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Milk Synthesis and Secretion

tight junction TJ

gap junction GJ

SV, secretory vesicle; FDA, Mmldipncyu PC, Plasma cull ME. cross section
through process of myoepithelial cell; RER, rough

pathways | (exocytosis), Il (lipid), Il (apical transport), IV (transcytosis) and V (par-celluhr
PN ://mammary.nih.goviReviews/actation/Neville dex.htmi#iactogenesis

Human Milk Composition

* Immunoglobulins

* lactoferrin

* proline-rich polypeptide

» growth factors

» growth hormone

* leukocytes

* enzymes

= cytokines and lymphokines

» glycoproteins

- carbohydrate, fat, vitamins, and minerals

Human Milk Comgosition )
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Various Milk Compositions

Protein Fat Carbohydrate  Energy
(g100g)  (gr00 g) (g/100g)  (kcalli00 g)

Human tﬂ-‘! L2 3.845 6.8-7.0 66-73

Cow 3.1-39 3549 46-5.1 62-80

Goat 29-34 3.54.1 4647 62-69

Webb et al. 1974, Jensen 1995

Various Milk Compositions

Grams per 1009

2%
Wk Do W
i i
2
15
1
o
] ﬂ
Sanised

oMMl unkatsaied

Acats
Food Science Association, 2002

Changes in Human Milk Composition
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http .nih.gov/Ry flactation/Neville001/index_htmi
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Changes in Human Milk Composition
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Proteins in Human Milk

py/casein 00:0, 86:14, 76:24, 70:30, 65:35, 60:40,

i

a-lactalbumin
lactoferrin
—

immunoglobulins
lysozyme
lactoperoxidase
haptocorrin

lactadherin

bile salt-dependent lipase

Proteins in Human Milk

- casein (~30% of protein fraction)

o s1-,&,‘/1c-casein %)f, /
cow: a-/B-fk-ca =50:36:13

Casein Micelle Casein Submicelle

-
/I?’i‘\%‘"' caseinofnacropeptide
77~ CRP twiey

< T
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Hormones in Human Milk

e
mhis 1. Some homones afd el cORCemIalons
ownd ie human milk ?

biormane Conrentragan

Fituizary

Prolaetn

Growd harmote

Thyroid-stimuating hormane

Hvpothaiamus

Thyroid-releasing hormone

Lumemizing hormane—releasing
hormong

Sorratostatin

Donadofrupin teieasmg hormons

Growih hormgne-releasing hormone

fTiyroia

Thyosnz (14
Trindathyrenine {Ts
Feverse T
Farathyroid
Paratmomong 15 pyrmi ]
Parsthommona retated peptide 30-50 rgemi
Gateizonin/volatonin inhibiting prote 05 ng/mi)
St
Estroegen 15-B40 rigéme
Progessecone 1040 ng/mi

Adrenal sleroids 0.2-32 ngém

Growth Factors in Human Milk

= insulin-like growth factor (IGF)-I, -1l

« epidermal growth factor (EGF)

« nerve growth factor (NGF)

- transforming growth factors (TGF-, -1, -$2)
- platelet-derived growth factor (PDGF)
 hepatocyte growth factor (HGF)

= colony-stimulating growth factor (CSGF)

= vascular endothelial growth factor (VEGF)

14

Factors in Human Milk

- antimicrobial factors
antibacterial factors
antiviral factors
antiparasite factors

- anti-inflammatory factors

* immunomodulators
nucleotides, cytokines
anti-idiotypic antibodies, lactoferrin
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Antibacterial Factors in Human Milk

sec igA; IgG, IgM, IgD

* analogues of epithelial cell
receptors (oligosaccharides and sialylated
oligosaccharides)

* Bifidobacterium bifidum

growth factors (oligosaccharides,
glycopeptides)

* other bifidobacteria growth
factors (a-lactoglobulin, lactoferrin, sialyllactose)

* carbohydrate

16

Antibacterial Factors in Human Milk

= cathelicidin

- casein, x-casein, phosphorylated -casein

- complement C1-C9 (mainly C3 and C4)

* a-, p-defensins

- factor binding proteins (zinc, vitamin B,,, folate)
- ganglioside

- glycolipid Gb3

- glycoproteins

« a-lactalbumin

Antibacterial RREREERIR Human Milk

actoferrin
- lactoperoxidase
« lipids
« lysozyme

- milk cells (80% macrophages, 15% neutrophils,
0.3% B and 4% T lymphocytes)

- mucin
- phosphatidylethanolamine
- sialyllactose




Antibacterial Factors in Human Milk

* sialyloligosaccharides on sigA

-CD14

* sulphatide (sulphogalactosylceramide)
* xanthine oxidase

* secretory leukocyte protease inhibitor
* heparin

19

Antiviral Factors in Human Milk

*/Secretory IEADIQG, IgM

- Bifidobacterium bifidum

* chondroitin sulphate

* a-, B-defensins

« haemagglutinin inhibitors

- lactadherin (mucin-associated glycoprotein)
* histo-blood group carbohydrates

* lactoferrin

20

Antiviral Factors in Human Milk

« lipid (unsaturated fatty acids and
monoglycerides)

* lysozyme

= a2-macroglobulin

* milk cells

* neutrophil-derived a-defensin-1

* ribonuclease

- secretory leukocyte protease inhibitor
- sialic acid-glycoproteins
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Antiviral Factors in Human Milk

* soluble intracellular adhesion molecule 1
(sICAM-1)

* soluble vascular cell adhesion molecule 1
(sVCAM-1)

* sulphatide (sulphogalactosylceramide)
* vitamin A

* prostaglandins E1, E2, F2a

* gangliosides

* glycolipid Gb4

* heparin

22

Antiparasite Factors in Human Milk

‘Secretory IgA) IgG

= gangliosides
= lipid (free fatty acids and monoglycerides)

» macrophages

23

Anti-inflammatory Factors in Human Milk

@tory IgA>)
. IEEE—I';n'in

* lysozyme

- x-casein

- antioxidants (B-carotene, a-tocopherol, ascorbate,
uric acid)

- EGF
- platelet activating factor-acetylhydrolase
- antiproteases (a1-antichymotrypsin, a2-trypsin)

= prostaglandins




Nutritional Factors Affecting Milk Proteins

Weight loss

2303 kcal — | 538 kcal
148+1.2kg
In 10 weeks

CO

X Milk quantity and quality

Dusdieker et al. 1994
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Nutritional Factors Affecting Milk Proteins

Moderately
undernourished mother
caloric supplement

500 kcal/d vs 140 kcal/d

GO

T secretory IgA X lactoferrin

S # C‘%T |

26

Nutritional Factors Affecting Milk Proteins

{ meat, egg,dairy 1 rice,
products, food vegetables,
prepared with oil beans, seaweed

€ D

( Jr total protein 3t 2-5 mo postpartum _

R Yoneyama et al. 1994 /P
T

A0 Tdoth 25 0% 2 kizd)

= =
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Manufacture of Chicken Extract

http:/fwww. com. A /main.aspx?sid=415

28

Manufacture of Chicken Extract

http:/fwww.brands.com.tw/c /main.aspx?sid=415

9

EFEENRG AS

http://www.brands.com.tw/ in.aspx?sid=415

10
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Manufacture of Chicken Extract

http:/fwww.b com. in.aspx?sid=415

31

Chicken Extract Composition

Ingredient Amount
weight/70 g (1 bottle)
Protein S
~Purine. (53mglE e O
Minerals -
Sodium 63 mg
Potassium 155 mg
Chloride 92 mg
Phosphorus 52 mg
Calcium 24mg
# 3k : Japan Food Research Laboratories ~
BAHFERZTRE

EFONABHR : BiH 45T R RNA
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Subject Inclusion Criteria

* non-vegetarians

* below 40 years old

= gravidity less than 3

* gestational age more than 37 weeks
* natural delivery of single birth

= free of any disease

* no pregnant complication

* without a history of smoking, alcohol, and drug abuse
during the pregnancy

11
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Experimental Designs

Subjects
(n=30, 23-39 y)

Control group Chicken extract group
(n=15,31.0+5.4y) (r=15,31.0+38y)
regular diet | [regular diet +

(-) high protein product [ |3 bottles/d chicken extract
ach meal
() any chicken extract |3 Fid sher o °
————————————— |37th wk — 3 d postpartum
|18+5d

Human Milk Collection

* no breastfeeding 1 h before milk collection
* twice a day

* the interval at least 4 h

* electronic suction pump

* 15-min suction of each breast

* from 1 to 3 d postpartum

* 5-10 mL for protein analyses

35

Demographic and Clinical Characteristics

Control Chicken extract

Gestational weight gain, kg 164152 158149
Gestational age, weeks 38.911.0 38.9+0.9
Parity, n 14105 11404
Primiparous, n 9 (60.0%) 13 (86.7%)
Infant sex oM, 6F 6M, 9F
Infant birth length, cm 513125 544123
Infant birth weight, g 3438 £ 205 3250 397
Infant birth head circumference, cm 337108 334114

L _Chao et al. 2004

12




Daily Dietary Intake

Control Chicken extract
Exclude  Include Exclude Include |

: gnancy egnancy ) Postpartum
Energy o

kcalid 1986127957 20811373 (20971449 21681443 19231206° 1984+ 206
Carbohydrate

gd 257463 287478 246477 246+ 7T 228 1 52 228 : 52
% energy SIE+81  490+09 464190  A4BIBE 475409 458108
Protein e S )

wd Fxﬁj [101418% ||| 1220 } ltost20t | | 1074300 | | 1282300
% energy gmum: 214679 || 177443 | 2064487 224264% 252363
Fat _'

o 'WU (73128 ‘uiu-jl (85124 | ‘3717' 81117

% energy 324168 313:77 |67 350168 (283474  213i68

* vs control, ! vs exclude, ? vs include, * vs pregnancy (P<0.05) Chao et al. 2004
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Milk Protein Concentrations

Control Chicken extract
Total protein, g/L 64.9 + 26.1 756475
—
Lactoferrin, g/lL 73430 9.8+35 taay
Mot PR ot

Epidermal growth factor, g/l 1468+ 735 2376 £ 144.6" T 2%

:;'n_""""“i" Dode St k2, 78458 2111176 4 q9gy,
— M

‘Secretory immunoglobuiin A, g/l 4113 Kl.l 1.5

* vs control (P<0.05]
¢ ) Chao et al. 2004

Milk Casein and Lactalbumin

A ‘Control Chicken extract

D
160 [} Control
[ Chicken extract
120
i [ l [ 1
£
< s
40
. Chao et al. 2004

Casein L=I:ll-nli:l
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