In this lecture, we will discuss the physiology of lactation and milk composition.
To start off, let’s first take a look at the anatomy of the breast and how it is involved in lactation.  This cut away view of the breast shows the mammary glands and ducts.

The breast consists of milk-producing cells called secretory cells and a duct system embedded in fat and connective tissue.  The areola is the circular, pigmented area on the breast.  The surface has sebaceous glands that secrete a fatty substance during lactation.  The nipple contains 15 to 20 lactiferous ducts, which expand to become lactiferous sinuses.

The ducts are arranged like branches of a tree, with each smaller duct extending backward toward the chest wall.  The ducts end at the milk-producing glands, grapelike structures or lobules that contain the alveoli.  Alveoli are the functional units of the mammary gland.  The actual milk-producing cells are called lactocytes.
The average weight of each mature breast is 200 g.  For many women, the left breast is slightly larger than the right.  Although the cause of this assymetry is not fully known, the theory is that it may be due to hormonal imbalances experienced during puberty.  The weight of each breast increases to 400 to 600 g during pregnancy, then to 600 to 800 g during lactation.  The size of a woman’s breast does not determine the amount of milk she produces.  Much of the variation in breast size is due to the amount of fat in the breast rather than the amount of milk production tissue or milk-producing secretory cells.  However, the size of the breast does limit storage because of limitations in the expansion of the ducts.  This means that women with small breasts can produce the same amount of milk as women with large breasts, but a woman with large breasts may be able to feed her infant less frequently to deliver the same volume of milk compared with a woman with smaller breasts.
Lactation failure is rarely due to anatomical problems.  However, lactation may occasionally fail due to insufficient mammary tissue caused by amenorrhea or very late onset of menses.  Surgery on the breasts for removal of cysts or tumors, or for breast reduction or reconstruction may cause unsuccessful lactation as well.
During pregnancy, hormones cause a woman’s breasts to undergo many changes and help prepare for lactation.
The network of ducts increases as the milk-producing cells proliferate at a spectacular rate.  In the third trimester of pregnancy, the ducts and cells dilate.
Adipose tissue also decreases and doesn’t ever come back.  This is why women end reproduction with smaller, saggier breasts.
Now we will discuss the physiology of lactation.  During the first 2 to 3 days postpartum, a small amount of colostrum is secreted.  We will look at the composition of colostrum in a moment.
By day 4, milk production increases rapidly to provide adequate amounts to meet the baby’s needs.  By the end of the first week, lactation is usually well established, but this process may take longer for first-time mothers.
Milk production, or lactogenesis, is controlled by hormones in the woman’s body.  Prolactin is the main hormone that stimulates milk production.  It is released from the mother’s pituitary gland and is triggered by suckling from the infant.

The milk ejection reflex (MER), also called the “letdown” reflex, stimulates milk release from the breast.  When the hormone, oxytocin, is released from the pituitary gland, the milk ejection reflex is signaled.  This causes muscle-like cells around the alveoli and ducts to contract and push the milk forward toward the nipple.  The release of oxytocin is triggered by infant suckling.
Oxytocin can also be triggered by psychological influences, such as thinking about the baby, hearing a baby cry, or sexual arousal.  Meanwhile, it is inhibited by feelings of stress or embarrassment.  Signs of a successful “letdown,” or milk ejection reflex include dripping, slightly painful uterine contractions, and a tingling sensation in the breasts.
To continue milk production and flow, the mother should feed frequently and on demand from the baby.  Milk production will continue as long as suckling stimulation is maintained.  This is how since ancient times, “wet nurses” have continued to work into old age.  With continuous stimulation from infants, these “wet nurses” are able to keep producing milk.
Here is an image from a controversial Time magazine cover showing a mother breastfeeding her school-age son.  As long as both the mother and child are comfortable with it, breastfeeding and milk production can be continued.
There have been reports of induced lactation in mothers who have not experienced pregnancy.  There are case reports in the professional literature about virgin girls and nulligravidas who have responded to vigorous suckling by infants with mammary growth and lactation.  There are even anecdotes of males lactating with lots of breast stimulation.  Adoptive mothers have also breastfed with the help of lots of nipple stimulation, pumping, and hormones.
Now we will look at the composition of human breast milk.
The first milk is called colostrum.  It is thick and yellowish and transparent.  It may be secreted during the prenatal period and during the first few days postpartum.  Each feeding of colostrum is usually about 2 to 10 mL (or 2 teaspoons) in volume.  Colostrum contains less sugar and fat and more protein and electrolytes than mature milk.
Colostrum contains many antibodies that are beneficial to the baby.  For example, the risk of GI infections may be reduced with the promotion of good bacterial growth in the intestine.  Colostrum changes to mature milk between the 3rd and 6th day postpartum.  By the 10th day, mature milk is being produced by most mothers.
Human milk contains less protein than milk of other mammals because humans grow slower.  In comparison, cow’s milk has 4 to 5 times more protein than human milk.
Human milk is composed of 60% whey protein and 40% casein.  In comparison, cow’s milk is 80% casein.  Casein helps give milk its white appearance and forms big, hard curds.  Since human milk has less casein content, soft, easily digested curds are formed.
Lipids are the second largest component of breast milk by concentration.  Hind-milk has 3 times more fat than fore-milk.  Fore-milk is the thinner milk the baby gets first, while hind-milk is the creamier milk that follows during each breastfeeding session.  In this picture, you can see the difference in consistency.
Cholesterol content is much higher in breast milk than in cow’s milk or formula.  It is needed for the baby’s brain development.  The amount of cholesterol in breast milk is not affected by the mother’s cholesterol intake.  Early consumption of cholesterol through breast milk appears to be related to lower cholesterol levels later in life.
The omega-3 fatty acids, DHA and EPA, are also found in breast milk.  These are important for the baby’s brain development.  The fatty acid content of milk does reflect the type of fat in the mother’s diet.  Therefore, supplementing the mother’s diet with DHA will increase DHA in her milk.

Lactose is the dominant carbohydrate in human milk.  Its amount is not influenced by the mother’s diet.  Lactose helps stimulate the growth of good bacteria in the baby’s intestine and inhibits the growth of bad bacteria.
The mineral content of human breast milk compared to cow’s milk varies widely.  Breast milk has a lot less calcium and phosphorus than cow’s milk, and this is again related to the slower growth rate of humans.  Mineral content is not affected by the mother’s diet.
The absorption rate of iron in human milk is 50%, while in cow’s milk, it is 10%.  Meanwhile, only 4% of iron in fortified formula is absorbed.  This decreased efficiency in absorption is why a lot more iron is put into formula.  No iron supplement is needed for breastfed infants if iron-rich foods are given by 6 months of age.

Fluoride supplements are not needed by a breastfed infant for the first 6 months of life. After that, it depends on the fluoridation of the local water supply and whether the baby consumes much tap water.
Vitamins found in human breast milk are a reflection of the mother’s status, particularly for water-soluble vitamins.

There is not much vitamin D in human milk.  Vitamin D can be increased by exposing the mother to UV light or providing oral supplements to the mother.  400 IU/day are recommended for breastfed infants starting in the first 1 to 2 months of life.  Sun exposure is no longer recommended by the American Academy of Pediatrics for infants to achieve optimum vitamin D status.

Since there is not much vitamin K in human milk, all newborns are given a one-time injection within hours after birth to prevent hemorrhagic disease.
Finally, low levels of vitamin B12 have been reported in mothers who are vegans, have pernicious anemia, or who have had gastric bypass surgery.

