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Abstract – Blood, colostrum and saliva samples were serially taken from 6 multiparous sows from
day 109 of gestation until day 3 postpartum. Plasma was assayed for oestradiol-17β (E2),
progesterone (P4), prolactin (PRL), cortisol, immunoglobulin G (IgG) and lactose. Colostrum was
assayed for E2, P4, IgG and lactose. Lactoserum, obtained after ultra centrifugation of colostrum,
was assayed for PRL. Saliva was assayed for cortisol. Time-related variations in hormone, IgG and
lactose concentrations measured in plasma were parallel to those measured in colostrum, lactoserum
or saliva. However, the concentrations were higher in colostrum or lactoserum and lower in saliva
than in plasma. Ratios of concentrations of cortisol in saliva and PRL in lactoserum over those in
plasma did not vary with time and averaged 0.2 and 1.6, respectively. Conversely, the ratios of
concentrations of E2 and P4 in colostrum over those in plasma varied with time (P < 0.05) but were
quite constant before the end of parturition, averaging 2.7 and 3.6, respectively. The ratios of
concentrations of IgG and lactose in colostrum over those in plasma also varied with time (P < 0.05).
The concentrations of hormones in plasma on the one hand and in colostrum, lactoserum or saliva
on the other hand were significantly correlated but correlations varied with time (PRL across periods:
r = 0.31; cortisol across periods: r = 0.60; E2 during parturition: r = 0.83; P4 before parturition: r =
0.82; P4 during parturition: r = 0.67). The present results indicate that around parturition, assays of
hormones in colostrum or saliva can be used to study the hormonal status of sows. Furthermore,
variations in colostrum and plasma concentrations of IgG and lactose are good indicators of the
transition from colostrum to milk synthesis.

sow / parturition / steroid / prolactin / lactose / immunoglobulins

1. INTRODUCTION

Hormonal variations around parturition
are implicated in the onset of lactation. The
roles of hormones such as progesterone
(P4), oestradiol-17β (E2), cortisol and pro-
lactin (PRL) on the initiation of lactation

and colostrum production have been dem-
onstrated [1, 2]. The withdrawal of P4 before
parturition acts as a trigger for a succession
of hormonal changes leading to farrowing
and to colostrum and milk production [3–
5]. This fall in P4 allows PRL secretion to
increase while E2 and cortisol amplify the
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stimulatory action of PRL on the mammary
glands [2]. Indeed, the PRL surge at partu-
rition is necessary for the onset of lactation
[6, 7].

Colostrum synthesis in the mammary
glands begins before parturition [5, 8]. Dur-
ing the last month of gestation, tight junc-
tions between secretory cells of the mam-
mary glands are open, thereby enabling the
massive transfer of immunoglobulins (Ig)
into the colostrum and the transfer of lac-
tose from colostrum to plasma. Closure of
tight junctions is one of the main events
which indicates the transition from colos-
trum to milk production [5, 9]. It can be
depicted from variations of concentrations
of Ig and lactose in colostrum and plasma.
This closure occurs between 24 and 36 h
after the onset of parturition and is under the
control of P4, cortisol and PRL [10, 11].

Hormones implicated in the control of
gestation, parturition and lactation are present
in colostrum and milk [12]. Assays of hor-
mones in fluids such as urine, saliva or milk
are an alternative to invasive blood collec-
tion and could be used for measuring hor-
mone variations around parturition. Indeed,
E2 and PRL have been assayed in sow milk
[13, 14], and milk P4 is currently used for
gestation diagnosis in ruminants [15, 16].
The aim of the present study was to deter-
mine patterns of variation of P4, PRL, E2,
cortisol, lactose and IgG in plasma and to
compare them to variations in colostrum/
lactoserum or saliva around parturition in
sows.

2. MATERIALS AND METHODS

2.1. Animals

Eight Large White × Landrace multipa-
rous sows were housed in individual far-
rowing crates (2 × 2.5 m) with straw bed-
ding. During pregnancy, the sows were fed
daily 1.1 kg·100 kg–1 live weight of a diet
containing 13.3% crude proteins, 3090 kcal
of digestible energy (DE) per kg and 0.49%

lysine. Throughout lactation, they were fed
a diet providing 17.3% crude proteins,
3190 kcal of DE per kg and 0.8% lysine. On
the day of farrowing, the sows were offered
2.0 kg of the lactation diet. Thereafter, this
amount was increased by 500 g daily until
ad libitum feeding. Water was supplied ad
libitum throughout the experiment. Water
intake and rectal temperature were recorded
daily from day 109 of gestation until day 3
postpartum.

On day 108 of gestation, an indwelling
Silastic® catheter was surgically inserted
into the right jugular vein of all sows under
general anaesthesia [17]. Parturition was
not induced and only one sow (No. 56)
received 5 mg serotonin (Sergotonine®,
Mérial, Lyon, France) after the birth of her
11th piglet because of farrowing difficul-
ties.

Time and weight at birth were recorded
for all piglets. The start of parturition (T0)
was defined as the moment when the first
piglet was born. At one and two weeks of
age, the piglets were again weighed. Litter
size was recorded at farrowing, 24 h after
the birth of the first piglet (T24) and two
weeks later (Tab. I). Four piglets were
removed only from one sow (No. 55) on day
4 postpartum since the number of pigs was
higher than the number of functional teats.

Colostrum production during the first
24 h following parturition was estimated
according to a previously described method
which predicts piglets’ colostrum intake
from their birth weight and their weight
gain [18]. Two sows were excluded from
the analyses since they farrowed on day 111
of gestation and numerous samples were
missing.

2.2. Sampling

Sampling volumes were 10 mL for blood,
1–2 mL for saliva, and 10–30 mL for colos-
trum. In order to establish the collection sched-
ule, a “pre-farrowing” phase was defined. It
started when colostrum could be easily
expressed manually from the teats (this was
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further calculated to be 8 h before the onset
of parturition on average). From day 109 of
gestation, 2 blood samples were collected
daily at 9.30 and 21.30. Starting on day 113
of gestation, 2 additional blood samples
were collected at 3.30 and 15.30. From the
start of the “pre-farrowing” phase until 12 h
after the beginning of parturition (T12),
blood samples were collected at hourly
intervals. Between T12 and T60, blood was
again collected at 3.30, 9.30, 15.30 and
21.30. The time schedule for colostrum col-
lection was similar to that for blood except
that samples were collected every 2 h (instead
of hourly) from the start of the “pre-farrow-
ing” phase until T12. Saliva was collected
at 3.30, 9.30, 15.30 and 21.30 from day 113
of gestation until T48.

Blood samples were collected in heparinized
tubes, placed immediately on ice and cen-
trifuged for 10 min at 3000 g and 4 °C. Saliva
was collected on a cotton pad which was
thereafter inserted in a tube (Salivette,
Sarstedt 51588 Nümbrecht, Germany) that

was centrifuged for 5 min at 3000 g and
4 °C. Colostrum was collected from all
teats without the use of oxytocin, filtered on
a gauze tissue and stored at 4 °C. The trial
of colostrum collection was limited to
15 min. After T12, collection of colostrum
became more difficult and numerous sam-
ples were missing. Within 24 h of collec-
tion, a 5-mL colostrum sample was warmed
at 38 °C, homogenized and ultra-centri-
fuged twice at 50 000 g and 0 °C over 1 h
before lactoserum collection. All samples
were stored at –20 °C.

2.3. Sample analyses

Prolactin concentrations in plasma and
lactoserum were determined by a validated
homologous double-antibody radioimmu-
noassay [19]. Assay sensitivity, estimated
as 90% of total binding, was 1.8 ng·mL–1.
The intra- and interassay coefficients of
variation were 3.5 and 2.9%, respectively,
for a plasma containing 50 ng·mL–1 and

Table I. Reproductive performance of sows and piglets growth.

Sow 51 52 55 56 57 58

Parity 4 2 4 5 2 6

Body weight on day 107 
of gestation (kg)

292 263 268 274 261 292

Farrowing duration (h:min)1 5:05 12:15 5:21 17:20 7:50 3:20

Number of piglets born 15 15 17 12 17 9

Number of stillbirth piglets 1 3 0 1 5 1

Litter size at T24 14 12 17 10 11 8

Litter size at day 15 post-partum 13 9 11 10 9 8

Colostrum production during 
the first 24 h (kg)

2.86 4.13 2.85 3.77 2.61 3.36

Piglet birth weight (kg)2 1.16
± 0.06

1.24
± 0.07

1.12
± 0.05

1.25
± 0.11

1.43
± 0.07

1.71
± 0.08

Piglet body weight at T24 (kg)2 1.27
± 0.06

1.47
± 0.07

1.17
± 0.05

1.50
± 0.09

1.52
± 0.09

1.83
± 0.10

Piglet body weight one week 
after birth (kg)2

1.94
± 0.07

2.48
± 0.12

2.44
± 0.12

2.39
± 0.17

2.38
± 0.14

2.84
± 0.13

1  Calculated as the time elapsed between birth of the first and last piglet.
2  Litter mean ± SEM.
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were 6.9 and 6.4%, respectively, for a lac-
toserum containing 24 ng·mL–1.

Progesterone, E2 and cortisol concentra-
tions were determined with commercial kits
(P4, E2 and cortisol in plasma and colos-
trum: Immunotech RIA kit, 13276 Marseille,
France, Ref. 2465, 2464 and 2466, respec-
tively; cortisol in saliva: Diasorin RIA kit,
Minnesota, USA, Ref. CA-1529). One mil-
liliter of colostrum was previously homog-
enized with ultrasound for 5 to 15 s. For P4
measurement in colostrum, average recovery
after the addition of known amounts of the
hormone (1.8, 4.4, 8.8 and 22 ng·mL–1) was
107% and assay sensitivity was 0.6 ng·mL–1.
For E2 measurement in colostrum, average
recovery after the addition of known
amounts of the hormone (44, 88, 200, 440,
1100 pg·mL–1) was 104 % and assay sen-
sitivity was 26 pg·mL–1. The intra- and inte-
rassay coefficients of variation for P4 were
4.9 and 14.3%, respectively, for a colos-
trum containing 9.9 ng·mL–1. The intra-
and interassay coefficients of variation for
E2 were 1.7 and 4.6%, respectively, for a
colostrum containing 366 pg·mL–1.

For the cortisol measurement in saliva,
average recovery after the addition of known
amounts of the hormone (0.5, 1.5, 5, 12.5,
30 and 90 ng·mL–1) was 101% and the intra-
assay coefficient of variation was 8.1% at
12 ng·mL–1. All saliva samples were meas-
ured in a single assay.

For measurements in plasma, assay sen-
sitivities were 1.4 ng·mL–1, 16 pg·mL–1 and
1.9 ng·mL–1 for P4, E2 and cortisol, respec-
tively. The intra-assay coefficient of varia-
tion was 7.8% at 12 ng P4·mL–1, 3.0% at
473 pg E2·mL–1 and 5.5% at 69 ng corti-
sol·mL–1. Measurements were realized in
single assays.

Immunoglobulins G were assayed by
ELISA in whole colostrum using a pig IgG
ELISA Quantitation Kit (Bethyl, Texas,
USA, Ref. E100-104). The plates were coated
overnight at 4 °C with 100 µL of goat anti-
pig IgG-Fc fragment diluted at 1% in 0.05 M
sodium carbonate solution (pH 9.6, Sigma,
St-Louis, USA, Ref. S2127). Thereafter, the

plates were saturated for 1 h at 20 °C with
TBS (Sigma, Ref. T6664, St-Louis, USA)
containing 1% BSA (Sigma, Ref. A7906).
Colostrum samples were diluted at 1/106

in TBS with 0.05% Tween 20 (Sigma,
Ref. P1379) and 1% BSA, added in dupli-
cates to the plates (200 µL·well–1) and incu-
bated for 2 h at 20 °C. The plates were sub-
sequently incubated for 2 h at 20 °C with
peroxidase-labeled anti-pig IgG-Fc frag-
ment and 100 µL of substrate (3,3’,5,5’-
tetramethylbenzidine, Sigma, Ref. T4444).
Between each step, plates were washed at
least three times with TBS containing
0.05% Tween 20. The colored reaction was
stopped with 100 µL of a 3 M H2SO4 solu-
tion and the absorbancy at 450 nm was
recorded using an ELISA plate reader
(ARGUS 300, Packard, Meriden, USA).
Average recoveries were 111% and 103%
for plasma and colostrum, respectively.
Assay sensitivity was 23 ng·mL–1. Dilution
curves of plasma (1/25 000 to 1/200 000) or
colostrum (1/150 000 to 1/2 400 000) and
standard curves were parallel. The intra-
and interassay coefficients of variation were
5.3% and 15.7%, respectively, for a plasma
containing 11 mg·mL–1 and were 2.6% and
5.8%, respectively, for a colostrum contain-
ing 67 mg·mL–1.

Nitrogen (N) was determined according
to the method of Dumas (AOAC 7 024,
1831) based on sample pyrolysis and direct
determination of N2 using an automatic
device (Leco FP-428, LECO Corporation,
St-Joseph, USA). Crude proteins were esti-
mated to be N × 6.38 [20]. Total lipids were
measured according to the Gerber method
(AOAC 1990 [21]).

Lactose in colostrum was assayed using
an enzymatic method (Lactose/D-galactose
test combination, R-Biopharm – Roche,
Darmstadt, Germany, Ref. 0176303). Lac-
tose in plasma was assayed with the same
commercial kit after deproteinization with
perchloric acid and neutralization with potas-
sium hydroxide according to the method
described by the manufacturer. The sensi-
tivity of the assay was 4 µg lactose·mL–1.
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The intraassay coefficient of variation was
3% for a plasma containing 96 µg·mL–1.

2.4. Data processing and statistics

Individual profiles of plasma E2, PRL
and cortisol, and salivary cortisol were ana-
lyzed according to the method described by
Merriam and Wachter [22]. The baseline
was evaluated at each point using a weighted
regression calculated on the 72 h period sur-
rounding the considered point. A spike was
identified when the measured concentra-
tions differed from the baseline at the 1, 0.5
and 0.05% statistical levels for PRL, E2 and
cortisol, respectively. Plasma profiles of P4
and IgG did not present spikes but only falls
of concentrations whereas plasma profiles
of lactose mostly presented rises. To deter-
mine the time, amplitude and duration of
the falls or rises, a pre-farrowing baseline
level was calculated from the concentra-
tions measured at least 72 h before parturi-
tion. A post-farrowing level was also cal-
culated from the concentrations measured
after T24. Root mean square error (MSE)
was calculated for those baseline levels and
used to detect concentrations differing at
the 5% statistical level. The duration of
colostrum sampling was not sufficient to
analyze the characteristics of the profiles.

The Pearson Correlation procedure of
SAS [23] was used to determine the corre-
lations between the concentrations in plasma,
colostrum, lactoserum or saliva. Variations
over time were studied by analyses of var-
iance with the GLM procedure of SAS fol-
lowed by the Dunnett test.

3. RESULTS

3.1. Sow performances

Parturition occurred between days 112
and 114 of gestation. Litter size at birth ranged
from 9 to 17 with 0 to 5 stillbirth piglets
(Tab. I). Farrowing duration ranged from
3.3 h for sow 58 to 17.3 h for sow 56, whose
11 first piglets were extracted manually in
9 h and the 12th piglet was born naturally

8.3 h later. Significant variations with time
were depicted for water intake (P < 0.01)
and rectal temperature (P < 0.001). Water
intake was higher on day –1 (20.3 ± 3.7 L)
than before (average daily intake for days
–5 to –3: 11.9 ± 0.9 L, P < 0.05). Rectal tem-
perature was higher on day 1 (38.5 ± 0.10 °C)
and day 2 (38.9 ± 0.35 °C) than before (days
–5 to –3: 37.5 °C + 0.18 °C, P < 0.05).

3.2. Hormones: oestradiol, 
progesterone, prolactin and cortisol

There were significant variations with
time for all hormones measured either in
plasma, colostrum, lactoserum or saliva
(P < 0.05 for cortisol in saliva, P < 0.0001
for all other hormonal measurements).
Plasma concentrations of E2 were already
high at T–120 and continued to increase
achieving peak values just before the birth
of the first piglet (Fig. 1). They started to
decline after parturition and decreased until
T24. The values from T10 to T60 were lower
than the values measured prior to T–72 (P <
0.05, Fig. 1). Individual plasma patterns
differed between sows, with the number of
spikes ranging from 1 (sows 52, 55, 57) to
3 (sow 58). Concentrations of E2 in the
colostrum varied in parallel with plasma
values even though the decrease after par-
turition occurred slightly earlier and was
more pronounced.

Plasma progesterone decreased slowly
between T–120 and T–19 and more rapidly
until T12 (Fig. 1). From T–3 until the end
of the experiment, concentrations were con-
tinuously lower than those measured prior
to T–72 (P < 0.05). Progesterone concen-
trations in colostrum also showed a signif-
icant drop around parturition.

Plasma PRL concentrations were low
until T–48 and increased slowly thereafter.
Concentrations from T–18 until the end of
the experiment were higher than those meas-
ured prior to T–72 (P < 0.05, Fig. 1). Peak
values were reached shortly after the start
of parturition (T6 in average). Numerous
spikes (3.3 + 0.2 per sow) were identified
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between T–69 and T48 and their number
varied from 2 (sow 56) to 5 (sow 51). Con-
centrations of PRL in lactoserum were also
the highest just before parturition and
declined rapidly thereafter in parallel to
those measured in plasma (Fig. 1).

Plasma concentrations of cortisol increased
slowly from T–120 to T–24 and rapidly there-
after, reaching peak values during parturi-
tion (Fig. 1). Numerous spikes (4.7 ± 0.3 per
sow) were present between T–56 and T48
and their number varied from 2 (sow 56) to
7 (sows 55, 58). Variations in concentra-
tions of cortisol in saliva paralleled those in
plasma, with peak values being seen during
parturition. 

Across sows, plasma concentrations of
P4 and E2 were negatively correlated before
parturition (r = –0.44, P < 0.001, n = 90).
Similarly, plasma P4 and PRL were nega-
tively linked before parturition (r = –0.56,
P < 0.001, n = 90). Progesterone and oestra-
diol concentrations in colostrum were not
significantly correlated with the colostrum
lipid level (P > 0.1).

Mean ratios of concentrations measured
in colostrum/lactoserum (or saliva) and
plasma did not vary with time (P > 0.1) for
PRL (1.6 ± 0.6) or cortisol (0.2 ± 0.2), but
varied with time for E2 (P < 0.0001) and P4
(P < 0.01, Fig. 2). This ratio was lower and
less variable before and during parturition

Figure 1. Mean concentrations of oestradiol-17β (E2, pg·mL–1), progesterone (P4, ng·mL–1),
prolactin (PRL, ng·mL–1) and cortisol (ng·mL–1) in plasma (square symbols:  or ), colostrum
(triangle symbols:  or ), lactoserum (diamond symbol:  or ) and saliva (round symbol: 
or ) around parturition (h). Mean farrowing duration is represented by the black horizontal bars.
Empty symbols ( , ,  or ) represent values that differ (P < 0.05) from mean concentrations
calculated with values prior to T–72 for plasma and saliva or prior to T0 for colostrum and
lactoserum. Standard errors: E2, plasma: 112 pg·mL–1; colostrum: 374 pg·mL–1. P4, plasma:
1.5 ng·mL–1; colostrum: 3.9 ng·mL–1. PRL, plasma: 14.7 ng·mL–1; lactoserum: 18.4 ng·mL–1.
Cortisol, plasma: 21.1 ng·mL–1; saliva: 4.8 ng·mL–1.
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(E2: 2.5 ± 0.1, P4: 3.6 ± 0.1) than after par-
turition (E2: 9.6 ± 2.9, P4: 5.5 ± 0.8).

Correlations between concentrations meas-
ured in plasma vs. colostrum, lactoserum, or
saliva were examined across sows (Tab. II).
For cortisol and PRL, the correlations were

significant across periods (i.e. over the course
of the experiment from T–120 to T54). For
E2, the concentrations were closely corre-
lated only during parturition (P < 0.001)
whereas for P4, they were closely corre-
lated also before parturition (P < 0.001).

Figure 2. Ratios of concentrations of oestradiol (E2), progesterone (P4) and immunoglobulin G
(IgG) in colostrum on those in plasma upon time (h) around parturition. Vertical dashed lines
indicate the beginning of parturition.
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3.3. Immunoglobulin G and lactose

Plasma concentrations of IgG decreased
from T–108 until parturition and were lower
between T–42 and T60 than prior to T–72
(P < 0.05, Fig. 3). On the contrary, concen-
trations of IgG in colostrum were very high
just before parturition and declined very rap-
idly from the start of farrowing until T24.
They were lower between T6 and T60 than
prior to parturition (P < 0.05). Across sows
and over the course of the experiment, con-
centrations of IgG in colostrum and in
plasma were not correlated (Tab. II). Ratios
of concentrations in colostrum over those
in plasma varied with time (P < 0.0001,
Fig. 2) and ratios measured later than 10 h
postpartum were lower than the mean ratios
obtained before parturition (P < 0.05).

Plasma concentrations of lactose were
very low between T–120 and T–80, increased
slowly until T–24 and more rapidly until

T–12 (Fig. 4). Indeed, plasma concentra-
tions were higher between T–18 and T64
than prior to T–72 (P < 0.05). Lactose meas-
urements in colostrum showed a significant
increase during parturition and peak values
were reached at about T24. The ratios of
lactose concentrations in colostrum over
those in plasma varied with time (P < 0.05).
Except for sow 55, this ratio was the lowest
during parturition (Fig. 5). Across sows,
concentrations of lactose in colostrum and
in plasma were closely correlated during
parturition (P < 0.05, Tab. II).

Across sows and periods, plasma P4
concentrations were negatively correlated
with the lactose in colostrum (r = –0.55, P <
0.001, n = 61) and positively correlated with
IgG in colostrum (r = 0.53, P < 0.001, n =
61). Finally, plasma E2 was positively cor-
related with the IgG in colostrum (r = 0.65,
P < 0.001, n = 64).

Table II. Correlations between concentrations of oestradiol-17β, progesterone, prolactin, cortisol,
immunoglobulin G and lactose in plasma on the one hand, and in colostrum, lactoserum or saliva on
the other hand for samples collected before, during or after parturition or over the course of the exper-
iment (r = coefficient of correlation, n = number of pairs; * P ≤ 0.05; ** P ≤ 0.01; *** P ≤ 0.001).

Before parturition During parturition After parturition Across periods

Oestradiol-17β1,2 r 0.52 0.83 *** –0.16

n 11 26 24

Progesterone1,2 r 0.82 ** 0.67 *** –0.15

n 10 24 26

Prolactin3,4 r 0.31 *

n 44

Cortisol5,4 r 0.60 ***

n 97

Immunoglobulin G1,2 r –0.51 0.18 –0.08

n 11 26 26

Lactose1,2
r 0.39 0.40 * 0.20

n 10 25 26

1 Correlation between concentrations in plasma and colostrum.
2 Correlation across periods was not calculated since the ratio of concentrations in colostrum over those
in plasma varied significantly with time.
3 Correlation between concentrations in plasma and lactoserum. 
4 Correlations for each period were not calculated since the ratio of concentrations in lactoserum or saliva
over those in plasma did not vary significantly with time.
5 Correlation between concentrations in plasma and saliva.
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Figure 3. Mean concentrations of immunoglobulin G in plasma (square symbols:  or , SE =
1.79 mg·mL–1) and colostrum (triangle symbols:  or , SE = 12.21 mg·mL–1) around
parturition. Mean farrowing duration is represented by the black horizontal bar. Empty symbols (
or ) represent values that differ (P < 0.05) from mean concentrations calculated with values prior
to T–72 for plasma or prior to T0 for colostrum.

Figure 4. Mean concentrations of lactose in plasma (square symbols:  or , SE = 5.97 µg·mL–1)
and colostrum (triangle symbols:  or , SE = 2.24 mg·mL–1) around parturition. Mean
farrowing duration is represented by the black horizontal bar. Empty symbols (  or ) represent
values that differ (P < 0.05) from mean concentrations calculated with values prior to T–72 for
plasma or prior to T0 for colostrum.
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4. DISCUSSION

To our knowledge, this is the first study
comparing the patterns of P4, E2, cortisol
and PRL in plasma to those in colostrum
(P4 and E2), lactoserum (PRL) or saliva
(cortisol) in sows around parturition. It
clearly indicates that these hormonal pat-
terns are parallel and that concentrations in
plasma and colostrum/lactoserum or saliva
are significantly correlated.

4.1. Plasma hormones, lactose and IgG 
variations around parturition

Time-related variations in plasma con-
centrations of hormones, lactose and IgG
are in good agreement with previous studies

on sow endocrinology around parturition.
Plasma P4 decreased slowly during the
days preceding parturition and more rap-
idly just before and during parturition as
already described [24–26]. This decrease is
due to the regression of the corpora lutea
[27, 28]. On the contrary, plasma E2 increased
towards the end of gestation, peaked at the
beginning of parturition and dropped there-
after. This was in agreement with previous
studies [26, 29] and is related to the fact that
E2 is produced mainly by the placentas [30,
31]. The very rapid decrease at parturition
is therefore the consequence of the removal
of the foeto-placental units. Increased plasma
concentrations of PRL around parturition
were also in accordance with previous data

Figure 5. Variation of the ratio of concentrations of lactose in colostrum on those in plasma upon
time (h) around parturition for the 6 sows. Vertical dashed lines delimit parturition.
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[25, 32]. The decrease in P4 and the
increase in E2 are necessary for lactogene-
sis to occur in response to the high levels of
PRL [3, 33–35]. Despite a decrease follow-
ing parturition, our data confirm that plasma
PRL concentrations remain relatively high
thereafter, which is likely due to stimula-
tion by the suckling piglets [36, 37]. The
existence of a negative correlation between
P4 and E2 and, between P4 and PRL,
together with the coincidental fall of P4 on
the one hand and rises in E2 and PRL on the
other hand, support the proposed role of the
P4 decrease as the trigger for other hormo-
nal variations at parturition [3, 4, 35, 38].

Since the hematocrit did not show sig-
nificant variations around parturition, the
reduction in sow plasma concentrations of
IgG noted in the days prior to parturition
agreed with the hypothesis that most IgG
present in the colostrum are from plasmatic
origin [39, 40]. The decrease in the ratio of
IgG concentrations in colostrum over those
in plasma from 10 h postpartum suggests
that closure of mammary epithelium tight
junctions is occurring. Progesterone may
play an active role in the IgG transfer from
plasma to colostrum. Indeed, the decrease
in plasma IgG occurred when plasma P4
concentrations were still high. Moreover,
P4 was shown to prevent closure of tight
junctions between lactocytes in the mouse
[10, 11] and, when associated with E2, to
enable paracellular transfer of immunoglob-
ulins from plasma to the alveolar lumen of
mammary glands in the cow [41]. In sows,
Jackson et al. [42] confirmed the positive
role of P4 on IgG transfer by showing
higher colostrum concentrations of IgG in
sows treated with P4 and farrowing at
116 days of gestation instead of 114 days. 

We observed that lactose concentrations
in plasma were very low at the end of ges-
tation and started to rise from T–72, which
was in agreement with previous results
[43]. The concentrations in our study were
similar to those determined in earlier stud-
ies from sows collected by puncture in the ear
veins on the day before (around 10 µg·mL–1

in [43]), on the day after (around 40 µg·mL–1

in [44]), and on the following one (around
30 µg·mL–1 in [44]). Peak concentrations in
our sows were observed a couple of hours
after the beginning of parturition also in
agreement with earlier studies [43, 44] but
were of lower values (around 40 µg·mL–1

in our study compared to about 90 µg·mL–1

in [43] and 120 µg·mL–1 in [44]). Lactose
is specifically produced in the mammary
glands and may pass from the alveolar
lumen to the blood through paracellular
pathways before closure of the tight junc-
tions [5, 46]. The increase in concentrations
of lactose in the colostrum occurred under
low P4 plasma concentrations but high E2
and PRL concentrations. This was in agree-
ment with the suggested inhibitory action of
P4 [4, 47, 48] and stimulatory actions of E2
and PRL [34, 35, 49] on lactose synthesis
in the mammary glands. The decrease in the
ratio of lactose concentrations in colostrum
over those in plasma before and during par-
turition is in accordance with the passage of
lactose from the colostrum to the blood cir-
culation. The following increase in this
ratio is probably the consequence of the clo-
sure of the tight junctions which begins at
parturition [43]. However, it should be
noted that plasma concentrations of lactose
remained relatively high after T24 in agree-
ment with previous data [44, 46]. This
observation strongly suggests that lactose is
still transferred from the mammary glands
to the peripheral blood after closure of the
tight junctions. The mechanisms involved
are not known [44].

4.2. Comparison of hormone 
concentrations in plasma 
and other fluids

Significant correlations between the
concentrations of P4 in plasma and milk
have been demonstrated in cows [50, 51],
goats [52] and bitches [53]. Several authors
reported a strong influence of the lipid con-
tent of cows’ milk on P4 concentrations in
mammary secretions [50, 54–56]. Indeed,
after centrifugation of cows’ milk, about
80% of P4 is recovered in cream, showing
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a high affinity of P4 for milk fat [54, 57].
In the present study, concentrations of P4
were about 4 times higher in colostrum than
in plasma until the end of parturition, which
was in agreement with data obtained in
cows [50].

Oestradiol-17β has already been assayed
in sow colostrum, but only after parturition
[14]. Our data show a significant correla-
tion between concentrations of E2 in colos-
trum and those in plasma, especially during
parturition. This was also found to be the
case in cows [58–60]. Österlundh et al. [14]
reported lower concentrations of E2 in colos-
trum/milk after parturition (< 100 pg·mL–1

vs. > 500 pg·mL–1) than in the present study
despite similar concentrations in plasma.
This was to be expected since these authors
measured E2 in skimmed milk mammary
secretions instead of in whole colostrum as
was the case in the present study. Indeed,
oestrogen levels are lower when measured
in skimmed [14, 61] than in whole colos-
trum [62]. Moreover, as was the case for P4,
E2 is preferentially bound to the cream frac-
tion in cows’ milk [57, 63]. It is noteworthy
that the E2 ratio between colostrum and
plasma increased with time and was much
more variable after parturition as for P4.
This phenomenon is probably related to a
more rapid decrease of the concentrations
in blood than in colostrum. Indeed, the
release of P4 and E2 from maternal and pla-
cental origins ceases at parturition whereas
the metabolic clearance of both these ster-
oids at the sow peripheral level is high. Ster-
oid concentrations in mammary secretions
could only decrease as the steroid-rich
colostrum is removed by the piglets and
replaced by new mammary secretions con-
taining lower concentrations of both ster-
oids.

To our knowledge, this is the first report
of parturition-related variations of PRL in
sow lactoserum. Our data show that these
variations are parallel to those observed in
plasma and that concentrations in plasma
and lactoserum are significantly correlated.
However, the correlation is not very high

(r = 0.31) and is slightly lower than that pre-
viously measured between values in the
serum and in whole milk in sows [13]. In
this previous study, correlations ranged
between 0.29 and 0.85. Concentrations of
PRL were greater in lactoserum than in
plasma in the present study (ratio = 1.25)
whereas concentrations were similar in
whole milk and serum in the study from
Mulloy and Malven [13]. This difference
can be explained by the enrichment of lac-
toserum in PRL after ultracentrifugation.
Indeed, PRL is a peptide hormone with a
molecular weight of 24 kD [64] which is
probably fully retrieved in the lactoserum
after ultracentrifugation whereas the vol-
ume of lactoserum represents approxi-
mately 80% of the total volume centrifuged.

Salivary cortisol has already been meas-
ured in growing pigs and was found to be
correlated with plasma cortisol after an
acute stress [65]. Cortisol in plasma can be
divided into two fractions: the free cortisol,
which is biologically active and the cortisol
bound to transport proteins like CBG (Cor-
ticosteroid Binding Globulin [66]). Only
free cortisol can passively diffuse across the
secretory cells of salivary glands, and con-
centrations of cortisol in saliva were found
to be close to concentrations of plasmatic
free cortisol in man [67]. In our study, total
cortisol concentrations in plasma and saliva
were highly correlated (r = 0.60) and sali-
vary concentrations represented 24% of
plasma concentrations which is higher than
the values found by Cook et al. [65] in
growing pigs, Vincent and Michell [68] in
dogs and Vining et al. [67] in humans. This
elevated salivary to plasma cortisol ratio
around parturition can be explained by a
lower binding of cortisol to blood proteins
at that time. Indeed, plasmatic concentra-
tions of CBG do not vary around parturition
[4], while cortisol concentrations show a
4-fold increase during farrowing. The bind-
ing capacity of CBG for cortisol is therefore
likely exceeded [69] and the free cortisol
fraction increases up to 28% of the whole
fraction around parturition instead of 10–
13% during gestation [69, 70].
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5. CONCLUSION

Plasma patterns of the main hormones
regulating the parturition process and the
initiation of lactation were confirmed. Simul-
taneously measuring lactose and IgG con-
centrations in plasma and colostrum may be
used to detect when the closure of the tight
junctions between mammary secretory cells
occurs and hence the transition between
colostrum and milk. Further studies should
be developed to determine how endog-
enous- or environmental-related variations
in progesterone, oestradiol and cortisol secre-
tion by sows may influence the closure of
the tight junctions and hence the amount of
colostrum produced by the sows.

Relationships between these hormone
concentrations in plasma and in other body
fluids, such as colostrum/lactoserum or saliva,
were assessed. Measurements of P4, E2 and
PRL in colostrum/lactoserum and of corti-
sol in saliva could be used as alternatives to
blood collection in order to determine pat-
terns of variation of these hormones in sows
around parturition and how the environ-
ment may influence them. However, it should
be kept in mind that the correlations were
not very high and that the ratio between
plasma and colostrum concentrations may
vary around parturition. Therefore, partic-
ular attention should be given to the moment
of sample collection relative to the time of
farrowing.
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