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Rojkittikhun, T., S. Rojanasthien, S. Einarsson, A. Madej and N. Lundeheim:
Effect of fractionated weaning on hormonal patterns and weaning to oestrus interval
in primiparous sows. Acta vet. scand . 1991,32,35-45. - The effect ofweaning the
4-5 heaviest piglets in the litter on day 33 of lactation and the remainder 2 days
later (fractionated wean ing) on plasma levels of prolactin, cortisol, oestradiol
-17/3 (E2), progesterone (P4) and LH , as well as on the weaning to oestrus interval
in primiparous sows was studied. Twelve crossbred sows were grouped into 6 pairs
according to farrowing date and litter size. The litter of I sow in each pair (F) was
weaned in 2 stages, and the other conventionally weaned at 35 days (C). Blood
samples were collected via a permanent jugular vein catheter every 3 h from 9 a m
to 9 p m daily throughout the experimental period, and intensively at 15 min
intervals for 12 h on the day of first and final weaning and for 6 h on the day after
each weaning. All sows were slaughtered following their first post-weaning oestrus
and the reproductive organs were macroscopically examined.
Lactational oestrus was not observed in any of the sows. Sows from 5 out of6 pairs
showed oestrus within 8 days of weaning and post-mortem examination showed
normal ovulation. There was a tendency for the F sows to have a shorter weaning
to oestrus interval, as compared with the C sows (5 of6 pairs, 4.8 days v 5.6 days).
The plasma levels of prolactin around weaning were not significantly different
between the 2 groups. Within 6 h after final weaning, the prolactin concentrations
decreased gradually from 7.6 and 8.7 to 1.6 and 1.7 ug/l in the control and treat
ment groups, respectively. The plasma levels ofcortisol, showing a diurnal rhythm
(with the lowest level at 6 and /or 9 p m), did on no occasion differ between the 2
groups. On the day of final weaning, no diurnal rhythm was observed, with cortisol
remaining high at 6 and 9 p m, The plasma levels of'Ez and P4 were low until final
weaning in both groups. After final weaning the E2 levels rose faster in the F sows
than in the C sows, to 44.3 and 34.8 pmol/I, respectively, on day 2 (p < 0.01) . No
significant differences in levels of plasma LH and the number of LH pulses were
observed between the groups. After final weaning the average and base levels ofLH
and the number ofLH pulse(s) increased significantly.

prolactin; cortisol ; oestradiol-I 7/3; LH.

Introduction

Sows are generally anoestrus during lacta
tion (Burger 1952). After a lactation period
of 4 to 8 weeks, oestrus usually occurs with
in I week of weaning. The weaning to
oestrus interval is longer in primiparous

sows than in multiparous sows (Einarsson &
Settergren 1974, Benjaminsen & Kar/berg
1981). The effect of suckling and weaning on
reproductive performance and hormonal
patterns in sows have been extensively stu
died. Suckling inhibits the synthesis and
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release of LH by suppressing the hypothala
mic release of GnRH, thereby limiting fol
licular development (Crighton & Lamming
1969, Stevenson et al. 1981, Cox & Britt
1982a). Weaning results in a rapid decline of
the blood concentrations of prolactin and in
an increase in LH levels (Edwards & Fox
croft 1983, Shaw & Foxcroft 1985). How
ever, recent studies have demonstrated that
lactational oestrus or shorter weaning to
oestrus intervals can be induced when the
nursing patterns of pigs are altered or dis
rupted during lactation (e.g. Britt & Levis
1982, Henderson & Hughes 1984, Newton et
al. 1987). Reducing the litter size several
days before weaning (Stevenson & Britt
1981, Stevenson & Davis 1984), or weaning
some of the heaviest piglets several days
earlier (fractionated weaning) (Cox et al.
1983, Kunavongkrit et al. 1985, Riley et al.
1985) has been found to shorten the interval
to oestrus after final weaning. Cox et al.
(1983) were able to increase significantly the
percentage of primiparous sows in oestrus
within 10 days of weaning by weaning the
heaviest half of the litter 2 days earlier than
the rest of the piglets. Kunavongkrit et al.
(1985) demonstrated that weaning the hea
viest piglets first and leaving the 5 lightest
piglets for 7 days, before final weaning on
day 35 of lactation in primiparous sows,
produced an increase in LH activity after the
first weaning in 2 out of 4 sows and a ten
dency towards a shorter weaning to service
interval. The knowledge of the influence of
fractionated weaning on hormonal patterns
and reproductive performance in primipa
rous sows is, however, very limited.
The objective of the present study was to
investigate the effect of fractionated weaning
on reproductive performance and hormonal
patterns in primiparous sows.
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Materials andmethods
Experimental animals
Twelve crossbred (Swedish Landrace x Swe
dish Yorkshire) primiparous sows were
brought to the Department ofObstetrics and
Gynaecology 3-4 weeks before expected far
rowing and grouped into 6 pairs. Farrowing
dates for sows within a pair did not differ by
more than I week, and the litter size did not
differ by more than 2 piglets, with a mini
mum of 8 piglets remaining at 4 weeks. The
number of piglets nursing each sow was ad
justed to uniform size within 24-48 h after
birth. The sows were housed in individual
pens, in the same stable as the boar pens,
throughout the experimental period. The
animals were fed according to the Swedish
breeding stock standard tGiiransson 1984).
Jugular vein catheterization (Rodriguez &
Kunavongkrit 1983) was performed under
general anaesthesia during the fourth week
of lactation. One sow from each pair was
randomly allocated to treatment (F), which
consisted of weaning the heaviest half of the
litter (H) on day 33 (day-2) of lactation and
the lighter piglets (L) 2 days later . De
pending on the number of piglets (n) from
the treatment sows, the number of piglets
weaned at the first weaning was (n-I)/2 or
n/2 in the odd or even-numbered litter, re
spectively. The 6 control sows (C) were con
ventionally weaned on 35 days (day 0). Sows
were weighed on the third day after farrow
ing and again after all the piglets in their lit
ters had been weaned. Starting after the first
weaning, oestrous detection was performed
in the presence of a boar twice daily. Ova
rian status was examined by laparoscopy on
day 14 after final weaning in sows which
failed to show oestrus (Wildt et al. 1973,
Kuna vongkrit et al. 1984a). All sows were
slaughtered following their first post-wean-
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ing oestrus, or 21 days after weaning if they
had not shown oestrus by then. The repro
ductive organs were macroscopically exam
ined 1 h after slaughter.
The weight of each piglet was recorded on
the day before the first weaning (day-3) and
on the seventh day after the final weaning
(day 7). Piglet weight gain during 10 days
after the first weaning was statistically eva
luated.

Blood collection and hormonal analysis
Blood samples were collected daily at 9 a m,
12 am, 3 p.m, 6 pm and 9 pm from day 30
of lactation until slaughter. Frequent blood
sampling at 15 min interval was done for 12
h on the day of first and final weaning (6 h
before and after weaning) and for 6 h on the
day after each weaning and thereafter every
7 days throughout the experiment. During
the period of standing oestrus, blood samp
les were collected every 3 h until the signs of
oestrus subsided. All samples were collected
in heparinized tubes which were immediate
ly centrifuged and the plasma was stored in
plastic tubes at -20T until assay.
The blood samples taken 5 times daily were
analysed for the concentrations of progeste
rone (P4) (Bosu et al. 1976), oestradiol-l Zf
(E2) (Boilert et al. 1973) and cortisol (Nyberg
et al. 1988). All samples were analysed for
concentrations of LH (Stupnicki & Madej
1976) and prolactin (Gromadzka-Ostrowska
et al. 1985, Algers et al. 1991). The methods
used for P4, E2 and LH analysis have pre
viously been validated in the porcine species
tKunavongkrit et al. 1983).
The sensitivity of the assay systems to P4,

E2, cortisol, LH and prolactin were 1.0
nmol/l, 20.6 pmol/l, 4.5 nmol/l, 0.2 ug/I
and 0.5 ug/l , respectively. The inter-assay
variations for P4, E2, cortisol, LH and pro
lactin were 10.3 and 7.9,16.9 and 18.6, 13.8
and 9.2,16.5 and 12.6 and 26.2 and 10.6 %,

respectively, for low and high assay controls.
The intra-assay variations for E2, cortisol,
LH and prolactin were less than 10% in the
working ranges between 36.9-133.3 pmol/I,
38.9-110.0 nmol/I, 0.5-26.2 ug/l and
6.4-29.5 ug/I, respectively. The average LH
level was defined as the mean of the values
obtained from the frequent samples. The LH
base level was defined as the mean plus one
standard deviation of the values obtained
from the frequent samples excluding the pul
sees) of LH. The LH pulse was defined as 2
or more consecutive values above the base
level plus I standard deviation.

Statistical analysis
Data were analysed by least-squares analysis
of variance using the General Linear Model
procedure (SAS Institute Inc . 1985).
The statistical model for analysing the dif
ferences between treatment and control in
average levels of LH, based on individual re
cordings (from 15-min samplings), included
the following effects: Treatment (2 levels),
sow within treatment (6+6 sows), period (six
6 h periods, 6 h before and after the first and
the final weaning and 6 h on the day after
each weaning) , hours within period (6 h) and
the interaction between treatment and peri
od. The above model was also used for ana
lysis of base levels of LH and number of LH
pulse(s) during the 6 h periods after exclu
sion of the effect of sampling hour.
Two statistical models were used for ana
lysing the differences within pair of sows
(treatment-control), including the following
effects: One model for E2, cortisol and pro
lactin: pair of sows (6 pairs), date (8 days,
day-5 to day 2), sampling hour (9 a m and 9
p m for E2; 9 a m, 12 a m, 3 p m, 6 p m and
9 p m for cortisol and prolactin) and the in
teraction between date and sampling hour.
The other model for prolactin collected
every 15 min: pair of sows (6 pairs), date (2
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days, day-2 and day 0), sampling hour (four
I-h periods, I h before and 3 h after each
weaning).
The statistical model for analysing the dif
ferences between the weights of the piglets
from the different treatment sows included
the following effects: pair of sows (6 pairs),
treatment (2 levels), weight group of piglets
(2 levels, heaviest 50 % and lightest 50 %
within litter) and the interaction between
treatment and group.

Hormonal patterns
Prolactin . The peripheral plasma concen
trations of prolactin from the daily samp
lings and from the frequent samplings are
presented in Fig. I and Fig. 2 A & 2 B, re
spectively. Plasma prolactin concentrations
during late lactation (d-5 to d-3), around the
first weaning (d-2 to dol) and the final
weaning (d 0 to d I) , were not significantly
different between the groups. Within 6 h of
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Figure I . Peripheral plasma concentrations of
prolactin around weaning in the F (0- - -D) and
C (-----..) groups. Samples were collected 5
times daily. Arrows indicate first (dashed arrow)

and final (solidarrow)weaning.
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Results
Reproductive performance
The clinical data for the sows are shown in
Table I . None of the sows showed oestrus
during lactation. Sows from 5 out of 6 pairs
exhibited their first oestrus within 8 days of
the final weaning. The mean number of cor
pora lutea were 18.2 and 17.0 in the F and
C sows, respectively. The sows submitted to
fractionated weaning tended to have a shor
ter weaning to oestrus interval than the
control sows (5 of 6 pairs, 4.8 days v 5.6
days) , but the differences were not statistic
ally compared because of the small number
of sows. In I pair of sows, no signs of
oestrus were seen within 21 days of final
weaning and laparoscopic examination at 2
weeks after weaning only revealed growing
follicles in their ovaries.

Table I . Effect of fractionated weaning on the reproductive per
formanceof the sows.

Group F" C·

No. of sows
No. of weanedpiglets
Weaningto oestrus interval (days)**
No. of corpora lutea per sow**
Weight lossduring lactation (kg)

6
9.7 (8-11)
4.8 (3-8)
18.2 (16-20)

6
9.5 (8-12)
5.6 (4-8)
17.0 (14-22)
26.2 (10-40)

* F=Fractionated weaning, C =Conventional weaning.
** One pair of sows was excluded as none of the sows had shown

signsof oestrus by day 21 after weaning.
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Oest radio l-I Before final weaning the
E2 concentrations were low and did not dif
fer significantly between the groups (Fig. 4).
After final weaning, the E2 concentrations in
the F group rose faster , and was significantly
higher on day 2 (p < 0.01), than in the C
group.
LH . The average and base levels of LH and
the number of LH pulse(s)/6 h from the
frequent samplings are presented in Table 2.
There were no significant differences in plas
ma LH levels and number of pulses between

- 5 -4 -3 -2 - 1 0 1 2
DAYS BEFORE (-I AND AFTER FINAL WEANING

Figure 3. Peripheral plasma concentrations of
cortisol around weaning in the F (0- - -0) and C
(---.e) groups. Arrows indicate first (dashed

arrow)and final (solid arrow)weaning.
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Figure 2 (A-B). Peripheral plasma concentra
tions of prolactin around weaning on day -2 and
day 0 in the F (0-- --0) and C (---.e) groups.
Sampleswerefrequently collected at 15min inter
vals. Arrowsindicate first (dashed arrow)and final

(solid arrow)weaning.
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Figure 4. Peripheral plasma concentrations of
oestradiol-l Zf and progesterone around weaning
in the F (0- - -0) and C (---.e) groups. Arrows
indicatefirst(dashed arrow)and final (solid arrow)

weaning.

weaning, the plasma prolactin concentra
tions gradually decreased from 7.6 and 8.7
to 1.6 and 1.7 ug/ I in the control and treat
ment groups, respectively.
Cortisol. The plasma levels of cortisol
showed a diurnal rhythm and the concentra
tions did on no occasion differ between the 2
groups (Fig. 3). On the day of final weaning,
no diurnal rhythm was observed, with corti
sol levels remaining high at 6 and 9 p m (4
and 7 h after final weaning, respectively).
Progesterone . The progesterone concen
trations were low until final weaning in both
groups of sows (Fig. 4).
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Table 2. Average and base levels ofLH and number ofLH pulse(s)/
6 h obtained from frequent samples taken for 6 h periods (P). P I and
P2 = 6 h periods before and after the first weaning, P3 = 6 h period on
the day after the first weaning (Wfirst), P4 and P5 = 6 h periods before
and after the final weaning (Wfin) , P6 = 6 h period on the day after

the final weaning.

Wfirst Wfin
6 h 6 h 6 h 6h 6 h 6 h
PI P2 P3 P4 P5 P6

D-2 D-I D O DI

Average LH level (ug/l)
F 0.69a 0.71ab 0.70a 0.68a 0.74b 0.82c

C 0.70a o.na 0.65b 0.56c 0.73ade O.77e

Base level ofLH (ug/I)
F 0.66ab 0.65ab 0.67ab 0.65a 0.68ab O.77b

C 0.67ab 0.67ab O.64ab 0.57a 0.68ab 0.75b

No. ofLH pulse(s)/6 h
F 1.5a 1.8a 2.2a 1.5a z.s» 3.3b

C 1.5a 2.0a 1.7a l.5 a 2.3a 3.7b

Values within rows without a common superscript are significantly
different.

the groups around wea ning. Marked incre
ase of the levels and in the number of pulses
was detected I day after final weaning in
both groups.

Piglet body weight changes
The body weight of the piglet recorded on
the da y before the first weaning (W I) and on
the seventh da y after the final weaning (W2)
is presented in Table 3. The mean initial

T ab1e 3. Effect of fractionated weaning on piglet weight changes
within 10 days of the first weaning.

Piglet body weight, kg3,4

Treatmentl Group2 n WI W2

Weight gains
by 10 days
after the 1st

weaning, kg3,4

F H 27 9.8 ± 0.2a 13.1 ± 0.3a 3.3 ± 0.2a
F L 31 8.0 ± O.2b 11.7 ± 0.3b 3.7 ± 0.2a
C H 27 11.0 ± 0.2c 14.6 ± 0.3c 3.6 ± 0.2a
C L 30 9.2 ± 0.2d 12.7 ± 0.3a 3.5 ± 0.2a

I) F = Fractionated group, C =Contro l group.
2) H = Heavy group, L = Light group.
3) LS mean ± standard error.
4) Values within column with different superscript differ significantly.
WI =weight on the day before the first weaning.
W2 =weight 10 days after the first weaning.
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weight was significantly higher for the pig
lets from C sows than from F sows, for both
heavy and light groups. The heavy piglets
gained as much weight as the light piglets in
both groups of sows.

Discussion
The present study demonstrated that wean
ing the heaviest half of the litter 2 days be
fore final weaning on day 35 of lactation in
primiparous sows resulted in a tendency to
wards a shorter weaning to oestrus interval
in the F sows, compared with the C sows.
The absence of an obvious shortening of the
interval from weaning to oestrus in fractio
nated sows, as found here, is inconsistent
with results found in some earlier studies
(e.g. Cox et al. 1983, Stevenson & Davis
1984). This discrepancy may be due to any
of the following factors.
Number of remaining piglets: Stevenson
& Britt (1981) found that sows nursing 3 pig
lets during the last 5 days before weaning
showed oestrus approximately 3 days earlier
than sows nursing either 8 or 13-14 piglets.
Reducing the litter size to 2-4 piglets 5 days
before weaning at 2, 3 or 4 weeks resulted in
44 % of the sows showing oestrus on the day
of weaning and more sows were in oestrus in
0-3 days after weaning, compared to control
sows weaned at 5 weeks (Stevenson & Davis
1984). Kunavongkrit (1984) also reported
that primiparous sows nursing 2-4 piglets
during a 5-week lactation period had a shor
ter interval from weaning to oestrus than
sows nursing 7 or more piglets. It therefore
seems likely that the number of remaining
piglets (4-6) in our study was still large
enough to provide sufficient suckling stimu
lus to inhibit the onset of cyclic ovarian ac
tivity.
Length of lactation . From the study of
Stevenson & Davis (1984), reducing the litter
5 days before final weaning after 2 or 3

weeks of lactation tended to improve the
oestrous response, compared with the same
treatment at 4 weeks. Riley et at. (1985) also
demonstrated that the interval from weaning
to service remained similar in the fractiona
ted group, but decreased in the control
group as the lactation period went on for
more than 21 days. A contributing factor to
the small difference in weaning to oestrus
interval between the C and F sows in the
present study may thus be the length of the
lactation period (5 weeks) which resulted in
a short weaning to oestrus interval in the C
sows.
Time interval between initial and final
weaning: Kunavongkrit et al. (1985) were
not able to demonstrate a significant reduc
tion in the interval from weaning to service
by weaning the heaviest piglets (2-8 piglets)
7 days before the 5 remaining piglets on day
28 of lactation. Cox et al. (1983) reported
that weaning half of the litter 2 days before
final weaning increased the percentage of
primiparous sows in oestrus within 10 days
of weaning (77 %), compared with 5 days
(58%) and 0 days (51%). Our results did not
show a clear reduction of the post-weaning
oestrus interval in the F sows compared with
the C sows. It seems likely that for a 5-week
lactation period, weaning half of the litter
either 7 days or 2 days earlier does not re
duce the post-weaning oestrus interval in
primiparous sows, compared to conventio
nal weaning. The optimum time between
the 2 weanings that could potentially reduce
the interval from weaning to oestrus is still
to be determined.
The prolactin concentrations did not change
after the first weaning, but gradually decre
ased to basal levels within 6 h of the final
weaning in both the control and the treat
ment group. The decline in prolactin after
final weaning confirms the results of pre
vious studies (}Ian Landeghem & van de
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Wiel 1978, Kirkwood et al. 1984, Shaw &
Foxcroft 1985). Weaning some of the hea
viest piglets a few days before final weaning
thus had no influence on the pattern of plas
ma prolactin. This indicates that the re
maining 4-6 piglets were enough to stimu
late the release of prolactin during lactation.
The peripheral prolactin concentrations did
not decrease even in lactating sows showing
ovulatory oestrus when given GnRH in pul
satile administration during the fourth week
of lactation (Rojkittikhun et al. 1991). Pro
lactin does not seem to interfere with the
action of exogenously administered GnRH
on the pituitary gland, as evidenced by LH
release or on the subsequent ovarian re
sponse, as lactating sows can ovulate fol
lowing GnRH treatment (Bevers et al. 1981,
Cox & Britt 1982b, Rojanasthien et al. 1987,
1988). The role of prolactin in the hypotha
lamus as a factor evoking lactational anoe
strus in sows remains to be considered.
In both groups of sows, cortisol concentra
tions showed a diurnal rhythm except for
the day of final weaning. The diurnal
rhythm found in this study is similar to the
one described in boars (Edqvist et al. 1980)
and also corresponds to the pattern observed
in lactating sows (Kunavongkrit et al.
1984b). The lack of a diurnal rhythm on the
day of final weaning, which to our knowl
edge has not been reported earlier, may re
flect physiological and/or psychic stress in
the sows due to distended udders and /or the
emotional effect of the absence of their pig
lets. Weaning half of the litter did not seem
to affect the sows, as the diurnal rhythm did
not change after the first weaning.
The plasma concentrations of E2 were low
in both groups until final weaning, thereafter
they rose faster in the F sows than in the C
sows. The faster increase of E2 levels after
final weaning indicates a comparatively fa
ster follicular development in these sows.
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Measurement of E2 levels in utero-ovarian
blood (Rojanasthien 1988), might have re
vealed an occurrence of follicular develop
ment following the first weaning in the F
sows.
The peripheral LH concentrations and the
number of LH pulses were low before final
weaning and increased significantly I day
after final wean ing in both groups of sows.
The low LH act ivity during lactation found
in this study is in agreement with previous
studies (Shaw & Foxcroft 1985, Foxcroft et
al. 1987, Rojanasthien 1988). Reducing the
number of suckling piglets 2 days before
weaning had no significant effect on the
average and base levels of LH or the number
of LH pulses . Kunavongkrit et al. (1985), on
the other hand, demonstrated an increase in
LH activity after the first weaning in 2 out of
4 sows submitted to fractionated weaning.
The fast-rising E2 levels and a tendency
towards a shorter weaning to oestrus inter
val in the treatment group in the present
study were not preceded by any changes in
LH levels after the first weaning. However, a
longer period of frequent blood collection
after the first weaning might have revealed
changes even in the LH pattern.
It can be concluded that the fractionated
weaning technique, as performed in this ex
periment, resulted in a small difference in
the interval from weaning to first oestrus
compared with conventional weaning. No
differences in prolactin, cortisol, progeste
rone or LH patterns were observed between
the F and the C sows. Oestradiol-l Zp rose
faster after weaning in the F sows than in the
C sows.
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Sammanfattning
Effekten av fraktionerad avvdnjning pa hormon
miinstret och intervallet fran avvdnjning till brunst
hos ungsuggor.
Effekten av avvanjning av de 4-5 tyngsta srnagri
sarna i kullen pa dag 33 av diperioden och de
aterstaende 2 dagar senare pa blodplasmakoncen-
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trationema av prolaktin, kortisol,
(E2), progesteron (P4) och LH samt intervallet fran
avvanjning till brun st studerades hos ungsuggor.
To lv korsningssuggor grupperades i 6 par efter
grisningsdatum och kullstorlek. Kullen till en
sugga i varje par (F) avvandes i 2 etapper och kul
len till den andra suggan pa konventionellt satt pa
dag 35 (C). B1odprov togs via permanent jugular
yen dagligen var 3:e timme fran kl. 09.00 till kl.
21.00 under hela experimentperioden, var 15:e
minut under 12 timmar dag 33 och dag 35 samt
under 6 timmar dag 34 och dag 36. Suggorna slak
tades efter forsta brunsten och konsorganen ob
ducerades.
Ingen sugga visade brunst under diperioden. Alia
suggor i 5 av 6 par visade brunst och ovulerade
inom 8 dagar efter avvanjningen. Det fanns en
tenden s till kortare intervall hos F-suggoma an

hos C-suggoma (5 av 6 par; 4,8 respekt ive 5,6
dagar). Prolakt inkoncentrationema var inte signi
fikant skiIda mellan de 2 gruppema. De sjonk fran
7,6 och 8,7 till 1,6 och 1,7 ugll i C- respektive
F-gruppen inom 6 timmar efter avvanjningen,
Kort isolkoncentrationen visade en signifikant
dygnsvariat ion (lagst koncentration kl. 18.00
och/eller kl. 2 1.00). Avvanjn ingsdygnet (dag 35)
observerades ingen dygnsvariation av kort isol. E2
och P4 var laga fram till avvanjn ingen (dag 35) i
bada gruppema. Efter avvanjningen steg Erkon
centrationen snabbare hos F- an hos C-suggoma
(44,3 och 34,8 pmol/I pa dag 2 hos F- respekt ive
C-suggoma, p < 0,01). Inga signifikanta skill
nader pavisades i Ll-l-nivaerna eller antal et LH
peakar mellen de 2 suggruppema. Efter avvanj
ningen steg saval basala Ll-l-nivaerna som antalet
LH-peakar signifikant.
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