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Koskinen, E., H. Lindeberg, H. Kuntsi and T. Kalila: Milk and serum progeste
rone levels in mares after ovulation. Acta vet. seand. 1990,31,441-444. - Twenty
four Finnhorse mares were examined by rectal palpation and ultrasonography
every 6 h during late oestrus to determine the time of ovulation. Milk and serum
samples were collected every 6 h after the detected ovulation for progesterone
analysis . The progesterone rises took place within 0-54 hand 0-60 h after ovula
tion, in milk and serum, respectively.
Statistically significant differences (p < 0.05) in progesterone levels were observed
for the first time 12-18 hand 18-24 h after ovulation, in serum and milk, respec
tively, as compared to progesterone levels 0-6 h after ovulation.

timing ovulation ; luteal activity .

Introduction
Although the pattern of progesterone chan
ges in mare serum is well established (Sharp
& Black 1973, Allen & Hadley 1974, Evans
& Irvine 1975), sampling was not frequent
enough in most studies for adequate charac
terization of the progesterone curve, especi
ally immediately after ovulation.
Most studies have shown that progesterone
levels increase within 24-36 h of ovulation
tStabenjeldt et al. 1971, Plotka et al. 1972,
Allen & Hadley 1974, Ginther 1979). Sharp
& Black (1973) reported that progesterone
concentration 1.1 days after the end of heat
was 100% greater than that during the pre
vious day . In their study, however, the
mares were not palpated, and the time of
ovulation was therefore not confirmed. On
the basis of daily blood sampling, Makawiti
et al. (1983) found that a progesterone rise
above baseline occurred on the day of ovula
tion. In contrast, Noden et al. (1975) obser
ved the first significant rise on the first day
of dioestrus. According to Plotka et al.

(1975), the first increase in progesterone
level took place 10 h after ovulation. Al
though blood samples in that study were
collected every 2 h, the mares were exam
ined only once a day, which did not allow
accurate timing of ovulation. Pipkin et al.
(1987) reported that mean serum progeste
rone concentration increased (p < 0.05)
within 12 h of ovulation. In their study, the
mares were examined twice a day but the re
sults do not indicate clearly whether the pro
gesterone rise took place 0-12 h or 12-24 h
after ovulation.
In milk progesterone studies, sampling inter
vals have either not been short enough for
accurate demonstration of rises in progeste
rone after ovulation (Bailes & Holdsworth
1978) or ovulation has not been confirmed
by rectal palpation (Laitinen et al. 1981).
Hunt et al. (1978) determined progesterone
levels in milk and plasma 3 times a week.
Progesterone patterns were similar in milk
and plasma. The correlation coefficient for
362 paired samples was 0.7. Stolla et al.
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(1980) collected milk samples daily from an
unrecorded number of mares. However,
blood samples were taken simultaneously
from only I mare.
Rises in progesterone levels in serum and,
more particularly, in milk shortly after ovu
lation have not been precisely described.
The study reported here was designed in
such a way that the mares were examined
for ovulation every 6 h, and milk and blood
samples were collected simultaneously with
examination.

Materials and methods
Twenty-four Finnhorse mares were studied .
Their average age was 9.8 years (range 4-23
years). The mean number offoalings was 3.5
(range 1-10). The mares had foaled between
mid-April and late July. They were kept on
pasture until the experiment began at the
beginning of June. The first post partum
oestruses were excluded from the study. The
mares were housed in separate stalls during
the examinations.
The start of the follicular phase was detected
by progesterone analysis of thrice-weekl y

milk and serum samples. Progesterone con
centrations in serum and whole milk were
determined by the direct radioimmunoassay
(RIA) method. The standards in the serum
and milk kits were based on buffer and
mare 's milk, respectively' ,
Daily rectal palpation began once the pro
gesterone level had fallen to I nmol /F. On
detection of a mature follicle (diameter
3.5 ern), rectal palpation and ultrasound
scanning were performed every 6 h to deter
mine the time of ovulation to within 6 h.
Milk and blood samples were collected si
multaneously with rectal palpations every 6
h for 3 days after ovulation, in some mares
for even longer, until a marked rise in pro
gesterone occurred.
Statistical analysis of the data was perfor
med using the paired t-test. Every subse
quent progesterone level of each individual
was compared with the level of individual's
0-6 h sample.

I Farmos Diagnostica,Turku, Finland.
2 I nmolll corresponds to 0.315 ng/ml.

Table I . Cumulative percentage rises in progesterone (>
nmolll) in mare serum and milk (n = 24).

SERUM MILK

Hours after Numbers Cumulative Numbers Cumul ative
ovulation of mares percentage of mares percentage

risesin rises in
progesterone progesterone

0-6 2 8 2 8
6-12 I 13 I 13
12-18 5 33 3 25
18-24 7 63 4 42
24-30 4 79 4 58
30-36 2 88 6 83
36-42 I 92 2 92

I 96 I 96
48-54 0 96 I 100
54-60 I 100 0 100
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Results
The first detectable rise in progesterone level
(:2: I nmol/l) occurred within 54 and 60 h,
in milk and serum, respectively (Table I).
Only 3 mares exhibited a serum progeste
rone rise within 12 h. Three other mares
exhibited increased progesterone values in
milk within the same period. Twenty-four
hours after ovulation, 63 % and 42 % of the
mares exhibited progesterone concentration
of over I nmol/I, in serum and in milk, re
spectively. First statistically significant dif
ferences (p < 0.05) from progesterone levels

h after ovulation were detected 12-18
and 18-24 h after ovulation, in serum and
milk, respectively. In 50 % of the mares,
progesterone concentrations increased ear
lier in serum than in milk, in 29 % earlier in
milk and in 21 % they increased at the same
time in both.
Although there was a significant (p < 0.05)
correlation between milk and serum levels
(correlation coefficient 0.7), progesterone va
lues were consistently higher in serum than
in milk more than 12 h after ovulation
(Table 2).

Discussion
Our results support the general view that
progesterone levels rise within 24-48 h of
ovulation. In our study, 2 mares out of 3 ex
hibited a rise in serum progesterone levels
within 24 h. An interesting finding was that
some mares exhibited elevated serum pro
gesterone levels later than 2 days after ovu
lation.
Progesterone determinations cannot be used
to predict ovulation accurately but could be
used for deciding when to stop insemination.
In the study reported here, the time from
ovulation to the first detectable rise in pro
gesterone level varied considerably among
mares. This means that it is impossible to
estimate the exact time of ovulation on the
basis of a rise in progesterone level in any
mare. Progesterone determination is a useful
adjunct to rectal palpation but had detection
of a rise in progesterone level to I nmol/I or
above been used as the sole criterion for de
ciding when to stop insemination, 37 % or
58 % of the mares (depending on whether
serum or milk progesterone levels had been
determined) would have been inseminated

Table 2. Increases in progesterone concentrations (nmol/I) in comparison
with post-ovulatory sample . (Concentration in sample - concentration in

individual's sample 0-6 hours after ovulation; n = 24).

Serumprogesterone concentration Milk progesterone concentration

Hours after Average 9S % confidence Average 9S % confidence
ovulation increase intervalsformeans increase intervalsformeans

0-6 0 0
6-12 0 0 0.4 0 0 0.8
12-18 1.0 0.3 1.7 0.6 0 1.6
18-24 2.0 0.7 3.3 1.3 0 2.2
24-30 3.0 1.6 4.4 1.4 0 2.3
30-36 4.0 2.4 5.5 2.8 1.1 4.1
36-42 6.3 3.8 8.9 4.4 2.4 5.8
42-48 8.0 4.9 11.2 5.1 2.9 6.7
48-54 9.4 6.7 12.2 5.5 4.1 6.8
54-60 11.5 8.8 14.3 7.6 6.3 9.0
60-66 12.9 10.2 15.6 9.2 7.8 10.5
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24 h or more after ovulation. Although
pointless in terms of conception, such late
insemination is not necessarily harmful , if
semen collection and insemination are car
ried out hygienically.
Serum progesterone determinations have
been used in embryo transfer programmes to
determine times of ovulation and, accord
ingly, of flushing. However, the results re
ported here indicate that the substantial
variations in the initial progesterone rise
after ovulation can lead to a discrepancy of
more than 2 days in determination of the
time of ovulation.
Serum progesterone rises earlier, and to
higher levels, than milk progesterone. It is,
therefore , recommended that serum proge
sterone levels rather than milk progesterone
levels be determined in mares. However, if
blood sampling presents a problem , milk
progesterone determinations are a good al
ternative in mares with a foal at foot.
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Sammanfattning
Progesteronnivderna i serum och mjdlk
hos ston efier ovulationen.
Tidpunkten for ovulationen hos 24 Finska kall
blodston faststalldes genom rektalpalpation och
ultraljudundersokning utforda var sjatte timme
under sen estrus . Under tidig diestrus insamlades
mjolk och serum prover for progesteron analyser.
Progesteronnivaerna steg inom (}-54och 0-60 tim
mar i mjolk respektive serum .
Statist iskt signifikanta skillnader (p < 0.05) i pro
gesteronnivaerna konstaterades 12-18 timmar och
18-24 timmar efter ovulationen i serum respektive
rnjolk jamforda med progesteronnivaerna 0-6 tim
mar efter ovulationen.
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