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Executive Summary 

Understanding and manipulating the reproductive biology of the domestic sow has the 
potential to significantly increase productivity, profitability and reduce animal welfare 
concerns for the Australian pig industry. The project described herein uses a three-prong 
approach to increase farrowing rates, increase litter size, decrease the number of NIPs in 
the breeding herd and reduce the use of boars in the mating shed. The project consists of 
3 subprojects:  

(1) fixed-time AI (FT-AI) using Gonavet using only one insemination to increase               
farrowing rates;  

(2) Increasing progesterone levels during early pregnancy to increase litter size; and  

(3) development of an early pregnancy test strip to detect pregnancy as early as 
day 19 post mating and reduce the number of NIPs and empty days in the herd. 
 

Protocols for using FT-AI were developed and tested in a series of experiments using 
research and commercial herds. The preferred FT-AI protocol  was an injection of 1000 iu 
of equine chorionic gonadotrophic (eCG) (Folligon; Intervet) 24 hours after weaning, 
followed by 50 ug of gonadotrophin releasing hormone analogue (GnRHa) (Gonavet; 
Gonadorelin®, Veyx-Pharma GmbH, Germany) 96 hours after weaning.  Insemination with 
one dose of 3 x 109 spermatozoa followed 24 hours after the Gonavet injection.  
 

This FT-AI protocol with one insemination reduced weaning to service intervals, 
maintained subsequent litter size, but increased pregnancy and farrowing rates without 
requiring boar stimulation and synchronization of heat. In addition, comparison of a single 
vs double dose of sperm in the fixed-time one insemination protocol was investigated with 
no significant difference observed between the two doses in any of parameters measured. 
The increase in net revenue generated by using FT-AI was conservatively estimated to be 
almost $12,000 per 100 sows/year, compared to the standard procedure of multiple 
insemination of sows after boar stimulation and detection of standing oestrus.  
The effect of increasing progesterone in early pregnancy was investigated initially by using 
commercial progesterone (P4) implants administered at day 10 of pregnancy. We were 
unable to increase serum levels of P4 by this method and developed in-house implants to 
determine proof of concept in gilts with regard to increasing litter size. Progesterone 
levels in blood samples collected from the jugular vein were increased from day 10 of 
pregnancy but this was not associated with an increase in subsequent litter size.  However 
the average birthweight of piglets born to gilts receiving the larger implant dose of 2g P4 

was 280g heavier (Control: 1.350.03Kg vs 2g P4:1.630.11;P=0.002). Time and allocated 
budget for this component of the project prevented more refinement of this strategy to 
increase P4 in early gestation.  However significant advances were made with regard to 
the role of progesterone in early pregnancy.  
 

In the third component of the Project, a nitrocellulose (NC) test strip based on lateral flow 
technology was suggested as a technology to detect pregnancy in sows by about day 20 
after insemination.  The proposed test would work on the same principle as the human 
pregnancy test strip which is highly sensitive and accurate.  Pregnancy detection using 
blood and urine samples from day 19 pregnant gilts and sows was possible using our in-
house antibodies for oestrone and progesterone and using established laboratory-based 
radioimmunoassays. Antibodies were placed on (NC strips and although pregnancy was able 
to be detected by the NC strips it was not anywhere near the level of accuracy required for 
a commercial product. Future development and potential commercialization of this test is 
underway with a current Pork CRC Commercialization project.   
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General Introduction 

Background and rationale for conducting the research  

 
The domestic sow is a highly productive animal that has the potential to produce 

an average of 2.5 litters per year and between 8 to 15 piglets per litter. This 

statistic depends on a number of physiological and environmental factors 

determining mating efficiency, embryo survival and management strategies to 

maximize the number of breeding sows in the herd. Currently in Australia, the pig 

industry falls short of industry targets for farrowing rates and pigs weaned per sow 

per year and for nearly all other reproductive parameters compared to countries 

in Europe and also in the UK and USA. Of particular concern, Australia has the 

lowest result for pigs born alive per litter and second lowest for pigs weaned per 

sow per year1. 

 

 

 

 

 

 

 

 

 

 

The project described herein uses a three-prong approach to increase 

reproductive performance in the pig industry by:  

(1) ensuring the optimal time for mating with a single insemination to 

increase reproductive outcomes with fixed-time artificial insemination (FT-AI);  

(2) ensuring that embryos have the best opportunity to survive to farrowing 

and beyond by increasing progesterone levels during early pregnancy; and  

(3) to determine pregnancy status earlier and more accurately than 

conventional methods and reduce the number of empty days within the breeding 

herd. 

These separate components of the Project are presented in this Final Report as 

separate Sub-projects.  
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Sub-project 1: Fixed-time AI using Gonavet 

 

Introduction 

A major goal of commercial pig production units is to maximize reproductive 

efficiency. Artificial insemination (AI) programs compared with natural mating 

systems offer considerable advantages to the pig industry by improving genetic 

diversity, health status and reducing the number of boars in herds without 

compromising reproductive performance. The success of an AI program is 

dependent on the accurate detection of oestrus in gilts and post-weaned sows. 

This is normally done by daily oestrus stimulation and detection using boars to 

determine when gilts and sows are coming into oestrus. The optimal time for 

insemination is usually based on the onset of behavioural oestrus, with the goal to 

inseminate the sow using viable spermatozoa within a 24-hour window before 

expected ovulation for optimal oocyte fertilization2. Studies using transrectal 

ultrasonography to detect the time of ovulation after the onset of behavioral 

oestrus have shown that most sows ovulate between 24 to 56 hours after oestrus 

detection3.  However the range in the oestrus-to-ovulation interval can be as short 

as 10 h and as long as 85 h allowing for timed inseminations to take place either 

after ovulation has taken place or too early before ovulation, jeopardizing optimal 

fertility. Gonadotrophin releasing hormone analogues (GNRHa) have long been 

used to assist in stimulating and synchronizing ovulation in pigs4,5 and for 

facilitating fixed time AI (FT-AI) programs in commercial pig production units6. 

The success of FT-AI in pigs is reliant on accurately determining when ovulation 

occurs to ensure that fresh spermatozoa fertilise oocytes. Previously, the time of 

ovulation in pigs after administration of GNRHa was determined by laparoscopy 

allowing direct observation of follicle growth and presence of corpora lutea7.  

However with the advent of transrectal ultrasound it is now possible to determine 

ovulation time after different ovulation stimulation protocols to ensure optimal 

fertilization occurs.  In a previous Pork CRC project (2D-105) we demonstrated 

that ovulation can be synchronised in parity 1 and 2 sows with Folligon (eCG, 

PMSG) and Gonavet (Gonadorelin [6-D-Phe]). We investigated the effectiveness of 

one versus two fixed-time inseminations after determining when ovulation 

occurred with this synchronisation regimen. The results of this study showed that 

subsequent reproductive performance after one AI was equivalent to two AIs, with 

regards to farrowing rates and litter size.  
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The aims of this study were: 

 

To investigate the need for pre-treatment with eCG with Gonavet in a field trial 

once weaning to oestrus interval is determined 

 

To investigate whether boar stimulation can assist to improve pregnancy rates 

with fixed-time AI 

 

To investigate the influence of sperm dose with single AI in a commercial  

piggery 

 

Methodology 

The studies reported here were conducted at The University of Adelaide Pig and 

Poultry Production Institute (PPPI) piggery in Roseworthy, South Australia and at a 

commercial piggery. The University of Adelaide Animal Ethics Committee 

approved all experiments detailed in this report (AEC M-2010-054).  

 

Treatments 

 

Unless otherwise stated, all treatments were administered to sows by 

intramuscular injection behind the ear (see appendix 1.) The treatments in this 

study consisted of 1000 iu of equine chorionic gonadotrophic (eCG) (Folligon; 

Intervet) commonly known as pregnant mare’s serum (PMSG) and 50 g of 

gonadotrophin releasing hormone analogue (GnRHa) (Gonavet; Gonadorelin®, 

Veyx-Pharma GmbH, Germany). Gonavet is not commercially available in Australia 

and is currently undergoing the registration process with the Australian Pesticides 

and Veterinary Medicines Authority (APVMA). All treatments were prepared, 

stored and administered according to manufacturers’ recommendations. 

 

Treatment groups involved in the following experiments consist of:  

(1) on-farm controls (control) that were housed under the same condition and 

mated within the same week as the FT-AI groups. The controls, as per standard 

procedure at most piggeries, were exposed to boar stimulation (within a DMA) 

from three days after weaning until detection of standing oestrus;  
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(2) Fixed-time AI group with one insemination with a single dose of mixed semen 

containing 3 x 109 spermatozoa (FT-AI single dose); and  

(3) Fixed-time AI group with one insemination with a single dose of mixed semen 

containing 6 x 109 spermatozoa (FT-AI double dose). The FT-AI groups involved 

less handling of pigs post weaning, less labour time and less insemination 

compared with controls (Table 1). 

 

Table 1. Treatment group characteristics 

Treatment 

groupa 

Boar 

stimulation of 

oestrus 

Number of 

inseminationsb 

Spermatozoa 

per 

insemination 

dose 

Expected 

labour time 

involved/sowb 

Control Yes 2 or 3 

(variable) 

3 x 109 50 min 

FT- single 

dose 

No 1 (fixed) 3 x 109 20 min 

FT- double 

dose 

No 1 (fixed) 6 x 109 20 min 

aControl group consisted of parity one sows mated within the same week and received 

boar stimulation from day 3 post weaning 
bLabour time included: boar stimulation calculated as 20 min per sow, 5 min per sow for 

hormonal injections and 15 min per insemination 

 
Experiment 1. The effect pre-treatment with eCG and timing of Gonavet 
injection after weaning on ovarian follicle growth and pregnancy outcome in 
mixed parity sows – Roseworthy piggery 
 

For this study 78 mixed parity sows, including 28 first parity sows were enrolled on 

the first day of weaning after a lactation period of about three weeks. All sows 

typically nursed a litter of 10 to 12 piglets during lactation. Following weaning, 

each sow was placed in a single stall in the same climate-controlled room and fed 

2.5 Kg of a commercial sow diet. On the day of weaning, sows were randomly 

allocated to one of five treatment groups, distributing sows of different parities 

equally among treatments.  

 

Group 1 (Control; no hormonal treatment and boar contact): From three days 

after weaning, 15 sows (6 first parity) received boar contact once per day in a 

detection-mating–area (DMA) and were mated in the DMA on each day of standing 

oestrus (usually two matings each).  
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Group 2 (Gon84; no eCG, no boar contact): 17 sows (6 first parity sows) received 

an injection with 50 µg of Gonavet at 84 h after weaning, and were expected to 

ovulate 40 h later, on average at 124 h after weaning.  

 

Group 3 (Gon96; no eCG, no boar contact): 16 sows (6 first parity sows) received 

an injection with 50 µg of Gonavet at 96 h after weaning, and were expected to 

ovulate 40 h later, on average at 136 h after weaning.  

 

Group 4 (eCGon84; eCG, no boar contact): 15 sows (5 first parity sows) received 

an injection of eCG (1000 IU of Folligon®) at 24 h after weaning, and an injection 

with 50 µg of Gonavet at 84 h after weaning, and were expected to ovulate 40 h 

later, on average at 124 h after weaning.  

 

Group 5 (eCGon96; eCG, no boar contact): 15 sows (5 first parity sows) received 

an injection of eCG at 24 h after weaning, and an injection with 50 µg of Gonavet 

at 96 h after weaning, and were expected to ovulate 40 h later, on average at 136 

h after weaning.  

 

Sows in the induced ovulation treatments did not receive boar contact until 6 d 

after weaning, but did so thereafter (after expected time of induced ovulation), in 

order to mate any sows with delayed ovulation or oestrus. All sows were mated 

with pooled semen (3 × 109 viable spermatozoa) less than 2 days after collection. 

Sows that were induced to ovulate (Gon84, Gon96, eCGon84, and eCGon96) were 

inseminated only once, at 12 h before expected ovulation, in their stalls with no 

boar stimulation or contact.  

 

Detection of ovulation 

Transrectal ultrasonography (Aquila Vet, Pie Medical, Maastricht, The 

Netherlands) using a 5.0 MHz sector probe was used to record average diameter of 

the largest 3-5 ovarian follicles and to estimate time of ovulation. All sows were 

scanned at 24 h after weaning to establish initial ovarian follicle status and to 

exclude any sows with abnormal ovarian condition (cysts or previous ovulation 

during lactation). Sows in the Gon84 and eCGon84 treatments were scanned at 

injection of Gonavet (84 h after weaning, and similarly, sows in the Gon96 and 

eCGGon96 treatments were scanned at 96 h after weaning, to establish diameter 
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of the dominant follicles. Subsequently, all sows including controls were scanned 

at 12-h intervals at 106 h, 118 h, 130 h, 142 h, 154 h, and at 166 h from weaning, 

as long as they had not ovulated. Ovulation was defined as when large dominant 

follicles were no longer detected, and estimated time of ovulation was calculated 

as 6 h prior to that scan (half way between scans). Sows that had not ovulated by 

166 h were subsequently monitored for signs of heat using boar contact as 

described for the controls, and mated when exhibiting standing oestrus. Sows not 

exhibiting heat by 14 d after weaning were deemed anoestrous. 

 

Experiment 2. The effect of standard dose versus double dose spermatozoa on 
fertility for single fixed-time AI after synchronizing ovulation using eCG and 
Gonavet. Commercial piggery; Preliminary study, March – April 2012 matings 

 

Building on the results from Experiment 1 and a previous study (Pork CRC 2D-105), 

a protocol was designed for a commercial facility. The protocol used was 

essentially the same as in ‘Group 5’ above for ovulation synchronisation chosen 

because of a reduction in late ovulators with this group (Figure 1). In addition, an 

extra group was included using a fixed-time single AI containing 6 x 109 

spermatozoa (double dose) as requested by the Pork CRC. The original aim was to 

design a one-shot one-AI fixed-time protocol but considering the results so far, 

eCG was included 24 h after weaning. Thus three treatments were established 

with a control and two eCG/Gonavet treatments.   The mating protocol for the 

two ecG/Gonavet treatments (appendix 1) consisted of eCG injection 24 h after 

weaning and Gonavet given at ~96 h post-weaning followed by a standard dose AI 

(3 x 109 spermatozoa) or double dose (6 x 109 spermatozoa) AI approximately 24 h 

later.  

 

Experiment 3. The effect of standard dose versus double dose spermatozoa on 
fertility for single fixed-time AI after synchronizing ovulation using eCG and 
Gonavet. Commercial piggery; Field trial, December 2012 to March 2013 
matings 

 

The results for the preliminary study at the commercial piggery showed no 

statistical difference in pregnancy rates or farrowing data (Table 6). The same 

protocol for fixed-time AI varying the dose of spermatozoa in the single AI was 
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then employed in a field trial involving 701 first parity weaned sows. This study 

was carried out between December 2012 and March 2013. 

 

 Outcomes 
Research results 

 

Experiment 1 : Roseworthy PPPI piggery 

 

Of the sows induced at 84 h post weaning with Gonavet, with or without pre-

treatment with eCG, 23/30 (77%) ovulated within the expected window 118-130 h 

post weaning and within 34 and 46 h post Gonavet injection. 3/30 (10%) sows 

ovulated prior to that window, and 4/30 (13%) had a delayed ovulation. Two sows 

did not ovulate within 14 d post weaning. Of the sows induced at 96 h post 

weaning, 19/29 (66%) ovulated within the expected window (130-142 h post 

weaning), 8/29 (28%) ovulated prior to that window, and 2/29 (7%) had a delayed 

ovulation (Figure 1). Two sows did not ovulate within 14 d post weaning. Injection 

of Gonavet at 84 h after weaning tended to reduce the risk of sows ovulating 

earlier than expected compared to injection at 96 h (P = 0.10). 

Excluding first parity sows, 18/21 (86%) of multiparous sows ovulated on time 

when induced at 84 h after weaning and 12/19 (63%) ovulated on time when 

induced at 96 h; the remainder ovulated earlier than expected. First parity sows 

were more at risk to have a delayed ovulation or to remain anoestrus (P < 0.01). 

Pre-treatment with eCG tended to reduce the number of first parity sows with 

delayed ovulation or anoestrus (P = 0.07). Figure 1 shows the distribution of sows 

according to time of ovulation. Of the 63 sows that were induced to ovulate, 9/11 

of the sows with delayed oestrus or anoestrus were first parity sows. Of the 12 

first parity sows that were not treated with eCG prior to injection with Gonavet, 7 

sows had a delayed ovulation (5) or were deemed anoestrous (2). However, of the 

10 first parity sows that were treated with eCG prior to injection with Gonavet, 

only 2 had a delayed ovulation (1) or were deemed anoestrus (1). Of the 15 

control sows, four were mated beyond 6 d post weaning and one was deemed 

anoestrus.  These results suggest that while Gonavet alone may synchronise 

oestrus and ovulation, the pre-treatment with eCG may further tighten the spread 

in ovulation by reducing the weaning to oestrous interval in those sows in which 

this would have been extended.   
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Figure 1. Proportion of sows ovulating early (before Gonavet injection), optimal (within 40 
h after Gonavet injection) or late (> 40 h after Gonavet injection). Ovulation was 
determined by transrectal ultrasound at 106, 118, 130, 142, 154 and 166 h after weaning. 
Box plots with different letters identify significant difference at p < 0.05. 

 

Follicle development 

During lactation, the secretion of GnRH by the hypothalamus is kept relatively low 

due to the inhibitory suckling stimulus by the piglets8. The removal of the piglets 

due to weaning almost immediately causes a shift in the secretion pattern of LH 

followed by increases in FSH secretion9. The two hormones used in this study eCG 

and Gonavet (GnRHa) have predominantly FSH-like and LH-like effects 

respectively that mimic to a degree what happens naturally during the pre-

ovulatory stage in pigs. Transrectal ultrasonography was used to measure follicle 

growth within each treatment group and representative ultrasound images are 

shown in Figure 2. Follicle size increased from 4.4 ± 0.1 mm at 24 h after weaning, 

to 6.7 ± 0.2 mm at 84 h, 7.1 ± 0.2 mm at 96 h, and 7.4 ± 0.1 mm at 118 h, in sows 

that ovulated in the expected window(s). Sows that ovulated early had similar 

follicle size at 24 h after weaning (4.5 ± 0.2 mm) compared to sows that ovulated 

on time (Table 2). At the time of Gonavet injection, early ovulators still had a 

follicle size similar to other sows that ovulated, except for sows in the eCGn96 

treatment; in this group early ovulators tended to have larger follicles (7.8 ± 0.2 

mm) than those that ovulated on time (7.1 ± 0.3 mm; P < 0.10). At ovulation, sows 
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eCG GnRHa 84 h GnRHa 84 h eCG GnRHa 96 h GnRHa 96 h

%
 o

f 
s
o

w
s
 t

h
a

t 
o

v
u

la
te

d
 a

t 
e

a
rl

y
, 

o
p

ti
m

a
l 
o

r 
la

te
  

  
  

  
  

  
  

  
  

 t
im

e
 p

o
s
t 

G
n
R

H
a

 i
n

je
c
ti
o

n

0

20

40

60

80
Early

Optimal

Late

a

b

c

b

a

a

b,d

a

d

a



 

 9 

had a similar follicle size across treatments (7.4 ± 0.1 mm), regardless when they 

ovulated. Sows that had a delayed ovulation and those that remained anoestrus 

had smaller follicles at 24 h after weaning (3.4 ± 0.1 mm and 3.5 ± 0.1 mm, 

respectively). Sows that remained anoestrus did not develop follicles beyond 4-5 

mm in the course of the 14 d post weaning. 

 

 
Figure 2. Representative ultrasound images taken using real-time ultrasonography  at (A) 
24 h post weaning showing ovarian follicles approximately 4 mm in diameter (B) at 96 h 
post weaning showing pre-ovulatory follicles greater than 7 – 8 mm in diameter and (C) 
corpora lutea indicating ovulation has occured. Images provided with the kind permission 
of NM Soede, University of Wageningen, The Netherlands.  

 

Table 2. Follicle size (mm) of the 3-5 largest follicles at different times post 

weaning for sows that ovulate earlier than expected 

 Control GnRHa84 eCG+GnRH84 GnRHa96 eCG+GnRHa96 

N - 0 3 3 5 

24 h pw   4.4 ± 0.5 4.5 ± 0.2 4.5 ± 0.3 

84 h pw   6.9 ± 0.4   

96 h pw    7.2 ± 0.3 7.8 ± 0.2 

118 h 

pw 

   7.9 ± 0.2 8.0 ± 0.3 

 

Table 3. Follicle size (mm) of the 3-5 largest follicles at different times post 

weaning for sows that ovulate optimal time as expected 

 Control GnRHa84 eCG+GnRHa84 GnRHa96 eCG+GnRHa96 

N 14 13 10 9 10 

24 h pw 4.1 ± 0.2 4.4 ± 0.2 4.4 ± 0.1 4.4 ± 0.2 4.2 ± 0.2 

84 h pw  6.6 ± 0.3 6.8 ± 0.2   

96 h pw 6.8 ± 0.3   7.1 ± 0.2 7.1 ± 0.3 

118 h 

pw 

7.2 ± 0.3 7.3 ± 0.2 7.3 ± 0.3 7.6 ± 0.1 7.4 ± 0.3 

 

Table 4. Follicle size (mm) of the 3-5 largest follicles at different times post 

weaning for sows that ovulate later than expected 

 Control GnRHa84 eCG+GnRHa84 GnRHa96 eCG+GnRHa96 

N  3 1 2 0 

24 h pw  3.6 ± 0.2 3.1 ± 0 3.5 ± 0.2  
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84 h pw  4.7 ± 0.6 4.3 ± 0   

96 h pw    5.7 ± 0.3  

118 h 

pw 

 5.3 ± 0.5 6.7 ± 0 5.8 ± 0.2  

 
 

Pregnancy rate 

Pregnancy rate across treatments was 89% and was not affected by treatment 

(Table 5). Litter size did not differ between treatments, but when tested 

separately, sows in the GnRH84 treatment had more total born (14.1 ± 0.5 vs. 11.3 

± 0.8) and more born alive (13.1 ± 0.5 vs. 10.8 ± 0.8) than control sows (P < 0.05). 

 

Table 5. The effect of synchronization regimen on pregnancy rate and farrowing 

data in mixed parity sows – Roseworthy piggery 

 Control GnRHa84 eCG+GnRHa84 GnRHa96 eCG+GnRHa96 

Preg. rate 14/14 13/16b 12/13 12/14 12/14 

Total borna 11.3 ± 

0.8 

14.1 ± 0.5 12.9 ± 0.9 11.8 ± 1.2 13.0 ± 0.9 

Born alivea 10.8 ± 

0.8 

13.1 ± 0.5 11.1 ± 0.8 10.2 ± 1.0 12.2 ± 0.9 

amean ± SD for early and on-time ovulators 
b2 sows (first parity) not pregnant and had delayed ovulation 
 

 
Experiment 2a. Historic weaning to service interval characteristics of the 

experimental herd 

 

Weaning to first service interval 

To ascertain the weaning to service characteristics for the parity and strain of 

sows that we were to use in our study, historic mating and breeding data was 

obtained and analysed for a period of one year prior to commencement of the 

trial to ascertain the weaning to first service interval within the herd (Figure 3). 

This was carried out to ensure that any fixed-time insemination protocol was 

designed to take into account the typical pattern for follicle growth and standing 

oestrus within the herd for this parity after weaning. This was important because 

if we used Gonavet alone at 84 h after weaning and inseminated 24 h later, 

approximately 5% of sows from this cohort were likely to have already ovulated at 

the time of insemination (see Figure 3) leading to a higher rate of NIPs.  
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Figure 3. The weaning to service interval for post-weaned parity one sows in a commercial 
piggery based on the observation of standing oestrus after boar stimulation beginning 3 
days after weaning.  
a Number of first parity sows = 1482 

 
The weaning to service interval (as represented in Figure 3) has been used in this 

project as a temporal measure of follicle growth leading to standing oestrus in the 

same strain and parity of the experimental animals. In this cohort consisting of 

1482 post-weaned parity one sows 86% exhibited standing oestrus between day 4 

and day 6 post weaning, 10% after day 6 and 4% before day 4. Fixed-time AI 

strategies with eCG and Gonavet are reported to tighten the distribution of 

weaning to service intervals and allow more sows to be inseminated during the 

optimal period before expected ovulation. 

 

Experiment 2b. The effect of standard dose versus double dose spermatozoa 
on fertility for single fixed-time AI after synchronizing ovulation using eCG and 
Gonavet. Commercial piggery; Preliminary study, March – April 2012 matings 

 

A preliminary study was undertaken involving 92 parity one sows as requested by 

the commercial piggery to ascertain how the study may impact the current 

Weaning to first service interval

Day post weaning

3 4 5 6 7 8 9 10

%
 o

f 
s
o
w

s
 m

a
te

d

0

20

40

60

80



 

 12 

operating procedures at the piggery. Sows were randomly assigned to three 

groups; two fixed-time AI groups with no boar contact and single and double 

insemination dose compared with control group which had boar contact from d3 

post weaning and two or three inseminations after detection of standing oestrus. 

There were no significant differences in any reproductive parameters measured 

(Table 6). In this trial, there were more than expected removals of sows 

particularly within the control group that were made for non-reproductive 

reasons. Farrowing rate was also less than expected for this parity at this time of 

year (personal correspondence with piggery management) but not related to 

treatment or involvement in this study. The effect of fixed-time, one AI with 

single dose or double dose spermatozoa confirmed the hypothesis that FT-AI with 

eCG and Gonavet produces similar results compared with on-farm controls.  

 

Table 6: The effect of eCG/Gonavet in synchronising fixed time AI using single vs 

double dose of spermatozoa on pregnancy and farrowing data in first parity 

weaned sows. 

Treatmenta No. 
mated 

NIPs (%) b Farrowed (%) Born alive Total born 

FT- AI single 
dose  
(3x109 sperm.) 

25 3 (12) 22 (88) 10.73  0.64 11.56  
0.60 

FT-AI double 
dose 
(6x109 sperm.) 

27 4 (15) 23 (89) 11.67  0.5 12.83  
0.47 

Control 40c 8 (20) 32 (77) 11.19  0.38 11.84  
0.42 

Total 92 15 77 (84)   
a All sows in single and double dose had no boar contact for oestrous induction or 
detection. b Any sows removed for non-reproductive reasons not included in any of these 
parameters.  
c Includes one late abortion. Statistical analysis using One-way ANOVA and Chi Square was 
performed using SPSS – no significant difference was found in any comparisons above 
P>0.05  

 

Experiment 3. The effect of standard dose versus double dose spermatozoa on 
fertility for single fixed-time AI after synchronizing ovulation using eCG and 
Gonavet. Commercial piggery; Field trial, December 2012 to March 2013 
matings 

 
The aim of this project was to investigate whether single fixed-time AI using 

Folligon and Gonavet to synchronise oestrus in post weaned parity 1 sows is as 

effective as normal mating practices in a commercial piggery. 1000iu of Folligon 

was administered im 24 h after weaning, 0.5 ml of Gonavet was administered 96 h 
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after weaning. Approximately 24 h after Gonavet injection, sows were given a 

single AI mating with either 6x109 spermatozoa (Double dose) or 3x109 

spermatozoa (Single dose). Sows were inseminated in stalls with a boar in a 

remote controlled pen that moved along the aisle in front of the sows. Boars were 

not used for stimulation or detection of oestrus for these sows. Control sows were 

mated within the same week as the sows in the treatment groups. All control sows 

were mated with either 2 or 3 AI standard doses consisting of 3x109 spermatozoa 

after boar stimulation and detection of standing oestrus. 

 

The effect of fixed time AI on pregnancy rate as determined by abdominal 

ultrasound scanning at approximately 28 days post AI is presented in Table 7. 

Using a higher dose of spermatozoa in the single insemination in the 

synchronization groups had no statistical difference on pregnancy rate or 

variability in pregnancy rate over the period of study (Table 7 and Figure 4). 

Pregnancy rate was 15% higher in the double dose group and 17% higher in the 

single dose group compared with controls (p < 0.001; Table 7). Data on farrowing 

rates is contained in Table 8. The effect of synchronization using eCG/Gonavet 

also reduced the variability in pregnancy rate (Figure 4), which reflects a 

reduction in the variability (tightening of the distribution curve) as demonstrated 

in Figure 3 (Experiment 2a).  

 
Table 7. The effect of eCG/Gonavet in synchronizing ovulation for fixed time AI 
using single vs double dose of spermatozoa on pregnancy rate. 

Week1 Control2 FT-Double dose3 FT-Single dose4 

 No. Preg5  PR % No. Preg PR % No. Preg PR % 

49 36 31 86.1 20 16 80.0 16 16 100 

50 26 19 73.1 19 18 94.7 16 13 81.2 

51 31 16 51.6 19 16 84.2 17 13 76.4 

1 23 13 56.5 12 10 83.3 8 6 75.0 

2 15 7 46.7 21 20 95.2 17 11 64.7 

4 8 5 62.5 40 27 67.5 12 11 91.6 

5 19 11 57.9 28 21 75.0 18 15 83.3 

6 22 17 77.3 28 22 78.6 8 6 75.0 

7 19 15 78.9 0 0  32 24 75.0 

8 13 10 76.9 14 12 85.7 31 27 87.1 

9 32 19 59.4 14 11 78.6 22 20 90.9 

10 33 16 48.5 7 4 57.1 5 3 60.0 

Totals 277 179 64.6% 222 177 79.7%** 202 165 81.7%** 
**P < 0.001 compared to control;  

1Week of mating. 49 represents week beginning 1/12/2012; week 10 represents 9/3/2013 
2Control: parity 1 sows within the herd mated according to piggery practice; boar 
stimulation and detection of oestrus and 2 or 3 AI doses after standing heat detected 
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3Double dose: Fixed time mating of parity 1 sows using eCG/Gonavet synchronization of 
oestrus. One AI dose consisting of 6x109 spermatozoa given 24 h after Gonavet injection 
4Single dose: Fixed time mating of parity 1 sows using eCG/Gonavet synchronization of 
oestrus. One AI dose consisting of 3x109 spermatozoa given 24 h after Gonavet injection 
5Preg: Number of sows with positive ultrasound scanning for pregnancy approximately 28 
days after mating 
6PR%: percentage of sows pregnant  

 

 

 
Figure 4. The effect of oestrous synchronization with eCG/Gonavet on pregnancy rate 

after single fixed-time AI with 3 x 109 spermatozoa (single dose) or 6 x 109 spermatozoa 

(double dose). Each box plot represents the pregnancy rate from December to March and 

demonstrates the variability associated within each mating strategy. Median values are 

represented by line within the box, top and bottom of each box represents 90th centile and 

10 th centile respectively. Data per week is shown in Table 6. 
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Table 8. The effect of treatment on farrowing rate. 

Week Controls Removals FT-Double dose Removals FT-Single dose Removals 

 No Farr1 FR %2 Rm, 
NIPs; 
Aborts3 

Culls4 No. Farr1 FR %2 Rm, NIPs; 
Aborts3 

Culls4 No. Farr1 FR % Rmx, 
NIPS; 
Aborts 

Culls4 

49 29 18 66.7 9 2 20 16 90 2 2 16 14 87.5 2   

50 11 4 44.4 5 2 19 16 84.2 3   16 13 81.3 3   

51 21 15 78.9 4 2 19 14 89.5 2 3 17 11 70.6 5 1 

1 18 3 17.6 14 1 12 9 91.7 1 2 8 4 75 2 2 

2 12 4 33.3 8 0 21 17 81 4   17 10 64.7 6 1 

4 8 5 62.5 3 0 40 22 62.5 15 3 12 7 66.7 4 1 

5 18 5 31.3 11 2 28 14 53.6 13 1 18 10 55.5 8   

6 11 3 30.0 7 1 28 17 82.1 5 6 8 4 50 4   

7 19 3 16.7 15 1 0 0       32 17 65.7 12 3 

8 9 3 37.5 5 1 14 5 50 7 2* 31 18 71 9 4 

9 31 16 53.3 14 1 14 10 71.4 4   22 20 90.9 2   

10 33 12 36.4 21 0 7 4 57.1 2   5 3 75 3 1 

Totals5 220 91 44.0 116 13 222 144 71.3 58 19 202 131 69.3 60 13 

*Data for one sow is missing;  
1Total number of sows that have farrowed. 
2FR: farrowing rate; this calculation does not consider sows removed for non-reproductive reasons (NRR) associated with treatment including culls for 

welfare reasons. FR = (Farr/(No. mated – culls))*100 e.g. FR (Controls) = 91/(220 – 13)*100 = 44% 
3Rm: repeat mating, NIP: not in pig, Aborts: abortions usually after d28 post mating 
4Culls: sows removed for non-reproductive reasons (NRR); culling rate: Controls 6%; Double dose 8.6%; Single dose 6.4% (not sig. between groups)  
5The total number of Controls is different between the pregnancy rate data (Table 6) and what is presented here. At the commercial piggery significant 

changes were made with regard to stocking levels that reduced the number of control animals staying in the herd.  
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Fixed-time AI with either single or double dose inseminations resulted in an 

increase in farrowing rate of approximately 24% compared with controls (P<0.05; 

Chi Square). There was no effect on farrowing rate in increasing the insemination 

dose between the fixed-time groups. The farrowing rates recorded here are below 

industry standards and also lower than historical records for parity 1 sows and for 

this time of year for this commercial piggery. The effect of fixed-time AI protocol 

on farrowing rate is in part likely due to the effect of hormones in tightening the 

distribution of weaning to service interval especially during the period of summer 

infertility. The piggery reported particular problems regarding pregnancy and 

farrowing rates during this period and across parity. In addition, the piggery made 

significant changes to their stock levels within the breeding herd and this is 

reflected in the difference in numbers of control sows as represented in Table 7 

and Table 8. 

 

There was no significant difference in the numbers of total born, born alive, 

stillborns or mummies between groups or between control and fixed-time AI 

groups (P > 0.8; Table 9). The concentration of spermatozoa in the fixed-time 

insemination did not influence litter size. There is also no statistical indication 

that an increase in numbers within any of the groups would change the outcomeA.  

 

Table 9. The effect of eCG/Gonavet in synchronizing ovulation for fixed time (FT) 

AI in parity one weaned sows using single vs double dose of spermatozoa on litter 

size (means  se). 

Treatment No. 
farr/No. 
mated 

Farr. 
ratec 
(%) 

Born aliveb Stillbornb Mummifiedb Total 
bornb 

Control 91/220 44 11.37  
0.21 

0.71  0.07 0.08  0.02 12.15  
0.23 

FT-Double 
dose 
(6x109 
sperm.)a 

139/222 71 11.68  
0.25 

0.68  0.09 0.14  0.04 12.50  
0.27 

FT-Single 
dose  
(3x109 
sperm.) 

131/202 69 11.34  
0.27 

0.67  0.08 0.09  0.03 12.11  
0.29 

a litter size data is not available for 5 sows 

                                            
A Power analysis was performed to determine the number of animals required for each 
group based on the standard deviation of litter size and power level of 0.8 and probability 
level of 0.05 
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b No significant differences across treatment for all variables measured, p > 0.8 
c Calculated on number of sows entered into the trial minus the number of culls – see 

legend for Table 7 for calculation of farrowing rate 

 

The effect of fixed-time AI on piglet index 

Piglet index is frequently used to demonstrate the effect of treatments on litter 

size and is presented as mean numbers of live born piglets per eligible 100 sows 

mated10. This provides an easy way to detect any increase in litter size while 

taking into account farrowing rate. Fixed-time AI is generally considered to be 

beneficial in increasing pregnancy and farrowing rates and at the same time 

reduce labour costs. In this experiment there was no significant difference in 

mean litter size (Table 9) but an increase in piglet index (Figure 5) through taking 

into account the relatively lower than expected farrowing rates across groups. 

Fixed-time AI using a single and double AI dose increased number of piglets by 11 

and 20 born alive per 100 eligible sows respectively compared with on-farm 

control (Figure 5).  

 
Figure 5. The effect of oestrous synchronization with eCG/Gonavet to facilitate fixed-time 
AI on piglet index. Each vertical bar represents the total number of piglets born alive per 
100 eligible sows (piglet index) for each mating group (piglet index = average born alive 
per group x farrowing rate). 
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Application of Research  

Application of the research findings in the commercial world.  

 
The aim of this study was to test an ovulation synchronization protocol to 

maximize reproductive outcome in post-weaned sows using fixed-time AI with only 

one insemination under commercial farm conditions. In experiment 3, first litter 

sows that were in the fixed-time AI groups (n=424) had an average pregnancy rate 

16% higher than on-farm controls. Moreover, the control sows (n=277) required 

more labour, more inseminations and boar exposure for stimulation and detection 

of standing oestrus.  

 

The application of this research resides in the identification of ‘problem areas’ 

with regard to pregnancy/farrowing rates across parities and season.  The use of 

the fixed time AI protocol is likely to provide greater benefits where fertility may 

be compromised.  The results in experiment 3 suggest that late December to early 

March pregnancy rates are highly variable. The results of this study suggests that 

the weekly pregnancy rates become less variable and increase due to ovulation 

synchronisation for fixed-time AI. Moreover, first parity sows were selected in the 

field trial (Expt 3) due to the variability in litter size and pregnancy rates.  If 

mixed parity sows were selected it would be expected that the pregnancy rates 

would be higher across groups than the results shown here.  

An understanding of the weaning to first service interval and how this varies 

during the year would help to detect which parities of sows would benefit the 

most from this approach. Fixed-time AI currently lends itself particularly well to 

batch farrowing protocols and from a fertility perspective (not considering labour 

saving and boar use) to gilts and parity one sows where pregnancy rates are likely 

to be lower and more variable. In addition, expression of oestrus is not 

compromised by eCG/Gonavet with all sows treated exhibiting strong lordosis and 

uptake of insemination dose. 

 

Potential cost to production 

 

Using information from this project and that provided by Veyx and the Pork CRC, a 

cost/benefit analysis is presented below to reflect the advantages of using fixed-

time AI. The parameters used to determine the cost/benefit analysis include: 
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feeding costs, cost for pen space, daily feed intake per sow, cost per empty day, 

cost of Gonavet and eCG (Folligon) and estimated labour costs.  The reference 

parameters used for this analysis is 100 weaned sows per year, piglets born alive 

per year, piglets weaned per sow per year, market price per pig, lactation period, 

production cycles and empty days per repeat breeder.  

 

Influence on return rate 

 

Pregnancy rates for this study provide an indication on the return rate during the 

period of this study. The calculations are based on 2.4 production cycles per year, 

21 empty days per repeat breeding and a cost per empty day of $4.43 (based on 

cost of feed, labour, etc.). In this example, the cost of empty days when there is 

a return rate difference between treatment (FT- AI) and control by 15% is 

calculated by multiplying the cost of sow per empty day (i.e. $4.43) by 21 days by 

15 sows (15% of 100 sows). The cost of this (charge) on the productive sows can 

then be calculated by dividing the cost of empty days by the number of productive 

sows as shown in Table 10. 

 

Table 10. The savings associated with improving return rates in 100 sows using 

fixed-time AI based on reducing the number of empty days and a cost of 

$4.43/sow/empty day. 

Return rate Number of 

productive 

sows 

Cost of empty 

days 

Charge 

productive 

sow per cycle 

Charge/ 

productive 

sow per year 

15% 85 $1395 (21 x 15 

x $4.43) 

$16.41 

($1395/85) 

$39.38 ($16.41 

x 2.4) 

10% 90 $93.30 $10.34 $24.81 

 

Increase in farrowing rate 

 

An increase in pregnancy rate will increase farrowing rate. The analysis shown in 

Table 11 below, using the same parameters, demonstrates the increase in revenue 

generated due to increasing the farrowing rate from 80% to 95% using reference 

parameters of 12 piglets born alive, 11 weaned per litter, 8Kg weaning weight and 

$44.30 selling price per sold piglet (Pork CRC). The example below does not use 

the results from this project as parity one sows have greater variability in 

farrowing rate and the project was performed in a highly variable time when 
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summer infertility is most prominent and thus not representative of what could be 

expected on average across parities and throughout the year. In this example, an 

increase in farrowing rate from 80 to 90% results in an increase in revenue due to 

FT-AI to the pig producer of $117 per sow per year ($1052.57 - $935.62) based on 

the selling price of a weaner being $44.30 (Pork CRC).  

 

Table 11. The revenue generated by increasing farrowing rate using fixed-time AI 

based on a selling price of $44.30 per weaned piglet. 

Farrowing 

rate 

Weaned 

piglets/100 

sows/cycle 

Weaned 

piglets/100 

sows/year 

Weaned 

piglets/sow/year 

Revenue/weaned 

piglets/sow/year 

80% 880 (11 x 80) 2112 (880 x 

2.4) 

21.12 $935.62 (21.12 x 

$44.30) 

85% 935 2244 22.44 $994.10 

90% 990 2376 23.76 $1052.57 

 

The cost of fixed-time AI using Folligon/Maprelin and Gonavet 
 

The exact cost of using Gonavet is not known, as the product is currently not 

available until APVMA registration is given. However, it is likely to be in the 

vicinity of $1.77/sow/cycle for Gonavet and for eCG (Folligon) $13.00/sow/cycle. 

The following analysis is also based on a labour cost of $44.00 per hour, the time 

in which 200 sows could easily be injected ($22.00 per 100 sows or $0.22/labour 

time/sow). In total, cost of FT-AI using Folligon and Gonavet in 100 sows with a 

production cycle of 2.4 per year is $3,625.00 (Table 12). However, the 

manufacturers of Gonavet have a new product that has similar effects to Folligon 

called Maprelin. Maprelin has significant advantages over Folligon both biologically 

and economically. From a biological perspective, Maprelin is a GnRH analogue very 

similar to Gonavet but has a more FSH-like response in the sow similar to 

Folligon11. Economically Maprelin is expected to cost approximately $3.00 per 

sow/cycle and is also under application for registration with the APVMA. 
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Table 12. The expected costs of using Folligon and Gonavet to facilitate fixed-

time AI using 100 sows as a reference parameter. The cost of replacing Folligon 

with Maprelin is included in bold.  

 Sow/year 100 sows  100 sows with 

Maprelina 

Folligon $31.20 (13.00 x 2.4)  $3120  $720 

Gonavet $4.24 ($1.77 x 2.4) $424 $424 

Labour $1.06 ($0.53 x 2.4 x 

2 treatments) 

$106 $106 

Total $36.25 $3625 $1250 
aMaprelin can be used to replace Folligon but has not been tested in Australia. Maprelin is 

currently under application for registration with the APVMA 

 

Revenue generated by decreasing return rate and increasing farrowing rate 
using FT-AI 
 

From the examples above, revenue generated using Folligon and Gonavet to 

facilitate FT-AI in 100 sows can be calculated as follows: 

 

 

Table 13. The expected increase in revenue due to FT-AI due to improvements in 

return rate and farrowing rate and cost of treatment to synchronise ovulation. 

Return rate reduced from 15% to 10%a $1457 ($55.80 - $39.43 x 100b) 

Farrowing rate increased from 80% to 

85% 

$5848 ($994.10 - $935.62 x 100c) 

Cost of treatment plus labour (Folligon) -$3625d  

Cost of treatment plus labour (Maprelin) -$1250d 

Total (increase in revenue)/100 sows 

(Folligon) 

$3680 

Total (increase in revenue)/100 sows 

(Maprelin) 

$6055 

aconservative estimate based on this study and the spread of weaning to oestrus intervals 
bcalculation from Table 10 
ccalculation from Table 11 
dcalculation from Table 12 

 

 
The analysis described is based on information from provided by Veyx GmBH. 

Previously, we have demonstrated that Gonavet can be used without pre-

treatment with Folligon. However, for this trial we used Folligon and considering 

the time of year and the unusually lower than expected farrowing rates with Expt. 

3 this was probably fortuitous. However, with higher parities and close scrutiny of 

weaning to oestrus intervals using only Gonavet and a ‘one shot-one AI’ is possible 

but requires further research to confirm in parity 2 and above weaned sows. Using 
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single fixed-time AI offers further cost savings for at least one less insemination 

(cost of semen, catheter and labour) per sow/cycle. 

The cost savings of implementing a single fixed-time Ai protocol that does not 

involve boar stimulation and detection of oestrus and one less insemination dose 

per cycle offers considerable reduction in production costs to the pig industry. 

Using the parameters below: 

 

1. Boar stimulation for oestrus conservatively uses approximately 5 minutes 

per sow twice a day for 2 days (i.e. 20 minutes per sow per cycle). 

2. One less insemination per production cycle (15 minutes per insemination; 

less of moving sow, collecting dose, catheter and insemination time 

3. Cost of insemination dose and catheter - $9.00 

 

 

Table 14. Increase in revenue due to less use of boars and one less insemination 

per cycle. Labour costs are calculated at $44.00 per hour including overheads 

Labour saving Per sow/cycle Per 100 sows/year 

Boar stimulation 20 minutes $14.60 80 hours (20min x 2.4 x 

100) $3504 

One less insemination 15 minutes $11.00 60 hours $2640 

Cost of insemination $9.00 $2,160 

Total cost savings $34.60 $8,304 

 

 

In summary, a conservative estimate of revenue generated by using single fixed-

time AI after synchronization with Folligon and Gonavet is $11,984 ($8,304 + 

$3,680) per 100 sows/year. Replacing Folligon with Maprelin increases revenue 

due to FT-AI by $14,359 ($8,304 + $6,055) per 100 sows/year. 

 

Conclusion  

Closing summary of Research 

 

Fixed-time single AI offers considerable management, animal welfare and 

financial advantages to the Australian pig industry. In this study, synchronization 

with Gonavet demonstrated increases in pregnancy rate, farrowing rate and 

reduction in the use of boars and labour associated with boar stimulation of 

oestrus and number of inseminations, whist maintaining litter size. In particular, 

the use of FT-AI was ‘tested’ under situations of stress due to summer infertility 

and changes in husbandry practices under commercial farm conditions. In this 

situation, fixed-time AI with Gonavet improved farrowing rates compared with on-
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farm controls in parity one sows that are known to be more variable with regard 

to reproductive outcomes.  

 

Limitations/Risks  

 

Time is of the essence 

Fixed-time AI protocols are particularly suited for large production units that can 

accommodate individual identification of sows for injection of hormones at a 

particular time which then determines the time of insemination with a single AI. 

This can be more difficult than it seems. In a large production unit 100 sows can 

be weaned in a day, the closer the injection times are ‘synchronised’ within a 

group the more synchronised the ovulation between sows will be. Likewise the 

time of insemination is important, although not as critical as the time of 

injections, the closer all sows are ‘synchronised’ with the inseminations will 

ensure maximum conception rates. 

 

Needling hormones 

Fixed-time AI is currently dependent on the use of hormones. Gonavet is 

particularly stable at room temperature but piggeries should protect Gonavet and 

eCG from high temperatures that is often experienced in Australian piggeries. 

Gonavet and eCG are administered by intramuscular injection requiring needles 

and syringes. Needles are often reused between animals (although not 

recommended) and can break and leave part of the needle with the animal. This 

has implications with regard to slaughter. Moreover, the use of needles within 

piggeries presents an OH&S concern that needs to be addressed.  There may be a 

bigger issue of the market acceptance of the use of hormones in meat producing 

animals that could limit the use of this technology and protocol in commercial 

pork production. 

 

Training and technical ability  

The use of hormones and injections in the livestock industry requires technical 

training and the accurate record keeping. If too much or not enough hormone is 

injected, fertility may be impaired. Gonavet is a particularly safe hormone with a 
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very short half-life and is likely to receive a ‘nil’ withholding period once it is 

registered for use in Australia. 

 

 Recommendations  

As a result of the outcomes in this study the following recommendations have 

been made: 

 

 Fixed-time AI offers significant advantages to the Pork Industry in 

Australia.  

 

 Gonavet is effective in synchronizing ovulation for FT-AI programs.  

Gonavet is not commercially available in Australia but is currently 

undergoing the registration process with the Australian Pesticides and 

Veterinary Medicines Authority (APVMA).  

  

 Single insemination using standard semen dose of 3 x 109 spermatozoa 

does not affect fertility or subsequent litter size in FT-AI program as 

used here 

 

 FT-AI has significant advantages over current husbandry in times of 

summer infertility and environmental stress in pig production units. 

 

 The standard FT-AI protocol of eCG 24 hours after weaning, followed by 

Gonavet 96 hours after weaning and then insemination 24 hours later 

with one dose of 3 x 109 spermatozoa should be investigated in field 

studies in other commercial piggeries, particularly under conditions 

where fertility may be compromised. 
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Appendices for Sub-project 1 

Appendix 1: Protocol for field trial at commercial piggery  

 
Fixed time inseminations using Folligon (eCG) and Gonavet to synchronise ovulation in post-weaned 

sows – varying sperm concentration in A.I. dose 
 

Gonavet is a GnRH analogue that is commercially available and registered for use in Europe for 
synchronising oestrus.  

synchronise ovulation and has the potential to remove the need to detect heat and the use of 2 or 
more inseminations.  
The aim of this experiment is to investigate whether a doubling of the sperm concentration (from 3 
billion to 6 billion) in the AI dose will maximize reproductive performance using fixed-time A.I. in parity 
1 weaned sows. 
The experimental protocol below uses approximate times based on current practices at the piggery. 
Experimental protocol – based on Monday and Thursday weaning schedule 
 
Group 1 - Control 
250 sows (control) – normal management – heat detection 2 x A.I (or more according to standard 
practice). 
 
Group 2 – Standard dose single fixed-time A.I. 
250 sows: Wean 8.00 – 
injected 96 h after weaning (9.00am). No heat detection and single fixed-time A.I. 11.00am -  12.00 
noon following day – standard A.I. dose 
 

 
 
 
 
 
 
 
 
  

Wean Folligo
n 

Gonavet Single A.I. standard dose 

24h 72h ≈ 30h 
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Group 3 – Double dose single fixed-time A.I. 
250 sows: Wean 8.00-
injected 96 h post weaning (9.00am). No heat detection and single fixed-time A.I. approx  11.00 - 12 
noon following day – double dose.  
 
 

 
 
For weaning starting on Thursday 
 

 
 

 Folligon injection will be administered i.m behind the ear – volume 5ml. Syringes, needles 
and extension lines will be provided.  
 

 Gonavet (5ug) injection will be given i.m. behind the ear – volume 1ml, syringes and needles 
provided. 
 

 AI doses will be provided by SABOR and identified as being either standard dose or double 
dose. 

  

Wean Folligo
n 

Gonavet Single A.I. double dose 

24
h 

72h ≈ 30h 

Wean Folligo
n 

Gonavet 

24
h 

72h ≈ 30h 

Single A.I. standard dose 
                   or double dose 



 

 27 

FIXED-TIME SINGLE A.I. USING STANDARD DOSE AND DOUBLE DOSE A.I. 
Monday Wean 

 
Thursday Wean 

Treatments: 
 
Folligon injection, 24 h after weaning: 5ml injection back of neck behind ear 
Gonavet injection, 4 days – 96 h after weaning back of neck behind ear 

 
 
 
 

**PLEASE RECORD PIG ID NUMBER, ANY CHANGE TO PROTOCOL, ANY PROBLEM WITH 
INJECTION DELIVERY 
 
**DO NOT GIVE ANOTHER INJECTION OR CHANGE DOSE – RECORD PIG ID NUMBER IF THIS 
WAS DONE ACCIDENTALLY 
 
 
 
 
 
REMEMBER PLEASE RECORD ANYTHING AND EVERYTHING 
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Sub-project 2: Increasing embryo survival by 
supplementation of progesterone during early 
pregnancy in pigs 
 

Introduction 

Embryonic mortality is the largest determinant of litter size in pigs and accounts 

for up to 90% of prenatal mortality in the pig12. With an ovulation rate of in 

excess of 25 ova per cycle, a fertilisation rate approaching 100% and fetal 

mortality of 10% the extent of embryo mortality results in a litter size 

considerably lower than potential. However, based on ovulation rate, up to 20% of 

pregnancies have no loss before day 30 of pregnancy. It is therefore reasonable to 

postulate that substantially increasing litter size is possible and the most effective 

method to increase litter size in pigs is to determine and address the mechanisms 

underlying embryonic mortality and to develop strategies to address them. 

The likely causes of embryonic mortality include (1) chromosomal abnormalities, 

(2) infectious organisms13, (3) maternal endocrine insufficiencies14 and (4) 

maternal nutritional status before15 and after mating16. Elevated progesterone in 

early pregnancy is known to have beneficial consequences for pregnancy in 

humans and live stock species. Nutritionally-induced upregulation of progesterone 

early in pregnancy has been associated with improved embryonic survival in the 

pig17,18. The effect is likely to be due to the influence of progesterone on 

reproductive tissues presumably acting to hasten uterine transformation and the 

secretion of embryotrophic growth factors19. In a previous Pork CRC project 2D-

109 we investigated increasing endogenous levels of progesterone from day 10 to 

day 21 of pregnancy using intramuscular injections of eCG and human chorionic 

gonadotrophin (hCG). In project 2D-109, eCG/hCG increased progesterone 

production in early gestation by 32% (Control 16.6 ± 2.3 ng/ml vs eCG/hCG 24.3 ± 

2.3 ng/ml; P=0.007). It was assumed that the rise in progesterone due to 

treatment was due to the formation of accessory corpora lutea (CL) due to 

ultrasound observation of growing follicles after treatment. Moreover, the treated 

sows had an increase in approximately 1.5 piglets per litter (P= 0.023) compared 

to controls. An Australian patent application was submitted due to this result (PTC 

- APPA no 2009900914; (O'Leary 2010)20).  
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The current project aims to investigate whether there is a direct relationship 

between increasing serum progesterone levels in early pregnancy and litter size in 

pigs. To do this we used commercially available (for research purposes) 

progesterone implants to increase progesterone by approximately 30% from day 10 

of pregnancy. If our hypothesis (Figure 6) is supported we will look to design and 

produce our own implants to provide a treatment to address the high embryo 

mortality currently experienced in the pig industry.  

The aim of the current study is to investigate whether increasing progesterone 

levels during the critical period of embryo loss in the pig will result in an increase 

in litter size. 

 

 

 
Figure 6. Schematic illustration of the hypothesis that increasing progesterone levels by 

insertion of a progesterone implant on day 10 of pregnancy leads to increase embryo 

survival and litter size in the pig. The critical period of embryo loss is reported to occur 

between day 10 and day 30 when the embryo elongates, placentation begins and 

attachment to the endometrium is established. A critical point, represented by the dip in 

progesterone levels after day 10 in this figure, is when the ovary requires a signal from the 

embryo/placenta to continue to produce progesterone. The increase in progesterone at 

this time is likely the dip in progesterone to accommodate any (smaller) embryos that are 

at risk of demise until further growth is attained.  

Methodology and outcomes  

 
Increasing progesterone levels in early pregnancy – Roseworthy PPPI piggery 
 

The experiments below were designed to show proof-of-concept that increasing 

progesterone levels in early pregnancy increases litter size in pigs. These 
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experiments were based on the use of progesterone implants, which release a 

steady state of progesterone over a period of 21 or 60 days. The implants used 

initially in this study are commercially available from the USA (Innovative 

Research of America, Inc.) for research purposes only. The IRA implants were 

designed specifically for this study and 3 doses for each time period were 

purchased (Table 15).  

The ultimate goal of this project was to design a low cost implant that can be 

easily applied, produced and commercialized at The University of Adelaide.  

 

Experiment 1: The level of serum progesterone in ovariectomised gilts after 
treatment with commercial progesterone implants 
  

12 F1 (LW x LR) gilts were randomly selected at approximately 31 weeks of age. 

Gilts were anaesthetized and ovaries were retrieved during surgery. An indwelling 

ear vein catheter was inserted during surgery to obtain multiple blood samples to 

assess progesterone levels before and after insertion of progesterone implants. 

Ovariectomised gilts were used, as they would not have any endogenous levels of 

progesterone (P4) or other ovarian steroids that could interfere with measuring 

the dose of P4 from the implants. Five days after surgery, when endogenous P4 

levels are expected to be undetectable, ovariectomised gilts received either one 

50mg of P4 21 day release, one 100 mg P4 21 day release, one 200 mg P4 21 day 

release pellet or a placebo pellet provided by the manufacturer (Table 15). Each 

pellet was approximately 3.5 cm long and 50mm in diameter regardless of dose 

and made of a cellulose matrix that releases a steady state of progesterone into 

the blood stream for the stated period of time as the pellet was absorbed by the 

tissue. To insert the implant/pellet, a small incision was made using a No. 22 

Scalpel blade behind the left ear of the gilt that was restrained using a snub-nosed 

rope. The gilt was immobilized by tying the end of the rope to the side of a stall 

and the pellet was inserted using a sterilized (by 70% alcohol) long pronged 

forceps. A single suture was applied to close the wound and to ensure the implant 

remained within the tissue. This process took approximately 5 minutes per gilt. 

Blood samples were taken immediately prior to the insertion of the P4 implant 

then as follows: 15, 30, 45, 60, 90, 120, 180 minutes after implant insertion then 

twice weekly for the period of 21 days.    
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Table 15: Treatment and gilt characteristics of Experiment 1  

 

 

Results of Expt. 1 

The effect of IRA progesterone implants on ovariectomised gilts are shown in 

Figure 7. The placebo controls and the results for the cycling (intact) gilt are not 

included in this figure as the controls were as expected below level of detection 

for P4 and the P4 levels for the cycling gilt were uninformative. The three 

treatment groups consisted of a single 50, 100 or 200mg implant inserted in 

ovariectomised gilts. There was a significant increase in progesterone level above 

non-detectable levels in all three groups of ovariectomised gilts (P< 0.05). 

However, the level of progesterone in plasma was very low and did not meet the 

aim of increasing P4 levels above 30% of endogenous levels on day 10 of 

pregnancy. The 200mg dose of P4 in the implant is the highest level that IRA Inc. 

were able to manufacture and this level was advised by the Manufacturer to be 

sufficient to increase P4 level by 50ng/ml, based on a blood volume of an animal 

weighing 120 kg. The pig however has a very large fat store and as steroids are fat 

soluble, the P4 secretion from the implant is likely to be also sequested into fat 

stores in the body. In addition, the site of implantation (back of neck, behind ear) 

is quite fatty as with most areas of the pig that could accommodate such an 

implant. Considering this and consulting the Department of Pharmacology at The 

University of Adelaide, a new calculation of the amount of progesterone required 

to lift endogenous levels by 30% was made for the in-house implants.  

 

 

Treatment Number of gilts Weight Pre-treatment 

progesterone (ng/ml) 

50mg P4 21d 

implant 

3 121  3.6 <0.01 

100mg P4 21d 

implant 

3 118  4.1 <0.01 

200mg P4 21d 

implant 

3 118.6  8.0 <0.01 

Placebo implant 2 122  3.1 <0.01 

Cycling 1 126.0 10.5 
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Figure 7. The effect of commercially manufactured progesterone implants on increasing 
plasma progesterone in ovariectomised gilts over a period of 8 days post implant insertion. 

Data presented as mean  SEM. SPSS; Repeated measures analysis *P<0.05.  
 

Experiment 2: The effect of in-house progesterone implant on plasma 
progesterone levels in ovariectomised gilts. 

 

The results of experiment 1 demonstrated an inability to increase progesterone 

levels to a significant level above endogenous pregnancy levels in the sow. The 

commercial implants were discontinued and in-house implants, based on 

pharmaceutical grade silicone sheeting designed specifically for testing of drugs in 

experimental animals (Specialty Manufacturing Inc., Saginaw, MI, USA; 

www.smimfg.com) were made aseptically in the laboratory. The design and 

construction of the progesterone pouches was made in collaboration with 

Professor David Kennaway, Director, Adelaide Research Assay Facility and 

references from previously published works 21,22. The aim of this proof-of-concept 

experiment was to raise plasma P4 levels by surgically adhering a progesterone 

implant in the broad ligament supporting the uterus in the pig.  

 

For this initial experiment, 3 gilts were ovariectomised as previously described 

and each gilt also received an indwelling jugular vein catheter and a vena cava 

The effect of progesterone implant on plasma progesterone concentration
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catheter at the time of surgery for the removal of their ovaries. Blood samples 

were taken from day of surgery and then every second day for the period of 12 

days from both the jugular and vena cava veins. The jugular sample is collected 

from an indwelling ear vein catheter that samples blood from just above the 

heart. The vena cava sample is collected from an indwelling saphenous vein 

catheter in the right leg of the pig that samples blood from the draining vessels of 

the uterus. The jugular sample is representative of the systemic level of 

progesterone whereas the vena cava sample is representative of the blood supply 

to uterus of the pig23.   

 

In-house Progesterone Implants 

Implants consisted of a silicon pouch that is cut out of a silicone sheet. 

Progesterone powder (Sigma-Aldrich P0130) was placed inside the pouch and 

sealed in with Dow Corning RTV sealant 732. The pouch, once sealed, was left to 

cure at room temperature for at least 24 h and then is soaked for 24 h in sterile 

saline before being surgically implanted into pigs (see Appendix, Project 2).  

The rationale behind the in-house implants was that the level of progesterone 

diffusing through the silicone pouch is dependent on the surface area of the pouch 

as well as the amount of progesterone within the pouch. Three different sized 

pouches were made. The details are described in Table 16. 

 

 

 Table 16. Treatment characteristic of three ovariectomised gilts in Expt 2. 

Gilt ida Body weight 

(Kg) 

Pouch Weight of 

P4 (g) 

O2007 115 Small 2.5cm2 1 

O2003 126 Medium 3.5cm2 2 

Y1997 126 Large 5cm2 4 

aThe identification numbers of gilts within this experiment and do not represent year. The age of 
these three gilts were approximately 27 weeks at time of treatment. 
 

Results of Expt. 2 

The implants (progesterone pouches) were sutured to the broad ligament. The 

rationale for using this position in the gilt was to increase local uterine levels of 

progesterone. Progesterone is likely to diffuse directly into the vascular bed 

‘feeding’ the local uterine blood supply and thus providing a higher level of 

progesterone to the endometrium and the developing embryo/fetus. We were able 
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to observe an increase (10 to 20-fold) in plasma progesterone content in vena cava 

samples compared with jugular plasma samples (Figure 8). In addition, with the 

jugular samples (representing systemic levels) the larger the implant the higher 

the measured level of progesterone was observed over time. This pattern was not 

the case with the vena cava plasma levels, likely due to the lack of more animals 

within each group.  

 

Figure 8. The effect of in-house progesterone implant on plasma progesterone levels from 

jugular vein (A.) and vena cava (B.). Each line represents a single gilt; 2007 gilt with small 

implant, 2003 medium implant and 1997 with large implant.  

 

Despite the limitations in this intensive pilot study, we showed that progesterone 

pouches increase systemic (although to a small degree) and local uterine levels of 

progesterone. Due to limitations in budget and time it was decided to move 

directly into a larger trial where we were able to measure the effect of these in-

house progesterone implants on pregnancy and litter size.  
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Experiment 3: The effect of in-house progesterone implants in raising 
progesterone levels from day 10 of pregnancy and on litter size in gilts 

 

Thirty gilts at approximately 27 weeks of age were allocated to this experiment. 

First oestrus was stimulated/synchronised by a single injection of PG600 (Intervet) 

and gilts were mated (2 x AI) at their second non-stimulated oestrus. Ten days 

after their first AI (term used interchangeably with day of pregnancy), gilts were 

randomly allocated into three groups; high dose progesterone implant (silicone 

pouch containing 4g of P4), low dose (2g of P4) or sham-surgical controls (Figure 

7). An in-house progesterone implant was surgically attached to the broad 

ligament as described in experiment 2 on day 10 of pregnancy. The oestrus 

synchronization regimen was chosen to reduce any potential exogenous hormonal 

(ovarian or pituitary) effects due to gonadotrophins during early pregnancy. 

 

 
Figure 7. Schematic representation of the method to increase progesterone levels from 
day 10 of pregnancy in gilts. After synchronization of oestrus with PG600 gilts were mated 
with 2 x AI in the next non-stimulated oestrus. On day 10 of pregnancy each gilt received a 
progesterone implant; low or high dose (photo of implant placement). Blood samples were 
taken before and after surgery and throughout pregnancy. 

 
Results of Expt. 3 
There were no significant differences in plasma progesterone content between 

large dose, small dose and sham controls with regard to systemic progesterone 

levels (Figure 8). During the experiment we reduced the number of planned blood 

samplings due to concern that the process of taking regular jugular bleeds would 

jeopardise pregnancy.  
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Figure 9. The effect of in-house progesterone implants on plasma progesterone levels from 
day 10 of pregnancy in gilts. There were no significant differences between groups. 
Differences between groups were analysed by SPSS Repeated measures statistical 
software.  
Small implant group n = 7 
Large implant group n = 8 
Sham control group n = 6 

 

 

Gilts were allowed to farrow and piglet birth weight and litter size data was 

recorded (Table 17). There was no effect of treatment across groups on litter size. 

However, there was a highly significant difference in piglet birth weight of 

approximately 260 grams (8.9%) with the higher dose of progesterone (Table 17). 

It is feasible that the uterine levels of progesterone were increased due to 

treatment and with the higher dose implant, this led to increased fetal growth. 

Progesterone has a direct effect on placental growth and development in pigs24 

and it is likely that the higher dose implant had a local effect on the endometrium 

and placental function without a corresponding increase in systemic levels. 

Although not apparent in this study an increase in birth weight of more than 200 

grams is likely to have significant implications for the pig producer by decreasing 

the number of runt piglets, decreasing pre-weaning mortality and potentially 

increasing weaning weights.  



 

 37 

 
 
Table 17. The effect of progesterone implant dose on increasing plasma 
progesterone levels from day 10 of pregnancy on litter size data in gilts. 

Treatment n Farr. Litter size 
TB       TBA 

Mean 
birth 

weight 
(kg) 

Piglets/ 
treatment 

Piglet index 

Sham control 10 7 9.8 

 
0.8 

9.6  
0.7 

1.35  
0.03 

70 672 

Implant low 
dose 

10 8 9.6 

 
0.4 

9.2  
0.6 

1.36  
0.04 

77 768 

Implant high 
dose 

10 6 10.4 

 
0.7 

9.5  
0.9 

1.63  
0.11** 

64 570 

**p = 0.002; Data are presented as mean  SEM and comparisons between groups were 
analysed statistically using SPSS ANOVA for litter size and Repeated Measures Analysis for 
piglet weights. 
 

 

The results of this study did not support the hypothesis with regard to increasing 

embryo survival and increasing litter size in pigs. It was decided by the Pork CRC 

not to continue with this study as it would be unlikely to attain proof-of-concept 

before the project was due to finish. However, the birth weight increase observed 

with the higher dose of progesterone has potential and future research is 

warranted investigating methods of increasing progesterone in early pregnancy 

either via the oral route (dosing progesterone analogue in feed similar to the 

method used to use Regumate for synchronizing ovulation) or designing an 

appropriate easy to use implant pellet.  

 

Application of Research  
The application of the results from this project is limited in commercial pork 

production.  The use of progesterone implants did not provide a consistent and 

adequate response of circulating levels of progesterone in early pregnancy and 

consequent possible increases in litter size.  There may be other ways to increase 

endogenous progesterone in early gestation to improve embryo survival at this 

critical time of pregnancy.    
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Conclusion  
Several experiments were conducted to develop progesterone (P4) implants that 

were capable of releasing sufficient progesterone to increase circulating levels of 

P4 in early gestation.  Previous studies showed that increasing endogenous P4 

levels by about 30% during the third week of gestation coincided with an increase 

in subsequent litter size. 

 

Progesterone levels in blood samples collected from the jugular vein were 

increased by P4 implants inserted on day 10 of pregnancy but this was not 

associated with an increase in subsequent litter size.  However heavier piglets 

were born from those sows which received the larger implant dose of 2g P4. Time 

and budget constraints for this component of the project prevented more 

refinement of this strategy to increase P4 in early gestation.   

 

Limitations/Risks  

The findings from this Project can’t be directly applied to commercial pork 

production because the progesterone response from implants was inconsistent and 

not sufficient to evoke and increase in early embryo survival.  Further 

development of P4 implants may be limited by market acceptance of hormone 

implants in sows to improve reproductive performance. 

 

Recommendations  

The results of this study have not supported the hypothesis that progesterone 

implants could provide a consistent and anticipated increase in circulating 

progesterone in early pregnancy that would lead to increased embryo survival and 

increased litter size in pigs.  

 

It was decided by the Pork CRC not to continue with this study as it would be 

unlikely to attain proof-of-concept before the project was due to finish.  
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Sub-project 3: Early pregnancy test 
 

Introduction  

 
Currently pregnancy is determined in mated sows and gilts by an ultrasound scan 

performed by trained personnel approximately 28 days after mating. The 

observation of fluid filled sacks within the uterus determines a positive diagnosis 

of pregnancy. Although this procedure is quite accurate and quick, it is subjective 

and requires skilled technicians to use the ultrasound equipment. Accuracy in 

detecting pregnancy using ultrasound diminishes the earlier the scan is done in 

pregnancy. Likewise in early pregnancy, before day 25 for example, the more 

skilled the technician and more sensitive (and expensive) the ultrasound unit must 

be. If a sow is detected as not in pig (NIP) then often she is culled or placed back 

in the mating herd waiting for heat to commence again, resulting in a significant 

increase in the number of empty days within the production unit and reductions in 

pregnancy and farrowing rates for the producer. This project involves developing a 

test strip for the detection of pregnancy before day 20 post-mating based on 

lateral flow technology using nitrocellulose test strips. The proposed test works on 

the same principle as the human pregnancy test strip that is highly sensitive and 

accurate.   

 

Technology developed in Indonesia by a past PhD candidate from University of 

Adelaide, Dr Sulaiman Depemede, involved an immunodiagnostic test using 

nitrocellulose (NC) test strips using antibodies against hormone targets in 

biological fluids. In Indonesia, Dr Depemede and colleagues developed sensitive 

NC strips to detect HIV, Hepatitis and Malaria in human blood samples, which they 

have commercialized and produce for markets in Asia. In addition, they also 

produced NC strips that were designed to detect pork meat contaminants in beef 

mince sold in Indonesian markets and this is an ongoing project in this 

department. It was discussions regarding this project that led to the idea of using 

the University of Adelaide vast stocks of stored antibodies against reproductive 

hormones to develop a similar test for detection of pregnancy test based on 

lateral flow technology for pigs. 

 

Between 10 and 15 days after conception in the pig, the embryo begins to secrete 

oestrogens as a signal for the maternal recognition of pregnancy, which is needed 
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for the continued secretion of progesterone by the ovary. At the University of 

Adelaide in the School of Paediatrics and Reproductive Health we have antibodies 

that specifically target oestrogens and progesterone. In collaboration with The 

University of Mataram the goal was to develop a pregnancy test strip that will 

detect pregnancy before day 20 of pregnancy and with more accuracy than 

ultrasound screening at 28 days (or earlier in some cases).  The samples that we 

investigated for use are urine, saliva and whole blood. We investigated the 

feasibility of coating NC strips with our polyclonal antibodies against the 

metabolised forms of oestrone and progesterone. Figure 10 shows a schematic 

representation of the proposed lateral flow NC test strip. If a positive sample 

(from saliva, urine or blood) is placed on the NC strip in zone 1, the hormone in 

the sample will bind to the antibody conjugate consisting of polyclonal antibody 

complexed with gold chloride in zone 2. This complex reaction results in a red line 

on the test strip in zone 2 and also in a control line in zone 3. The control line 

represents a positive control for the antibodies and contains a solid phase 

antibody that will bind to the carrier protein (BSA) in the antigen-conjugate 

complex (see Figure 10).  

 

The design of the pregnancy strip with two detection stripes and one control 

stripe will identify (1) if a pig is pregnant, (2) if a pig is not pregnant and cycling 

or (3) if a pig is not pregnant and not cycling or (4) if the test is inconclusive 

(Table 18). 

 

 

 

Figure 10 – Schematic representation of the early pregnancy detection strip. The test is 
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designed for the detection of pregnancy-associated steroids in biological fluids to confirm 
either a positive or negative pregnancy diagnosis. If urine, containing oestrone (E2) and 
progesterone (P4) for example is placed in zone 1, the sample will move along the test 
strip where it passes through two antibody-laden channels (in zone 2) and 2 red stripes will 
form due to the binding of solid phase antibody to hormone metabolites in the urine (B). If 
there are no pregnancy hormones in the sample only one stripe will turn red indicating a 
negative pregnancy result (A). In zone 3 there will be a control line/stripe containing 
antibodies that will bind carrier proteins as an indication of the integrity of the antibodies 
on the NC strip. An inconclusive result will return a test strip with no red stripes (C).  

 
 
Table 18. Outcome possibilities using the proposed pregnancy test 

Result of test Oestrogen 

stripe 

Progesterone 

stripe 

Control stripe 

(zone 3) 

Recommendation 

Pregnant + + +  

Not pregnant 

and cycling 

- + + Re-mate at next 

oestrus 

Not pregnant 

and not cycling 

- - + Stimulate oestrus 

with hormones 

and remate or cull 

Inconclusivea - - - Re-test 

Inconclusiveb + - + Re-test 

aA negative result in the control stripe indicates that the antibodies on the strip are likely to be 
defective and therefore an inconclusive result 
bA negative result in the progesterone stripe but positive in both oestrogen and control would not be 
biologically possible in the pig and therefore an inconclusive result  

 

Obstacles to overcome with regard to using antibodies against steroid hormones in 

a NC strip are the small molecular size of the metabolite (the hormone measured 

in saliva, blood or urine). This is achieved by using steroid conjugates to enable 

the metabolite to be more immunogenic and allow more sites for antibody binding 

and hence a greater signal is produced.  Another obstacle to overcome is the 

stability of the antibody at room temperature and the ability of the antibody to 

function in samples of variable pH.  

 

The aim of the work in this subproject was to further develop the NC technology 

to enable accurate pregnancy diagnosis to be performed on samples collected 

from sows at about 20 days after insemination. 

Methodology 
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Adelaide component 
 
Our antibodies against oestrogens and progesterone were developed in goats. They 

are from whole plasma and are contained within buffer containing bovine serum 

albumin (BSA). They are very stable and are stored lyophilized at -20oC. Under 

these storage conditions our stocks of antisera have been ‘stable’ (i.e. able to 

detect antigen at very low levels) for more than 30 years. Initial work up for this 

project involved purification of the antibodies for use in radioimmunoassays (RIA) 

and for use on nitrocellulose strips to compare/validate our antibodies with 

commercially available RIAs. The validation protocol uses steroid controls and 

saliva, urine and blood from pregnant and non-pregnant sows. 

 

Indonesian component 

Once the antiserum was shown to be specific and sensitive enough to detect 

pregnancy hormones in urine and blood in Adelaide, antisera stocks were sent to 

The University of Mataram, Lombok, Indonesia for purification and testing on NC 

strips. Urine and blood samples from pregnant and non-pregnant sows were also 

sent to Indonesia along with progesterone and oestrogen standards. A number of 

antibody purification steps involving column affinity purification were undertaken 

and more than 100 NC strips were made for both oestrogen of progesterone.    

 

Note: Our antibodies were unable to provide reliable detection and 

quantification of progesterone and oestrone in saliva. Saliva from pigs has a high 

pH level of greater than pH 8.2. With the relative small quantity of sample 

available and low feasibility of addressing the issue of high pH in an end product, 

it was decided to discontinue investigating saliva as a sample for the detection 

for pregnancy hormones. 

Outcomes 

 

Adelaide component 

Experiment 1a: The validation of antisera stocks for the detection of 
pregnancy associated hormones; In-house assay vs commercial assay 

 

Thirty eight urine samples including 3 from non-pregnant pigs were analysed for 

the detection and quantification of oestrone using in-house RIA assay (using 

oestrone antisera) and comparing this with a commercial oestrone RIA (Beckman 
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Coulter DSL8700). The in-house antibodies were highly specific and measured 

more oestrone than the commercial RIA (Figure 11). The increased detection 

measured is likely due to the binding of oestrone plus oestrone sulphate 

(metabolized form of oestrogen) in the samples. This property is beneficial as it 

infers that we are able to measure lower levels of oestrogens and detect these at 

an earlier time point in pregnancy than commercial assays.  

 

 

Figure 11. The comparison of In-house RIA using antisera against oestrone with commercial 
oestrone RIA kit from Beckman Coulter. Each data point represents oestrone content in a 
single blood sample from pregnant sows (before day 35 of gestation) and the correlations 
of the measured oestrone levels between the two assays is shown by the red line. 

 

The antisera used in the in-house assay was diluted 1:30,000 in phosphate 

buffered saline (PBS). This concentration proved to be effective and correlated 

highly (r= 0.9) with the Beckman Coulter RIA kit.  

 

Experiment 1b: The level of oestrone in urine and blood during early 
pregnancy in the pig 

 

In a small pilot study, blood and urine samples were collected from gilts daily 

from day 10 to day 35 post mating. Differentiation between pregnant (n=2) and 

non-pregnant (n=1) gilts started from day 19 post mating (Figure 12).  
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Figure 12. Oestrone concentrations in pig urine during early pregnancy. Each line 
represents oestrone concentration from one pig.  

 
Blood samples sourced from a previous Pork CRC project (PI: Dr W. van Wettere) 

were analysed for oestrone content during early pregnancy. Seventy blood 

samples, 65 from pregnant (and subsequently farrowed sows) and 5 sows that 

were NIPs were analysed using the in-house assay. Differentiation between 

pregnant and not-pregnant sows began from day 15 in this in-house laboratory 

based assay (Figure 13).  
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Figure 13. Oestrone content in blood samples during early pregnancy in the pig. Data 

represented as mean  SEM of blood samples from 65 pregnant and 5 NIP sows. 

 
 
Comparison between our in-house assays and Beckman Coulter commercial assays 

was also undertaken for measuring oestrone (Figure 14) and progesterone (Figure 

15) content in urine from pregnant and non-pregnant gilts. These assessments 

demonstrate the differentiation between pregnant and non-pregnant samples 

based on oestrone level and detection of progesterone. Also, the sensitivity of 

each in-house assay was demonstrated with a approximately 2-fold higher level of 

measurement in the in-house progesterone assay compared with the commercial 

assay (Figure 15) and a higher than 40-fold increase in measurement with the in-

house oestrone RIA compared with the commercially available kit (the 

measurement for the in-house assay is in pg/ml compared with ng/ml with the 

commercial assay).  
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Figure 14. Comparisons between commercial Beckman Coulter assay and in-house assay in 
the measurement of urine oestrone content during early pregnancy in gilts. The 
interrupted line for the pregnant samples indicates levels of oestrone above the detection 

limit of the assay. Data are represented as mean  SEM pregnant gilts n = 4; non-pregnant 
n = 3. 
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Figure 15. Comparisons between commercial and in-house assay for progesterone content 
measured in urine from pregnant and non-pregnant gilts during early pregnancy. Pig ID 
O1686 and Y1618 farrowed with an average number of piglets; Y1587 was a NIP and 
weaned d3 sow was included for a definite non-pregnant non-cycling sample. 

 

Indonesian component – Pregnancy Test Strip - prototype 

 
 
Our Indonesian collaborators had significant difficulty in the purification of our 

antiserum and conjugation of steroids. There were many attempts to rectify this 

situation including associated repeated costly transfer of samples and antibodies 

to Indonesia. However, they did a significant amount of work up with regard to 

the development of the pregnancy test strips. They also determined that the 

direct measurement of hormones in the pig samples could not be made on the NC 

platform due to the very small molecular size of the steroid antigens. Therefore a 

competitive assay was developed with a negative result showing a red line and 

positive result an absence of color in the test line.  
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All samples sent to Indonesia were coded so that all analyses were performed 

blinded with regard to pregnancy status. Figure 16 and Table 19 contain the 

results of placing antibodies on the NC strips in detecting progesterone and 

oestrone in samples from pregnant pigs.  

 
 

 
Figure 16. Nitrocelluose strips containg antibodies against estrone and progesterone. Each 
NC strip contains a control and test line for estrone and progesterone. The assay is a 
competitive antibody assay and as such a positive result is represented as by an absence of 
colour in the test line and a negative result is represented by a single red line. These strips 
indicate control steroid concentrations and demonstrate what is expected for the 
detection of pregnancy.  

 

 
Figure 17. The results of detecting progesterone and estrone on test strips from blood 
samples performed in Indonesia. These results are represented in Table 19 and 20. The 



 

 49 

direction of flow for the sample is from the bottom (zone 1) to the top where the 
absorbent pad is located. The control line is represented by the strong red line before the 
absorbent pad. The test line is just below the control line.  

 
 
Table 19. The results of detecting progesterone in blood and urine samples from 
pregnant and not-pregnant pigs 

Blood 
ID 

Resulta Preg/not Correct Urine 
ID 

Resulta Preg/not Correct 

A - preg no 1 + preg yes 

B + not preg yes 2 - not preg no 

C + preg yes 3 - preg no 

D +/- preg maybe 7 + preg yes 

E + not preg maybe 8 - not preg no 

F + preg yes 9 - preg no 

G +/- preg maybe 11 - not preg no 

H + not preg maybe 13 - preg no 

I + not preg maybe 14 - not preg maybe 

    16 +/- not preg 
d3 

no 

a+ represents positive for progesterone; - represents a negative for progesterone 

 
Table 20. The results of detecting oestrone in blood and urine samples from 
pregnant and non-pregnant pigs 

Blood ID Resulta Preg/not Correct Urine ID Resulta Preg/not Correct 

A + preg  1 +/- preg maybe 

B + not preg  2 - not preg yes 

C + preg  3 - preg no 

D + preg  7 - preg no 

E + not preg  8 - not preg yes 

F + preg  9 - preg no 

G + preg  11 - not preg yes 

H + not preg  13 - preg no 

I + not preg  14 - not preg yes 

    16 +/- not preg 
d3 

no 

a+ represents positive for progesterone; - represents a negative for progesterone 

 
The results represented in Figures 16 and 17 and Tables 19 and 20 are not 

surprising considering that we are developing a pregnancy test from scratch. 

However, they do indicate that the sensitivity of the assay is not adequate for the 

detection of pregnancy. Many further attempts were made to increase the 

sensitivity of the strips by varying the concentrations and dilutions of conjugates 

and antibodies.  

 

Although the results did show some promise in sorting out the sensitivity issue, the 

expense of this project was beginning to raise questions about whether continuing 

the collaboration with the Indonesians was justified. It was decided by the Pork 
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CRC to discontinue with the Indonesian development of these strips and a 

pharmaceutical company in Belgium was found to continue with the development 

of this project.  A Pork CRC commercialization project was initiated with the 

Belgium company to examine whether the NC technology could be commercially 

developed to the stage of being able to accurately diagnose pregnancy at about 

day 20 after insemination. 

Application of Research  

The NC strips developed in this Project were unable to be used for early 

pregnancy diagnosis.  Further development of this technology is required before 

this type of technology is able to accurately diagnose pregnancy at about day 20 

after insemination.   

 

Conclusion  

A nitrocellulose (NC) test strip based on lateral flow technology was suggested as 

a technology to detect pregnancy in sows by about day 20 after insemination.  The 

proposed test would work on the same principle as the human pregnancy test strip 

which is highly sensitive and accurate.  Pregnancy detection using blood and urine 

samples from day 19 pregnant gilts and sows was possible using established 

laboratory-based radioimmunoassays for the two major hormones, oestrone and 

progesterone, that change according to the establishment of pregnancy at these 

early stages after insemination.  However, although pregnancy was able to be 

detected by the NC strips containing the appropriate antibodies, it was not 

anywhere near the level of accuracy required for a commercial product. 

 

Limitations/Risks  

The NC strips that were developed by the Indonesian collaborators and used to 

examine urine and blood samples collected about 20 days after insemination were 

unable to differentiate pregnant from non-pregnant sows.  
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Recommendations  

As a result of the outcomes in this study the following recommendation were 

made:  

 The collaboration with the Indonesian researchers was stopped and a 

Belgium biotech company was approached to assist in the further 

development of the NC strip for pregnancy diagnosis in the sow.  

   

 A Pork CRC commercialization project was initiated with the Belgium 

company to examine whether the technology could be commercially 

developed to the stage of being able to accurately diagnose pregnancy at 

about day 20 after insemination. 
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