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Dietary changes during development?

Fostervand - Mælk  -Nutrients – Am.Fl
Mother´s milk

Milk replacer
Processed animal/vegetable diets

Meat Raw/fresh vegetable dietsFetus Newborn Weaned
Adult Elderly

Why?
- Changes in organ anatomy/physiology (e.g. GIT, liver, pancreas)
- Altered growth of tissues/organs
- Altered function of tissues/organs
- Altered disease sensitivity of tissues/organs

Solid food
Very digestible

Solid food
Restricted diet?

Parenteral
Elemental nutrients

Suckling
Bottle milk

Solid food
Less digestible

Developmental nutrition research
- difficult?

Solid food
Very digestible

Solid food
Restricted diet?

Parenteral
Elemental nutrients

Suckling
Bottle milk

Solid food
Less digestible

- It takes too long to investigate (PhD programs are 3 years!)
- The long time factor makes experiment uncontrollable

- Cell function changes over the course of an experiment

Inaccessible Sensitive No senses OK! Inaccessible

No consent

LONG TERM STUDIES:

RESULT: Nutritional advice based on epidemiology and tradition
Supplement: Animal/cell model studies
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Foster
Tidlig 
fødsel

Termins-
fødsel Fravænning

Ernærings-kritiske livsfaser

Tissue growth & nutrition in pregnancy
1st trimester 2nd trimester 3rd trimester

Mother

Mother

Embryo

Placenta/uterus

BMR ↑
Fetal growth ↑

Type-2 DB ↑

Nutrients
Mother

Mother

Embryo

Placenta/uterus

Nutrients

Maternal fat ↑
Uterus ↑

Catabolism:
Insulin ↑

Glucose ↑
Glycogen ↓

Gluconeogenesis ↑
Ketogenesis ↑

Tissue fat ↓
Blood lipid ↑, HDL ↓

Mother

Mother

Embryo

Placenta/uterus

Placenta ↑
Blood flow/vol. ↑

Fatique ↑

Nutrients

Adipose tissue

Anabolism:
Insulin ↑

Glucose —
Glycogen ↑

Fat ↑
Protein —
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Life Cycle Nutrition:
Early Nutrition – Later disease: 

Diet

Diet-related disease

Cancer
Obesity
Allergy
Diabetes-2
Osteoporosis
Immune-defects
Digestive disease
Cardiovasc. diseases

Processing
Microflora
Bioactives
Vitamins
Minerals
Protein
Sugar
Fiber
Fat

Conception

Elderly

♀♂

†

Growth &
Function:
Skeleton
Muscle/Fat
Digestive
Metabolic
Mobility
Cognitive

Diet-related health

Concept Embryo Fetus Newborn Infant Child Adol. Elderly

Maternal compromize:

Under-weight or immature fetuses – mechanisms?
Fetal compromize:

Genetics, toxicity
Blood flow obstruction
Infection, inflammation
Dysplasia, dystocia
NUTRITION 
(e.g. glucose, folate, Fe)

Diabetes, preeclampsia
Placentitis
Infection, inflammation
Dysplasia, dystocia
NUTRITION
(e.g. energy, protein, Fe)

Central/abdominal blood flow ↑
Periferal blood flow ↓

Cortisol, glucagon
Catecholamines

Angiotensin-2

Prostaglandin
Endothelin-1
NO

Viability ↓ Total body growth ↓ Dysmaturation ↑

Ischaemia - hypoxia
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Under-weight or immature fetuses – how to help?

Early delivery
– postnatal catch-up

Delivery delay
- maturation

Nutrient-enriched
milk formulas

Parenteral or
elemental diets

In utero intra-
amniotic feeding?

Ex utero feeding
of ”fetal” diets?

Postnatal
growth hormones?

Postnatal
maturation hormones?

Prenatal
growth hormones?

Prenatal
maturation hormones?

Growth & maturation – not the same:
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Caesarean section
at 90-93% gestation

Continuous total
parenteral nutrition

Boluses of
enteral nutrition

Formula

Colostrum

NW, n = 65

IUGR, n = 12

NW, n = 19

IUGR, n = 9

Experiment 3:

Day 0

2 days

Formula

Colostrum

NW, n = 42

IUGR, n = 17

NW, n = 21

IUGR, n = 8

Experiment 2:

2 days

Day 0 TPN for 2-3 days

Enteral feeding from birth

Pigs with TPN

Lactase ApA ApN DPPIV    Sucrase Maltase

Pigs with TPN
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NW IUGR
A B

C D

E F

The nutritional transition at birth:

Fetus:
Parenteral

nutrition

85%

15%

100%

BIRTH Newborn:
Enteral
nutrition

Liver

Urea production
Gluconeogenesis
Bile production
Bilirubin conjugation

Kidneys
Waste excretion
Gluconeogenesis
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Preterm & term milk – differences?

Haemodynamics & jaundice(Brown p. 184-187)

Fetus:
Parenteral nutrition

and placental O2

BIRTH Newborn:
Enteral nutrition

and lung O2

Blood circulation

Fetal Hb/blood cells
(elevated oxygen binding)

Liver

Placental
metabolism

Intestine

Amniotic fluid
ingestion
Meconium plug

Bilirubin (BR)
conjugation &
bile excretion

Adult Hb/blood cells
(elevated oxygen binding)

Breast milk-stimulated
re-absorption and/or
haem synthesis.
Inadequate feeding,
poor liver function &
immature gut motility

Excretion or
bilirubin re-
absorption

JAUNDICE:
Bilirubin re-
absorption
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Nutritional transition at birth:
Enteral nutrition
ex utero

Birth

Parenteral nutrition
in utero

How does
the gut 
adapt?

Amniotic fluid

Endocrinology
Metabolism
Circulation

Oral food

Microflora

Good models?


