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In commercial breeding units, the in-
terval between entering the unit and
the first estrus is often prolonged in

replacement gilts. This may be the result of
endocrine dysfunction or management fail-
ure.1 Other variables that influence the age
of puberty include exposure to boars, age,
genetic background, climate, season, pho-
toperiod, housing, transport, and energy
flushing.2,3 Nutritional management has a
major impact on the reproductive perfor-
mance of a gilt.4 According to Leman et
al,5 farrowing rate does not improve as the
gilt’s age increases. Therefore, producers try
to breed gilts as early as possible to mini-
mize the number of non-productive days.
Breeding gilts at their pubertal estrus, but
not their second estrus, is often associated
with a low ovulation rate and small first
litter size.6 Methods that have attempted to
induce an early, fertile estrus include the
use of exogenous goandotropins, and trans-
port of gilts combined with exposure to
boars and energy flushing.7 We conducted
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Summary
We conducted a trial to determine whether
energy flushing combined with transport,
regrouping, and exposure to boars
influences the onset of puberty. In a large
pig production unit, 320 incoming gilts
approximately 160 days of age were ran-
domly divided into two groups. The
FLUSHED group (166 gilts) were both
transported and energy flushed, and the
TRANSPORTED group (154 gilts) were
transported only. After transport, gilts were
housed in small groups exposed to boars
across an aisle. Boars were moved daily to
pens facing different groups of gilts. As
estrus detection is difficult in gilts this
young, it was not attempted, and the onset
of puberty was determined at slaughter one

week after transport. Reproductive organs
were collected immediately after slaughter
and examined that day. There were more
follicles >4 mm and uterine mass was larger
(P>.05) in the FLUSHED group than in
the TRANSPORTED group. Adrenal
gland weight, ovarian weight, and uterine
length did not differ between treatment
groups. In this trial using 160-day old gilts,
energy flushing increased follicular growth
and uterine weight, which are indicators of
puberty in gilts this age.
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the following trial to determine whether
energy flushing combined with boar expo-
sure does influence the onset of puberty in
transported gilts.

Materials and methods
Pigs used in the trial originated in a large,
East European production unit of 2500
sows. The F1 Large White × Landrace fe-
males were mated to Duroc boars, and the
pigs were weaned at 28 ± 3 days of lacta-
tion and fed ad libitum the diets listed in
Table 1. Micronutrient supplementation
was comparable to that used in commercial
units in the United States.8

The trial was conducted during the early
summer when environmental temperature
was ideal. At 110 kg and approximately
160 days of age, 320 gilts were randomly
divided into two treatment groups. The
TRANSPORTED group (154 gilts) were
fed at the rate of 2.7 kg per animal per day
(Table 1). The FLUSHED group (166
gilts) were fed the same diet but were al-

lowed ad libitum feeding for 1 week before
and 1 week after transport. Average daily
intake of the FLUSHED gilts was slightly
more than 3.8 kg per animal per day.

Groups of 35 to 40 gilts were transported
approximately 40 km, in an open truck,
requiring approximately 1 hour. On the
day of transport, gilts were provided with
water only. On arrival, they were housed in
groups of 10 to 12, with a boar housed
across the aisle (approximately 1 meter)
from each group. The boars were moved
every day so that they faced different
groups of gilts. Estrus detection was
difficult and inconsistent in these young
gilts, and occurrence of estrus based on
clinical signs was not evaluated statistically.

One week after transport, the gilts were
moved to an abattoir about 50 km distant,
and slaughtered immediately after arrival.
The following parameters were assessed:
adrenal gland weight, ovarian weight, uter-
ine weight and length, and number of ova-
rian follicles >4 mm in diameter. Statistical
analysis was performed using the Student
2-Phase t test (Systat program).

Results
A corpus hemorrhagicum was occasionally
observed, primarily in gilts in the
FLUSHED group, but this was not a con-
sistent finding and it was not recorded.

Adrenal gland weight, ovarian weight, and
uterine length did not differ between treat-
ment groups. However, uterine weight and
the number of follicles >4 mm diameter
were significantly greater (P<.05) in
FLUSHED than in TRANSPORTED gilts
(Table 2).

Discussion
Follicle size is a better indicator of puberty
than observation of clinical signs of estrus,
which may be “silent” in gilts. Preovulatory
follicles in pubertal gilts have a diameter >4
mm.7 Growing follicles and ovulation may
be observed in young gilts (approximately
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160 days of age) that do not show clinical
signs of estrus. Although we did not record
the presence of a corpus hemorrhagicum in
this trial, we believe that the higher uterine
weights in the FLUSHED group indicate
that ovulation had occurred in these ani-
mals, as an increase in uterine size is associ-
ated with ovulation in gilts.7

Nutrition influences the reproductive axis
of the gilt.9 When prepubertal gilts are al-
lowed ad libitum access to a previously re-
stricted diet, metabolic changes occur that
mediate a significant increase in follicular
development.10 An immediate increase in
blood insulin concentration increases
luetinizing hormone secretion, promotes
persistence of medium-sized follicles, and
diminishes follicular atresia. Under field
conditions, we have found that although
increased energy intake prior to breeding
increases ovulation rate, litter size is not
consistently improved, because increased
embryonic mortality accompanies the in-
crease in ovulation rate.

Several micronutrients may be responsible
for advancing the onset of puberty and im-
proving ovulation rate and litter size.
Kirkwood and Thaker11 reported that
supplementing zinc, manganese, copper,
and iodine positively influenced litter size
and embryonic mortality. Trembly et al.12

reported that supplemental folic acid in-
creased litter size in females that had been
flushed to increase ovulation rates. In our
experience, supplementing folic acid im-
proves ovulation rate (unpublished data).
Mordenti and Marchetti13 reported that
ascorbic acid supplementation markedly
stimulated the onset of estrus and sug-
gested that biotin may increase uterine size.
The flushing accomplished by allowing ad
libitum feeding, especially in gilts previ-
ously on restricted feed intake, may be ef-
fective because levels of energy, trace ele-
ments, vitamins, and minerals all increase
simultaneously with the high feed intake
(>3.8 kg per gilt per day).

Exposure to boars appears to be one of the
most important stimuli for initiating the
onset of puberty in gilts. Once gilts have
reached the threshold age for puberty, the
onset of estrus and ovarian activity can be
stimulated by pheromones and olfactory
stimuli from a present boar,14 but other
sensory stimuli, such as visual, tactile, and
auditory cues, may contribute to the pre-
cipitation of puberty as well.15 Transport
and relocation positively affects both onset
and synchrony of puberty in gilts.16

As the gilts in this study were all of the
same genetic background, and had been
exposed to the same conditions of manage-
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Table 1:  Diets provided to prepubertal gilts prior to transport and flushing

Table 2: Effect of flushing for 1 week before and for 1 week after transport
(FLUSHED gilts) or transporting only (TRANSPORTED gilts) on adrenal gland
weight, ovarian weight, uterine weight, length of uterus and number of follicles
(mean ± SD) in 110-kg gilts approximately 160 days old.

ab For each parameter, values with different superscript are significantly different (P<.05)

ment, boar exposure, and transport, the
only difference between the two treatment
groups was flushing, which must have been
responsible for the observed differences in
uterine weight and number of ovarian fol-
licles. However, as we failed to record the
occurrence of corpora hemorrhagica in
these gilts, further trials would be necessary
to establish a clear cause and effect rela-
tionship between energy and micronutrient
flushing and ovulation.

Implications
•   In 160-day old gilts, flushing (intake ≥

3.8 kg feed per gilt per day) increases
follicular growth and uterine weight,
which are indicators of puberty in gilts
this age.
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