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Chapter 1. Physiology of meat 
pruduction 

Melinda Kovács 

Within Production Physiology the metabolic, biochemical and regulating processes in livestock that effect 

animal production is described, focusing on the most important aspects of animal physiology and biochemistry 

in terms of growth and carcass composition, lactation and egg production, and the function of the endocrine 

systems that effect animal production. Brief description of the anatomy and histology of the related organs is 

also given. 

Meat is an animal product that is used as food. Most often, this means the skeletal muscle and associated fat and 

other tissues, but it may also describe other edible tissues such as organs and offal. Muscle mass is determined 

mainly by the number and size of muscle fibres. Other essential components within the muscle are: fat cells, 

connective tissue, capillary network and nerve fibres, they are less important in the determination of muscle 

size. 

1. Growth and development of skeletal muscle 

The understanding of growth and development of skeletal muscle is one of the most important issues 

concerning meat production. 

1.1. Myogenesis 

During embryonic development myoblasts develop from mesodermal myogenic precursor cells. During 

myogenesis primary and secondary fibres are formed, while certain myoblasts do not form fibres, but stay 

close to the myofibres, they are the satellite cells. Satellite cells may serve as the source of new myonuclei 

during postnatal growth, and they participate also in regeneration processes. 

The number of muscle fibres is mainly determined by genetic factors, but environmental factors may have an 

influence on it in the prenatal period. Postnatal muscle growth is realized by increase in length and girth of the 

fibres, without any increase in the fibre number. 

Current researches suggest that higher quantity and quality of meat is related to greater number of muscle fibres 

of moderate size, which emphasizes the importance of prenatal myogenesis. Postnatal muscle fibre hypertrophy 

is inversely correlated with the total number of fibres within the muscle, which is presumably due to the even 

distribution of nutritional energy among fibres. Lean growth depends on the number of the prenatally formed 

fibres and the degree of their postnatal hypertrophy. Low muscle fibre number correlates with fibres that exhibit 

greater hypertrophy. However, strong hypertrophy reduces the capacity of adaptation to activity-induced 

demand, and this may result in poor meat quality in certain pig and poultry species. 

Factors influencing muscle fibre number and size are: species, gender, selection and breed, nutrition, physical 

activity; within the same individual: fibre type, location and function. 

1.2. Skeletal muscle anatomy and histology 

There are hundreds of individual skeletal muscles in the body, which can be observed by dissection and gross 

anatomical inspection. They are primary important in animal locomotion, but they also serve as amino acid 

sources and generate heat. 

Muscle is made up of differing number of muscle cells, called muscle fibres, surrounded by connective tissue 

(endomysium). The sheath surrounding bundles of muscle fibres is called perimysium, and the connective tissue 

around an entire muscle is the epimysium. According to the arrangement of the muscle fibres within the muscle, 

muscles can be strap, fusiform or penniform muscles. 

Muscle fibres range between 10 and 80 μm in diameter, they are formed during development by the fusion of 

more separate immature cells or myoblasts. The outer limiting membrane is the sarcolemma, which contains 
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the true cell membrane and an outer polysaccharide layer. The cell contains multiple mitochondria and nuclei, 

located closely below the cell membrane. 

Muscle fibres contain several hundred to thousand myofibrils, arranged in parallel along its length. The fibres 

are striated because of the alternating light and dark bands present on the myofibrils. The basic contractile units 

of the myofibrils are the sarcomeres, since their shortening leads to the shortening of the myofibrils during 

contraction. Z lines (or discs) form the end of each sarcomere. Running parallel to the long axis of the 

sarcomere, extending in both directions from the Z line are thin filaments, built up by the protein called actin. 

Closer to the centre of the sarcomere are the thick filaments, made of protein myosin. The darkest (most 

electron-dense) area of the sarcomere is given by the overlap of the thick and thin filaments. This central portion 

is the A band (anisotropic), polarizes visible light. In the centre of the A band there is the H zone, where no 

overlapping occurs, thus it is not so dark. M line runs in the centre of H zone, it contains enzymes, like creatine 

phosphokinase. The lighter (less electron-dense) area of the sarcomere is I band (isotropic), does not polarize 

light. In the region where overlapping occurs, each myosin (thick) filament is surrounded by six actin (thin) 

filaments. Myosin heads extend outward from the myosin filaments and bind to the myosin-binding part of 

actin during contraction. 

The sarcoplasmatic reticulum (SR) roughly corresponds to the endoplasmatic reticulum of other cells, but is 

more specialized. It functions as a Ca-store, where the concentration of free Ca-ions is small, because Ca is 

stored bounded to protein (calsequestrin). Associated with the SR, the cell membrane has inward extensions, the 

transverse tubules (T-tubules), serving as a communication link between the cell membrane and the myofibrils. 

When the plasma membrane is electrically excited the T-tubules passes the signals to the SR to release calcium 

ions to the cytosol, allowing the contraction process to begin. 

1.3. The molecular basis of muscle contraction 

According to the sliding filament theory of muscle contraction sarcomeres shorten because actin filaments 

slide over myosin filaments. 

Actin (thin filament) is a globular protein (G-actin), which polymerizes into a fibrous form (F-actin). Myosin 

(thick filament) is a large protein, having a light (LMM) and a heavy (HMM) meromyosin component. LMM 

makes up the major part of the tail, while HMM makes up the neck and the globular head. There are about 300-

500 myosin heads on each thick filament. 

A myosin head first binds to an ATP molecule forming a complex that will attach to an F-actin molecule. 

Hydrolysis of ATP (by the ATP-ase in myosin head) provides energy and results in the turning of the head 

about its hinge, and while binding to actin, pulls it towards the centre of the sarcomere. Binding new ATP 

molecule to myosin head makes possible the head to detach. 

In resting muscle tropomyosin lays in the groove of the actin filament, thus blocks the myosin-binding places. 

Troponin binds to tropomyosin, supporting position of the troponin-tropomyosin complex on the actin filament. 

When the action potential moves through the T-tubules and SR, Ca-ions are released to the cytosol, bind to 

troponin and because of the conformational change tropomyosin moves and the myosin binding sites of actin 

become free. 

1.4. Muscle metabolism 

Muscle cells convert biochemical energy into mechanical energy, while about 30-50 % of the energy is wasted 

in form of heat. The chemical energy is provided by ATP, which has to be continuously reproduced. The 

regeneration of ATP during muscle activity is done by creatine phosphate (CP) under anaerobic conditions. CP 

has to be also restored, it occurs at rest through oxidative processes. 

Glucose is a main source of chemical energy to produce ATP. Glycogen depots can make up 1 % of the whole 

muscle’s weight. 

In glycolysis glucose is converted to pyruvate, producing two molecules of ATP. Under aerobic conditions 

glycolysis continues in the citric acid cycle and the terminal oxidation, resulting in forming carbon dioxide and 

water. If muscle activity outstrips the ability of the mitochondria to produce ATP aerobically (oxygen debt), 

anaerobic metabolism of glucose begins and it results lactic acid accumulation in the muscle. Lactate and H-ion 

enter the blood, and lactate is transported to the liver, where it is resynthesized in glyconeogenesis to glucose 
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and glycogen (Cori cycle). During anaerobe glycolysis 3 mol ATP is produced from 1 mol glucose, compared to 

the 36 mol ATP produced under aerobic conditions. 

Fatty acids rather than glucose become the primary energy source for muscle contraction during prolonged 

exercise. Fatty acids are broken down in the mitochondria by beta-oxidation, resulting in formation of acetyl 

CoA, which enters the citric acid cycle and produces ATP. 

ATP is needed not only for the contraction and relaxation of the muscle, but about 25-30 % of ATP is used for 

pumping the calcium ions back into the SR. 

Fibre types 

Skeletal muscle fibre diversity was recognised as early as 1873, when Ranvier (French physician, 1835 – 1922) 

distinguished ‘white’ and ‘red’ muscle. In mammalian skeletal muscle two fibre types were classified first, in 

1962, type I as slow and type II as fast contracting fibres. According to another classification system α, β and αβ 

fibres were distinguished. 

The simplest classification of the fibre types is based on their contractile response and metabolic characteristics. 

Beta-red fibres (slow twitch oxidative) have low contraction speed, high myoglobin concentration, capillary 

density and number of mitochondria, but low glycogen content. They contract tonically and prefer oxidative 

metabolism. They are involved in the continuous contraction required in posture. Alpha-white (fast twitch 

glycolytic) fibres contract rapidly, they are involved mainly in phasic contraction. They rely more on the 

glycolytic pathway of energy production, i.e. have low number of mitochondria, myoglobin concentration and 

capillary density. The alpha-red fibres (fast twitch glycolytic) can be considered as intermediate, they are red, 

fast, have high myoglobin content, but are phasic, have intermediate capillary density and number of 

mitochondria, relying more on glycolytic metabolism. Fibre diameter of beta-red fibre is small, large in alpha-

white and intermediate in alpha-red fibres. Red fibres can utilise fatty acids more effectively and store more fat 

compared to white fibres. 

Different muscles have different proportions of the three types of fibre. Muscle fibre type composition and 

capillarity influence meat quality characteristics. Tenderness of the meat is positively related to the fibre 

diameter and sarcomere length. The higher glycogen content of white fibres is responsible for sweet flavour. 

The colour of the meat is determined by the myoglobin content and number of mitochondria. Water holding 

capacity (WHC) is related to pH and protein content. Lower pH results in protein denaturation and a lower 

WHC as a result. High glycogen content (alpha-white fibre) predisposes for PSE (pale soft and exsudative) 

meat. White fibred muscles are more likely to exhibit rapid post mortem glycolysis, produce more lactate and 

lower pH than muscles that have predominantly oxidative type of metabolism. 

2. Growth of adipose tissue 

In meat producing animals the deposition of excessive amounts of fat increases costs of production and 

decreases quality of the animal product. Adipose tissue is widely distributed in the body. In adult meat 

producing animals, the major deposits of fat are: subcutaneous, intermuscular, intramuscular, perirenal, omental, 

mesenteric and subpericardial. The distribution and quality of fat is important in determining carcass quality. 

2.1. Characteristics of adipose tissue 

Adipose tissue is a connective tissue of mesenchyme origin. White adipose tissue (WAT) comprises the major 

part of body fat and functions as a store of energy. Brown adipose tissue (BAT) occurs in new-born animals 

and in some species (e.g. lambs), and it is involved the local heat production, i.e. thermogenesis. Fatty acids 

mobilised from WAT are transported to the liver and peripheral tissues for oxidation, in BAT however 

mobilised fatty acids are oxidised in situ. 

During adipogenesis embryonic mesodermal cells form preadipocytes. Mature adipocytes containing 

considerable lipid may still proliferate. Non-differentiated stem cells may become preadipocytes, which are also 

proliferative-competent cells, and finally, mature cells may reinitiate proliferation and add new cells to the 

growing adipose tissue. Adipocyte differentiation is under the regulation of multiple hormones and growth 

factors (IGF-I, insulin, GH, glucocorticoids, thyroid hormones, TGF, EGF etc.). 
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Adipose tissue plays a central role in energy metabolism. When the animal is in energy deficit, triglyceride (TG) 

is hydrolysed to glycerol and fatty acid (FA), which are then utilised by many tissues. The adipose tissue is able 

to transfer fatty acids to TGs, due to its lipoprotein lipase activity and also to synthesize them in situ from 

glucose, acetate and/or other metabolites. Lipoprotein lipase (LL) plays a key role in the eventual storage of TG 

originating from the diet or the livers in the adipocytes. Liver secretes newly synthesized FAs as TGs in VLDL 

(very low density of lipoprotein), which has to be broken by LL for entry and storage in the adipose tissue.  

Insulin stimulates FA and TG synthesis by increasing glucose and TG transport through the adipocyte 

membrane (the latter by activation of LL) and the activity of the lipogenetic enzymes, while decreases lipolysis. 

Hormones inducing lipolysis (epinephrine, norepinephrine, glucagon) activate hormone-sensitive lipase 

acting by hydrolysing of TG to glycerol and FAs. Glucocorticoids and thyroid hormones have no direct lipolytic 

effect, but they facilitate the action of other lipolytic hormones. There are considerable variations in the effect of 

hormones among different species. 

BAT is involved in heat production, under the regulation of norepinephrine. Released FAs are oxidized, but the 

proton gradient generated by electron transport to oxygen is dissipated by thermogenin, decreasing the amount 

of ATP synthesis, resulting in greater heat production. 

2.2. Intramuscular fat content 

Intramuscular fat (IMF) corresponds to the amount of fat within muscles. Chemically it is the sum of 

phopholipids, triglycerides, and fat soluble lipoid, the cholesterol. In muscles of mammals and avian species 80 

% of the triglycerides are stored in intramuscular adipocytes, 5 to 20 % in myofibre cytoplasm as droplets, in 

close vicinity to mitochondria. 

Marbling fat appears as a specific adipose depot, with adipocytes embedded in a connective tissue matrix close 

to blood capillaries. There are differences in the structure and distribution of the marbling flacks among beef 

breeds. Marbling is less visible in pork, because of the lower fat content (low – 1 %, medium – 2-3 %, high – 

3.5 % IFM content). It is generally accepted that IMF positively influences meat quality: flavour, juiciness, 

tenderness and firmness. The minimum amount of IFM to achieve consumer satisfactory is about 3 to 4 % for 

beef, 5 % for sheep and above 2 % for pork meat. 

Expression of IMF level within muscle generally follows an S-shape curve: a period at the beginning of life, 

when IMF does not increase, then a period of linear development, and at last a plateau that represents the 

maximum capacity of the muscle. It is generally accepted that a high muscle mass is associated with a low fat 

mass and less IMF. Within a given muscle oxidative fibres contain more phospholipids and trigycerides, so 

higher IMF as a consequence. 

IMF content results from the balance between uptake, synthesis and mobilisation of fat in the muscle. IMF is 

characterised by specific metabolic features. For instance bovine intramuscular adipocytes have lower 

proliferative potential and lipogenetic enzyme activity compared to subcutaneous adipocytes. Lipolysis, fatty 

acid oxidation and basal energy metabolism are also lower. In cattle intramuscular adipocytes use glucose and 

lactate carbon, instead of acetyl units as typical for subcutaneous adipocytes. Therefore diets that promote 

glucose supply to the muscles might increase IMF deposition in ruminants. 

There is an urgent need to identify biological markers of IFM to predict the ability of farm animals to deposit 

IFM early in age in order to satisfy consumers’ expectations. 

3. Hormonal regulation of growth 

Growth is an increase in body weight and size, due to an increase in the number of cells (hyperplasia) or an 

increase in the size of cells (hypertrophy). It occurs from increased protein synthesis (N-retention) and fat 

deposition. Hormones are involved as regulating factors in many processes influencing growth and meat quality: 

feed intake, feed conversion, protein and fat metabolism, and also various meat quality traits (tenderness, 

flavour, etc.). 

Genetics plays and important role in the hormonal response of animals. In the last decades, genetic selection has 

aimed to increase muscle development with less fat content, especially in pig and poultry. This has resulted in 

certain metabolic problems, diseases and meat quality problems (cardiovascular problems, porcine stress 

syndrome, PSE meat quality, altered organoleptic quality etc.). 
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3.1. Growth hormone 

Growth hormone (GH) or somatotropin (ST) is the most important protein hormone affecting growth. It 

contains 191 amino acids, and there is a high degree of sequence homology between GHs from different 

livestock species. It releases from the anterior pituitary gland, regulated by hypothalamic hormones; stimulated 

by growth hormone releasing hormone (GH-RH, or somatoliberin), decreased by somatostatin (SS). Ghrelin is 

a peptide, produced by the E-cells of pancreatic islet, in the hypothalamus, stomach, kidney and placenta, that 

also stimulates GH release. It stimulates feed intake and weight gain, while inhibits leptin, being a competitive 

interaction between the two hormones. 

GH binds to receptors of the target cells, induces effects on carbohydrate, protein, lipid and mineral metabolism. 

Due to GH, there is and increased protein synthesis and accretion in the skeletal muscle, a decreased lipid 

synthesis and increased lipolysis in the adipose tissue, decreased amino acid and glucose oxidation, increased 

oxidation of free fatty acids in various tissues. 

The major growth stimulating effect of GH is mediated by insulin-like growth factor-I (IGF-I). It is 

synthesized in the liver, but local synthesis in muscle and adipose also occurs. IGF-I stimulates the proliferation 

of chondrocytes, so increase bone growth. It also stimulates the proliferation of satellite cells, which fuse with 

the myofibre and contribute to muscle fibre growth. Beside that GH increases amino acid uptake and protein 

synthesis of cells. 

GH was first isolated from the pituitary gland in 1945. Prior to the 1980s the application of GH was limited, but 

after developing the recombinant DNA technology, production of large quantities of pure and species specific 

GH became possible. There are lots of data concerning delivery and dose effects of exogenous GH and IGF-I in 

different species. GH is a natural protein, destroyed by cooking and digested in the gastrointestinal tract, so food 

safety concerns are relatively low. 

3.2. Thyroid hormones 

The thyroid gland contains folliculi of different sizes, filled with colloids. These pools (acini or folliculi) are 

lined by a single layer of follicular cells, thyreocytes. These cells secrete thyreoglobulin, which is excreted into 

the follicular cavity, where the synthesis of the iodine containing thyroid hormones (triiodothyronine, T3 and 

thyroxine, T4) within the colloid pool occurs. This process is under the control of TSH, secreted by the anterior 

pituitary gland, and TRH, hormone of the paraventricular area of the hypothalamus, stimulating TSH secretion. 

Receptors for T3 and T4 are located in the nucleus. Most T4 is converted to T3 but both have receptors in the 

target cells. The hormone-receptor complex binds to the DNA which results in changes in mRNA and protein 

synthesis. 

Thyroid hormones are also responsible for the genetically determined growth and development. They are 

essential for proper skeletal differentiation and growth, development of the central nervous system and the 

reproductive organs; deficiency results in growth retardation and cretinism in childhood, decreased wool/hair 

growth. 

The most important metabolic effect of the thyroid hormones is the increase of oxygen utilization, enhancing the 

basic metabolic rate and heat production (thermogenic effect). In the liver they increase lipogenesis, glucose 

transport and storage. By stimulating lipoprotein lipase, they induce lipid mobilisation from the adipose tissue, 

thus influence carcass composition. 

There is an interaction between GH and thyroid hormones, as the latter are required for GH secretion and action. 

Both hormones increase the production of muscle proteins and whole-body growth. 

3.3. Insulin 

Insulin is a polypeptide hormone, produced by the beta-cells of the Langerhans islets of the pancreas. Its 

primary role is to regulate (decrease) blood glucose level, by stimulating the glucose uptake by the cells and 

storage as glycogen or lipid. It also promotes amino acid uptake and protein synthesis of the cells. It stimulates 

lipid synthesis, while inhibits lipolysis. In the muscle insulin stimulates glucose and amino acid uptake, 

glycogen and protein synthesis. 
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Rapid growth and leanness in meat producing animals is related to enhanced sensitivity of muscles to insulin 

and enhanced glycolytic activity. The most relevant effects of insulin on adipose tissue are increase in glucose 

uptake, fatty acid and lipid synthesis. 

3.4. Anabolic steroids and analogues 

Anabolic steroids have been used in human and veterinary medicine for over 30 years. They have also been used 

by bodybuilders or therapeutically in horses. The term ‘anabolic’ refers to increased nitrogen retention. Steroids 

used and anabolic agents are testosterone, oestrogens, progesterone and steroid analogues. 

Small amounts of sexual steroids (oestrogen, progesterone and testosterone) are produced by the zona reticularis 

of the adrenal cortex. Testosterone produced by the Leydig cells of the testis is essential for the development 

and maintenance of spermatogenesis and other male characteristics. It has a myotropic effect, e.g. increases 

nitrogen retention and muscle mass as a consequence. This effect is also exemplified by the thickening of the 

muscle fibres, which is due to hypertrophy. Females tend to produce carcasses with less muscle mass and 

increased fat content. They can be treated with androgens to improve muscle growth and carcass fat. Anabolic 

steroids may influence meat quality as well, e.g. increase collagen content which results in decreased meat 

tenderness, may impair odour and flavour. They act directly by binding to the androgen receptors or indirectly 

by modulating the production of other hormones (thyroid hormone, growth hormone and insulin). Testosterone 

is the major hormone for androgen action in muscle, and increased number of receptors in muscles is found 

during muscle hypertrophy. Steroids bind to the receptors in the cytoplasm, the hormone-receptor complex 

enters the nucleus, stimulates the transcription of hormone-specific genes. This increases the synthesis of 

myofibril and sarcoplasmic proteins. On the other hand they increase the production of GH and IGF-I, reduce 

the synthesis of cortisol (known as a catabolic hormone) and increase the blood level of insulin. 

There are many possibilities for modification of the structure of testosterone, for meat producing animals the 

goal is to maximise anabolic effect, while reducing their androgenic effect. The most frequently used synthetic 

anabolic steroids (e.g. stilbenes) were banned, because their potential carcinogenic activity. There is a complete 

ban on the use of hormonal growth promoters in the EU. 

3.5. Leptins 

Leptin is a protein hormone produced by the white adipose tissue (mainly in the subcutaneous adipocytes), 

regulated by the obese (ob) gene. It is a long term regulator of energy reserves in the form of adipose tissue in 

the animal. The excess energy consumed is stored in the adipose tissue as fat. When the adipose tissue increases, 

leptin is produced, which activates the satiety centre in the hypothalamus, thus reduces feed intake. It inhibits 

the orexic effect of neuropeptide Y (NPY) and increases sympathetic nervous activity. Leptin is inactive in 

homozygous obese (ob/ob) mice and also in db/db mice and fa/fa rats, where a mutation causes inactive leptin 

receptors. Both cases result in severe obesity. 

Leptin has direct effect on several peripherial tissues as well. It reduces lipogenesis and increases lipolysis in the 

adipocytes, stimulates fatty acid oxidation and decreases lipid synthesis in the muscle, while glucose uptake and 

glycogen synthesis is stimulated in the muscle cells. 
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Chapter 2. Physiology of milk 
production - mammary gland and 
lactation 

Ferenc Husvéth 

The mammary gland, like sebaceous and sweat glands, is a cutaneous gland. Histologically, in the more 

advanced mammals it is a compound tubuloalveolar type that originates from the ectoderm. Although the 

mammary gland is basically similar in all animals, there are wide species variations in the appearance of the 

gland and in the relative amounts of the components secreted. 

1. Functional anatomy of the mammary gland 

The mammary glands of cattle, sheep, goats, horses, and camel are located in the inguinal region; those of 

primates and elephants, in the pectoral region; and those of pigs, rodents and carnivores, along the ventral 

structure of both the thorax and the abdomen. Normally, cattle have four functional teats and glands, whereas 

sheep and goats have two; each teat has one streak canal and drains a separate gland. The glands and teats of 

domestic animals are collectively known as udder. Pigs and horses usually have two streak canals per tea, with 

each canal serving a separate secretory area. A cow’s udder is composed of two halves, each of which has two 

teats and each teat drains a separate gland (quarter). The quarters are separated by connective tissue and each 

has separate milk collecting system. In addition to the four normal teats, there may be supernumerary teats 

associated with a small gland, with a normal gland, or with no secretory area. About 40 per cent of all cows 

have supernumerary teats. Supernumerary teats are also found in sheep, goats, pigs and horses. In these species, 

with the exception of the horse, rudimentary teats are usually found in the male. 

1.1. Supporting structure 

The two halves of the bovine udder are separated by the median suspensory ligament, which is formed by two 

lamellae of elastic connective tissue originated from the abdominal tunic. The posterior extremity of its ligament 

is attached to the prepubic tendon. The lateral suspensory ligaments are composed largely of fibrous, 

nonelastic strands given rise to numerous lamellae that penetrate the gland and become continuous with the 

interstitial tissue of the udder. The lateral suspensory ligaments are attached to the prepubic and subpubic 

tendons, which in turn are attached to the pelvic symphysis. The lateral and median suspensory ligaments are the 

primary structure supporting the bovine udder. 

1.2. Milk-collecting system 

The bovine teat has a small cistern terminating at its distal extremity in the streak canal, which is the opening to 

the exterior of the teat. Radiating downward from its internal opening into the streak canal is a structure known 

as Fürstenberg’s rosette, which is composed of about seven or eight loose folds of double layered epithelium 

and underlying connective tissue; each folds have a number of secondary folds. In cattle, the primary structure 

responsible for the retention of milk is a sphincter muscle surrounding the streak canal. Large ducts empty into a 

gland cistern located above each teat. These ducts branch profusely, ultimately ending in secretory units called 

alveoli or acini. 

Alveoli are generally recognised as the basic functional units of the lactating mammary gland. Milk is formed 

in the epithelial cells of the alveolus. The alveoli are grouped together in units known as lobules, which are 

surrounded by more extensive connective septa, and by contractile myoepithelial cells that are involved in the 

milk-ejection (or milkletdown) reflex. 

2. Mammary growth, differentiation, and lactation 

Milk secretion involves both intracellular synthesis of milk and subsequent passage of milk from the cytoplasm 

of the epithelial cells into the alveolar lumen. Milk removal includes passive withdrawal from the cisterns and 

active ejection from the alveolar lumen. The term lactation refers to the combined processes of milk secretion 
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and removal. Mammogenesis describes the development of the mammary gland. Lactogenesis refers to the 

initiation of milk secretion, and the term galactopoiesis is used in a general sense to refer to the maintenance of 

milk secretion and/or the enhancement of established lactation. 

The physiology of lactation is intimately intertwined with the physiology of reproductive processes. In the 

absence of successful lactation (or in the absence of human intervention) the neonate will not survive after birth, 

even with success of all the complex processes involved in oestrous cycles, conception, pregnancy, foetal 

development, and parturition. The result will be a failure of the reproductive process. 

2.1. Mammogenesis 

At peak development during gestation and early lactation, the mammary gland consists of ductular and secretory 

alveolar epithelial cells (parenchyma) embraced in a heterogeneous matrix of cells (stroma), which includes 

myoepithelial cells, adipocytes and fibroblasts. In addition, leukocytes, cells associated with the vascular 

system, and neurons are found in the mammary gland. 

Mammary growth is the major determinant of bovine milk yield capacity; the number of mammary alveolar 

cells directly influences milk yield. Estimates of the correlation coefficient (r) between milk yield and mammary 

alveolar epithelial cell numbers range between 0.50 and 0.85. Conversely, increased proportions of fibroblasts 

and adipocytes in the mammary gland are associated with reduced milk yield in cows. 

Growth of the mammary gland (mammogenesis) takes place during various reproductive epochs beginning in 

the prenatal period to early lactation. Mammary development during foetal and pre-pubertal stages is not 

necessarily under hormonal control. During puberty, pregnancy, and lactation, however, growth and 

development are largely under the influence of hormonal changes. Most structural development of the mammary 

gland takes place during pregnancy. Near the time of parturition, milk secretion is initiated (lactogenesis). Milk 

secretion is maintained (galactopoesis) until the young no longer need milk, or milk is no longer removed from 

the gland. The mammary gland then regresses as lactation progresses (involution). This cycle repeats itself with 

each pregnancy and lactation. 

The mammary apparatus from birth to puberty undergoes relatively little development. The mammary growth 

rate is consistent with body growth rate (isometric growth) until the onset of ovarian activity preceding 

puberty. Size increase is largely due to an increase in connective tissue and fat. Beginning just before the first 

oestrus cycle (puberty), bovine mammary begins to grow at a rate faster than whole body growth. This growth 

rate is referred to as allometric growth. This rapid mammary growth continues for several oestrous cycles and 

then returns to an isometric pattern until conception. Allometric growth begins again at conception and 

continues, in most species, after parturition for variable periods of time. 

During each recurring oestrous cycle, the mammary gland is stimulated by oestrogen from the ovary, and 

prolactin (PRL) and growth hormone (GH) from the adenohypophysis (anterior pituitary gland). The growth 

mainly involves lengthening and branching of the ducts. In species that experience long oestrous cycles with a 

functional luteal phase (cattle, goats, pigs, horses, and humans) progesterone is produced by the corpus luteum 

and is available to synergize with oestrogen, PRL, and GH to stimulate growth and differentiation of mammary 

ducts into a lobulo-alveolar system. 

2.2. Mammary development after conception 

Most mammary growth occurs during pregnancy. The rate of growth remains exponential throughout gestation. 

Depending on the species, between 48 and 94 % of total mammary growth occurs during gestation. In goats, 

allometric mammary growth continues throughout gestation. Similarly, in dairy cattle, growth of mammary 

parenchyma increases exponentially throughout gestation; the rate of increase is approximately 25 % per month. 

Most of the increase in total mammary cell numbers during pregnancy is associated with the proliferation of 

parenchyma, not stroma. 

After 3 to 4 months of gestation in cows, mammary ducts elongate further, and alveoli form and begin to replace 

stroma (adipocytes) in the supra-mammary fat pad. As mammary ducts elongate further and development 

reaches its peak, parenchymal tissues gradually replace stroma, resulting in an extensive development of the 

lobulo-alveolar system by the end of the six month in cows. 

Accelerated mammary growth during pregnancy is most likely due to increased and synchronous secretion of 

oestrogen and progesterone. Achievement of growth in response to oestrogen and progesterone requires 
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coincidental secretion of PRL and perhaps GH. Placental lactogen secretion increases during pregnancy and 

probably stimulates substantial mammary growth (synergistic with oestrogen and progesterone) in species in 

which the hormone enters the maternal circulation. 

2.3. Lactogenesis 

Lactogenesis (induction of milk synthesis) is a process of differentiation whereby the mammary gland alveolar 

cells acquire the ability to secrete milk; it is conveniently defined as a two-stage mechanism. The first stage of 

lactogenesis consists of partial enzymatic and cytological differentiation of the alveolar cells and coincides with 

limited milk secretion before parturition. The second stage begins with the copious secretion of all milk 

components shortly before parturition and extends throughout several days postpartum in most species. The 

onset of copious milk secretion at parturition to meet the nutritional requirements of relatively well-developed 

neonates is a feature of lactation in all placental mammals. 

2.4. Galactopoiesis 

Galactopoiesis (maintenance of lactation) requires of alveolar cell number, synthetic activity per cell, and 

efficacy of the milk-ejection reflex. After parturition, there is a marked increase in milk yield in cows, which 

reaches a maximum in 2 to 8 weeks and then gradually declines (lactation curve). During this decline, the rate of 

mammary cell loss presumably exceeds the rate of cell division. This loss of secretory cells lowers milk yield as 

lactation advances. In some species such as cattle and horses, conception may occur during lactation. 

Concurrent lactation and gestation have little effect on milk production and mammary cell numbers, but milk 

yield and mammary cell number decrease after fifth month of concurrent gestation compares with non-pregnant 

cows. 

3. Lactation performance 

Milk yield of for all species follows a lactation curve, increasing to peak yield and then gradually declining 

until the end of lactation. Lactation performance is a function of two interrelated factors: peak yield and 

lactation persistency. Maximum lactation performance is associated with a high initial rate of milk secretion 

and a high degree of persistence, defined as the change in milk yield as lactation advances. Milk secretion is 

influenced by many factors such as the nutritional and hormonal status of the animal, but ultimately it is the 

number of secretory cells that determine milk yield. 

After it reaches its peak, milk secretion declines, primarily owing to the loss of secretory cells in mammary 

tissues. Cell loss during lactation maybe associated with apoptosis. Although what triggers the onset of 

apoptotic cell death after the peak of lactation is not known, changes in endocrine secretions (e.g. lactogenic 

complex) may be a controlling factor. Manipulation of mammary function to prevent or reduce the loss of cells, 

thereby increasing the persistence of lactation, would be a major advance toward improving production 

efficiency. 

4. Milk ejection or let down 

Milking or nursing alone can empty only the cisterns and largest ducts of the udder. In fact, any negative 

pressure (vacuum) causes the ducts to collapse and prevents emptying of the alveoli and smaller ducts. Thus, the 

dam must take an active although unconscious part in milking to force milk from the alveoli into the cisterns. 

This is accomplished by active contraction of the myoepithelial cells surrounding the alveoli. This process is 

termed milk ejection, or milk let down. These myoepithelial cells contract when stimulated by oxytocin, a 

hormone released from the neurohypophysis of the pituitary as a result of a neuro-endocrine reflex. The afferent 

side of the reflex consists of sensory nerves from the mammary glands, particularly the nipples or teats. Afferent 

information reaches the hypothalamus, which regulates the release of oxytocin from the neurohypophysis. 

Suckling the teats by the young or mechanical stimuli of teats at milking are the usual stimulus for the milk 

ejection reflex, but whether milk is withdrawn from the teat or not, the milk ejection reflex produces a 

measurable increase in the pressure of milk within the cisterns of the udder. 

The milk ejection reflex can be conditioned to stimuli associated with milking routine, such as feeding, barn 

noises, and the sight of the calf. It can also be inhibited by emotionally disturbing stimuli, such as dog barking, 

outer loud and unusual noises, excess muscular activity, and pain. Stressful stimuli increase the activity of the 

sympathetic nervous system, which can inhibit the milk ejection reflex. This inhibition occurs both at the level 
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of the hypothalamus via inhibition of oxytocin release and the level of the mammary gland, where sympathetic 

stimulation can reduce blood flow and directly counteract the effect of oxytocin on myoepithelial cells. 

Oxytocin release typically occurs as a surge within a minute or two after initiation of the reflex by some tactile 

or environmental stimulus, and the plasma half-life of oxytocin is but a few minutes. Hence, milking or suckling 

should begin in close association with stimuli known to activate oxytocin release, such as washing the udder and 

stimulation of the teats. If failure to get an adequate stimulus for milk ejection, possibly because of inadequate 

preparation before milking, becomes habitual, the lactation period may be shortened by excessive retention of 

milk in the udder. 

Essentially all the milk obtained at any one milking is present in the mammary gland at the beginning of milking 

or nursing. However, milking does not usually remove all of the milk in the gland. Up to 25 percent of the milk 

in a gland usually remains after milking. Some of this residual milk can be removed after injections of oxytocin, 

but the routine use of such injections tends to shorten the lactation period. 

5. Hormonal regulation of milk production 

The initiation of lactogenesis is controlled mainly by prolactine (PRL), growth hormone (GH) and the placental 

mammogenic hormones (or placental lactogens, PL) in ruminants (see above). The metabolic hormones 

(corticosteroids, insulin, glucagon and thyroid hormones) have both direct effect on the mammary gland, and 

influence lactogenesis indirectly, by the amount of precursor metabolites required for milk synthesis. 

PRL, GH, lactogenic complex (T4, insulin, glucocorticoids) and oxytocin are the hormones associated with the 

maintenance of lactogenesis (galactopoiesis). The conditioned stimulus of milking or suckling increases the 

level of PRL and oxytocin. Besides its role in the milk ejection reflex (see above), oxytocin also influences 

lactogenesis and galactopoiesis. In ruminants GH assumes a more prominent galactopoietic role compared to 

PRL. Metabolic hormones (T4, cortisol, insulin) are responsible for ensuring appropriate nutrient and energy 

supply for the milk synthesis (e.g. increased basic metabolism, gluconeogenesis, protein synthesis). Insulin is 

important to stimulate glucose and amino acid uptake. 

The development of recombinant DNA technology made possible large scale production of bST (bovine 

somatotropin) for use in improving efficiency of milk production in dairy cattle. bST increases milk yield by 10 

% when administered in early or mid-lactation, and by 40 % in late lactation. The rate of increase depends on 

several factors: dose, nutrition, herd health, management, environment etc. bST does not bind to receptors of the 

mammary gland but acts by partitioning additional nutrients to the mammary gland during lactation. It slightly 

influences milk composition. It also stimulates IGF-I secretion, which increases proliferation and survival of 

mammary gland cells. 
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Chapter 3. Physiology of egg 
production – the avian reproductive 
tract and reproduction 

Melinda Kovács 

Birds are oviparous, the egg contains all the most important materials (nutrients, structure proteins etc.) needed 

for embryogenesis. The commercial importance of chicken (Gallus domesticus) has promoted genetic selection 

which has resulted in laying 250 to 270 eggs yearly, while to cease lying and incubation of eggs has been nearly 

eliminated. Commercial chicken begin to lay eggs at 18-20 weeks of age. Egg production increases to a 

maximum of about 90 % of hens producing an egg every day over about 2 months. 

In birds the female is the heterogametic sex (ZW), while male is homogametic (ZZ). In birds male is the ’default 

sex’. The major sex determining gene (ASW) that triggers the development of the ovary is present on the W 

chromosome. When ovary begins to develop, the embryonic ovary produces oestrogens inducing the 

development of the Müllerian duct, and regression of the Wolffian duct. In males the Müllerian duct is regressed 

by the anti-Müllerian hormone (MIS), produced by the testes, while oestrogen from the ovary inhibits the action 

of MIS. 

In birds the female is the heterogametic sex (ZW), while male is homogametic (ZZ). In birds male is the ’default 

sex’. The major sex determining gene (ASW) that triggers the development of the ovary is present on the W 

chromosome. When ovary begins to develop, the embryonic ovary produces oestrogens inducing the 

development of the Müllerian duct, and regression of the Wolffian duct. In males the Müllerian duct is regressed 

by the anti-Müllerian hormone (MIS), produced by the testes, while oestrogen from the ovary inhibits the 

action of MIS. 

Female chickens have only one functional ovary and oviduct. During embryonic development birds start out 

with two undifferentiated gonads and Müllerian ducts, but the left reproductive system matures, while the right 

regresses. 

Sexual maturation lasts till the normal reproductive ability develops, due to different morphological and 

physiological changes. The first oviposition is generally taken as the onset of sexual maturity. 

The understanding of development, anatomy and function of female birds is the most important issue 

concerning egg production. 

1. Anatomy of the ovary, oogenesis, ovulation 

The ovary of birds (like in mammals) performs two main functions: producing the females gametes, the oocytes 

(cytogenic function) and producing sexualsteroids, regulators of reproductive processes (endocrine function). It 

contains of medulla and cortex. The medulla is built up by connective tissue, contains smooth muscle, blood 

vessels and nerves, it is the most vascular part of the ovary. The cortex contains the pre-and postovulatory 

follicles, surrounds the medulla and the surface of it is covered by cuboidal epithelium. 

1.1. Follicles 

The ovary consists of several follicles in different stages of development, arranged in a hierarchy. Small 

follicles are classified according to size and colour: small, medium, large white and yellow follicles. The 

preovulatory follicles are identified according to size, F1 being the largest, followed by F2, F3 and F4, all 

suspended on a stalk. Postovulatory follicle (called also calyx) is the structure remaining after ovulation. 

The wall of the follicles consists of more layers. The vitelline membrane consists of a network of fibres with 

close connection to the oocyte’s membrane. The oocyte is surrounded by the zona pellucida and the corona 

radiata. Epithelial granulosa cells form a layer around the oocyte. The follicle has an outer capsule of 

connective tissue, which forms two layers: the compact cellular theca interna and the wider and looser, mainly 

fibre containing theca externa. 
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Smaller follicles are located in the cortex, but as the follicles grow (from F1 to F4), the stalk develops, and 

contains blood vessels to ensure nutrient supply for follicle development. The stigma is the thinnest and less 

vacularised part of the follicle wall, a pale band across the apex of the follicle, where the oocyte is liberated at 

ovulation. 

Follicular growth is under the regulation of the hypothalamic-pituitary system. Gonadotrophin-releasing 

hormone (GnRH, gonadoliberin) is produced by the hypothalamus, which induces the synthesis of follicle 

stimulating hormone (FSH) and luteinizing hormone (LH). They are responsible for the growth, maturation 

and endocrine function of the follicles and the maintenance of the follicular hierarchy. FSH is mainly 

responsible for starting follicle growth and maturation, and initiating steroid synthesis. As follicles grow, the 

number of their FSH receptors decrease, while the amount of LH binding receptors increase, resulting in a 

higher LH sensibility. Ovarian steroids and inhibin control pituitary FSH and LH secretion by feed back 

mechanism (see later). 

1.2. Oogenesis 

In embryonic life the germinal epithelium proliferates, produces the ovarian cortex and gives rise to the 

oogonia. Thereafter oogenesis proceeds in three phases: multiplication, growth and maturation. Multiplication 

consists of rapid mitotic cell division. In the phase of growth gametes increase in their weight from about 0.5 g 

to 19 g (in chicken) due to yolk deposition. In the first ‘slow’ phase mainly neutral fats are deposited, after 

months the deposition of proteins begins (white yolk). In the final period the main mass of the yolk (yellow 

yolk) is added. In this period white and yellow yolk is deposited in the oocyte in concentric layers. At the end of 

the growth phase after a final mitotic cell division primary oocytes are formed. Maturation of the oocytes 

begins in the follicles and is completed in the oviduct at fertilization. It consists of the meiotic cell division. The 

first reduction division results in haploid secondary oocytes and the polar bodies. The second division starts in 

the follicle before ovulation, it stops in the first prophase and ends in the oviduct during sperm penetration, i.e. 

fertilization. 

The oocyte is a large, yolk filled cell, surrounded by the vitelline membrane. On the surface of the yolk is the 

germinal disc (where fertilization takes place), a small disc of cytoplasm containing the DNA nucleus of the 

oocyte. 

The size and colour of the follicles is given by the amount and type of egg yolk, accumulating in the oocyte. It is 

synthesized in the liver under the influence of oestrogen. It makes up about 36 % of the weight of the whole 

fresh hen egg. It contains about 50 % water, 33 % lipid, 16 % protein, 1 % other components (charbohydrates, 

carotinoids, minerals and vitamins). Lipids are made up of 62 % triglycerides, 33 % phospholipids and less than 

5 % cholesterol. Based on dry matter content, the five main components of the yolk are: 68 % LDL (low density 

lipoprotein), 16 % HDL, 10 % globular protein (livertin), 4 % phosphoprotein (phosvidin) and 2 % minor 

proteins. Fatty acid composition is given by 30-35 % saturated fatty acids, 40-45 % monounsaturated fatty 

acids (MUFA) and 20-25 % polyunsaturated fatty acids (PUFA). Dietary fatty acids particularly modify the 

ratio of PUFA and MUFA. Cholesterol represents about 5 % of total lipid, 85-90 % in free form, in the 

structure of LDL. Carotenoids are the pigments of the egg, they are economically also important because 

colour may represent a quality criterion. The main components are carotene and xanthophylls (lutein, 

zeaxanthin). 

Consequently egg yolk is an important source of lipids, particularly omega-3- fatty acids have important for 

nutrition and health. After synthesis in the liver, lipoproteins are transported in the blood to the ovary, where 

they are incorporated into the growing follicles by a receptor mediated transport. 

IgY antibodies are the predominant serum immunoglobulin in birds and are transferred in the female from 

serum to egg yolk to confer passive immunity to embryos and neonates. They are functionally equivalent to 

mammalian IgG. In chickens, maternal IgY is catabolised by offspring over the first 14 days post-hatching and, 

by about 5 days post-hatching, offspring begin to synthesize their own IgY. 

There are several attractive advantages of using chickens as the immunization host and their eggs as the sources 

for non invasive antibody isolation for diagnostic or therapeutic applications. 

1.3. Endocrine function of the ovary 

The steroidogenic cells in the avian follicles are granulosa and theca cells. Theca interna produces primarily 

androgens, while oestrogens derive mainly from theca externa. Progesterone is produced in the granulosa 
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cells of the large follicles. LH (anterior pituitary) stimulates both theca and granulosa cells, but LH receptor 

number of granulosa cells increase during follicle growth. FSH (anterior pituitary) receptors are abundant on the 

granulosa cells of small, prehierarchical follicles. Both LH and FSH are under the regulation of the 

hypothalamic GnRH. In the chicken preovulatory surge of progesterone from the largest follicles induce the LH 

surge, which causes ovulation. 

Inhibin is produced by the granulosa cells, and acts as negative feedback with FSH. 

The postovulatory follicle (calyx) remains after ovulation, produces progesterone and prostaglandins, and has 

a role in timing oviposition. 

1.4. Ovulation 

Ovulation is the rupture of follicular wall at the stigma caused by enzymatic proteolysis. The LH surge 

stimulates follicular cells to produce prostaglandins, and these hormones induce the release of proteolytic 

enzymes. This leads to the weakening of the follicular wall, it ruptures, and the oocyte releases. 

2. Anatomy and egg formation of the oviduct 

The avian oviduct is a conduit from the ovaria to the cloaca, with individual regions specialized for particular 

functions. Parts of the oviduct are: infundibulum, magnum, isthmus, shell gland and vagina. 

2.1. Infundibulum 

The fimbriated end of the infundibulum engulfs the ovum at time of ovulation; it is the place where fertilization 

occurs. The egg spends approx. 15 to 30 minutes here. The infundibulum is active at ovulation, when the 

fimbriae extend as a result of hyperaemia and smooth muscle contraction. The spiral folds of the mucosa, 

extending throughout the oviduct, are long and form several secondary and tertiary folds. Near the magnum 

tubular glands appear. The folds are covered by ciliated epithelium and secretory cells. 

There are some sperm storage glands (sperm nests) in the infundibulum, lined with simple columnar 

epithelium. They store sperm for long periods of time (10 to 14 days in chickens, 40 to 50 days in turkeys). 

After an egg is laid, some of these sperm may move out of the tubules into the lumen of the tract, and then 

migrate farther up to fertilize another egg. 

2.2. Magnum and egg albumen production 

Egg albumen is produced in the longest part (30-35 cm) of the oviduct, the magnum, and deposits here over the 

course of 2 to 3 hours. 

The mucosa of the magnum produces primary folds, without any secondary or tertiary ones. Due to the high 

amount of proprial glands these folds are voluminous and narrow the lumen. The mucosal structure of the 

terminal magnum becomes more like the isthmus (see later). The epithelium lining of the mucosa contains also 

ciliated and secretory cells. 

Egg white (albumen) provides mechanical protection, protein, water and electrolyte source for the embryo and 

ensures the optimal position of the discus germinativus. They are secreted by the uterinal tissue, except those 

which are transferred from blood (e.g. transferrin). It contains of several proteins. Ovalbumin is a glycoprotein, 

and it comprises about 54 % of the total protein content. Albumen contains 15 % ovotransferrin, the iron-

binding protein, which can act as an antibacterial agent. Ovomucoid forms about 11 % of the total protein, and it 

is a heterogenous glycoprotein fraction acting as protease (trypsin and chymotrypsin) inhibitor. Albumen also 

contains lysozyme, ovomucin, ovoinhibitor, avidin (anti-biotin) and other minor proteins. 

Slightly more than 50 % of the albumen water is deposited in the egg during albumen formation. The other half 

of water content is added in the uterus by the ‘plumping’ before egg shell formation. 

Egg white forms three concentric layers around the ovum during the passage through the isthmus: the outer and 

inner thin and middle thick layer. The chalazae are two twisted chords of albumen extending into the ends of 

the egg along the longitudinal axis, and are parts of a very thin envelope of special albumen that surrounds the 
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yolk and holds it in its position. The yolk has to remain centrally located for the survival of the embryo. The 

yolk turning or rotating as it passes along the oviduct causes the twisted effect of the chalazae. 

Oestrogens affect protein synthesis in several ways: they activate enzymes of the synthesis, stimulate nucleic 

acid synthesis etc. by modifying mRNA synthesis after binding to the oestrogen- binding receptors. 

Beside neuro-humoral regulation, mechanical stimulation (caused by the passing egg) plays key role in the 

secretion of the albumen. 

2.3. Isthmus and shell membrane production 

The shell membrane is formed in the isthmus. The mucosa of the isthmus contains less proprial glands, folds 

become narrower and form secondary and tertiary folds, like in the infundibulum. The epithel layer shows no 

significant difference compared to the other parts of the oviduct. 

The inner layer of the membrane encloses the yolk and albumen, the outer layer is anchored to the calcified 

layer. The two layers are separated at the blunt end of the egg and enclose an air space. These membranes retain 

albumen and prevent penetration of bacteria. Shell membranes are also essential for the formation of eggshell. 

The organic matter of eggshell and shell membranes contains proteins as major constituents with small amounts 

of carbohydrates and lipids. 

The egg stays 1 hour in the isthmus and then moves to the uterus. 

2.4. Uterus and egg shell production 

Poor shell quality occurs due to environmental factors, results in cracked shells, and decreased egg production. 

Egg shell is important for the successful development of the embryo, protects it, and provides calcium for 

skeletal development. 

The egg shell is formed in the shell gland (uterus). This is an expanded part of the oviduct, where the egg is 

retained during shell formation, which lasts approx. 20 hours. Mucosal folds are longer, narrower and more 

complex, proprial glad tissue is less expressed. Egg shell pigments are produced here by the uterine epithelium 

and distributed in the shell and cuticule in hens. 

In the uterus first the total mass of albumen is increased by addition of water during ‘plumping’. This lasts 

about 6 to 8 hours and results in the distinction of the albumen layers. 

Cristal growth is initiated by deposition of calcium carbonate on the organic aggregates (mammillary cores) 

present on the outer layer of the shell membrane. Proteins of the shell matrix are: ovocleidin, osteopontin, serum 

albumin, lysozyme, ovotransferrin etc. The matrix contains also proteoglycans. These macromolecules 

influence the organisation and growth of the crystal and affect the mechanical strength of the shell. 

The shell contains 3.5 % organic matrix and 95 % minerals (98 % as calcium carbonate). The palisade layer 

consists of an array of crystals. Between them small pores ensure permeability of egg shell. 

There is an organic cuticle on the outer surface of the egg shell; it may contain pigments. 

An average egg shell contains 2.3 g of calcium, which shows an extremely high turn over of calcium. It rises 

from the blood plasma, where Ca is mainly transported within organic complexes, VLDL and vitellogenin. 

Blood calcium originates from the diet, and additional calcium is mobilized from storage in bone. Ca storage in 

bone develops under the regulatory effect of oestrogens. In medullary bones calcium phosphate is in a labile, 

easily mobilisable form. 1,25-hydroxy-cholecalciferol, converted from vitamin D3, stimulates mainly Ca 

absorption from the small intestine, while parathyroid hormone (PTH) stimulates osteoclast cells, thus increases 

calcium mobilisation from the bone. 

Bicarbonate is produced by the action of carbonic anhydrase in the uterine cells. It is accompanied by the 

removal of protons and excretion them via blood. Thus shell formation results in metabolic acidosis, which is 

compensated by hyperventilation and formation of acid urine. 

2.5. Vagina and oviposition 
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Oviposition is the process when the ready egg is transported from the uterus through the vagina to the 

environment. 

The vagina is relatively short, S-shaped channel, opening into the urodeal flap of the cloaca. The mucosa forms 

longitudinal ridges or folds carrying narrow secondary folds. The lining epithelium contains pseudostratified 

columnar, cilated and mucus-secreting cells. Sperm storage glands are also present in the utero-vaginal 

junction. 

Female birds turn part of the cloaca and the last segment of the oviduct inside out (‘like a glove’), so the egg 

emerges far outside at the end of the bulge. As a result, the egg does not contact the walls of the cloaca and get 

contaminated by faeces. 

The oviposition occurs approx. 24 to 26 hours after ovulation. Hormones responsible for laying the egg are: 

prostaglandins from the pre- and postovulatory follicles and arginine vasotocin originating from the posterior 

pituitary. 

3. Ovulatory cycle 

In domestic birds a distinct pattern of ovulation time, and hence time of oviposition, occurs (ovulatory cycle). 

In chicken ovulation occurs at approx. 26 hour intervals. The first egg of the sequence is usually laid early 

morning of a conventional photoperiod (14 h light/ 10 h dark) with sequential eggs being laid at a progressively 

later time on succeeding days. When the final egg of the sequence is laid (usually late afternoon), no ovulation 

and no oviposition occurs the next day (skip day). The number of eggs produced in a sequence depends on the 

strain, phase of the laying cycle and age of the hen. 

Ovulation is caused by the preovulatory surge of progesterone, which induces the LH surge. In chickens the 

open period for LH release occurs during dark. Progesterone and LH surge occur at about 4 to 6 hours before 

ovulation. Maintenance of continuous (daily) ovulation assumes stable synch between these two hormone levels 

and surges. Because of the slide in time of the succession ovulations, progesterone and LH surges get in 

asynchrony and it results in lack of ovulation (skip day). Thereafter the sequence recommences. 

4. Photoperiod, photostimulation 

The most important environmental cue in avian reproduction is the photoperiod. Light is perceived by 

photoreceptors located in the hypothalamus. Light must pass through the avian skull. Some neurons in these 

areas contain opsin like materials, light perception results in the release of GnRH, with subsequent release of 

gonadotropins and stimulating the gonads. For stimulatory effect on the reproduction light must occur during 

the photosensitive phase, which is set by dawn and usually lasts 12 hours. 

The response to the lighting schedule is influenced by the previously experienced photoperiod of the bird. If the 

bird perceives that day length is increasing, it is stimulatory. Prolonged exposure to a long day length leads to 

photorefractoriness. 

In the absence of the thyroid gland birds do not develop photorefractoriness. 

5. The egg 

The egg provides protection and a complete diet for the developing embryo, and serves as the principal source 

of food for the first few days of the chick's life. The egg is also one of the most nutritious and versatile of human 

foods. An average-sized egg weighs approximately 57 grams. The shell constitutes 11 %, the white 58 % and 

the yolk 31 %. Eggs are especially valuable as a source of proteins, and it is used as the standard against which 

the quality of other food proteins is measured. One egg contains about 6 to 7 g of protein. 

The fat in the yolk is so finely emulsified that it is digested easily, even by infants. The ratio of unsaturated to 

saturated fats is about 2 to 1, which is considered to be very desirable. Oleic acid is the main unsaturated fat. 

Eggs contain vitamin A, the B vitamins (thiamin, riboflavin, and niacin), and vitamin D. Eggs also contain an 

abundant supply of minerals, such as iron and phosphorus, but they are low in calcium (except the shell), and 

contain no vitamin C. 
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When an egg is laid, it fills the shell. As it cools, the inner portion of the egg contracts and forms an air cell 

between the two shell membranes. A high quality egg has a tiny air cell, indicating the egg was collected soon 

after being layed and was stored properly. The air cell is usually located in the large end of the egg where the 

shell is most porous. 


