al., (1994).  Milk yield increased
by 6.2 litres over a 21-day period when cows were
generously fed on pasture (G), and might have continued
to increase had the experiment been continued over a longer
period.  Moran and Stockdale (1992) also reported that cows
fed generous pasture had higher milk yields than cows fed
restricted pasture supplemented with maize silage.  Milk
yield for the G + MZ group did increase slightly over the
21 days, but yield by the G + MZ group was significantly
lower than the G treatment throughout the experimental
period.

In this experiment there was no difference in milk
prolactin concentration between the G and G + MZ
treatments.  Akers et al. (1980) found that plasma prolactin
concentration was positively related to milk yield, which
was not found in the present experiment for prolactin
concentrations in milk, despite the fact that prolactin
concentrations in bovine milk approximate those present
in bovine blood plasma (Malven, 1977).  Plaut et al., (1987)
also found no relationship between milk yield and prolactin
concentration, and suggested that prolactin may be needed
for maintenance of mammary metabolism, but may be more
important for initiation rather than maintenance of lactation
per se.

The significantly higher average concentrations of IGF-
1 in the G group than the G + MZ group corresponded to
higher average milk yields but did not necessarily affect
milk yield.  The observed differences in milk yield and IGF-
1 concentration between cows fed generously on pasture
or on restricted pasture and maize silage were probably due
to differences in feed intake (Zhang et al., 1997), for which

TABLE 1 : Least square means of milk yield, prolactin, IGF-1 and body
condition score (BCS) on day 0, 7, 14 and 21 for cows fed generous pasture
(G) or restricted pasture supplemented with maize silage (G +MZ).

Days
0 7 14 21

Milk Yield  (L/d)
G 18.6 22.1c 22.8c 24.8c

G + MZ 17.9 18.4d 19.1d 20.3d

Prolactin (ng/mL)
G 3.92 3.49 2.91 6.04
G + MZ 4.66 3.62 3.01 5.10
IGF-1 (ng/mL)
G 104.1 125.4c 119.2 140.5a

G + MZ 95.3 82.4d 99.3 107.0b

BCS
G 4.1 3.9 3.9 3.7
G + MZ 4.2 4.1 3.9 3.9
abMeans within the same columns and measurement with different
superscripts differ (P < 0.05)
cdMeans within the same columns and measurement with different
superscripts differ (P < 0.01)
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the data are not yet available.  Dry matter intake (of pasture)
and total energy intake were probably lower in the G + MZ
group than the G group.  The cows were probably in negative
energy balance during the experiment, as judged by their
decreases in their body condition.

This experiment was repeated in September 2000 and
comparisons will be made between autumn and spring
because change in day length may play a role in depressing
peak milk yield of autumn-calving cows (Dahl et al., 2000).
In addition, change in photoperiod combined with change
in temperature alters pasture composition which may also
contribute to differences in observed peak milk yield at
different times of year.  The next experiment in autumn 2001
will be designed to measure milk production by autumn-
calved cows exposed to longer hours of light per day and
offered generous pasture.
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