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ABSTRACT: Replacing stock is costly in any pig
production. In addition, it takes time for young
animals to reach the same level of productivity
as more mature animals. Therefore, the aim of
this study was to investigate the effects of long-
or short-term increased feed allowance (covering
the luteal and follicular phases) prior to service in
the second estrus on first parity performance. In
order to achieve this, altrenogest was used to syn-
chronize the gilts cycle to allow a precise feeding
strategy, and only gilts inseminated 0-10 d after
altrenogest withdrawal were included in the study.
Altrenogest was given at days 0-18 to control
the luteal phase and, therefore, treatments cov-
ered different feeding strategies in either or both
the luteal phase (days 0-18) and follicular phase
(days 18-25). High feed allowance (H) was in-
duced using 0.97 kg more feed per day compared
to the low feed allowance (L) given 2.33 kg/d.
Four feeding strategies, low—low (LL), high—high
(HH), high—low (HL), and low-high (LH), were
included. Once gilts had been inseminated, feed
allowance was reduced to 2.23 kg/d to prevent the
loss of embryos in early gestation. A tendency was
observed between feeding strategy and backfat

thickness before altrenogest treatment, showing
that total born piglets were positively correl-
ated to backfat in the LL and LH (no increased
feed allowance or short-term increased feed al-
lowance), treatments (P = 0.076), compared to
when gilts had longer periods with high feed al-
lowance (HH and HL). High feed allowance in
the follicular phase (LH) tended to increase the
number of total born piglets compared to the
other groups (P = 0.069) when applied in the fol-
licular phase of the second standing estrus after
the gilts were given altrenogest. This would be
equivalent to the last 5-7 d of a 21-d cycle in gilts.
The three other feeding strategies, comprising ei-
ther the luteal and follicular phases (HH) or the
luteal phase (HL) or none (LL), did not increase
litter size. The weight of the gilt when entering the
insemination section also had an effect on total
born piglets (P < 0.001) with an increase in litter
size with increased weight of the sow, but no dif-
ferences between treatments. In conclusion, the
weight of the gilt had an influence on the total
litter size and gilts with low backfat tended to
respond more positively to a longer period with
high feed allowance than fatter gilts.

Key words: altrenogest, feeding level, flushing, gilts, reproduction, total born

© The Author(s) 2021. Published by Oxford University Press on behalf of the American Society

of Animal Science.

This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http:llcreativecommons.orgllicenses/byl4.0/), which permits unrestricted reuse, distribu-
tion, and reproduction in any medium, provided the original work is properly cited.

ICorresponding author: thsb@seges.dk
Received August 18, 2020.
Accepted January 12, 2021.

Transl. Anim. Sci. 2021.5:1-12
doi: 10.1093/tas/txab005

INTRODUCTION

The replacement of sows has a great economic
impact at the farm level (Rodriguez et al., 2011).
In addition, it takes time for young animals to
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reach the same level of productivity as more ma-
ture animals. For example, in sows, the productivity
is one or two piglets less in the first litter (Le Cozler
et al., 1998; Bruun et al., 2016) and the average
litter weight is lower at weaning (Strathe et al.,
2017) compared to subsequent litters. In order to
improve the productivity of the first litter, it is re-
commended to inseminate the gilt in the second es-
trus as this increases the litter size by 1.1-1.4 piglets
per litter compared to inseminating in the first es-
trus (Beltranena et al., 1991a, 1991b). This is due
to a higher ovulation rate after the gilts’ first estrus
cycle (Beltranena et al., 1991b). Moreover, produ-
cing replacement gilts is feed costly, takes up space,
and a weaned sow is, therefore, more profitable to
have in the production system compared to a gilt
that has been fed throughout the growing period
till maturation.

Generally, there is a positive effect of increas-
ing the feed allowance just before insemination,
often referred to as flushing (Close and Cole,
2000), which ensures a positive energy balance.
Langendijk (2015) suggested that not only does
flushing increase the amount of ovulated follicles
but there is also a carryover effect of flushing on
the release of progesterone after insemination,
which has a positive effect on embryo survival.
This is due to more evenly developed follicles and
more follicles could potentially increase the re-
lease of progesterone (Langendijk, 2015). Some
studies have shown that increasing the feed al-
lowance in the luteal phase could also influence
the maturation of the follicles that are released in
the following cycle (Hazeleger et al., 2005; Chen
et al., 2012). This is due to the fact that, in the last
part of the luteal phase, there is a prefollicular
phase that starts 4-6 d before the follicular phase
where the growth of the follicles that are ovulated
in the upcoming estrus slowly starts to grow. This
can potentially have a large influence on both the
quality and amount of follicles that grow in the
follicular phase (Soede et al., 2011).

Current Danish recommendations state that
feed allowance should be increased from approxi-
mately 2.9 kg to approximately 3.5 kg/d 7-14 d
prior to insemination. This broad interval covers
both the luteal phase that lasts approximately 15 d
of the gilts cycle [where corpus luteum (CL) forms
after ovulation] and the follicular phase [where
new follicles start developing after CL has started
to break down], which covers the last 5-7 d of a
21-d cycle (Soede et al., 2011). Providing a high
feed allowance for gilts for a longer time period is
not beneficial as this is both economically expensive

and increases the risk of heavy gilts and subsequent
locomotor problems (Amaral Filha et al., 2009;
Kummer et al., 2009; Patterson et al., 2010).

Therefore, the aim of this study was to inves-
tigate the effects of long- or short-term increased
feed allowance (covering the luteal and follicular
phases) prior to service in the second estrus on first
parity performance. Altrenogest was used to syn-
chronize the gilts cycle in order to allow a precise
feeding strategy for individually housed gilts, and
only gilts inseminated 0—10 d after altrenogest with-
drawal were included in the study.

MATERIAL AND METHODS

All gilts originated from a commercial produc-
tion facility. The health and welfare of all animals
were monitored daily throughout the study by the
farm staff according to the site’s standard operat-
ing protocols and veterinary recommendations and
all usual practices for treatments, vaccinations, and
management were followed. In addition, 24-h far-
rowing surveillance was performed on the farm.
The farm complex has a state document on the
well-being and welfare of the herd—on the assign-
ment of the highest degree of biological protec-
tion—compartment no. 4. Additionally, the farm
was under the supervision of a state veterinarian
who monitors animal health. All procedures were
carried out in compliance with federal orders and
did not require separate approval by state structures
since this was not a trial related to introducing in-
fections or violence against animals. The study was
carried out in the format of a field test; state regis-
tration of the study was not prescribed by law and
was not necessary for the approval of the results of
the study (orders of the Ministry of Agriculture of
Russia 114 and 258).

Herd and Animals

The study was conducted from May 2017 to
December 2017 in a 6,000 sow commercial Russian
piggery located in the Kaliningrad Region that pro-
duced their own (n = 1026) Danish Landrace X
Danish Yorkshire gilts (DanBred, Herlev, Denmark)
with a mean litter size of 15.5 (£3.1) total born.
Halfway through the study, the piggery changed
to receiving gilts (n = 1071) from another site but
with the same breed (Danish Landrace X Danish
Yorkshire gilts; DanBred, Herlev, Denmark) with
mean litter size 16.7 (£3.0) total born. Management
and dietary treatments were the same before and
after the change of herd origin of the gilts.
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Pretreatment of Gilts

In the gilt-growing period from approximately
80 kg, the gilts were housed in pens (fully slated
5.0 X 2,95 m) with 16 gilts per pen. The stable
was ventilated using negative pressure ventilation
through wall inlets. Gilt feed was provided ad lib-
itum, all feed was produced on farm, and the min-
eral premix was purchased from Vilomix (Vilomix,
Morke, Denmark). The main ingredients were
wheat, barley, wheat bran, and soybean meal and
contained 6.1 standardized ileal digestible (SID)
lysine/kg, 110 g SID CP/kg, and 9.0 MJ NE/kg.
Further details are presented in Table 1.

Randomization of Gilts

In the gilt-rearing unit, gilts were daily selected
to the groups by registering visual signs of pre-es-
trus or estrus [pink and swollen vulva or showing
standing response as described by Soede and Kemp
(1997)]. No boar contact was provided in the
gilt-rearing unit, and hence, gilts that showed signs
of pre-estrus or estrus were then consecutively allo-
cated to one of the four treatments. The allocation
sequence of the four treatments was varied from
pen to pen to ensure that gilts entering the breeding
unit at 216 * 4 d of age had the same mean age and
average day in their cycle across the four treatments.

Preinsemination Housing, Management, and
Feeding Strategies

Once a week, gilts with observed signs of ei-
ther pre-estrus or estrus were moved from the gilt
rearing unit to the breeding unit and were weighed
(3- X 2-m weighing platform, Phiztech, Russia) and
backfat scanned at the last rib and 65 mm from
the backbone of the gilt (P2 site) using an ultra-
sound scanner (LeanMeater, Renco Corporation,
Minneapolis, MN). In the breeding unit, the gilts
were individually housed in pens (230 X 55 cm) with
ad lib access to water via a drinking nipple. The gilt
breeding unit was ventilated using negative pres-
sure ventilation through wall inlets. From entering
the breeding unit and until the four distinct feeding
strategies were initiated 4 d later, all gilts were fed
a fixed amount of 2.34 kg/d of feed irrespective of
body weight. Approximately 2 d after the gilts were
moved to the breeding unit, they were given an oral
administration of apple juice (5 mL) with a syringe
to adapt to the subsequent altrenogest (orally ac-
tive synthetic progestogen; allyltrenbolone) treat-
ment. All gilts were thereafter given an oral dose

Table 1. Ingredients and nutrient composition of
the three diets used for gilts in the rearing unit from
80 kg and in the breeding unit until day 28 of gesta-
tion, for gestating sows throughout gestation (days
29-112), and for sows from entering the farrowing
unit at day 113 of gestation until weaning

Diet
Gilts Gestation  Lactation
Ingredient, g/kg “as-fed”
Barley 150 274 210
Wheat 427 478 472
Wheat bran 150 3.1 -
Oat - 47.7 21.4
Rye 100 - -
Sugar beet pulp 50.0 70.4 20.1
Alfaalfa pellets 20.0 20.0 20.0
Soy bean meal 33.0 - 162
Sunflower meal 25.0 67.9 10.4
Soy oil 10.0 8.3 35.1
L-Lys 3.34 3,39 4.37
DL-Met 0.04 0.04 1.15
L-Thr 0.79 0.80 1.80
L-Trp 0.05 0.05 -
Monocalcium phosphate 8.8 7.6 13.6
Limestone 9.7 9.5 12.5
Salt 4.7 4.6 5.4
Vitamin and mineral premix 7.58¢ 7.69" 10.18¢
Composition (calculated)
DM, % 87.4 88.0 88.4
CP, % 110.2 104.0 147.1
SID? CP, g/kg 6.1 5.5 9.6
SID? Lys, g/kg 2.1 1.9 3.0
SID? Met, g/kg 4.3 4.0 5.6
SIDY Met + Cys, g/kg 4.2 3.8 6.2
SID Thr, g/kg 1.4 1.3 1.8
SID? Val, g/lkg 4.8 4.5 6.5
Energy, FUsow/kg* 1.03 1.0 1.14
Energy, MJ NE/kg/ 9.0 9.0 9.8
Composition (analyzed)?
DM, % 85.7 (87.4) n.a. n.a.
CP, % 14.3 (13.8) n.a. n.a.
Lys, g/kg 7.6(7.3) n.a. n.a.
Met, g/kg 2.4(2.5 n.a. n.a.
Thr, g/kg 5.3(5.3) n.a. n.a.
Val, g/kg 6.1(6.2) n.a. n.a.
Ca, g/lkg 8.4(7.2) n.a. n.a.
P, g/lkg 6.5(6.1) n.a. n.a.

n.a., not analyzed.

“Provided per kilogram of the diet: 10,490 IU vitamin A; 2,000
1U 25-hydroxy vitamin D3 (HyD, DSM Nutritional Products, Basel,
Switzerland); 104.9 mg DL-alfatocoferol, 4.2 mg vitamin K3; 2.1 mg
vitamin B1; 5.2 mg vitamin B2; 3.1 mg vitamin B6; 0.03 mg vitamin
B12; 15.7 mg D-pantothenic acid; 21.0 mg niacin; 1.6 mg folic acid;
83.9 mg iron (FeSO,); 17.8 mg copper (CuSO,); 104.9 mg zinc (ZnO);
47.2 mg manganese (MnO); 1.0 mg iodine (Ca(10O,),); 0.31 mg sel-
enium (Na,SeO,); 264.4 mg choline chloride.

*Provided per kilogram of the diet: 10,700 IU vitamin A; 2,000
1U 25-hydroxy vitamin D3 (HyD, DSM Nutritional Products, Basel,
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Table 1. Continued

Switzerland); 106.7 mg DL-alfatocoferol, 4.3 mg vitamin K3; 2.1 mg
vitamin B1; 5.3 mg vitamin B2; 3.2 mg vitamin B6; 0.03 mg vitamin
B12; 16.0 mg D-pantothenic acid; 21.3 mg niacin; 1.6 mg folic acid;
85.4 mg iron (FeSO,); 18.1 mg copper (CuSO,); 106,7 mg zinc (ZnO);
48.0 mg manganese (MnO); 1.0 mg iodine (Ca(IO,),); 0.32 mg sel-
enium (Na,SeO,); 268.9 mg choline chloride.

‘Provided per kilogram of the diet: 9,200 IU vitamin A; 2,000 TU
25-hydroxy vitamin D3 (HyD, DSM Nutritional Products, Basel,
Switzerland); 190.2 mg DL-alfatocoferol, 4.6 mg vitamin K3; 2.3 mg
vitamin; B1; 5.8 mg vitamin B2; 3.5 mg vitamin B6; 0.03 mg vitamin
B12; 17.3 mg D-pantothenic acid; 23.1 mg niacin; 1.7 mg folic acid;
86.6 mg iron (FeSO,) + 86.6 mg iron (C,H,FeO,); 17.3 mg copper
(CuSO,); 46.2 mg manganese (MnO); 1.2 mg iodine (Ca(lO,),);
0.35 mg selenium (Na,SeO,) + 0.12 mg selenium (selenium yeast);
288,7 mg choline chloride.

“Planned SID values were calculated based on individual SID coef-
ficients of feed ingredients used in the diet according to Pedersen and
Boisen (2002).

‘FUsow refers to Danish feed units for sows calculated in the Danish
feed evaluation system (potential physiological energy system) closely
related to the NE system (Patience, 2012).

’Energy in NE/kg was calculated from table values using EVA Pig.
¢Values in brackets are expected values.

of altrenogest (5 mL Altresyn, 4 mg altrenogest/
mL, Ceva Animal Health, Libourne, France) for 18
d. Gilts with less than 9 mm of backfat when enter-
ing the breeding unit were not included in the study.
Also, gilts with locomotive problems, abnormal
discharge, or coughing in the period housed in the
breeding unit were also excluded.

Dietary Strategies

The study was conducted as a block design with
four dietary strategies prior to the first service in
the second detected estrus. The first day of altreno-
gest treatment was considered as day 0 of the trial,
and the dietary strategies were applied from day
0 to day 18 (considered as the luteal phase due to
altrenogest treatment) and from day 19 and until
insemination (considered as the follicular phase).
The four strategies differed in providing either a
low energy level (L; 2.33 kg/d) or high energy level
(H; 3.30 kg/d) in the luteal and follicular phases,
respectively. The combinations used were LL, HH,
HL, and LH (Table 2).

Insemination Strategy

Altrenogest treatment gilts were checked for
signs of estrus twice daily. This included fenceline
stimulation with three boars, one after another, and
for each individual boar, contact gilts were checked
for standing response by the personnel until this
was confirmed or declined. When standing re-
sponse was confirmed, the gilts were inseminated

Table 2. Feeding strategy (kilograms per gilt per
day) from entering the breeding herd and until far-
rowing for all treatment groups (low—low energy
levels, LL; high-high energy levels, HH; high-low
energy levels, H; and low-high energy levels, LH)

Group
Time period LL HH HL LH
Breeding unit
From entry until start of 2.33 233 233 2.33
altrenogest treatment (day 0)*
Days 0-18 2.33 330 3.30 2.33
Day 19 until insemination 2.33 330 233 3.30
Total days with high feeding 0 23-254 18 5-74
level, days
Gestation days 0-28 2.23 223 223 2.23
Gestation unit
Gestation days 29-95° 1.8 1.8 1.8 1.8
Gestation days 96112 3.5 3.5 3.5 3.5
Farrowing unit
Gestation day 113 and until 3.07 3.07  3.07 3.07
farrowing®

“Day 0 is the first day that the gilts received altrenogest treatment.

"In this time period, the gilts were fed according to backfat thick-
ness, and gilts deemed less than average were given 2.3 kg/d, while gilts
above average in body condition were given 1.8 kg/d.

‘After entry into the farrowing unit, the gilts received lactation feed.

“The total days with high feeding level was dependent on the number
of days from end of altrenogest treatment until insemination.

with 24-h intervals for as long as they were showing
standing response. Gilts were mated with DanBred
Duroc semen (2.5 X 10° semen per dose in a volume
of 95 mL) of internally bred boars.

Postinsemination Management and Feeding
Strategies

After the last insemination, the gilts remained
in the breeding unit and the feed allowance was re-
duced to 2.23 kg/d for all gilts the next 28 d as this
was the normal practice in the herd after insemin-
ation. The gilts were fed with pelleted feed twice a
day (0800 and 1300 h) for the first 28 d after in-
semination. After day 28 the gilts were moved to
the gestation unit and were fed according to their
backfat depth with gestation feed (Table 1) twice a
day (0800 and 1300 h). Gilts with a body condition
(backfat thickness) below the average were given
2.3 kg/d, while gilts above average in body condi-
tion were given 1.8 kg/d.

In the gestation section, there was an indi-
vidual feeder/eating space per gilt and an activity
area with full slatted floor behind the eating space.
Approximately 5 d before the expected farrowing,
the gilts were moved to the farrowing section where
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they were given a lactation feed (Table 1) three times
a day (0815, 1130, and 1530 h).

Recordings

After the gilts were moved to the gilt-rearing
unit, age at first estrus (210 = 0.3) was registered.
When moving the gilts to the breeding unit, date,
gilt weight, and P2-backfat was registered. At in-
semination, date and P2 backfat were registered.
Throughout gestation, culled and repeating gilts
were registered in order to calculate the farrowing
rate, and percentage of gilts repeating. In the far-
rowing unit, date of farrowing, number of total
born, live-born, and stillborn piglets per litter were
registered.

Statistical Analyses

All statistical analyses were performed in SAS
(SAS Enterprise Guide 7.1, SAS Inc, Cary, NC)
with gilt as the experimental unit. For the analysis
of the effect of the treatment (feeding strategy prior
to the first service) on the normally distributed pro-
duction parameters, age at first detected estrus, age,
weight, and backfat thickness when entering the
breeding unit, days from entry to start of altreno-
gest, age at the initiation of altrenogest treatment,
backfat thickness termination of altrenogest treat-
ment, days from altrenogest withdrawal to insem-
ination, and average age at first insemination, the
MIXED procedure was used with the following
linear mixed model:

Yij = l.l+ oci—i-Aj—i-eij

where Yj; is the response variable, u is the intercept,
«; 1s the fixed effect of feeding strategy prior to
first service (i = LL, HH, HL, and LH), A, is the
random effect of week of first estrus detection, and
eij is the residual error.

The analysis of the effect of the feeding strategy
prior to the first service on litter size (total born
piglets) was carried out using the MIXED pro-
cedure assuming normal distribution and the
following model:

Yik = u+ o + Bj + o(T*x), + v *2 + Ak + ek

where Yjj is the response variable, u is the inter-
cept, «; is the fixed effect of feeding strategy prior
to first service (i = LL, HH, HL, and LH), 3; is the
fixed effect of breeding origin (j = before and after
the change of genetics), T and vy are the regression
coefficients, x; is the gilt backfat when entered in
the insemination section, z; is the covariate of gilt

weight when entered in the insemination section, Ay
is the random effect of week of first estrus detec-
tion, and e;j is the residual error.

The analysis of the effect of the feeding strategy
prior to the first service on live-born piglets per
litter, length of the gestation period, and age at first
farrowing were analyzed using the MIXED pro-
cedure assuming a normal distribution using the
following model:

Yik = u+ o + Bj + A + e

where Yjj is the response variable, p is the inter-
cept, «; is the fixed effect of feeding strategy prior
to first service (i = LL, HH, HL, and LH), §; is
the fixed effect of breeding origin (j = before and
after the change of genetics), Ay is the random ef-
fect of week of first estrus detection, and e;j is the
residual error.

The analysis of the effect of the feeding strategy
prior to the first service on stillborn piglets per
litter were analyzed using the GLIMMIX pro-
cedure assuming a Poisson distribution using the
following model:

Yijk = LL-F & + Bj—i-Ak-i-eijk

where Yjji is the response variable, w is the intercept, ;
is the fixed effect of feeding strategy prior to the first
service (i=LL, HH, HL, and LH), 3, is the fixed effect
of breeding origin (j = before and after the change of
genetics), Ay is the random effect of week of the first
estrus detection, and ejj is the residual error.

The effect of treatment (feeding strategy prior
to the first service) on the binary parameters; gilts
that were reinseminated, culling rate, and farrow-
ing rate and the binomial distributed stillborn as a
percentage from total born piglets were analyzed
by the GLIMMIX procedure assuming a binomial
distribution. The following logistic model was used
to estimate the effect of feeding strategy prior to the
first service:

logit (Yix) = o + Bj + Ax + eijk

where Yjj 1s the response variable, «; is the fixed ef-
fect of feeding strategy prior to first service (i = LL,
HH, HL, and LH), 3; is the fixed effect of breeding
origin (j = before and after the change of genetics),
Ay 1s the random effect of week of first estrus detec-
tion, and e;y 1s the residual error.

All pairwise comparisons between feeding
strategies prior to the first service were adjusted
with the Tukey—Kramer correction. For all data, re-
sults were considered statistically significant when
P < 0.05 and as trends when 0.05 < P <0.10. Values
above P > (.10 were reported as nonsignificant.
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The results were reported as the least square means
(LSMeans) with SEMs.

RESULTS

Results From the Breeding Unit

After the altrenogest treatment, 69.1% of the
gilts were inseminated within 0-7 d and 88.8%
(2101 gilts) were inseminated within 0-10 d, and
the remaining 11.2% were excluded from the data
set. In total, 264 gilts were excluded, and the distri-
bution was 68 (11.3%), 64 (10.6%), 68 (12.0%), and
64 (10.8%) in group LL, HH, HL, and LH, respect-
ively. Table 3 shows the characteristics of the gilts at
insemination in all treatments. There was no differ-
ence on the age, weight, or backfat of the gilts when
moved to the insemination section (age; P = 0.271,
weight; P = 0.553, backfat; P = 0.121). The average
gilt age when starting the altrenogest treatment did
not differ between the groups (P = 0.279). The ma-
jority of the gilts were inseminated at days 241-260
and the average age at first insemination did not
differ between treatments (P = 0.314). The time
from withdrawal of altrenogest and until the first
insemination was higher for gilts in the LL group
than HH gilts (P < 0.016; Table 3). The two groups
(HH and HL) that had the longest periods with a

high feed allowance (on average 23-25 d for HH
and precisely 18 d for HL) and thereby had an in-
creased number of days with an increased feed al-
lowance, they also had an increased backfat depth
after altrenogest treatment (P < 0.001) than the
gilts in group LL and LH.

Production Results

No differences were found in the reproduc-
tion results between groups (Table 4). On average,
only 0.5% of the gilts were reinseminated and ap-
proximately 4.6% of the gilts were culled as non-
pregnant between inseminations and farrowing
due to either abnormal discharge or coughing. The
farrowing rate based on the first insemination was
94.0-95.6% for the gilts and did not differ between
treatments (P = 0.647; Table 4). The length of the
gestation period was likewise unaffected by treat-
ment (P = 0.610).

Increasing the feeding level only in the follicular
phase (LH) tended to increase a higher number
of total born piglets per litter (0.3-0.4 total born
piglets per litter) compared to the other groups
(P = 0.069; Table 4). A tendency to an interaction
between feeding strategy prior to the first service
and backfat at the entry to the breeding unit was
observed (P = 0.076; Fig. 1) showing that total

Table 3. Characteristics of gilts at entry into the breeding unit and results at insemination for all treatment
groups (low—low energy levels, LL; high—high energy levels, HH; high—low energy levels, HL; and low—high
energy levels, LH) for gilts that were inseminated 0-10 d after altrenogest withdrawal“

Group
LL HH HL LH SEM P-value

First identified estrus

Age, days 210 211 211 210 2.02 0.312

Gilts, no.” 533 536 500 528

Entry in the breeding unit

Age, days 215 216 216 215 2.01 0.271

Weight, kg 148.8 148.4 149.3 149.5 1.48 0.553

Backfat (P2), mm 15.3 15.2 15.1 14.9 0.23 0.121
Treatment with altrenogest

Time from entry to start of altrenogest, days 4.9 4.9 4.9 4.9 0.01 0.933

Age at initiation, days 220 221 221 220 2.02 0.279

Backfat (P2) at termination of treatment, mm 15.7% 16.2° 16.2° 15.8% 0.20 <0.001
Insemination

Time from altrenogest withdrawal to insemination, days 6.89¢ 6.68° 6.75%® 6.75%® 0.08 0.016

Average age, days 244 244 245 244 1.99 0.314

Gilts, no. 533 536 500 528

“Results are presented as LSMeans + SEM.

bGilts excluded from data when entering the breeding unit were due to the following reasons: less than 9 mm of backfat, locomotive problems,

abnormal discharge, or coughing.

Gilts were excluded from data when days from altrenogest withdrawal to insemination exceeded 10 d and accounted for 68, 64, 68, and 64 gilts

in groups LL, HH, HL, and LH, respectively.

2bValues within a row lacking a common superscript letter differ (P < 0.05; Tukey—Kramer adjusted).
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Table 4. Gilt performance results after the use of altrenogest and different feeding strategies for all treat-
ment groups (low—low energy levels, LL; high-high energy levels, HH; high-low energy levels, HL; and
low—high energy levels, LH) for gilts that were inseminated 0-10 d after altrenogest withdrawal“

Group
LL HH HL LH SEM P-value

Gestation

Culled after insemination, %< 4.6[3.1;6.9] 4.42.8;6.6] 3.4[2.1;5.5] 5.0 [3.4;7.4] - 0.600
Repeating gilts, %" 0.40.09;1.5] 0.6[0.2;1.7] 0.4[0.1;1.6] 0.6[0.2;1.8] - 0.951
Farrowing rate, %° 95.0[92.6;96.6] 94.3191.9;96.1] 95.6[93.3;97.2] 94.0 [91.4;95.8] - 0.647
Gestation period, days 117 117 117 118 0.08 0.610
Farrowing

Farrowings, no. 506 507 478 500 -

Total pigs born/litter, no. 16.0 16.1 16.0 16.4 0.16 0.069
Live-born/litter, no. 15.6 15.7 15.7 16.0 0.16 0.229
Stillborn pigs/litter, no.? 0.3[0.28;0.39] 0.410.33;0.45] 0.310.27;0.38] 0.410.31;0.43] - 0.259
Stillborn pigs of total born, %" 2.1[1.7;2.6] 2.4[2.0;2.9] 2.0[1.6;2.5] 2.3[1.9;2.8] - 0.509
Age at farrowing, days 362 362 362 362 1.97 0.525

“Results are presented as LSMeans *SEM.

"The deviations of nonnormally distributed variables are given as 95% confidence interval.

“Gilts hat were culled after insemination were all nonpregnant and culled due to either abortion and/or abnormal discharge or coughing.

*®Values within a row lacking a common superscript letter differ (P < 0.05; Tukey—Kramer adjusted).
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Figure 1. The effect of feeding strategy and backfat thickness when entering the breeding unit on littersize for all treatment groups. The dots and
squares indicate the mean littersize for all sows within each backfat depth and treatment group. The lines indicate the prediction regression for all

treatment groups [low—low energy levels, LL @and solid line (;

); high—high energy levels, HH o and dotted line (----); high-low energy levels,

HL A and dashed line (- - -); and low-high energy levels, LH A and long-dashed line (— — —)].

born piglets per litter tended to be positively correl-
ated to backfat at entry in the LL and LH groups
(no increase in feed allowance or a short-term in-
crease in the feed allowance prior to the first ser-
vice), whereas BF had less influence on total born
piglets per litter when sows had longer periods
with increased feed allowance prior to first service
(HH and HL groups). The weight of the gilt when

entering the insemination section also had an ef-
fect on total born piglets (P < 0.001) with an in-
crease in litter size with increased weight of the sow
(Fig. 2) but no differences between treatments. The
treatment had no effect on either liveborn piglets
per litter (P = 0.229) or stillborn piglets per litter
(P =0.259) or stillborn expressed as the percentage
of total born piglets (P = 0.509).
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Figure 2. The effect of weight when entering the breeding unit on littersize for all treatment groups. Each dot (®) indicates the mean littersize for
all sows within a given weight. The solid line indicates the prediction regression line and the dotted lines indicate the standard error.

DISCUSSION

Increasing feed allowance prior to insemination
secures a sufficient release of follicles at insemin-
ation. The primary effect of the increased feed al-
lowance is the increase of insulin (Beltranena et al.,
1991b; Almeida et al., 2001; Almeida et al., 2014)
that then stimulates the production of follicular
hormone and luteinizing hormone (LH). Thus, in-
sulin has an indirect stimulating effect on both the
number and size of follicles ovulated (Beltranena
et al.,, 1991a; Almeida et al., 2014). Increasing
the number of follicles ovulated increases the po-
tential of more liveborn (Close and Cole, 2000).
Previously, studies investigating energy levels on
flushing (Schultz et al., 1966; Flowers et al., 1989;
Beltranena et al., 1991a, 1991b), timing of flushing
in the gilts cycle (Grandhi et al., 1987; Flowers
et al., 1989; Beltranena et al., 1991a; Hazeleger
et al., 2005), or very increased feed levels (Grandhi
etal., 1987; Beltranena ct al., 1991b) have been con-
ducted. However, despite these studies, it is still not
clear when the feed allowance should be increased
to maximize ovulation rate in gilts inseminated in
their second heat, and, furthermore, the effects may
be affected by the use of hyper prolific genetics and
also by the use of altrenogest to synchronize gilts
prior to the first service in the second estrus.

The aim of this study was to investigate dif-
ferent feeding strategies covering different time
points of the estrus cycle in order to optimize the
time frame of increased feed allowance prior to
the first service in gilts when using altrenogest to

control the luteal phase and initiation of the fol-
licular phase. In order to get the maximum out of a
high feed allowance, it should be terminated when
the gilts have been inseminated. One of the reasons
for this is the loss of embryos if the high feeding
level is continued (Jindal et al., 1996; Langendijk,
2015).

The LH gilts tended to have the highest litter
size. Providing a high feed allowance just before in-
semination has previously been shown to increase
litter size (Close and Cole, 2000; Almeida et al.,
2014; Knox, 2019). In addition, a high feed allow-
ance in the follicular phase (equivalent to the last
5-7 d before insemination in the second estrus) of
the gilts cycle has the biggest impact on the amount
of ovulated follicles (Dailey et al., 1975) in accord-
ance with the current study. This is believed to be
due to a higher secretion of insulin when increas-
ing the feed allowance and is further supported by
Almeida et al. (2014), who showed that flushing
with corn starch from day 8 in cycles and until next
estrus (covering parts of the luteal phase and the en-
tire follicular phase) resulted in elevated levels of in-
sulin on days 14 and 21 and increase in the ovulation
rate of 2.6 follicles (+18.8%) and embryo numbers
(+17.5%), as well as embryo weight (+17.6%), com-
pared with flushing in the same period using soy-
bean oil. This clearly shows that insulin is a major
driver of follicle development and growth. However,
based on the findings of Chen et al. (2012), it would
have been expected to find a higher ovulation rate
in gilts fed the HH in our study because increasing
the feeding level by 1.5 kg/d was shown to increase
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embryo number at days 9-9.5 after the third ovula-
tion in gilts (Chen et al., 2012). The reason for not
finding this effect is most likely because the gilts in
the current study given a low feed allowance were
still fed well above maintenance (2.33 kg/d), whereas
the low feeding level used by Chen et al. (2012) was
around 1.2 kg/d. Feeding gilts close to maintenance
in any part of their cycle prior to the first insemin-
ation should therefore be avoided.

The higher backfat depth in HH and HL com-
pared to LH and LL gilts could influence litter
size. Currently, gilts are inseminated with a lower
backfat depth than previously, which could result
in a more powerful response to the feeding strategy
prior to the first service than earlier, as studies have
shown that gilts that were in a good body condition
responded less positively to a high feed allowance
than thin animals (Beltranena et al., 1991a). The
gilts in the present study had a relatively high back-
fat depth at insemination (15.7-16.2 mm) compared
to a recent Danish study (Klaaborget al., 2019) and
it can therefore be speculated that the response at a
lower backfat depth would have been even greater.
The litter size of the HL group (high feed allow-
ance in the luteal phase) indicates that even though
the gilts were given additional feed in the prefollicu-
lar phase then the lack of a high feed allowance in
the follicular phase contributes to no extra follicles
being ovulated or that the quality was degraded
so that there were not fertilized more follicles than
in the control group (LL). As stated above, this is
most likely due to the low feeding level being well
above maintenance.

Although the gilts were not weighed at insemin-
ation in order not to disturb implantation, the cur-
rent study shows that the gilts that were of a higher
weight when entering the breeding unit had more
total piglets born per litter. Recently, a Danish
study with 1406 DanBred gilts found that for each
10 kg increase in weight at first insemination, litter
size was increased by 0.4 total born piglets per litter.
Further analyses revealed that neither age at first
service nor backfat thickness or any interactions
with weight when entering the breeding unit signifi-
cantly affected litter size (Bruun et al., 2020).

One of the main challenges in implementing
feeding strategies prior to the first service is the
variation in time of gilts showing standing re-
sponse within a pen and thereby insemination
times. Altrenogest synchronizes the beginning of
the follicular phase and, therefore, the different
feeding strategies could be determined more pre-
cisely as the gilts were in the luteal phase as long
as they were receiving altrenogest and first entered

the follicular phase when the altrenogest treatment
stopped. In addition, the length of altrenogest
treatment was 18 days for all gilts, thereby making
sure that they were as synchronized as possible
(Stevenson and Davis, 1982). However, although
using altrenogest reduced this variation in time of
showing standing response, there was still a vari-
ation in days between gilts of 4-10 d. By using
altrenogest to suppress estrus or as in the current
study to synchronize estrus, it is expected that 80%
of the gilts will come into estrus 4-8 d after finished
treatment (Martinat-Botté et al., 1995; Soede et al.,
2007; Ziecik et al., 2017). The use of altrenogest
caused 88.8% of the gilts to be inseminated within
10 d after withdrawal. In agreement, Wood et al.
(1992) found that 86% of the gilts that were treated
with altrenogest came into estrus 0-7 d after end
treatment and 92% when including up to day 10
(Wood et al., 1992). The time of initiating the
altrenogest treatment in the gilt cycle may affect
the number of days from withdrawal to the first
insemination. Stevenson and Davis (1982) showed
that starting the altrenogest treatment from 1 d be-
fore to 2 d after estrus increased the time from the
end of treatment to estrus by 0.4 d compared with
treatments started during the diestrus period (days
3-21), though this slight delay in estrus 97-100% in
both groups were serviced within 10 d irrespective
of whether the treatment period was 14 or 18 d
(Stevenson and Davis, 1982). With this in mind,
the increased time from withdrawal of altrenogest
to the first insemination in the LL group compared
with the HH group (0.2 days) is not particularly
interesting as this will not influence any results. It
is though surprising that when all gilts were cyclic
before the use of altrenogest, the efficiency in terms
of gilts serviced within 10 d after the treatment
were well below the potential 97-100%.

The number of stillborn piglets per litter (2.1—
2.4% of total born per litter) was at a very low level
compared to other studies carried out using the same
genetics first-parity sows (Klaaborg et al., 2019).
This could be due to the 24-h farrowing surveil-
lance on the farm. Furthermore, sows were adopted
to environment and feed changes for 5 d prior to
the expected farrowing date, which might be bene-
ficial for farrowing performance. Furthermore, an
optimum body condition score in terms of backfat
was in focus on the current farm, and, in general,
too lean sows at farrowing were avoided, which may
have contributed to less stillborn piglets being born
(Maes et al., 2004).

By increasing the daily feed allowance, the gilts
will receive a substantial increase in the daily energy
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intake—for example, more than 20% extra feed,
and preferably even more, although ensuring that
the gilts can eat the given amount. In the current
trial, feed allowance was increased by 42% in the
periods with a high feed allowance, and because of
a calculated content of starch and sugars around
46.7% in the diet (data not shown), this should con-
tribute to an increase in blood glucose and thus in-
sulin response compared to the LL group, which in
terms is supported by the data from Almeida et al.
(2014) and might, therefore, be an explanation to
the results. Other studies have found differences
in plasma insulin and glucose concentrations de-
pending on feeding levels; for example, Quesnel
et al. (1998) and Koketsu et al. (1996) found differ-
ences when the low feeding level was approx. 50%
of the feeding level. In contrast, van den Brand
et al. (2000) did not find differences between insulin
and glucose concentrations, but feeding levels only
differed by 25%. This indicates that feed allowance
should be increased drastically in order to induce
the flushing effect; furthermore, the diet should be
rich in starch, which is further supported by Kemp
et al. (1995), who found that in starch-fed sows
compared to fat-fed sows, luteinizing hormone pul-
satility at day 7 of lactation was greater (P < 0.05),
the preovulatory luteinizing hormone surge was
greater (P <0.05), and progesterone production was
greater (P < 0.05) from 108 h until 256 h after the
luteinizing hormone surge in the starch-fed sows.
This reveals that the early follicular development
may be better supported when the feeding strategy
aims to increase insulin secretion and thereby affect
the luteinizing hormone.

From this current study, there are some op-
timal gilt management strategies worth dis-
cussing. Reducing the pen variation of when gilts
show standing response is a key management
tool. This is to avoid that there are gilts in the pen
needing a high feed allowance together with gilts
that have already been inseminated and therefore
need reduced feed levels in order to reduce em-
bryo loss (Einarsson et al., 1996). Altrenogest was
used to synchronize the gilts in the current study;
however, the variation in days from the finished
altrenogest treatment to insemination suggests
that there will be newly inseminated gilts in the
pens when the last ones react to the altrenogest
treatment. In addition, they were housed indi-
vidually, allowing individual feed adjustments, al-
though this would not be possible as a common
practice within the EU due to legislation.

Providing the gilts with a high feed allowance
for the last 10-13 d before expected insemination

could be an alternative to ensure that close to all
gilts experience a high feeding level for at least
the last 5-7 d prior to expected insemination, and
this will furthermore contribute to some degree of
flushing in the prefollicular phase, which could be
beneficial especially for thinner gilts.

In conclusion, we found a tendency toward a
positive correlation between backfat in the LL and
LH groups (no increased feed allowance or an in-
creased feed allowance in the follicular phase) on
total born piglets per litter, whereas BF had less in-
fluence on total born piglets per litter when sows
had a longer period with increased feed allowance
(HH and HL groups). In addition, a high feed al-
lowance in the follicular phase (LH) tended to re-
sult in a higher number of total born piglets per
litter (0.4 total born piglets per litter) compared to
the other treatments. This would be equivalent to
the last 5-7 d of a 21-d cycle in gilts. Finally, the
weight of the gilt when entering the breeding unit
also increased litter size. These results suggest that
management strategies prior to the first service in
the second estrus should take the weight of the gilt
and feed allowance into account as different strat-
egies might be warranted depending on the body
condition of the gilt.

ACKNOWLEDGMENTS

The farm manager and production director are
acknowledged for allowing us to collect data from
the farm and the farm staff for help with registra-
tions and data collection. The authors acknowledge
that the funding was received from the Danish Pig
Levy Fund.

Conflicts of interest statement. T.S.B and J. K.B
works for the Danish pig industry. The authors
declare no other conflicts of interest. The authors
jointly interpreted data, and the writing of the
manuscript, and the decision to publish the results.

LITERATURE CITED

Almeida, F. R., G. S. Machado, A. L. Borges, B. O. Rosa, and
D. O. Fontes. 2014. Consequences of different dietary en-
ergy sources during follicular development on subsequent
fertility of cyclic gilts. Animal 8:293-299. doi:10.1017/
S1751731113002115.

Almeida, F. R., J. Mao, S. Novak, J. R. Cosgrove, and
G. R. Foxcroft. 2001. Effects of different patterns of feed
restriction and insulin treatment during the luteal phase
on reproductive, metabolic, and endocrine parameters in
cyclic gilts. J. Anim. Sci. 79:200-212. doi:10.2527/2001.7
91200x.

Amaral Filha, W. S., M. L. Bernardi, I. Wentz, and
F. P. Bortolozzo. 2009. Growth rate and age at boar ex-
posure as factors influencing gilt puberty. Livest. Sci.

Translate basic science to industry innovation


https://doi.org/10.1017/S1751731113002115
https://doi.org/10.1017/S1751731113002115
https://doi.org/10.2527/2001.791200x
https://doi.org/10.2527/2001.791200x

Feed allowance for gilts 11

120(1):51-57. doi:10.1016/j.1ivsci.2008.04.009.

Beltranena, E., F. X. Aherne, G. R. Foxcroft, and
R. N. Kirkwood. 1991a. Effects of pre- and postpubertal
feeding on production traits at first and second estrus in
gilts. J. Anim. Sci. 69:886-893. doi:10.2527/1991.693886x.

Beltranena, E., G. R. Foxcroft, F. X. Aherne, and
R. N. Kirkwood. 1991b. Endocrinology of nutritional
flushing in gilts. Can. J. Anim. Sci. 71(4):1063-1071.
doi:10.4141/cjas91-128.

van den Brand, H., S. J. Dieleman, N. M. Soede, and B. Kemp.
2000. Dietary energy source at two feeding levels during
lactation of primiparous sows: 1. Effects on glucose, in-
sulin, and luteinizing hormone and on follicle develop-
ment, weaning-to-estrus interval, and ovulation rate. J.
Anim. Sci. 78:396-404. d0i:10.2527/2000.782396x.

Bruun, T. S., C. Amdi, J. Vinther, M. Schop, A. B. Strathe, and
C. F. Hansen. 2016. Reproductive performance of “nurse
sows” in Danish piggeries. Theriogenology 86:981-987.
doi:10.1016/j.theriogenology.2016.03.023.

Bruun, T. S., A. V. Strathe, and J. K. Bache. 2020. Fodring
af polte 1 opvekstperioden—del 3: effekter pa kuldster-
relse og andel af sger, der lobes i andet kuld. Available
from  https://svineproduktion.dk/publikationer/kilder/
Iu_medd/2020/1206. Accessed August 10, 2020.

Chen, T. Y., P. Stott, R. Z. Athorn, E. G. Bouwman, and
P. Langendijk. 2012. Undernutrition during early follicle de-
velopment has irreversible effects on ovulation rate and em-
bryos. Reprod. Fertil. Dev. 24:886-892. doi:10.1071/RD11292.

Close, W., and D. Cole. 2000. The pre-breeding gilt. In: Close,
W.H., and D.JA. Cole, editors. Nutrition of sows and
boars. Nottingham University Press, Nottingham, UK. p.
9-28. ISBN: 1897676530, 9781897676530.

Dailey, R. A., J. R. Clark, N. L. First, A. B. Chapman, and
L. E. Casida. 1975. Effect of short-term “flushing” on
the follicular development at estrus and ovulation rate of
gilts of different genetic groups. J. Anim. Sci. 41:842-847.
doi:10.2527/jas1975.413842x.

Einarsson, S., A. Madej, and V. Tsuma. 1996. The influence of
stress on early pregnancy in the pig. Anim. Reprod. Sci.
42(1):165-172. doi:10.1016/0378-4320(96)01516-3.

Flowers, B., M. J. Martin, T. C. Cantley, and B. N. Day. 1989.
Endocrine changes associated with a dietary-induced in-
crease in ovulation rate (flushing) in gilts. J. Anim. Sci.
67:771-778. d0i:10.2527/jas1989.673771x.

Grandhi, R. R., E. T. Kornegay, M. D. Lindemann, and
J. W. Knight. 1987. Effect of chlortetracycline supple-
mentation during prebreeding and early gestation on
age at puberty, ovulation rate, embryo survival and
fetal development in gilts. Theriogenology 28:661-665.
doi:10.1016/0093-691x(87)90282-2.

Hazeleger, W., N. M. Soede, and B. Kemp. 2005. The effect of feed-
ing strategy during the pre-follicular phase on subsequent fol-
licular development in the pig. Domest. Anim. Endocrinol.
29:362-370. doi:10.1016/j.domaniend.2005.03.007.

Jindal, R., J. R. Cosgrove, F. X. Aherne, and G. R. Foxcroft.
1996. Effect of nutrition on embryonal mortality in gilts:
association with progesterone. J. Anim. Sci. 74:620-624.
doi:10.2527/1996.743620x.

Kemp, B., N. M. Soede, F. A. Helmond, and M. W. Bosch.
1995. Eftects of energy source in the diet on reproductive
hormones and insulin during lactation and subsequent es-
trus in multiparous sows. J. Anim. Sci. 73:3022-3029. doi:
10.2527/1995.73103022x.

Klaaborg, J., T. N. Carl, T. S. Bruun, A. V. Strathe, J. K. Bache,
A. R. Kristensen, and C. Amdi. 2019. The effect of feed-
ing strategy during rearing in a commercial setting on gilt
body condition, lactation performance and culling rate in
modern sows nursing large litters. Livest. Sci. 228:144—
150. doi:10.1016/j.1ivsci.2019.08.011.

Knox, R. V. 2019. Physiology and Endocrinology Symposium:
Factors influencing follicle development in gilts and sows
and management strategies used to regulate growth for
control of estrus and ovulationl. J. Anim. Sci. 97:1433—
1445. doi:10.1093/jas/skz036.

Koketsu, Y., G. D. Dial, J. E. Pettigrew, W. E. Marsh, and
V. L. King. 1996. Influence of imposed feed intake pat-
terns during lactation on reproductive performance and
on circulating levels of glucose, insulin, and luteinizing
hormone in primiparous sows. J. Anim. Sci. 74:1036-1046.
doi:10.2527/1996.7451036x.

Kummer, R., M. L. Bernardi, A. C. Schenkel,
W. S. Amaral Filha, I. Wentz, and F. P. Bortolozzo.
2009. Reproductive performance of gilts with similar
age but with different growth rate at the onset of pu-
berty stimulation. Reprod. Domest. Anim. 44:255-259.
doi:10.1111/5.1439-0531.2007.01050.x.

Langendijk, P. 2015. Early gestation feeding and management
for optimal reproductive preformance. In: C. Farmer, editor,
The gestating and lactating sow. Wagening Academic
Publishers, Wagening, the Netherlands. p. 27-45.

Le Cozler, Y., J. Dagorn, J. E. Lindberg, A. Aumaitre, and
J. Y. Dourmad. 1998. Effect of age at first farrowing
and herd management on long-term productivity of
sows. Livest. Prod. Sci. 53(2):135-142. doi:10.1016/
S0301-6226(97)00157-7.

Maes, D. G. D., G. P. J. Janssens, P. Delputte, A. Lammertyn,
and A. de Kruif. 2004. Back fat measurements in sows
from three commercial pig herds: relationship with repro-
ductive efficiency and correlation with visual body condi-
tion scores. Livest. Prod. Sci. 91(1):57-67. doi:10.1016/j.
livprodsci.2004.06.015.

Martinat-Botté, F., F. Bariteau, Y. Forgerit, C. Macar,
P. Poirier, and M. Terqui. 1995. Synchronization of oes-
trus in gilts with altrenogest: effects on ovulation rate
and foetal survival. Anim. Reprod. Sci. 39(4):267-274.
doi:10.1016/0378-4320(95)01396-H.

Patience, J. F. 2012. Feed efficiency in swine. Wageningen
Academic Publishers, Wagening, the Netherlands.

Patterson, J. L., E. Beltranena, and G. R. Foxcroft. 2010. The
effect of gilt age at first estrus and breeding on third estrus
on sow body weight changes and long-term reproductive
performance. J. Anim. Sci. 88:2500-2513. doi:10.2527/
jas.2008-1756.

Pedersen, C., and S. Boisen. 2002. Establishment of table
values for standardised digestibility of crude protein
an essential amino acids in common feedstuffs for pigs.
Acta Agr. Scand. A. Anim. Sci. 52(2002):121-140.
doi:10.1080/090647002320229374.

Quesnel, H., A. Pasquier, A. M. Mounier, [. Louveau, and
A. Prunier. 1998. Influence of feed restriction in prim-
iparous lactating sows on body condition and metabolic
parameters. Reprod. Nutr. Dev. 38:261-274. doi:10.1051/
rnd:19980306.

Rodriguez, S. V., T. B. Jensen, L. M. Pla, and A. R. Kristensen.
2011. Optimal replacement policies and economic
value of clinical observations in sow herds. Livest. Sci.

Translate basic science to industry innovation


https://doi.org/10.1016/j.livsci.2008.04.009
https://doi.org/10.2527/1991.693886x
https://doi.org/10.4141/cjas91-128
https://doi.org/10.2527/2000.782396x
https://doi.org/10.1016/j.theriogenology.2016.03.023
https://svineproduktion.dk/publikationer/kilder/lu_medd/2020/1206
https://svineproduktion.dk/publikationer/kilder/lu_medd/2020/1206
https://doi.org/10.1071/RD11292
https://doi.org/10.2527/jas1975.413842x
https://doi.org/10.1016/0378-4320(96)01516-3
https://doi.org/10.2527/jas1989.673771x
https://doi.org/10.1016/0093-691x(87)90282-2
https://doi.org/10.1016/j.domaniend.2005.03.007
https://doi.org/10.2527/1996.743620x
https://doi.org/10.2527/1995.73103022x
https://doi.org/10.1016/j.livsci.2019.08.011
https://doi.org/10.1093/jas/skz036
https://doi.org/10.2527/1996.7451036x
https://doi.org/10.1111/j.1439-0531.2007.01050.x
https://doi.org/10.1016/S0301-6226(97)00157-7
https://doi.org/10.1016/S0301-6226(97)00157-7
https://doi.org/10.1016/j.livprodsci.2004.06.015
https://doi.org/10.1016/j.livprodsci.2004.06.015
https://doi.org/10.1016/0378-4320(95)01396-H
https://doi.org/10.2527/jas.2008-1756
https://doi.org/10.2527/jas.2008-1756
https://doi.org/10.1080/090647002320229374
https://doi.org/10.1051/rnd:19980306
https://doi.org/10.1051/rnd:19980306

12 Bruun et al.

138(1):207-219. doi:10.1016/j.1ivsci.2010.12.026.

Schultz, J. R., V. C. Speer, V. W. Hays, and R. M. Melampy.
1966. Influence of feed intake and progestogen on repro-
ductive performance in swine. J. Anim. Sci. 25:157-160.
doi:10.2527/jas1966.251157x.

Soede, N. M., E. G. Bouwman, P. Langendijk, I. van der Laan,
A. Kanora, and B. Kemp. 2007. Follicle development during
luteal phase and altrenogest treatment in pigs. Reprod. Domest.
Anim. 42:329-332. doi:10.1111/.1439-0531.2006.00779.x.

Soede, N. M., and B. Kemp. 1997. Expression of oestrus and
timing of ovulation in pigs. J. Reprod. Fertil. Suppl. 52:91—
103. PMID: 9602722.

Soede, N. M., P. Langendijk, and B. Kemp. 2011. Reproductive
cycles in pigs. Anim. Reprod. Sci. 124:251-258.
doi:10.1016/j.anireprosci.2011.02.025.

Stevenson, J. S., and D. L. Davis. 1982. Estrous synchroniza-
tion and fertility in gilts after 14- or 18-day feeding of

altrenogest beginning at estrus or diestrus. J. Anim. Sci.
55:119-123. doi:10.2527/jas1982.551119x.

Strathe, A. V., T. S. Bruun, N. Geertsen, J.-E. Zerrahn, and
C. F. Hansen. 2017. Increased dietary protein levels
during lactation improved sow and litter performance.
Anim. Feed Sci. Technol. 232:169-181. doi:10.1016/].
anifeedsci.2017.08.015.

Wood, C. M., E. T. Kornegay, and C. F. Shipley. 1992. Efficacy
of altrenogest in synchronizing estrus in two swine breeding
programs and effects on subsequent reproductive perform-
ance of sows. J. Anim. Sci. 70:1357-1364. doi:10.2527/1992
.7051357x.

Ziecik, A. 1., J. Klos, E. Przygrodzka, R. Milewski, and B. Jana.
2017. Aberrant effects of altrenogest and exposure to
exogenous gonadotropins on follicular cysts appear-
ance in gilts. Theriogenology 89:250-254. doi:10.1016/j.
theriogenology.2016.10.028.

Translate basic science to industry innovation


https://doi.org/10.1016/j.livsci.2010.12.026
https://doi.org/10.2527/jas1966.251157x
https://doi.org/10.1111/j.1439-0531.2006.00779.x
https://doi.org/10.1016/j.anireprosci.2011.02.025
https://doi.org/10.2527/jas1982.551119x
https://doi.org/10.1016/j.anifeedsci.2017.08.015
https://doi.org/10.1016/j.anifeedsci.2017.08.015
https://doi.org/10.2527/1992.7051357x
https://doi.org/10.2527/1992.7051357x
https://doi.org/10.1016/j.theriogenology.2016.10.028
https://doi.org/10.1016/j.theriogenology.2016.10.028

