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Abstract 

Artificial induction of lactation (AIL) is an advanced biotechnology that enables milk production in non-

pregnant animals through controlled hormonal and management interventions. This technique has gained 

significant importance in modern dairy production systems, where reproductive inefficiency remains a 

major economic constraint. AIL serves as a strategic tool to utilize genetically superior but infertile or 

repeat-breeding animals, thereby preventing involuntary culling and maintaining herd productivity. It can 

bypass the gestation lag and is utilized to test the milk of transgenic animals as early as 13 months of age. 

In mares it is used when foaling results in an orphan foal, to find an alternative milk source via nursing 

mare. In dogs and cats, it is used when milk production is absent or inadequate and lactation disorders 

like agalactia or hypogalactia. 

Mammary gland development (mammogenesis) involves an isometric growth phase in early life followed 

by an allometric transition at 2-3 months, where it grows 3-5 times faster than body. This process is 

regulated by estrogen, leading to ductal elongation and formation of secretory luminal and contractile 

myoepithelial cells. Lactogenesis begins in late pregnancy with secretory differentiation (Stage I) and is 

followed by secretory activation (Stage II) at parturition, triggered by declining progesterone. Prolactin 

and growth hormone then maintain milk synthesis during galactopoiesis phase. AIL simulates endocrine 

profile of late pregnancy and parturition. Administration of estrogen and progesterone promotes 

mammogenesis, followed by their withdrawal to trigger lactogenesis, supplemented with glucocorticoids 

and prolactin-stimulating agents. Adjuncts like reserpine enhance prolactin release by inhibiting 

dopamine, thereby improving lactation success. 

AIL evolved from prolonged steroid protocols (120-180 days) to shorter, welfare-oriented regimens. 

Wherein using this landmark protocol by Smith and Schanbacher (1973) [53] achieved up to 60% success 

rates. Recent trends emphasize shortened protocols and integration with technologies like automatic 

milking systems. Most successful protocol in cattle is administering estrogen and progesterone for day 1-

7 and then administration of dexamethasone during day 18-20. 

Induced lactation typically yields 60-80% of normal milk production and nearly comparable with the 

natural lactational milk composition. Concerns regarding hormone residues and animal welfare 

necessitate strict adherence to withdrawal periods and optimized protocols. Non-hormonal approaches 

such as photoperiod manipulation and phytotherapy are emerging as supportive strategies to enhance 

lactation while minimizing drug use. 

AIL represents a valuable intersection of endocrinology, animal production and biotechnology. With 

advancements such as nano-encapsulation of hormones, genetic selection and stem cell applications, AIL 

holds significant promise for sustainable and ethical dairy management in the future. Future 

advancements aim to refine protocols further through the integration of nano-encapsulated hormones for 

targeted delivery, the identification of genetic markers for high-response animals, and the potential 

infusion of mammary stem cells to artificially increase the secretory cell population. 

 

Keywords: Artificial induction, lactation, domestic animals 
 

1. Introduction  

In the last decades, genetic selection of dairy cows for high milk yield has negatively affected 

fertility, increasing the culling rates of animals due to reproductive failure. Infertility is 

considered one of the main reasons for culling and is among the costliest factors in dairy 

farms, involving direct costs associated to rearing or purchasing the animals, and indirect costs 

related to maintenance of unproductive animals in the system (Pritchard et al., 2013) [49]. In the 
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year 2024-25 India’s total milk production was 247.87 million 

tonnes, per capita milk availability of milk was 485 

grams/day. During the same year total milk production of 

Gujarat was 19.28 million tonnes (BAHS, 2025) [16]. India 

remains the world's leading milk producer, contributing 

24.76% of global output, yet reproductive inefficiency 

remains the primary silent economic drain (PIB, 2025) [48]. 

The annual growth rate of milk production is declining since 

last 5 years (Graph 1, BAHS, 2025) [16]. 

Major cause behind this declining growth is reduced per 

animal milk production. The average yield per animal per day 

in India is 9.05 kg/day/animal (Exotic/crossbred) and 3.86 

kg/day/animal (BAHS, 2025) [16]. The surveillance of 

breedable zebu cattle, crossbred cattle and buffaloes (total 

28,815) from 5 different regions of Gujarat revealed 

reproductive problems in 27.4, 26.6 and 34.5% animals, 

respectively. Among these infertile animals, the incidence of 

anestrus was maximum (23.34%) followed by repeat breeding 

(14.94%), subestrus (14.69%), uterine infection (12.91%), 

infantile genitalia/pubertal anestrus (9.64%) (Dhami et al., 

2022) [17]. Over half of the cow population in repeat breeding 

animals are in productive years, aged 4-6 years, only 44.8% 

having 1 or 2 offspring(s) (Pongkapadang et al., 2025) [47]. 

As a solution to tackle this condition Artificial induction of 

lactation (AIL) aims to allow heifers and cows with superior 

genetic value that fail to conceive to remain in the herd, 

generating revenue until a new breeding opportunity arises 

(Busanello, 2025) [5]. Artificial induction of lactation is a 

physiological intervention that uses exogenous hormone 

treatments to stimulate mammary gland development 

(mammogenesis) and initiate milk secretion (lactogenesis) in 

non-pregnant, intact mammals (Noguchi et al., 2020) [43]. 

Artificial induction of lactation with the use of synthetic 

hormones which are likely natural mainly at the end of the 

pregnancy, ulating the physiological system of the animal a 

pregnancy and stimulating milk production (Freitas et al., 

2010) [18]. Formation of normal colostrum can be achieved by 

injecting estrogen and progesterone and both the hormones 

are involved in control of selective transport of serum 

immunoglobulin into milk (Smith, 1971) [54]. 

 

Status of artificial induction of lactation 

Global status 

Globally, Artificial Induction of Lactation (AIL) is primarily 

utilized to maximize the lifetime productivity of genetically 

superior dairy cattle, particularly high-yielding breeds such as 

Holsteins, that fail to conceive following a dry period. 

Contemporary global approaches increasingly integrate AIL 

with advanced dairy technologies, including Automatic 

Milking Systems (AMS), reflecting a trend toward precision 

dairy management (Busanello, 2025) [5]. Standard global 

protocols commonly involve short-duration regimens, 

particularly 8-day protocols, often supplemented with 

Recombinant Bovine Somatotropin (RBST) to enhance 

lactational performance (Busanello, 2025) [5]. Success rates of 

induced lactation under global conditions generally range 

between 80% and 100%, with milk production achieving 

approximately 78-80% of natural lactation yields (Busanello, 

2025) [5]. Furthermore, reproductive performance following 

induction has shown encouraging outcomes, with post-

induction pregnancy rates reported to range from 41% to 71% 

(Ramgattie et al., 2014) [50]. Recent international research 

trends indicate a marked transition toward shortened protocols 

designed to reduce estradiol exposure, minimize treatment 

costs and improve animal welfare by limiting prolonged 

estrus-associated behavioral stress (Isola et al., 2024) [23]. 

Status in India 
In India, the application of artificial induction of lactation 
differs considerably from global objectives and is primarily 
directed toward preventing involuntary culling and addressing 
the growing stray cattle problem, influenced by cultural 
values and legal restrictions on cow slaughter (Lakhani et al., 
2017) [32]. AIL serves as an important rehabilitative strategy 
for barren and nonproductive animals, restoring them to 
economic usefulness and converting financial liabilities into 
productive dairy assets (Inchaisri et al., 2010) [21]. Indian 

protocols generally rely on traditional 7-21- day induction 
schedules, with hormonal formulations tailored according to 
breed type. Crossbred cattle are typically managed using an 
estrogen-to-progesterone ratio of 1:2.5, whereas indigenous 
cows and buffaloes commonly receive a 1:1 ratio (Lakhani et 
al., 2017) [32]. Reported success rates in India range between 
80% and 85%, although buffaloes frequently demonstrate 
comparatively lower responses to induction protocols. Milk 
yield following induction generally reaches 60-70% of natural 
lactation, which has been attributed to uncoupling of the 
somatotropic axis during induced lactation. Reproductive 
outcomes after induction indicate that many repeat-breeder 
cows regain normal estrous cyclicity, although conception 
rates remain moderate to relatively low under field conditions. 

 
Mechanism of artificial induction of lactation 
Artificial Induction of Lactation (AIL) is based on sequential 
hormonal stimulation intended to induce mammary 
development, initiate milk secretion and maintain lactation. 
Although AIL does not perfectly reproduce the endocrine 
profile of natural pregnancy, it utilizes key hormonal 
pathways involved in lactogenesis and galactopoiesis. 
Artificial induction protocols are primarily based on 
administration of estradiol, progesterone, prostaglandins, 
corticosteroids and bovine somatotropin. 
The initial phase of AIL relies on estradiol and progesterone 
administration to stimulate mammary gland development. 
These hormones promote the mammogenic changes necessary 
for lactation induction. Following this developmental phase, 

prostaglandins and corticosteroids are incorporated to 
facilitate transition toward milk secretion. Dexamethasone-
based treatments are used during the final stage of induction 
to stimulate lactogenesis and trigger milk secretion. 
Endogenous prolactin release is an important component of 
the induction process. Stimulation of the mammary gland 
through massage or milking adaptation is used to promote 
prolactin release and support initiation of milk production. 
Busanello (2025) [5] notes that mammary gland massage was 
used specifically for endogenous prolactin liberation and 
further discusses that prolactin stimulation contributes to milk 
secretion. Maintenance of lactation after induction depends on 
continued stimulation of the mammary gland and hormonal 
support. Bovine somatotropin has been reported to improve 

milk yield responses through stimulation of epithelial cell 
proliferation and regulation of apoptosis, thereby contributing 
to maintenance of milk production. Additionally, increased 
milking frequency may provide further stimulation to sustain 
milk yield during induced lactation. (Busanello, 2025) [5] 
 
Indications for artificial induction of lactation 
Mitigating involuntary culling 
Reproductive failure is the leading cause of involuntary 
culling in Indian herds. In the context of India’s record milk 
production of 247.87 million tonnes (2024-25), but with rising 
population, need of more production will also rise 
significantly (BAHS, 2025) [16]. That’s why using AIL 
protocols in cows which are in their productive year and not 

conceiving. 
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Clinical utility in companion & lab animals 

Dogs & Cats: In maternal death, AIL using dopamine 

antagonists (e.g., Metoclopramide, Domperidone), enables a 

non-parturient surrogate or the biological dam to produce 

milk, to synchronize milk production for orphaned neonates 

in small animals. In swine, employed as a colostrum 

supplement for large litters and Equines (Nurse Mares): In 

high-value Thoroughbred breeding, for the creation of "nurse 

mares" to foster orphaned foals. (Noguchi et al., 2020; Podico 

et al., 2022) [43, 46] 

 

Research and Biotechnological applications 

Transgenic animals: AIL is a prerequisite for testing the 

milk of transgenic animals (e.g., for human therapeutic 

proteins) as early as 13 months of age, bypassing the long 

gestation and age at first calving delays. Pharmacokinetic 

Benchmarking: Provides a controlled physiological model to 

establish Hormonal Clearance Windows (typically 15-30 

days) for public health safety). (Monzani et al., 2024) [41] 

 

Other indications: Prevents involuntary culling of high-

pedigree animals failing to conceive, Bypasses the 9-month 

(280-310 day) non-productive gestation lag, Exogenous 

steroid priming (E2/P4) can reset the hypothalamic-pituitary-

ovarian axis. 40-60% of induced cows subsequently 

conceived, In buffaloes to bypass silent heat and summer 

infertility, Addresses chronic conditions like Cystic Ovarian 

Disease (COD) or persistent anestrus, To study 

mammogenesis and lactogenesis without the metabolic 

interference of a developing fetus. 

 

Selection of Animals 

Selection of animals for artificial induction of lactation should 

be based on several physiological and management criteria to 

optimize treatment success. Animals with a body condition 

score (BCS) of 3.25-3.75 on a 5-point scale are preferred, as 

they possess adequate energy reserves necessary for 

galactopoiesis. Multiparous animals, particularly those in the 

2nd to 4th lactation, are considered ideal candidates because 

they possess more developed mammary ductal frameworks. 

Dry and non-pregnant animals are preferred to permit 

adequate systemic recovery before induction. Udder health is 

another critical criterion, and only animals with clinically 

healthy quarters, no history of mastitis and somatic cell counts 

below 200,000 cells/ml should be selected. Anatomical 

integrity, particularly sound teat morphology, is necessary to 

ensure effective mechanical milking stimulation. Animals 

should also possess a docile or trainable temperament to 

facilitate management throughout the treatment period. In 

addition, candidates should be properly vaccinated, dewormed 

and free from systemic diseases to support overall health and 

treatment response. (Lakhani et al., 2017) [32] 
 
Protocols 

 
Table 1: Hormonal Protocols for artficila induction of lactation in cattle and buffalo  

 

Protocols Hormone Success Rate Reference 

Days 1-7: E2+P4 
Day 18: rbST single dose 

E2: 0.075 mg/kg/day, SC 
P4: 0.25 mg/kg/day, SC 

rbST: 500 mg, SC 

28.4 kg/day 
yield 

(Magliaro et al., 
2004) [38] 

Day 1, 8, 21: rbST 
Days 2-8: Daily P4 

Days 2-15: Daily E2 
Days 19-21: PGF2α 

Medroxyprogesterone (MPA): 0.25 mg/kg/day SC, 
Estradiol Benzoate: 0.071 mg/kg/day SC, rbST: 500 mg 

SC, PGF2α: 0.530 mg & Isoflupredone: 10 mg SC 

21.9 kg/day 
yield 

(Freitas et al., 
2010) [18] 

Day 1, 8, 21: Bovine Somatotropin (bST) 
Day 2-8: Estradiol Cypionate (ECP) 

+Medroxyprogesterone 
(MPA) Day 9-15: ECP 

Day 19: PGF2α 

bST: 500 mg (IM) ECP + MPA: 0.075 mg/kg ECP + 0.25 
mg/kg MPA (IM) 

ECP only: 0.037 mg/kg (IM) 
PGF2α: 0.530 mg (IM) 

80% 

(Freitas et al., 
2010) [18] Day 1, 8, 21: bST 

Day 2-15: EB (Day 2-8 with 
Medroxyprogesterone) 

Day 19: PGF2α 
Day 19-21: Isoflupredone 

bST: 500 mg (IM) 
EB + MPA: 0.071 mg/kg EB + 0.25 mg/kg MPA (IM), 

PGF2α: 0.530 mg (IM), Isoflupredone acetate: 0.05 mg/kg 
(IM) 

90% 

Day 1-7: 17β-E2 + P4 
Day 1, 10, 20: bST 

Day 18-20: Dexamethasone 

17β-estradiol + Progesterone: 0.1 mg/kg E2 + 0.25 mg/kg 
P4 (SC), bST: 500 mg (SC) 

Dexamethasone: 20 mg/day (IM) 
83% 

(Macrina et al., 
2011) [37] 

Day 1, 10, 18: PGF2α 
Day 11-17: 17β-E2 + P4 

Day 19-22: Reserpine + Dexamethasone 

PGF2α: 25 mg (IM), 17β-estradiol + Progesterone: 0.1 
mg/kg E2 + 0.25 mg/kg P4 (SC), Reserpine + 

Dexamethasone: 5 mg IM 
78% 

(Ramgattie et al., 
2014) [50] 

Day 1-8: EB + P4 
Day 9-14: EB 

Day 16: Cloprostenol 
Day 19-21: Dexamethasone 

Day 1, 8, 15, 22: bST 

30 mg EB + 300 mg P4 (IM) 
EB only: 20 mg (IM) 

Cloprostenol: 0.56 mg (IM) 
Dexamethasone: 40 mg (IM) 

bST: 500 mg (IM) 

85 - 100% 
(Luz et al., 2020) 

[36] 

Day 1-21: Lactation Induction Protocol 
Day 5: Norfloxacin + ITS applied to quarters 

Standard LIP: (Hormones not re-detailed; utilized standard 
E2/P4 base) 

Norfloxacin + Internal Teat Sealant (ITS): 7 mg/kg 
83.3% 

(Monteiro et al., 
2022) [6] 

Day -7, 0, 17: Cloprostenol 
Day 0-6: EB + P4 

Day 7-8: EB 
Day 19-21: Dexamethasone 

Cloprostenol: 0.25 mg (IM) 
Estrogen benzoate + Progesterone: 0.1 mg/kg EB + 0.25 

mg/kg P4 (IM) 
Estrogen benzoate only: 0.1 mg/kg (IM), Dexamethasone: 

0.05 mg/kg (IM) 

100% 
(Isola et al., 2024) 

[23] 

Day 1-7: Estrogen + Progesterone 

Day 18-20: Dexamethasone 

17β-estradiol (0.1 mg/kg/day) SC, Progesterone (0.25 

mg/kg/day) SC, Dexamethasone (20 mg/animal) IM 
100% 

(Nagaraja et al., 

2026) [42] Day 1-7: Estrogen + Progesterone 

Day 8,10,12,14: Reserpine 

17β-estradiol (0.1 mg/kg/day) SC, Progesterone (0.25 

mg/kg/day) SC, Reserpine 5 mg/animal/day IM 
100% 
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Photoperiod Manipulation 
Photoperiod manipulation involves the strategic control of 

daily light and dark cycles to exogenously influence 

neuroendocrine pathways. In the context of domestic 

ruminants, the primary clinical and commercial goal is to 
stimulate, enhance, or restore lactation (galactopoiesis) by 

manipulating the biological circadian rhythms that dictate 

hormone secretion, often utilized as a synergistic adjunct to 

pharmacological artificial induction of lactation (AIL) 
protocols. 

Photoperiod manipulation begins with environmental light 

exposure, which is detected by intrinsically photosensitive 

retinal ganglion cells (ipRGCs) in the retina. The light signal 
is then transmitted through the retinohypothalamic tract to the 

suprachiasmatic nucleus (SCN) of the hypothalamus, the 

primary circadian regulator. Activation of the SCN suppresses 

sympathetic stimulation of the pineal gland, resulting in 
inhibition of melatonin synthesis. Consequently, circulating 

melatonin concentrations, the principal biochemical signal of 

darkness, are reduced. This reduction in melatonin 
subsequently modulates endocrine pathways, leading to 

altered prolactin secretion from the anterior pituitary gland 

and regulation of insulin-like growth factor-I (IGF-I) 

production through the somatotropic axis in the liver. (Dahl et 
al., 2000; Li et al., 2025) [14, 33] 

 

Long-Day Photoperiod (LDPP): LDPP typically consists of 

16-18 hours of light and 6-8 hours of darkness. 
 

Physiological Effects: Sustained suppression of melatonin 

secretion. Increased circulating prolactin and IGF-I 

concentrations. 
Results in enhanced metabolic and endocrine signals 

supporting active milk synthesis. Enhanced metabolic and 

endocrine signals supporting active milk synthesis and 
average increase of 2 to 3 kg/day (Lacasse et al., 2016) [30]. 

 

Short-Day Photoperiod (SDPP): SDPP typically consists of 

8 hours of light and 16 hours of darkness. 
 

Physiological Effects: Increased systemic melatonin 

concentrations, Reduced circulating prolactin levels. 

Upregulation of target-tissue receptor expression, particularly 
prolactin receptors in mammary tissue. Roughly 40 to 60 days 

prior lactation. Results in subsequent 3 to 4 kg/day increase in 

milk yield when transitioned back to LDPP (Crawford et al., 

2015) [12]. 
 

Phytotherapy 

Phytotherapy involves the use of plant-derived compounds 

(herbal galactagogues) to stimulate, maintain or augment milk 
production. With the rising global demand for organic dairy 

products and the strict regulation of synthetic galactopoietics 

like recombinant bovine somatotropin (rBST), phytotherapy 
offers a viable, non-hormonal and cost-effective alternative 

that leaves no toxic pharmacological residues in the milk 

(Patel et al., 2017) [45]. 

 
Mechanism of action: Phytoestrogenic Effects: Steroidal 

sapogenins structurally mimic endogenous estradiol. Bind to 

estrogen receptors, prompting proliferation of mammary 

epithelial cells & ductal branching (Kumar et al., 2014) [29], 
Rumen Kinetics and Nutrient Partitioning: Saponins stimulate 

anaerobic fermentation in the rumen, modifying the volatile 

fatty acid (VFA) profile. This increases the post-ruminal 

availability of bypass proteins and gluconeogenic precursors 
required for milk lactose and protein synthesis (Li et al., 

2023). 
 

Table 2: Phytotherapy protocols for Artificial induction of lactation 
 

Herb Active components Effectiveness 

Shatavari 
(Asparagus racemosus) 
(Chaudhary et al., 2024) 

Shatavarins I and IV: 
Acts via pituitary-adrenal axis to release ACTH & 

prolactin. 

Increases alveolar cellular proliferation; total milk, solids, 
fat and lactose 

Fenugreek 
(Trigonella foenum graecum) 

(Revathi et al., 2020) [51] 

Galactomannans, Diosgenin, Trigonelline: 
Potent phytoestrogenic activity. 

Increases daily milk volume & elevates fat and protein 
percentages. 

Anise (Pimpinella anisum) 
Fennel (Foeniculum vulgare) 

(Iommelli et al., 2025) [22] 

Anethole (phytoestrogen) 
Inhibit dopamine receptor. 

Increase serum prolactin levels & stimulate 
lactogenesis. 

Included in commercial polyherbal galactagogue 
formulations such as Payapro and Galactin Vet. 

Moringa (Moringa oleifera) 
(Kholif et al., 2016) [27] 

Rumen-bypass protein, essential amino acids: 
Enhances rumen microbial protein synthesis & 

improves nutrient availability for milk production. 

Dried moringa leaves 
Moringa leaf extract 

increased milk yield by 65% 

 
Table 3: Milk yield and Composition 

 

Parameter 
Natural 

Lactation 
Induced 

Lactation 
Scientific Rationale 

Fat (%) 3.0 4.58 Influenced by breed, management, and lactation stage; levels remain within standard parameters. 

Protein (%) 2.9 3.50 
Milk begins with high protein (6.80% at Day 21) due to its colostrum-like nature before 

stabilizing. 

Lactose (%) 4.3 5.20 
Lactose is the main osmotic factor responsible for production; initial IL levels are very high 

(10.18%). 

Somatic Cell Count 
< 300 

(x1000/ml) 
133 

(x1000/ml) 
Reflect initial mammary epithelial desquamation, which normalizes as lactation stabilizes. 

Water (%) 87.54 86.5 
Induced lactation yields fewer cells, producing lower alveolar volume and more concentrated 

milk. 

Peak Yield (L/day) 40.5 31.3 ---- 

Consistency Normal 
Thick & Yellow 

(Day 1) 
Initial secretion is colostrum-like due to high initial solids; normalizes in 3 to 5 day 

Initial Yield (L/day) 17.3 8.2 Induction protocols don’t reach to parturition signals as natural lactation 

Persistency (Wood's c) 0.0034 0.0039 More days of peak yield 

Total 305-d Yield (L) 10,521 8,239 78-80% Milk yield of natural lactation 

 

https://www.veterinarypaper.com/


 

~ 48 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 
Sheep and Goat 

Indications for AIL in Sheep and Goat: High-Value 

Genetics: Superior genetic potential for milk production kept 

in herd rather than culled, Orphan Rearing: Production of 

artificial colostrum in non-pregnant animals, Economic 

Continuity: To maintain a steady milk supply and Research 

and Model Development: To study mammary gland 

development & the specific hormonal triggers 

 
Table 4: Hormonal and pharmacological protocol for induction of lactation in sheep and goats (Ovine/Caprine) 

 

Duration Hormones & Drugs Dosage (Ovine/Caprine) 

Days 1-7 Estradiol + Progesterone 
Estradiol Cipionate: 0.1 mg/kg BW/day 

Progesterone: 0.25 mg/kg BW/day 

Days 8-14 Estradiol Only Estradiol: 0.1 mg/kg BW/day (Removes P4 inhibition of milk protein genes) 

Days 18-20 Glucocorticoids Dexamethasone/Flumethasone: 16 mg/head/day (Mimics fetal cortisol surge) 

Days 19-21 Galactagogues Metoclopramide: 100 mg/animal (Dopamine antagonist to surge Prolactin) 

Day 21+ Oxytocin Oxytocin: 1-5 IU (Induces milk let-down reflex) 

(Mellando et al., 1996) 

 

Mare: Foaling sometimes results in an orphan foal. To raise 

an orphan foal, it is necessary to find an alternative milk 

source such as bottle-feeding or acquiring a nurse mare. 

The induction of lactation can offer practical and economical 

advantages. Lactation can be induced in non-parturient mares 

that have foaled in previous years using a treatment that 

includes estrogen, progesterone and a dopamine D2 

antagonist (sulpiride or domperidone). The diet should 

contain a higher proportion of concentrate. These mares were 

not previously pregnant, so their physiological adaptation 

differs from normal postpartum mares. They may not 

consume large volumes of feed like postpartum mares. 

Increasing dietary concentrate helps meet energy and nutrient 

demands (Daels, 2006) [13]. 

 

Selection of mares: Mare must have given birth and 

successfully nursed a foal at least once in their life, Mares that 

have raised several foals tend to have a mammary gland that 

is more developed and a more predictable maternal behavior, 

Mares must be in good body condition (BCS 5-6 on 1- 9 

scale), free of disease and mammary abnormalities, gentle and 

calm, must be willing to stand confined behind a contention 

bar for prolonged periods of time and have a history of being 

a “good mother”, The success does not seem to be influenced 

by the age of the mare nor by the interval since the last 

foaling (Daels, 2006) [13] 

Pre-treatment Management: Mare should be fed as a natural 

nursing mare from Day 1 of treatment, Before initiating 

hormonal therapy maintain mare under artificial photoperiod 

for \~8 weeks (14.5 h light, 9.5 h darkness) Purpose: Advance 

cyclicity Improve prolactin response to sulpiride (Korosue et 

al., 2012) [28] 

 

Adoption: Introduction to foal 

1. The discipline method: The disciplinary action is a ple 

action-reaction technique by which the mare is 

discouraged to act against the foal. Gradually the actions 

shift from physical action to voice cues and within hours 

mares were conditioned not to react when the foal 

attempted to nurse. 

2. Vaginal method: The foal held near the mare’s head 

while vaginal-cervical stimulation performed through 

vigorous massage of the external cervix with slight 

dilation attempts. This was done twice for two minutes at 

a ten-minute interval. During and after stimulation, the 

foal remained close to the mare’s head and shoulder to 

allow sniffing and licking. 

 

Sow: Inducing lactation in non-pregnant pigs is explored as a 

way to manage modern production challenges, such as Large 

Litter Sizes: Genetic selection has increased litter sizes 

beyond the capacity of a single sow's natural colostrum 

supply. Piglets require at least 200g of colostrum in the first 

24 hours, it can reduce culling rates and replacement costs 

due to reproductive failure. (Noguchi et al., 2020) [43] 

 
Table 5: Hormonal Protocols for Induction of Lactation in Dairy Animals and Their Success Rates  

 

Protocol Schedule Success Rate Reference 

Estradiol dipropionate (EDP): 5-10 mg (IM)PGF2α: 12 

mg (IM) 

Day -10 or -5: EDP InjectionDay 0: PGF2α InjectionDay 

1: Start Milking 
53.8% 

(Noguchi et 

al., 2020) [43] 

Estradiol cypionate (EC): 10 mgLong-acting 

progesterone (P4): 300 mgProstaglandin F2α analogue 

(PGF): 0.53 mg IM, two doses, 12 hours apart 

Day 0 (last day of estrus expression): Estradiol 

cypionateDay 26:Estradiol cypionate (EC)Long-acting 

progesterone (P4): 300 mgDay 36: Prostaglandin F2α 

analogue (PGF) 

100% 
(Cordeiro et 

al., 2022) [11] 

 

Dogs and Cats: Artificial induction or pharmacological 

stimulation of lactation is required when milk production is 

absent or inadequate during the neonatal period. The neonatal 

stage in dogs and cats is critical for survival, growth, and 

immune protection. In carnivores, early neonatal immunity 

and development depend heavily on maternal mammary 

secretions. Failure of normal lactation therefore becomes a 

clinically significant reproductive and neonatal management 

problem. Postpartum lactation disorders may occur in small 

animals, including agalactia (absence of milk secretion), 

hypogalactia (insufficient milk production). In such situations, 

pharmacological stimulation of lactation may be required to 

support neonatal survival and reduce dependence on artificial 

rearing (Jensen, 2016) [25]. Continued milk production 

therefore requires adequate hormonal stimulation and 

suckling stimulus. (Orfanou et al., 2010) [44]. 

 

Prolactin: Primary hormone regulating milk synthesis in 

mammals, Dopamine: physiological inhibitor of prolactin, 

Dopamine Inhibitors: increase prolactin concentrations & 

stimulate milk production, these drugs remove dopaminergic 

inhibition of prolactin release, thereby stimulating 

lactogenesis (Jensen, 2016) [25]. 
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Protocols Used in Bitches (Metoclopramide protocol) 

In bitches, a metoclopramide protocol can be used to 

stimulate lactation by administering metoclopramide, a 

dopamine antagonist, at a dose of 0.2-0.5 mg/kg orally or 

subcutaneously every 8 hours for 5-10 days, or until adequate 

milk production is achieved; its mechanism of action involves 

dopamine receptor blockade, which increases prolactin 

secretion and thereby promotes lactogenesis, while frequent 

suckling by puppies is necessary to maintain prolactin release, 

and adequate hydration and nutrition of the dam are essential 

for successful milk production. (Keller et al., 2018) [26] 

 

Milk Residues and Effects on Animals in Artificial 

induction of lactation 

Following artificial induction of lactation, estradiol residues 

decline rapidly after treatment cessation and return to 

physiologic levels, with a Maximum Residue Limit (MRL) of 

0.04 µg/kg, while progesterone, an endogenous hormone with 

no established MRL, may accumulate temporarily in milk fat 

because of its lipophilic nature but returns to baseline 

concentrations after protocol withdrawal. Estradiol and 

progesterone residues generally peak within the first 7 days 

and decline to baseline levels within 14-21 days; therefore, a 

milk withdrawal period of 21-30 days after protocol initiation 

is recommended. Dexamethasone has an MRL of 0.3 µg/kg 

and is rapidly eliminated, resulting in only short-term 

concentrations in milk fat, with residues typically declining to 

safe levels within 72-96 hours after administration (Zanatta et 

al., 2022; Busanello, 2025) [58, 5]. 

 
Table 6: Adverse effect on animals 

 

Adverse Effect Clinical Impact 

Reproductive Dysfunction (Gümen and 

Wiltbank, 2002) [20] 
Cystic Ovarian Disease (COD): High E2 doses disrupt the LH surge 

Metabolic Stress (Churakov et al., 2021) [9] 
Negative Energy Balance (NEB): Induced animals lack the gradual metabolic adaptation of late 

pregnancy, leading to acute spikes in NEFA. 

Skeletal System (Abuelo, 2025) [1] 
Hypocalcemia: a sudden increase in calcium excretion to support colostrum and milk production, 

straining calcium homeostasis. 

Behavioral Changes (Noguchi et al., 2020) 
[43] 

Persistent Estrus (Nymphomania): Exogenous Estrogen Benzoate induces "bulling" behavior, 

leading to physical injuries or mounting trauma. 

 

Conclusion 

Artificial induction of lactation is an effective physiological 

strategy for initiating milk production in non-pregnant 

animals through controlled exogenous hormonal 

manipulation. When combined with appropriate animal 

selection, it serves as a valuable tool in modern veterinary 

reproduction, dairy herd management and biotechnological 

research. Beyond cattle, artificial lactation induction has 

practical applications in nurse mare programs for foal 

fostering, management of agalactia in canines and support of 

orphan rearing in sheep and goats. Adjunctive approaches 

such as photoperiod manipulation and phytotherapy may 

further enhance milk yield and lactational performance. 

Artificial induction protocols can also facilitate production of 

normal colostrum, while the quality and composition of milk 

produced are generally comparable to those obtained during 

natural lactation. Milk yield typically reaches approximately 

60-80% of that achieved during natural lactation. 

Furthermore, potential hormonal residues in milk can be 

effectively managed through adherence to appropriate 

withdrawal periods. 

 

References 

1. Abuelo A. Hypocalcemia in dairy cattle. In: Simões J, 

editor. Encyclopedia of Livestock Medicine for Large 

Animal and Poultry Production. Cham: Springer; 2025. 

2. Agrawal S, Lakhchaura BD, Atheya UK, Dabas YP, Sud 

SC, Mishra DP. Levels of estrogen and progesterone in 

milk of animals induced into lactation by reproductive 

steroids and thyrotropic releasing hormone. Indian 

Journal of Experimental Biology. 1993;31(6):554-556. 

3. Akers R. Major advances associated with hormone and 

growth factor regulation of mammary growth and 

lactation in dairy cows. Journal of Dairy Science. 

2006;89(4):1222-1234. 

4. Asimov GJ, Krouze NK. The lactogenic preparation from 

the anterior pituitary and the increase of milk yield in 

cows. Journal of Dairy Science. 1937;20(6):289-306. 

5. Busanello M. Differences in lactation curve parameters 

and milk yield responses between artificially induced and 

naturally calved cows milked in an automatic milking 

system. Turkish Journal of Veterinary and Animal 

Sciences. 2025;49(6):259-268. 

6. Camylla Pedrosa Monteiro CP, Mingoti RD, Alves BG, 

Barcelos MM, Freu G, Martins C, et al. Productive and 

reproductive performance of crossbred dairy heifers with 

induced lactation and efficacy of antimicrobial therapy 

associated with internal teat sealants. Brazilian Journal of 

Veterinary Research and Animal Science. 2022;59. 

7. Chakriyarat S, Head HH, Thatcher WW, Neal FC, 

Wilcox CJ. Induction of lactation: lactational, 

physiological, and hormonal responses in the bovine. 

Journal of Dairy Science. 1978;61(12):1715-1724. 

8. Choudhary JL, Bhinda R, Jat JR. Effect of Shatavari 

(Asparagus racemosus) herb on feed intake, milk yield 

and composition and reproductive performance of 

lactating cows. Animal Nutrition and Feed Technology. 

2024;24(3):645-656. 

9. Churakov M, Karlsson J, Rasmussen AE, Holtenius K. 

Milk fatty acids as indicators of negative energy balance 

of dairy cows in early lactation. Animals. 

2021;15(1):100253. 

10. Collier RJ, Bauman DE, Hays RL. Effect of reserpine on 

milk production and serum prolactin of cows hormonally 

induced into lactation. Journal of Dairy Science. 

1977;60(6):896-901. 

11. Cordeiro ÁD, Conterato AJB, Bianchi I, Dartora DLA, 

Zanella R, Bondan C, et al. Successful lactation induction 

in non-pregnant gilts. Reproduction in Domestic 

Animals. 2023;58(6):888-892. 

12. Crawford H, Morin D, Wall E, McFadden T, Dahl G. 

Evidence for a role of prolactin in mediating effects of 

photoperiod during the dry period. Animals. 

2015;5(3):803-820. 

13. Daels PF, Duchamp G, Porter D. Induction of lactation 

and adoption of foals by non-parturient mares. In: 

https://www.veterinarypaper.com/


 

~ 50 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 
Proceedings of the Annual Convention of the American 

Association of Equine Practitioners. 2002;48:68-71. 

14. Dahl GE, Buchanan BA, Tucker HA. Photoperiodic 

effects on dairy cattle: a review. Journal of Dairy 

Science. 2000;83(4):885-893. 

15. Department of Animal Husbandry and Dairying. 20th 

Livestock Census-2019: All India Report. New Delhi: 

Ministry of Fisheries, Animal Husbandry and Dairying, 

Government of India; 2019. 

16. Department of Animal Husbandry and Dairying. Basic 

Animal Husbandry Statistics 2025. New Delhi: Ministry 

of Fisheries, Animal Husbandry and Dairying; 2025. 

17. Dhami AJ, Parmar SC, Patel JA, Hadiya KK, Joshi RS, 

Sarvaiya NP. Current status of reproductive performance 

and problems in dairy animals of Gujarat and their 

amelioration including study of fertility gene markers. 

Indian Journal of Veterinary Science and Biotechnology. 

2022;18(2):12-20. 

18. Freitas PRC, Coelho SG, Rabelo E, Lana AMQ, 

Artunduaga MAT, Saturnino HM. Artificial induction of 

lactation in cattle. Revista Brasileira de Zootecnia. 

2010;39(10):2268-2272. 

19. Fulkerson WJ, McDowell GH. Artificial induction of 

lactation in cattle by use of dexamethasone 

trimethylacetate. Australian Journal of Biological 

Sciences. 1975;28(2):183-187. 

20. Gümen A, Wiltbank MC. An alteration in the 

hypothalamic action of estradiol due to lack of 

progesterone exposure can cause follicular cysts in cattle. 

Biology of Reproduction. 2002;66(6):1689-1695. 

21. Inchaisri C, Jorritsma R, Vos PL, van der Weijden GC, 

Hogeveen H. Economic consequences of reproductive 

performance in dairy cattle. Theriogenology. 

2010;74(5):835-846. 

22. Iommelli P, Musco N, Lombardi P, Spina AA, Morittu 

VM, Sarubbi F, et al. Dietary fennel (Foeniculum vulgare 

Mill.) seeds supplementation affects yield, fatty acid 

composition and flavour profile of milk and cheese in 

grazing goats. Tropical Animal Health and Production. 

2025;57(4):211. 

23. Isola JVV, Pestano HS, Vargas Junior SF, Oliveira FC, 

Moraes FP, Brito CRC, et al. An efficient shorter 

protocol for artificial induction of lactation in heifers. 

Ciência Rural. 2024;54(5). 

24. Jaswal S, Jena MK, Anand V, Jaswal A, Kancharla S, 

Kolli P, et al. Critical review on physiological and 

molecular features during bovine mammary gland 

development: recent advances. Cells. 2022;11(20):3325. 

25. Jensen RL. A case report on the use of domperidone for 

management of agalactia in a queen. Clinical 

Theriogenology. 2016;8(2):121-126. 

26. Keller SR, Abonyi-Tóth Z, Sprenger N, Austin SC, 

Wichert BAC, Liesegang A, et al. Effect of 

metoclopramide treatment of bitches during the first 

week of lactation on serum prolactin concentration, milk 

composition, and milk yield and on weight gain of their 

puppies. American Journal of Veterinary Research. 

2018;79(2):233-241. 

27. Kholif AE, Gouda GA, Galyean ML, Anele UY, Morsy 

T. Extract of Moringa oleifera leaves increases milk 

production and enhances milk fatty acid profile of 

Nubian goats. Agroforestry Systems. 2019;93:1877-1886. 

28. Korosue K, Murase H, Sato F, Ishimaru M, Harada T, 

Watanabe G, et al. Successful induction of lactation in a 

barren Thoroughbred mare: growth of a foal raised on 

induced lactation and the corresponding maternal 

hormone profiles. Journal of Veterinary Medical Science. 

2012;74(8):995-1002. 

29. Kumar S, Mehla RK, Chokkar MS. Effect of Shatavari 

(Asparagus racemosus) on milk production and immune-

modulation in Karan Fries crossbred cows. Indian Journal 

of Traditional Knowledge. 2014;13(2):404-408. 

30. Lacasse P, Ollier S, Lollivier V, Boutinaud M. New 

insights into the importance of prolactin in dairy 

ruminants. Journal of Dairy Science. 2016;99(1):864-

874. 

31. Lacasse P, Vinet CM, Petitclerc D. Effect of prepartum 

photoperiod and melatonin feeding on milk production 

and prolactin concentration in dairy heifers and cows. 

Journal of Dairy Science. 2014;97(6):3589-3598. 

32. Lakhani P, Thakur A, Kumar S, Singh P. Artificial 

induction of lactation in bovines: scope and limitations. 

International Journal of Livestock Research. 

2017;7(4):102-112. 

33. Li C, Shu H, Gu X. Photoperiod management in farm 

animal husbandry: a review. Animals. 2025;15(4):591. 

34. Liu J, Wang Y, Liu L, Ma G, Zhang Y, Ren J. Effect of 

Moringa oleifera leaf flavonoids on the production 

performance, immune system, and rumen fermentation of 

dairy cows. Veterinary Medicine and Science. 

2023;9(2):917-923. 

35. Lopate C. Reproductive physiology of canine pregnancy 

and parturition and conditions of the periparturient 

period. In: Lopate C, editor. Management of Pregnant 

and Neonatal Dogs, Cats, and Exotic Pets. Wiley-

Blackwell; 2012. p. 25-41. 

36. Luz GB, Maffi AS, Xavier EG, Correa MN, Gasperin 

BG. Induction of lactation in dairy heifers: milk 

production, inflammatory and metabolic aspects. Arquivo 

Brasileiro de Medicina Veterinária e Zootecnia. 

2020;72(2):371-378. 

37. Macrina AL, Tozer PR, Kensinger RS. Induced lactation 

in pubertal heifers: efficacy, response to bovine 

somatotropin, and profitability. Journal of Dairy Science. 

2011;94(3):1355-1364. 

38. Magliaro AL, Kensinger RS, Ford SA, O’Connor ML, 

Muller LD, Graboski R. Induced lactation in nonpregnant 

cows: profitability and response to bovine somatotropin. 

Journal of Dairy Science. 2004;87(10):3290-3297. 

39. Mellado M, Antonio-Chirino E, Meza-Herrera C, Veliz 

FG, Arevalo JR, Mellado J, et al. Effect of lactation 

number, year, and season of initiation of lactation on milk 

yield of cows hormonally induced into lactation and 

treated with recombinant bovine somatotropin. Journal of 

Dairy Science. 2011;94(9):4524-4530. 

40. Mellado M, Bernal A, Mendoza R, Carreño E. Hormonal 

induction of lactation in prepuberal and multiparous 

crossbred goats kept under extensive conditions. Small 

Ruminant Research. 1996;19(2):143-147. 

41. Monzani PS, Sangalli JR, Sampaio RV, Guemra S, Zanin 

R, Adona PR, et al. Human proinsulin production in the 

milk of transgenic cattle. Biotechnology Journal. 

2024;19(3). 

42. Nagaraja K, Sanganal JS, Shridhar NB, Sunilchandra U, 

Patil S, Santhosh CR, et al. A study on efficacy of 

artificial induction protocols on certain parameters of the 

artificial induced lactation milk in unproductive dairy 

cattle. International Journal of Advance Biochemistry 

Research. 2026;10(2):220-225. 

43. Noguchi M, Suzuki T, Sato R, Sasaki Y, Kaneko K. 

https://www.veterinarypaper.com/


 

~ 51 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 
Artificial lactation by exogenous hormone treatment in 

non-pregnant sows. Journal of Reproduction and 

Development. 2020;66(5):453-458. 

44. Orfanou DC, Pourlis A, Ververidis HN, Mavrogianni VS, 

Taitzoglou IA, Boscos CM, et al. Histological features in 

the mammary glands of female dogs throughout lactation. 

Anatomia, Histologia, Embryologia. 2010;39(5):473-478. 

45. Patel VK, Chauhan HD, Pawar MM, Srivastava AK, 

Prajapati KB. Effect of herbal galactogogue 

supplementation on production performance of lactating 

Kankrej cows. International Journal of Current 

Microbiology and Applied Sciences. 2017;6(12):2093-

2098. 

46. Podico G, Migliorisi AC, Wilkins PA, Canisso IF. 

Successful induction of lactation, foal grafting and 

maintenance of pregnancy in a nonparturient 

Thoroughbred mare. Equine Veterinary Education. 

2022;34(1). 

47. Pongkapadang KN, Amrin A, Suharto RH, Yusuf M, 

Komba EVG, Layos JKN, et al. Prevalence and risk 

factors of repeat breeding in dairy cows in Cendana 

District, Enrekang Regency, South Sulawesi, Indonesia. 

Open Veterinary Journal. 2025;15(9):4548-4557. 

48. Press Information Bureau. India’s Dairy Sector. New 

Delhi: Government of India; 2025. 

49. Pritchard T, Coffey M, Mrode R, Wall E. Genetic 

parameters for production, health, fertility and longevity 

traits in dairy cows. Animal. 2013;7(1):34-46. 

50. Ramgattie R, Siew N, Diptee M, Stoute V, Knights M. 

Effect of mammary stimulation on dairy cows and heifers 

exposed to a lactation induction protocol. Open Journal 

of Animal Sciences. 2014;4(1):1-12. 

51. Revathi P D, Singh AP, Kumar VRS, Thiruvenkadan 

AK, Bharathy N. Effect of fenugreek seed 

supplementation on milk yield and its composition of 

crossbred dairy cattle. International Journal of Current 

Microbiology and Applied Sciences. 2020;9(9):676-680. 

52. Rezaei R, Wu Z, Hou Y, Bazer FW, Wu G. Amino acids 

and mammary gland development: nutritional 

implications for milk production and neonatal growth. 

Journal of Animal Science and Biotechnology. 

2016;7(1):20. 

53. Smith KL, Schanbacher FL. Hormone-induced lactation 

in the bovine. I. Lactational performance following 

injections of 17β-estradiol and progesterone. Journal of 

Dairy Science. 1973;56(6):738-743. 

54. Smith KL, Muir LA, Ferguson LC, Conrad HR. Selective 

transport of IgG1 into the mammary gland: role of 

estrogen and progesterone. Journal of Dairy Science. 

1971;54(12):1886-1894. 

55. Turner CW, Yamamoto H, Ruppert HL. The 

experimental induction of growth of the cow's udder and 

the initiation of milk secretion. Journal of Dairy Science. 

1956;39(12):1717-1729. 

56. Williams R, Turner CW. Effect of increased levels of 

ovarian hormones and duration of treatment on the 

experimental induction of growth of the cow's udder. 

Journal of Dairy Science. 1961;44(3):524-534. 

57. Young FG. Experimental stimulation (galactopoiesis) of 

lactation. British Medical Bulletin. 1947;5(2-3):155-160. 

58. Zanatta L, Rebesquini R, Zanella R, Alves LP, Bondan 

C. Induction of lactation in heifers: production, chemical, 

and cellular composition of milk. Livestock Science. 

2022;262:104950. 

59. Zhou X, Ullah A, Shi L, Dou M, Wang C, Khan MZ, et 

al. Molecular regulatory mechanisms of mammary gland 

development: a review. Animals. 2025;15(23):3480. 

 
How to Cite This Article 

Variya TG, Parmar KH. An update on artificial induction of lactation in 
domestic animals. International Journal of Veterinary Sciences and 
Animal Husbandry. 2026; SP-11(6): 44-51. 
 
 

Creative Commons (CC) License 

This is an open access journal, and articles are distributed under the 
terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International (CC BY-NC-SA 4.0) License, which 
allows others to remix, tweak, and build upon the work non-
commercially, as long as appropriate credit is given and the new 
creations are licensed under the identical terms. 

 

https://www.veterinarypaper.com/

