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1  |  INTRODUC TION

With the increase in ovulation rate and sow prolificacy over the last 
decades (Kemp et al., 2018), the birth of piglets with low weight and 
reduced viability became more frequent (Alvarenga et al.,  2013). 
Such piglets are more likely to become runts, die during lactation or 
to have low weaning weight (Declerck et al., 2016). Such problems 
have not been mitigated by farrowing room management practices, 
such as intermittent suckling and split weaning (Terry et al., 2014). 
Nurse sows may nurture piglets fostered out of other litters, which 
may result in prolonged weaning-to-oestrous interval and incur neg-
ative welfare (Schmitt et al., 2019) and biosecurity (Garrido-Mantilla 
et al., 2021) implications.

Lactation induction has been employed for decades in the 
dairy industry to produce milk from non-cycling cows (Magliaro 
et al.,  2004). Besides the economic benefit, such practice is 

related to the restoration of cyclicity and to reduced culling of 
the treated cows. Lactation induction requires administration of 
progestogens and oestrogens to simulate the endocrine environ-
ment observed during late gestation. Thereafter, prostaglandin 
F2α (PGF) is administered to promote an increase in the circu-
latory concentration of prolactin and glucocorticoids, as occurs 
physiologically prior to parturition, stimulating the growth of the 
mammary tissue (Loisel et al., 2015). Therefore, lactation induc-
tion in swine may be an alternative to increasing milk supply in 
farrowing rooms.

Mammary gland development starts at puberty as oestradiol cir-
culatory levels increase, slows down during the two initial parts of 
the first gestation and accelerates in the final third of the gestation 
(Hurley,  2019). Even though lactation was experimentally induced 
in gilts through subcutaneous implants for slow release of steroids 
for 21 days (Shamay et al., 1992), oral progestogen supplementation 
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Abstract
A protocol to induce lactation was applied to non-pregnant gilts. In Experiment I, five 
gilts with oestrus synchronized through oral supplementation of 20 mg altrenogest for 
18 days received: 10 mg oestradiol cypionate (EC) on the last day of oestrous expres-
sion (D0); 10 mg EC and 300 mg long-acting progesterone (P4) on D26; and two 0.53 mg 
doses of a prostaglandin F2α analogue (PGF) 12 h apart on D36. Blood was collected on 
D12, D19, D26 and D33. Milk secretion started in all gilts 24 h after PGF administration 
and lasted at least 8 days. Milk samples were collected from D37 to D45. The serum P4 
concentration was lower on D12 than subsequently (p < .05), but the oestradiol con-
centration was unaltered (p > .05). The milk produced during the induced lactation was 
generally richer in protein and poorer in fat compared to the milk from the lactation of a 
reference sow. In Experiment II, the same protocol induced lactation in two gilts, which 
nursed fostered piglets for 22 days. Thus, lactation was induced in all treated gilts and 
the milk produced was capable to nurture fostered piglets.
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2  |    CORDEIRO et al.

is more common in pigs, to induce oestrus (Werlang et al.,  2011). 
Parenteral treatment with steroids can induce lactation in non-
pregnant sows (Noguchi et al., 2020), but, in such study, the steroids 
were from sources not used in livestock (Abdel-Dayem & Elge, 2009). 
Hormones used in ruminants to control the oestrous cycle, such as 
oestradiol cypionate (EC; Bó et al., 2016) and the long-acting proges-
terone (P4; de Lima et al., 2020) may be capable to induce lactation 
in non-pregnant swine females, which has not yet been tested. The 
objectives of this study were to test a protocol to induce lactation in 
non-pregnant gilts through parenteral steroid treatment, determine 
the serum levels of reproductive steroids during the induced lacta-
tion and evaluate whether the milk produced during the induced lac-
tation can nourish fostered piglets.

2  |  MATERIAL S AND METHODS

In both experiments, the females were under similar conditions, fed 
a commercial diet containing 14.4% crude protein and 3100 Kcal/kg 
ME and had ad libitum access to water. All procedures were approved 
by the Committee on animal experimentation of the Universidade 
Federal de Pelotas (# 68/2021).

2.1  |  Experiment I

This experiment was conducted at an experimental station in the 
Universidade de Passo Fundo, including five cycling gilts of the na-
tive breed Moura with 240 days of age and 100 kg live weight, on 
average, which were housed in a collective barn. The gilts had their 
oestrus synchronized through daily oral administration of 20 mg 
Altrenogest (Regumate®, MSD Saúde Animal) for 18 days. Oestrous 
signs were detected 2–3 days after Altrenogest withdrawal, by a 
trained technician, in the presence of a sexually mature boar.

The last day of oestrous expression was the D0 (Figure 1). The 
gilts received 10 mg EC (SincroCP®, Ourofino Saúde Animal), I.M. 
on D12, and 10 mg EC plus 300 mg long-acting P4 (Sincrogest® in-
jetável, Ourofino Saúde Animal), I.M. on D26. Ten days later, two 

0.53 mg doses of a PGF analogue (Cloprostenol, Ciosin®, MSD 
Saúde Animal) were administered, within a 12 h interval.

Blood samples were collected from the jugular vein (one per 
gilt per day) on D12, D19, D26 and D33, centrifuged at 2500 × g for 
10 min, fractioned in 500 μL aliquots and frozen at −20°C. Serum 
P4 and oestradiol concentrations were determined in a commercial 
laboratory through chemiluminescence, with intra- and inter-assay 
CV inferior to 12%: Elecsys oestradiol III, Roche, Ref. 06656021119, 
sensitivity of 5 pg/mL; and ADVIA Centaur systems progesterone 
kit, Siemens, Ref. 01586287, sensitivity of 0.21 ng/mL.

When milk secretion was first observed (on D37, 24 h after the 
first administration of PGF), each gilt received 2 mL oxytocin I.M. 
Then, 80.0 mL milk samples were milked by hand per gilt daily, until 
the milk secretion ceased. The milk concentrations of protein, fat 
and lactose were analysed using the Delta LactoScope milk and dairy 
products analyser (PerkinElmer Ltd.).

For reference, milk samples were collected from a sow of the 
same genetics, which was gestating simultaneously, on the day of 
farrowing (D0) and D1, D2 and D7. The milk samples from that sow 
were analysed as described above for the treated gilts.

2.2  |  Experiment II

This experiment was conducted at an experimental station in Embrapa 
suínos e aves, including two 250-days-old gilts from Embrapa's genet-
ics, which received the same protocol described for Experiment I.

On D37, after milk secretion was first observed, the gilts were trans-
ferred to farrowing crates. Eight 5-day-old piglets farrowed by other 
sows housed in the same farrowing room, which were considered runts, 
were fostered to each gilt to be nursed (n = 4 piglets per gilt).

2.3  |  Statistical analyses

Due to lack of normality, serum oestradiol and P4 levels were 
transformed to arcsine. Comparisons across periods of collection 
were done by analyses of variance, adjusted for individual effects. 

F I G U R E  1  Protocol for lactation 
induction in non-pregnant gilts*. *D0, 
last day of oestrous expression after 
Altrenogest withdrawal.
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    |  3CORDEIRO et al.

Comparisons of means were done with the Tukey test. The analyses 
of the milk composition considered an 8-days period. All analyses 
were conducted with Statistix® (2013).

3  |  RESULTS

3.1  |  Experiment I

Serum P4 levels were lower on D12 than in the subsequent weeks 
(p < .05, Figure 2a) but serum oestradiol levels did not differ (p > .05, 
Figure 2b).

Milk secretion lasted 8 days for most gilts, except for one gilt that 
produced milk for 10 days. The fat concentration was reduced during 
the first 4 days of the induced lactation, achieving the greatest con-
centration on the 7th and 8th days (p < .05, Table 1). The protein con-
centration remained unaltered during most of the lactation (p > .05) 
but it was lowest at the 2nd and the 3rd days (p < .05). The lactose 
concentration was increased until the 2nd day but reduced from the 
4th day on (p < .05).

3.2  |  Experiment II

Milk secretion was observed for both treated gilts. The fostered pig-
lets were nursed for 22 days (until they were 27-days-old) and were 

weaned with 5.0 ± 0.7 kg live weight. One of the fostered piglets 
died during lactation.

4  |  DISCUSSION

In the present study, for the first time, lactation was induced in all 
gilts parenterally treated with EC and long-acting P4. In a previous 
study (Noguchi et al., 2020), lactation was induced in only 53.8% of 
the treated sows, which may have been due to the use of an oes-
trogen originally prescribed to treat gynaecological disorders in 
women (Abdel-Dayem & Elge, 2009). On the other hand, EC is com-
monly used to control the oestrous cycle of cows (Bó et al., 2016), 
but it is not frequently used in swine. As the serum P4 concentra-
tion increased during the 3 weeks after D12 concurrently with un-
changed oestradiol concentration, the tested protocol promoted an 
endocrine environment of pseudo-gestation, with no oestrous ex-
pression during the induced lactation. Oestrous expression during 
lactation may occur naturally in nurse sows and lactating sows under 
reduced suckling frequency, for example, intermittent suckling and 
split weaning (Terry et al., 2014). Physiologically, oestradiol and P4 
act synergically to boost mammogenesis during pregnancy, since 
oestradiol increases the number of P4 receptors in the mammary 
tissue (Hurley,  2019). As P4 supplementation stimulates endome-
trium vascular activity in gestating sows (Szymanska & Blitek, 2020), 
it may indirectly modulate a response at mammary gland level.

F I G U R E  2  Serum concentration of progesterone (a) and oestradiol (b) in non-pregnant gilts submitted to a protocol for lactation 
induction (n = 5 gilts, one sample per gilt per day)*. *D0, last day of oestrous expression following Altrenogest withdrawal; D12, 10 mg 
oestradiol cypionate; D26, 10 mg oestradiol cypionate plus 300 mg long-acting P4; D36, two doses of 0.530 mg of a PGF analogue within a 
12-h interval. a,bMeans ± SEM having distinct superscripts differ by at least p < .05.
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4  |    CORDEIRO et al.

Although a previous study reported induced lactations for at most 
144 h (Noguchi et al.,  2020), in Experiment I, milk secretion lasted 
at least 8 days. The milk produced during the induced lactation ap-
parently presented greater protein concentration and lower fat and 
lactose concentrations compared to reference values (Hurley, 2019) 
and to the milk produced during the lactation of the reference sow 
(data not shown). Nevertheless, a novel finding of the present study 
is the fact that, in Experiment II, the duration of the induced lacta-
tion was similar to those of natural lactations of commercial farms. 
Thus, the fostered piglets were nursed until weaning, likely due to the 
continuous stimulation of the mammary glands for 22 days. However, 
each gilt nursed only four runt piglets. Compared to piglets of con-
temporary litters from other lactating sows in the same facility, such 
piglets were nearly 1.5 kg lighter at weaning. That may have occurred 
because runt piglets have retarded prenatal intrauterine growth and 
low birth weight (Alvarenga et al., 2013), and likely have inadequate 
colostrum ingestion (Declerck et al., 2016). Future studies should eval-
uate whether litters of similar size may be nurtured during induced 
lactations as efficiently as in natural lactations.

Induced lactations are frequently used in the dairy industry de-
spite the controversies related to the concern that steroid residues in 
the milk might lead to collateral effects on consumers of dairy prod-
ucts (Gamma & Sato, 2005). For pigs that is unlikely to be an issue 
since the milk of sows is not destined for human consumption. As the 
efficiency of the tested protocol for lactation induction was initially 
unknown, the present study was conducted in experimental units 
using a small number of gilts from non-commercial genetics. Thus, 
further research is necessary to determine whether induced lacta-
tion can be efficiently adopted in commercial farms. In Experiment 
II, after their allocation to farrowing crates, the treated gilts were ini-
tially refractory to the fostered piglets. Thus, during the first 24 h of 
the induced lactation, at every 2 h, the piglets were kept in the creep 
area of the farrowing pens while the gilts received udder massages. 

Their contact gradually increased as the gilts became more accus-
tomed to the fostered piglets. That suggests that sows to be culled 
may be better candidates for lactation induction, as they likely de-
veloped maternal ability in previous farrowing. Additionally, that 
would prevent the use of gilts not selected for reproduction, which 
have greater market value than older sows. Furthermore, compared 
to nurse sows, using sows to be culled, which will no longer be part 
of the regular breeding inventory, may reduce the risk of transmis-
sion of infectious microorganisms (Garrido-Mantilla et al., 2021) and 
would not disrupt the production flow, which is important in farms 
using batch farrowing management. However, although treatments 
to induce lactation may re-establish the cyclicity of anoestrous 
cows, contributing to reduce culling rates (Magliaro et al.,  2004), 
in swine breeding herds, the retention of subfertile sows would be 
questionable.

5  |  CONCLUSIONS

Lactation was successfully induced in non-gestating gilts parenter-
ally treated with oestradiol cypionate and long-acting progesterone. 
The induced lactations approached the duration of natural lacta-
tions, allowing fostered piglets to be nursed until weaning.

AUTHOR CONTRIBUTIONS
ADC, AJBC and DLAD conducted the experimental procedures. CB 
conducted the milk composition analyses. IB, RZ, MGM, BGG and 
TLJr contributed to the experimental design, logistics, data analysis, 
funding and manuscript review.

ACKNO​WLE​DG E​MENTS
This study was funded through the Edital RITEs 06/2021 – 
22/2551-0000391-5 of CNPq and Fapergs. The authors thank the 
Universidade de Passo Fundo and Embrapa suínos e aves for the ac-
cess to animals and laboratories.

CONFLIC T OF INTERE S T S TATEMENT
None of the authors have any conflict of interest to declare.

DATA AVAIL ABILIT Y S TATEMENT
Data sharing is not applicable to this article as no new data were cre-
ated or analyzed in this study.

ORCID
Ricardo Zanella   https://orcid.org/0000-0003-1449-6708 
Mariana G. Marques   https://orcid.org/0000-0002-3110-1280 
Bernardo G. Gasperin   https://orcid.org/0000-0002-3715-2345 

R E FE R E N C E S
Abdel-Dayem, M. M., & Elge, M. S. (2009). Effects of chronic estra-

diol treatment on the thyroid gland structure and function of 
ovariectomized rats. BMC Research Notes, 2, 173. https://doi.
org/10.1186/1756-0500-2-173

TA B L E  1  Composition of the milk produced by non-pregnant 
gilts (n = 5) during an induced lactation.

Day of lactation
Protein 
(g/100 g)

Fat 
(g/100 g)

Lactose 
(g/100 g)

0 15.4A 3.3E 3.6A

1 13.4AB 4.2DE 3.4A

2 11.7B 4.3DE 3.4A

3 11.6B 4.9CDE 2.9AB

4 12.5AB 6.0CD 2.5BC

5 13.0AB 6.7BC 2.2CD

6 12.9AB 8.4AB 2.1CD

7 13.9AB 9.5A 1.8CD

8 14.5AB 9.2A 1.6D

SEM 0.6 0.5 0.1

Overall mean ± SD 13.2 ± 2.0 6.3 ± 2.5 2.6 ± 0.8

Note:A,B Means ± SEM having distinct superscripts differ by at least 
p < .05.

 14390531, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/rda.14348 by C

A
PE

S, W
iley O

nline L
ibrary on [11/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-1449-6708
https://orcid.org/0000-0003-1449-6708
https://orcid.org/0000-0002-3110-1280
https://orcid.org/0000-0002-3110-1280
https://orcid.org/0000-0002-3715-2345
https://orcid.org/0000-0002-3715-2345
https://doi.org/10.1186/1756-0500-2-173
https://doi.org/10.1186/1756-0500-2-173


    |  5CORDEIRO et al.

Alvarenga, A. L. N., Chiarini-Garcia, H., Cardeal, P. C., Moreira, L. P., 
Foxcroft, G. R., Fontes, D. O., & Almeida, F. R. C. L. (2013). Intra-
uterine growth retardation affects birth weight and postnatal 
development in pigs, impairing muscle accretion, duodenal mu-
cosa morphology and carcass traits. Reproduction Fertility and 
Development, 25, 387–395. https://doi.org/10.1071/RD12021

Bó, G. A., de la Mata, J. J., Baruselli, P. S., & Menchaca, A. (2016). 
Alternative programs for synchronizing and resynchronizing ovu-
lation in beef cattle. Theriogenology, 86, 388–396. https://doi.
org/10.1016/j.theri​ogeno​logy.2016.04.053

de Lima, R. S., Martins, T., Lemes, K. M., Binelli, M., & Madureira, E. H. 
(2020). Effect of a puberty induction protocol based on inject-
able long-acting progesterone on pregnancy success of beef heif-
ers serviced by TAI. Theriogenology, 154, 128–134. https://doi.
org/10.1016/j.theri​ogeno​logy.2020.05.036

Declerck, I., Dewulf, J., Sarrazin, S., & Maes, D. (2016). Long-term ef-
fects of colostrum intake in piglet mortality and performance. 
Journal of Animal Science, 94, 1633–1643. https://doi.org/10.2527/
jas.2015-9564

Gamma, D., & Sato, A. (2005). The possible role of female sex hormones 
in milk from pregnant cows in the development of breast, ovar-
ian and corpus uteri cancers. Medical Hypotheses, 65, 1028–1037. 
https://doi.org/10.1016/j.mehy.2005.06.026

Garrido-Mantilla, J., Sanhueza, J., Alvarez, J., Culhane, M. R., Davies, 
P. R., Allerson, M. W., & Torremorel, M. (2021). Impact of nurse 
sows on influenza a virus transmission in pigs under field condi-
tions. Preventive Veterinary Medicine, 188, 105257. https://doi.
org/10.1016/j.preve​tmed.2021.105257

Hurley, W. L. (2019). Review: Mammary gland development in swine: 
Embryo to early lactation. Animal, 13(Suppl. 1), s11–s19. https://doi.
org/10.1017/S1751​73111​9000521

Kemp, B., da Silva, C. L. A., & Soede, N. M. (2018). Recent advances in 
pig reproduction: Focus on impact of genetic selection for female 
fertility. Reproduction in Domestic Animals, 53, 28–36. https://doi.
org/10.1111/rda.13264

Loisel, F., Farmer, C., van Hees, H., & Quesnel, H. (2015). Relative prolactin-
to-progesterone concentrations around farrowing influence colos-
trum yield in primiparous sows. Domestic Animal Endocrinology, 53, 
35–41. https://doi.org/10.1016/j.doman​iend.2015.04.005

Magliaro, A., Kensinger, R., Ford, S., O'Connor, M., Muller, L., & 
Graboski, R. (2004). Induced lactation in nonpregnant cows: 
Profitability and response to bovine somatotropin. Journal of 

Dairy Science, 87, 3290–3297. https://doi.org/10.3168/jds.S0022​
-0302(04)73465​-7

Noguchi, M., Suzuki, T., Sato, R., Sasaki, Y., & Kaneko, H. (2020). Artificial 
lactation by exogenous hormone treatment in non-pregnant sows. 
Journal of Reproduction and Development, 66, 453–458. https://doi.
org/10.1262/jrd.2020-034

Schmitt, O., Baxter, E. M. B., Boyle, L. A., & O'Driscoll, K. (2019). Nurse 
sow strategies in the domestic pig: I. consequences for selected 
measures of sow welfare. Animal, 13, 580–589. https://doi.
org/10.1017/S1751​73111​800160X

Shamay, A., Pursel, V. G., Wall, R. J., & Hennighausen, L. (1992). Induction 
of lactogenesis in transgenic virgin pigs: Evidence for gene and inte-
gration site-specific hormonal regulation. Molecular Endocrinology, 
6, 191–197. https://doi.org/10.1210/mend.6.2.1569963

Statistix®. (2013). Statistix® 10 analytical software. Statistix®.
Szymanska, M., & Blitek, A. (2020). In vivo response of the corpus luteum 

to progesterone treatment of gilts during early gestation. Animal 
Reproduction Science, 221, 106583. https://doi.org/10.1016/j.anire​
prosci.2020.106583

Terry, R., Kind, K. L., Lines, D. S., Kennett, T. E., Hughes, P. E., & van 
Wettere, W. H. E. J. (2014). Lactation estrus induction in multi- 
and primiparous sows in an Australian commercial pork produc-
tion system. Journal of Animal Science, 92, 2265–2274. https://doi.
org/10.2527/jas.2013-7475

Werlang, R. F., Argenti, L. E., Fries, H. C. C., Bernardi, M. L., Wentz, I., 
& Bortolozzo, F. P. (2011). Effects of breeding at the second oes-
trus or after post-weaning hormonal treatment with altrenogest 
on subsequent reproductive performance of primiparous sows. 
Reproduction in Domestic Animals, 46, 818–823. https://doi.
org/10.1111/j.1439-0531.2010.01747.x

How to cite this article: Cordeiro, Á. D., Conterato, A. J. B., 
Bianchi, I., Dartora, D. L. A., Zanella, R., Bondan, C., Marques, 
M. G., Gasperin, B. G., & Lucia, T. Jr (2023). Successful 
lactation induction in non-pregnant gilts. Reproduction in 
Domestic Animals, 00, 1–5. https://doi.org/10.1111/
rda.14348

 14390531, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/rda.14348 by C

A
PE

S, W
iley O

nline L
ibrary on [11/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1071/RD12021
https://doi.org/10.1016/j.theriogenology.2016.04.053
https://doi.org/10.1016/j.theriogenology.2016.04.053
https://doi.org/10.1016/j.theriogenology.2020.05.036
https://doi.org/10.1016/j.theriogenology.2020.05.036
https://doi.org/10.2527/jas.2015-9564
https://doi.org/10.2527/jas.2015-9564
https://doi.org/10.1016/j.mehy.2005.06.026
https://doi.org/10.1016/j.prevetmed.2021.105257
https://doi.org/10.1016/j.prevetmed.2021.105257
https://doi.org/10.1017/S1751731119000521
https://doi.org/10.1017/S1751731119000521
https://doi.org/10.1111/rda.13264
https://doi.org/10.1111/rda.13264
https://doi.org/10.1016/j.domaniend.2015.04.005
https://doi.org/10.3168/jds.S0022-0302(04)73465-7
https://doi.org/10.3168/jds.S0022-0302(04)73465-7
https://doi.org/10.1262/jrd.2020-034
https://doi.org/10.1262/jrd.2020-034
https://doi.org/10.1017/S175173111800160X
https://doi.org/10.1017/S175173111800160X
https://doi.org/10.1210/mend.6.2.1569963
https://doi.org/10.1016/j.anireprosci.2020.106583
https://doi.org/10.1016/j.anireprosci.2020.106583
https://doi.org/10.2527/jas.2013-7475
https://doi.org/10.2527/jas.2013-7475
https://doi.org/10.1111/j.1439-0531.2010.01747.x
https://doi.org/10.1111/j.1439-0531.2010.01747.x
https://doi.org/10.1111/rda.14348
https://doi.org/10.1111/rda.14348

	Successful lactation induction in non-­pregnant gilts
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Experiment I
	2.2|Experiment II
	2.3|Statistical analyses

	3|RESULTS
	3.1|Experiment I
	3.2|Experiment II

	4|DISCUSSION
	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


