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STAGES OF LACTATION
Colostrum: produced in low quantities in 

the first few days postpartum

Transitional milk: occurs from 5 days to 

two weeks postpartum, after which milk is 

considered largely mature. 

Mature milk: By four to six weeks 

postpartum, human milk is considered fully 

mature.



Macronutrients--Protein

Source: https://www.nestlenutrition-institute.org/



Milk proteins are classified into three groups 

milk fat globule membrane (MFGM) proteins, 

caseins 

whey proteins. 

Macronutrients--Protein



Macronutrients--Protein

Lönnerdal et al. J Nutr Biochem. 2017 Mar;41:1-11



Macronutrients--Protein

Figure 3. Boxplots displaying the longitudinal evolution of (A) total amino acid and (B) essential 

amino acid content in human milk (mg per 100 mL). 



Macronutrients--Protein

Layman et al. Nutr Rev. 2018 Jun 1;76(6):444-460.



Macronutrients--Protein

Lönnerdal et al. J Nutr Biochem. 2017 Mar;41:1-11



Macronutrients--Protein

Source: https://www.nestlenutrition-institute.org/



Macronutrients--Protein

Soiurce: Haschke et al. Ann Nutr Metab. 2016, 69(suppl 2):17–26.



Macronutrients--Fat
Human milk fat provides almost 50% of the 

energy intake of young infants, corresponding to 

intakes around 25 g/day for the age up to 6 

months

Milk can be characterized as an emulsion of milk 

fat globules in an aqueous liquid.

Surrounding the TAG core is the milk fat globule 

membrane (MFGM), which is derived from the 

mammary gland epithelium



Macronutrients--Fat

Figure 1 Flowchart of study selection Source: Zheqing Zhang et al, unpublished



Macronutrients--Fat

Figure 2 Cases distribution in worldwide and China

Source: Zheqing Zhang et al, unpublished



Variables Worldwide China

n k Mean 95%CI n k Mean 95%CI

Total lipid (g/100ml) 16 4129 3.13 2.87, 3.40 2 132 3.59 3.16, 4.03

Total fat (g/100ml) 35 18507 3.26 3.12, 3.41 9 2690 3.21 2.93, 3.49

Cholesterol (mg/100ml) 8 344 20.40 17.06, 23.75 - - - -

Phospholipid (mg/100ml) 10 14256 38.65 35.83, 41.47 2 787 30.12 26.26, 33.98

Table 1 Concentration of total and subtypes of lipids in human milk.

Macronutrients--Fat

n: number of individual studies; k: sample size

Source: Zheqing Zhang et al, unpublished



Variables
Worldwide China

n k Mean 95%CI n k Mean 95%CI

SFA 80 12080 40.62 38.41, 42.83 25 7453 36.80 35.92, 37.69

MUFA 76 11276 36.65 35.54, 37.76 24 7352 34.84 32.94, 36.74

PUFA 48 7403 22.36 20.71, 24.01 19 5081 28.15 25.94, 30.35

Table 2 Fatty acids composition in human milk (% of total fatty acids).

Macronutrients--Fat

n: number of individual studies; k: sample size

Source: Zheqing Zhang et al, unpublished



Variables

Worldwide China

n k Mean 95%CI n k Mean 95%CI

SFA 80 12080 40.62 38.41, 42.83 25 7352 36.80 35.92, 37.69

C10:0 78 11081 1.12 0.99, 1.25 27 6405 1.05 0.89, 1.21

C12:0 94 13286 4.92 4.59, 5.25 30 8045 3.92 3.58, 4.26

C14:0 101 13995 6.10 5.61, 6.59 30 8047 4.48 4.14, 4.82

C16:0 108 14070 21.81 20.10, 23.52 30 7778 20.41 19.77, 21.04

C18:0 107 14441 6.93 6.42, 7.43 30 7778 5.64 5.45, 5.84

n: number of individual studies; k: sample size

Table 15 Saturated fatty acids composition in human milk (% of total fatty acids)

Macronutrients--Fat

Source: Zheqing Zhang et al, unpublished



Variables

Worldwide China

n k Mean 95%CI n k Mean 95%CI

MUFA 76 12080 36.65 35.54, 37.76 25 7453 34.84 32.94, 36.74

C16:1 n-7 37 7611 2.11 1.87, 2.34 17 5629 2.15 1.99, 2.32

C18:1 n-9 60 7735 32.36 29.67, 35.05 21 4420 30.10 25.55, 34.66

C22:1 n-9 34 7382 0.17 0.15, 0.19 15 5386 0.20 0.17, 0.23

Table 16 Monounsaturated fatty acids composition in human milk(% of total fatty acids)

Macronutrients--Fat

n: number of individual studies; k: sample size

Source: Zheqing Zhang et al, unpublished



Variables Worldwide China

n k Mean 95%CI n k Mean 95%CI

PUFA 48 7403 22.36 20.71, 24.01 19 5081 28.15 25.94, 30.35

n-6 PUFA 67 9727 18.44 16.48, 20.40 20 5452 23.99 18.92, 29.05

C18:2 n-6 108 13463 15.91 14.79, 17.02 30 6653 21.58 20.09, 23.07

C20:4 n-6 111 15039 0.62 0.60, 0.64 28 7531 0.68 0.64, 0.73

n-3 PUFA 68 11306 1.88 1.73, 2.03 19 6754 2.14 1.79, 2.5

C18:3 n-3 111 14605 1.09 1.02, 1.15 29 7606 1.54 1.41, 1.68

C20:5 n-3 84 7298 0.14 0.12, 0.16 20 3842 0.22 0.14, 0.29

C22:6 n-3 107 15010 0.45 0.43, 0.48 25 7553 0.53 0.49, 0.58

Macronutrients--Fat

Table 17 Polyunsaturated fatty acids composition in human milk(% of total fatty acids).

n: number of individual studies; k: sample size

Source: Zheqing Zhang et al, unpublished



Macronutrients--Fat



Macronutrients--Fat

oleic acid (C18-1 n-9)

palmitic acid(C16:0, 51.01%)

oleic acid (C18-1 n-9)

“O-P-O” structure allows babies to absorb more palmitic acid and calcium
Source: Zheqing Zhang et al, unpublished



Worldwide China

Variables n k Mean 95%CI n k Mean 95%CI

OPO 9 751 17.44 14.18, 20.70 5 616 13.45 10.33, 16.57

OPL 8 573 16.45 13.02, 19.88 4 438 16.46 11.31, 21.60

LaPO 2 354 8.91 6.91, 10.92 1 309 7.57 7.05, 8.08

OLL 4 879 5.13 3.56, 6.70 3 839 5.57 3.98, 7.16

PPO 5 931 5.82 4.91, 6.73 3 839 5.46 4.38, 6.55

n: number of individual studies; k: sample size; OPO: 1,3-olein-2-palmitin; OPL: 1(3)-olein-

2-palmitin- 3(1)-linolein; LaPO: 1-laurin-2-palmitin-3- olein; OLL: 1-olein-2,3-linolein ; PPO:

1,2-dipalmitoyl-3-Oleoylglycerol.

Table 11 Structured lipids in human milk (% of TAG).

Macronutrients--Fat

Source: Zheqing Zhang et al, unpublished



Variables
Worldwide China

n k Mean (95%CI) n k Mean (95%CI)

Colostrum 14 1094 2.47(2.16, 2.79) 6 525 2.27(1.56, 2.98)

Transition 13 1220 3.44(3.26, 3.62) 6 721 3.53(3.19, 3.88)

Mature 31 15979 3.50(3.34, 3.65) 8 1324 3.60(3.35, 3.85)

P <0.01 <0.01

Table 13 Total fat concentration in human milk at different lactation stages (g/100ml)

n: number of individual studies; k: sample size

Macronutrients--Fat

Source: Zheqing Zhang et al, unpublished



The principal sugar of human milk is the 

disaccharide lactose

Human milk oligosaccharides (HMOs) are 

the third most abundant component of breast 

milk, after lactose and lipids.

Macronutrients--sugar



Macronutrients--sugar

Breast milk vs. cow’s milk oligosaccharides

Oligosaccharides are at least 20 times more 

abundant in human breast milk than of 

cow’s milk.

But also many of the oligosaccharide 

structures found in human milk are 

essentially absent or exist in only trace 

amounts in bovine milk.



Human milk oligosaccharides (HMOs),

are made of five basic monosaccharides: 

glucose (Glc), galactose (Gal), N-

ethylglucosamine (GlcNAc), fucose (Fuc) and 

sialic acid (SA)

Macronutrients--sugar

Wiciński et al, Nutrients. 2020 Jan; 12(1): 266.



Health benefits of HMOs

Prevention of Pathogen Adhesion

Effects of HMOs on Microbiota Composition

Antiviral Activity

Immunity System Development

Macronutrients--sugar



Dominica et al, BMC Pediatrics 2014, 14:216

Macronutrients--sugar

LactoseKcal/dl

Meta-analysis results of preterm and term breast milk lactose and oligosaccharide content over time



Micronutrients—vitamins

Many micronutrients vary in human milk depending on maternal diet and 

body, including vitamins A, B1, B2, B6, B12, D, and iodine. 

Regardless of maternal diet, Vitamin K is extremely low in human milk 

Vitamin D also occurs in low quantity in human milk, particularly with low 

maternal exposure to sunshine



Micronutrients—vitamin A

Dror et al.Adv Nutr. 2018 May; 9(Suppl 1): 332S–346S



Souces
Postpatrum

days
α-tocopherol β--tocopherol γ--tocopherol δ--tocopherol

Lacomba et al,

2012
30~120

3.48 

(1.04~5.40)

0.62

(0.19~1.29)

0.76

(0.21~1.39)

0.13

(0.06~0.24)

Tijerna-Sáenz

et al, 2009
30

2.32±0.11

(0.66~5.02)
--

0.46±0.03

(0.11~1.27)

0.11±0.01

(0.00~0.56)

Micronutrients—vitamin E

Subtypes of vitamin E concentration in human milk (mg/L).



Micronutrients—vitamin D

Streym et al, Am J Clin Nutr. 2016 Jan;103(1):107-14.



Colostrum Transition Mature

Source Concentration Concentration Concentration

VonKries et al，1987 1.8 1.2
Greer et al，1991 0.64±0.43 0.86±0.52

Greer et al，2001 1.18±0.99 0.50±0.70

Canfield et al，1991 3.4±2.6 3.2±2.9

6.4±5.3

Fournier et al，1987 5.2

(3.1~10.8)

8.9

(6.4~15.7)

9.2

(4.8~12.8)

Haroon et al，1982 2.3

(0.7~4.2)

2.5

(1.1~6.5)

Micronutrients—vitamin K

Vitamin K concentrations in human milk at different lactation stages (μg/L) 



Vitamins Concentration Sources

Vitamin B1 ( mg/L)

0.012~47.4 Yin et al，1986

0.007~0.036 Ford JZet al，1983

0.066~0.134 Sakurai Tet al，2005

0.002~0.221 Hampel Det al，2012

0.027 Bohm Vet al，1997

Vitamin B2 ( mg/L)

0.070~175 Yin et al，1986

0.12~0.73 Ford JZet al，1983

0.34~0.397 Sakurai Tet al，2005

0~0.845 Hampel Det al，2012

0.057 Bohm Vet al，1997

Niacin ( mgNE/L)
0.21~16.8 Yin et al，1986

0.292~0.53 Sakurai Tet al，2005

0.002~3.179 Hampel Det al，2012

Vitamin C (mg/L)
13~73.3

Daneel-Otterbech Set al，
2005

6.26~69 Wang et al，2009

0.11~64 Shi et al，2010

Vitamin B6 (mg/L)

0.014~0.18 Ford JZet al，1983

0.46 Hamaker B，1985

0.019~0.119 Sakurai Tet al，2005

0.006~0.692 Hampel Det al，2012

Folic acid (μg/L)
1~98 Ford JZet al，1983

52~150 Houghton LAet al，2009

Vttamin B12 (μg/L)

0.19~2.629 Greibe Eet al，2013

0.02~3.4 Ford JZet al，1983

0.33~3.2 Sandberg DPet al，1981

0.4~0.7 Sakurai Tet al，2005

0.24~3.3 Allen LHet al，2004

0.033~1.76 Hampel Det al，2012

Biotin (μg/L)
0.02~12.0 Ford JZet al，1983

2.8~5.9 Sakurai Tet al，2005

Pantothenic acid (mg/L)
0.36~6.4 Ford JZet al，1983

2.0~2.9 Sakurai Tet al，2005

Micronutrients—water soluble vitamins



Micronutrients--minerals

Klein et al, PLoS One. 2017; 12(8): e0183367



The influence of maternal intake, status, supplementation, and other factors on human milk concentrations of each nutrient



The influence of maternal intake, status, supplementation, and other factors on human milk concentrations of each nutrient



Bioactive components--growth factors
Intestinal maturation, and repair: Epidermal growth factor (EGF)

Growth and development of the enteral nervous system: Neuronal growth factors

Tissue growth: The insulin-like growth factor (IGF) superfamily

Regulation of the vascular system: Vascular endothelial growth factor (VEGF)

Intestinal development and prevention of anemia: Erythropoietin (Epo)

Growth-regulating hormones: Calcitonin and somatostatin

Regulating metabolism and body composition: Adiponectin and other hormones



Transfer of living protection and programming: Cells of human milk

Communication between cells: Cytokines and chemokines

Protection from infection: Acquired and innate factors

Selection for the growth of beneficial organisms: Oligosaccharides

Bioactive components--Immunological factors



Why is breastfeeding so important?

Health benefits for the babies

Short-term health outcomes

88% reduction of mortality in comparison to infants that have never been 

breastfed during the first six months of life 

longer exposure to breastfeeding is associated with a relative risk of 0.69 

(95% CI 0.58-0.82) for developing diarrhea within the first five years of age 

and a 72% reduction of hospital admissions

Furthermore a 68% (CI 95% 60-75) reduction in the risk of malocclusion has 

been demonstrated if the infant is breastfed



Health benefits for the babies

Long-term health outcomes

longer exposure to breastfeeding is associated with 35% (95% CI 14-51) 

reduction of the risk of developing diabetes type II

a meta-analysis including 113 studies demonstrated an association between 

26% reduction of the risk of developing overweight/obesity and longer 

breastfeeding.

Why is breastfeeding so important?



Health benefits for the mother

Contribute to postpartum weight loss. 

Exclusive breastfeeding for the first 6 months postpartum, in the absence of 
menses, is 98 percent effective in preventing pregnancy. 

Women who lactate for a total of two or more years reduce their chances of 
developing breast cancer by 24 percent.

A 30% reduction in the incidence of ovarian cancer has also been associated 
with longer periods of breastfeeding

Women who nursed for at least 24 months over the course of their 
reproductive lifespan had a 23 percent lower risk of developing heart disease.

Why is breastfeeding so important?



Health benefits for the mother

Nursing for a total of two years decreased the risk of Rheumatoid arthritis by 50 
percent, while nursing for 12 to 23 months lowered risk by 20 percent.

Breastfeeding appears to reduce the mother's risk of developing osteoporosis and 
its-related fracture in later years.

Many mothers also get emotional benefits from breastfeeding because of the 
closeness of this interaction with the baby and from the satisfaction of helping to 
nourish their babies.

Why is breastfeeding so important?




