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Nutrient Requirements for Infants

= Energy requirement is determined by size, rate
of growth, activity, and energy needed for
metabolic activities

* Protein requirement:
50% for growth in the first 2 mo
declines to 11% by 2-3 years of age
* Fat provides 40-50% calorie supplies (EFA)
* Carbohydrate: primarily lactose
* Water requirement: adequate human milk or
formula 3




Dietary Reference Intakes

Age | Energy (kcal/kg) | Protein (g/kg) |Calcium (mg)
0 mo~ 110-120 24 200
3 mo~ 110-120 2.2 300
6 mo~ 100 2.0 400
9 mo~ 100 1.7 400

DOH, Taiwan, 2002 4

Water Requirements for Infants

Age Body weight (kg) | Water (ml/d) | Water (mi/kg/d)
3 days 3.0 250-300 80-100
10 days 3.2 400-500 125-150

3 mo 5.4 750-850 140-160

6 mo 7.3 950-1,100 130-155

9 mo 8.6 1,100-1,250 125-145
12 mo 9.5 1,150-1,300 120-135

Bamess, 1987
Lactogenesis

= colostrum

6-12 h~2-3 d postpartum
* transitional milk

1-2 wk postpartum
* mature milk

> 3 wk postpartum




Human Milk Composition

* Immunoglobulins

= lactoferrin

= proline-rich polypeptide

« growth factors

- growth hormone

« leukocytes

« enzymes

« cytokines and lymphokines

« glycoproteins

= carbohydrate, fat, vitamins, and minerals

7
H Milk C iti

Table | Chemical compesition of human milk compared with milk from various
species {values per 100 mi)
Canstiments Human milk Cow milk Buffaio milk
Pratein (g) 12 33 38
Casein (g) 04 18 30

) 03 04 04
Lactoglobuin (g) 02 0z 02
Fat (g) 34 37 75
Lactase (g) 7.0 48 a4
Calorie (Kcal) n @ 100
Mineral matter (g) 021 arn .80
Caldum (mg) e 125 210
Phaspharus (mg) 15 % 130
Chiorine (mg} a 108 12
Magnesium (mg) 2 ] 15
Potassium (mg) 55 138 142
Sodium (mg) 15 58 &
Iron img) 015 a10 0.20
Copper (mg) 004 003 ooz

(mg) ar 10 -
Zine as3 038 -
lodine (i 0.007 0.021 0.004
Vitamin A (1U) 180 158 200
Vitamin D (U} 14 ] =
Thiamine (mg) 0017 004 005
Riboflavin {mg) 0.04 018 0.10
Nicotinic acid (mg) 017 0.08 0ae
Pantothenic scid (mg) 020 035 -
Vitamin B (mg) 0.001 0.035

ackd (ug) 13 56 13
Blotin (ug) as 0
Vitamin 8,:(g) 003 050 030
Vitamin Clmg) 40 0 15
Source: Swaminathan (1998) &
http:/www.emer 1 .png
Various Milk C iti
Protein Fat Carbohydrate  Energy

(9/100g)  (g/100g) (g/100g)  (kcal/100 g)

Human 1.11.2 3.84.5 6.8-7.0 66-73
Cow 3.1-39 3.54.9 46-51 62-80
Goat 2.9-3.4 3.54.1 4.6-4.7 62-69

Webb et al. 1974, Jensen 1995
9




Various Milk Compositions
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Various Milk Compositions in Fatty Acids
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Various Milk Compositions in Fatty Acids
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Changes in Milk Lactose
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Changes in Human Milk Compositions
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Proteins in Human Milk

- whey/casein (100:0, 86:14, 76:24, 70:30, 65:35, 60:40,
50:50 vs cow 18:82)

* whey
a-lactalbumin
lactoferrin
immunoglobulins
lysozyme
lactoperoxidase
haptocorrin
lactadherin

bile salt-dependent lipase 1

Proteins in Human Milk

a s1-, B-, k-casein

cow: a-/B-fk-casein = 50:36:13
Casein Micelle Casein Submicelle

hydrophobic core

caseinomacropeptide
~ CHP hainy'
layer

Hormones in Human Milk

Table 1. Some hormones and their concentrations
found in human mifk*

e Hozmne Cany
Pliuitary
Pralactin 080 ngimi
Groweh hormone 5-30 plsmi
Thyroid-stimalanng hormone 2750 pli/mi
Hypothatamus
Thytawiseleasing hormone 0.025-1.5ng/ml
Liteinszing harmone-zleasing
hotmane Not available
Somatostalin 23-113 ppAnt
Ganadotropin reieasing hormone 0.1-4.0np/mi
Growh hormone—releasing hotmmne 23430 pg/mi
Thyreig
Thyraxine (1.3 0.3-12 ng/mL
Trilpdothyronine {Tx) B.2-0.4 ng/mi
Reverse ¥, ¢ 008-G 15 ng/mi
Parathyroid
Parathonmone 165 pgimi
Parathommone setated pephide 20-50 ng/mi
Calviomin/colatonin mhebiting protem 05 ngfmi
Sroroid
Estrogen 15-630 ng/mi
Progesmerone 10-A0 ng/mi
Adrenyl sterpids 03 2-3% ngZinL

hittp - www-ehponiive. org/members/2003/6023/ablet. gif 18




Growth Factors in Human Milk

» insulin-like growth factor (IGF)-l, -lI

« epidermal growth factor (EGF)

» nerve growth factor (NGF)

- transforming growth factors (TGF-, -f1, -B2)
» platelet-derived growth factor (PDGF)

- hepatocyte growth factor (HGF)

» colony-stimulating growth factor (CSGF)

« vascular endothelial growth factor (VEGF)

19

Factors in Human Milk

» antimicrobial factors
antibacterial factors
antiviral factors
antiparasite factors
« anti-inflammatory factors
* immunomodulators
nucleotides, cytokines
anti-idiotypic antibodies, lactoferrin

Antibacterial Factors in Human Milk

* secretory 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

ral




Antibacterial Factors in Human Milk

= cathelicidin
- casein, k-casein, phosphorylated p-casein

» complement C1-C9 (mainly C3 and C4)

* a-, B-defensins

« factor binding proteins (zinc, vitamin B,,, folate)
= ganglioside

» glycolipid Gb3

» glycoproteins

* a-lactalbumin

Antibacterial Factors in Human Milk

* lactoferrin

* lactoperoxidase
« lipids

* lysozyme

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

* mucin

* phosphatidylethanolamine

* sialyllactose 2

Antibacterial Factors in Human Milk

* sialyloligosaccharides on sigA

*CD14

* sulphatide (sulphogalactosylceramide)
* xanthine oxidase

* secretory leukocyte protease inhibitor
* heparin

24




Antiviral Factors in Human Milk

- secretory IgA, IgG, IgM

- Bifidobacterium bifidum

« chondroitin sulphate

* a-, B-defensins

- haemagglutinin inhibitors

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

« lactoferrin

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 -

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 - _ £




Antiparasite Factors in Human Milk

—

- secretory IgA, 1gG

- gangliosides

- lipid (free fatty acids and monoglycerides)
« lactoferrin

* macrophages

Anti-inflammatory Factors in Human Milk

. secretory_IgA
» lactoferrin

* lysozyme

= k-casein

« antioxidants (pB-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
l48+1.2kg
In 10 weeks

GO

X Milk quantity and quality

Dusdieker et al. 1994 N




Nutritional Factors Affecting Milk Proteins

Moderately
undernourished mother
caloric supplement
500 kcal/d vs 140 kcal/d

GO

T secretory IgA X lactoferrin

Herias et al. 1993
N

Nutritional Factors Affecting Milk Proteins

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

G

| total protein at 2-6 mo postpartum

Yoneyama et al. 1994

Manufacture of Chicken Extract

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




Manufacture of Chicken Extract

e

Chicken Extract Composition

Ingredient Amount
weight/70 g (1 bottie)
Protein 54g
Purine 63 mg ¥ ##
Minerals
Sodium 63 mg f&es
Potassium 155 mg ¥R F %
Chloride 92 mg
Phosphorus 52 mg
Calcium 24mg
##k : Japan Food Research Laboratories -
BAHRFEEZTRE

EARABHN - k2T KA

Subject Inclusion Criteria

-;on-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 N




Experimental Designs

Subjects
(n=30, 23-39y)

Control group Chicken extract group
(n=15,31.0£54Yy) (n=15,31.0+3.8y)
regular diet regular diet +

3 bottles/d chicken extract

3 times/d after each meal
37th wk — 3 d postpartum
18+5d

(-) high protein product
(-) any cilit:ke_n extract

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

Demographic and Clinical Characteristics

Control Chicken extract

Gestational weight gain, kg 164152 158+ 4.9
Gestational age, weeks 3891 1.0 389+09
Parity, n 14105 11104
Primiparous, n 9 (60.0%) 13 (86.7%)
Infant sex 9M, 6F &M, 9F
Infant birth length, cm 51.3+25 544123
Infant birth weight, g 3438 + 205 3250 + 397
Infant birth head circumference, cm 33.7109 334111

Chao ef al. 2004 39




. .
Daily Dietary Intake
Control Chicken extract
Exciude Include Exclude Include
P P Postpartum
ey _ e —
Kcalid 1986+293 2081+373 (20071449 |21681449| | 19231206% 19941208
Carbohydrate
oid 257+ 63 257 +78 24677 246177 228152 228 52
% energy 515:81F 49.0199 464190 448:88 475199 458198
Protein e e e — — 3T —
ol [szt1st ||| 101418 || [ 91220 1109 £ 20° 107 + 30° 125 £301
% energy 167134 || 201267% ||| 177143 (2061 46" 22416 252463
Fat — 1 = — — - - 2
o [71218t]| 73tes ssize || [85t24 s1t1r‘J |612147|
% energy 1324168 313177 363+7.00 350168 | 283%7.1 273468
*ys control, Tvs exclude, }vs include, *vs pregnancy (P<0.05) Chao et al. 2004 40

Milk Protein Concentrations

alL

Control Chicken extract
Total protein, g/L 64.9 1 26.1 7561475
Lactoferrin, g/L 73130 98+35 T34%
Epidermal growth factor, ug/L 14681735 237.6+144.6* T62%
Eranstorming growih fastorf2; 784538 231t17.4° 1196%
na/L
Secretory immunoglobulin A, 41413 48115

*vs control (P<0.05)

Chao et al. 2004

41

Milk Casein and Lactalbumin

A Control

Chicken extract

OControl

[ Chicken extract

[ I

% of Control

Casein

Lactalbumin Chao et al. 2004 42




Effects of Chicken Extract on Human Milk

|~ Protein compositions of human milk can
be altered by diet. Supplementation with
chicken extract increases colostrum
levels of lactoferrin, EGF, and TGF-B2,
which are important for the growth and
immune functions of the infants, in
lactating women. |

43

Breast Milk Intake for Infants

Plgaet: 0 s
Usual Breast Milk Intake by Age
bl 5 68 months R
ok 0 o-timonts
‘WH— il
e e

Low Intake  Average Intake  High Intake

WHO 1838°

http:/fmedia.gerber. 4FF5FE-6DAS4E8F-A5CS-DF3A0DD4AB96/10T_02-igt jpg
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Solid Food for Infants

* WHO:
0-6 mo — exclusive breastfeeding
> 6 mo — solid foods
* Other organizations:
0-4 mo — breastfeeding or bottle-feeding
not needed nutritionally, extrusion reflex

4-6 mo — solid foods

45




Solid Food for Infants

- non-allergenic, easily digested, and rich in iron

- one new, “single-ingredient” food introduced
per week

- gradually introduced by increasingly coarser
textures ;

Solid Food for Infants
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Solid Food for Infants
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Solid Food for Infants

« iron-fortified rice cereal
* juice: limited to 120 to 180 mL/d |
* vegetables:

Baby’s First Solid Food

Baby's First Solid Food

0 Series1
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White 2006
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Solid Food for Caution

52

Conclusion

The American Academy of Pediatrics
(AAP) recommends exclusive
breastfeeding for a minimum of 6 mo and

introduction of appropriate solid food
from6 moto1yr.
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