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Course report – questions and guide lines:
Supplementary questions:

1) Find and explain at least one MedLine scientific paper (animal or human study) that investigates an 
aspect (preferably related to nutrition) of your chosen organ/body function for newborns.

2) Find and explain at least one MedLine scientific paper (animal or human study) that investigates an 
aspect of your chosen nutrient group related to newborns.

3) What are the major physiological transitions that occur at birth?
4) Is gastrointestinal, muscle/fat proportion and nutrient metabolism immature at birth? What about 

other nutrient-relevant organs/tissues (e.g. kidneys, lungs, liver, immunology, endocrinology)? 
5) How does colostrum differ from milk? What is special about milk proteins? Milk carbohydrate? Milk 

fats? Milk minerals? Milk vitamins? What else of neonatal health relevance is present in milk? Is 
milk components and contents similar among species? Does the digestibility (or bioavailability) of 
milk nutrients differ from that in vegetable diets? Breast milk versus cows milk or formula?

6) What are the major nutritional differences between mother´s milk and artificial milk replacers? Why 
is mothers milk particularly important for preterm/IUGR infants? Supplements needed? What is the 
optimal postnatal growth pattern for preterm/IUGR infants? How can it affect later disease risk?

7) How does breast-feeding, cardiovascular, lever, gastrointestinal factors affect neonatal jaundice? 
8) Are there any known nutritional determinants of preterm labor? Of SGA (small for gestational age) 

infants? How does preterm/IUGR infants differ from normal infants regarding organ and body 
tissue development?

9) Why is parenteral nutrition not always an ideal solution for infants that do not tolerate oral 
nutrients? How is a parenteral nutrient solution constructed for preterms to optimize health 
outcome & growth?

10) How is the intestinal microflora important for neonatal nutrition? Is it diet-dependent? What is 
probiotics – and prebiotics? Can milk act as a pre- and probiotic diet? Does milk affect immunity?

Course report suggestions
Possible points to incllude in course report: 

Organ systems/body functions:
a: Gastrointestinal (motility and passage of meconium, colic, jaundice problems, growth, development, 
colostrum versus milk versus formula, permeability, microbes, preterm, amniotic fluid ingestion )
b: Endocrine/Immunity (milk/colostrum endocrine factors, glucose tolerance, GLP-2 effects, Growth 
hormone/IGF-1 levels, immunoglobulin absorption, endogenous immunity, preterm/IUGR, cortisol)   
c: Energy & nutrient metabolism (BMR changes, thermoregulation, method of birth, preterm metabolism, 
IUGR, energy needs, protein needs, growth rates, kidney function, liver function )
d: Liver/kidney (liver role in jaundice, bile secretion, gluconeogenesis role to stabilize blood glucose –
especially in preterms, kidney problem in preterms fed high protein levels, gluconeogenesis in kidney cells) 

Nutrient groups:
a: Protein (casein/whey/soy proteins, immunoglobulins, protein for growth, bone, muscle, preterm milk, 
preterm formulas, hydrolysis of large proteins, digestion, allergies, growth rate, use of protein for energy in 
sub-caloric preterms)
b: Carbohydrate (sugar versus fiber, lactose intolerance, fiber components, FOS, GOS, lactose in various 
diets, formula, breast milk, galactose liver problem, ) 
c: Fat (MCTs, hydrolysis, fat digestion, PUFAs for newborns, cholesterol, restriction of fat for newborns?, % 
energy from fat in various diets)
d: Bioactives (lactoferrin in milk, hormones in milk, oligosaccharides, immunological components )
e: Milk (breast versus formula, nutriensts, growth factors, immunology, microbiology, energy needs, protein 
levels, sub-fasting neonatal jaundice, colostrum versus mature milk, raw cows milk, )

Course report suggestions

Possible points to incllude in course report: 

Organ systems/body functions:
a: Gastrointestinal (motility, growth, development, colostrum versus milk versus formula, permeability, microbes, preterm )
b: Endocrine/Immunity (milk/colostrum endocrine factors, glucose tolerance, GLP-2 effects, Growth hormone/IGF-1 levels, 
immunoglobulin absorption, endogenous immunity, preterm/IUGR, cortisol)   
c: Energy & nutrient metabolism (BMR changes, thermoregulation, method of birth, preterm metabolism, IUGR )

Nutrient groups:
a: Protein (casein/whey/soy proteins, immunoglobulins, protein for growth, bone, muscle, preterm milk, preterm formulas)
b: Carbohydrate (sugar versus fiber, lactose intolerance, fiber components, FOS, GOS) 
c: Fat (MCTs, PUFAs for newborns, )
d: Bioactives (lactoferrin in milk, hormones in milk, oligosaccharides, immunological components )

CASE study: Immature gut & nutrition
Following birth, preterm babies at Rigshospitalet 

have severe digestive problems. Use research 
to solve the problems. You have unlimited
ressources to work with pigs as a model 
animal. Suggest 3 experiments to understand
and/or solve the problem? Indicate specific
questions/methods/expected results.

Q: Validation of animal model?
Exp: Gut development and disease
Anal: Gut growth and function, pathology

Q: Maturity at birth?
Exp: Caesarean section at various ages?
Anal: Clinical outcome, disease, diarréa

Nutrition of an immature gut?
How to understand and/or solve the problem?

Q: Diet type and amount?                     
Exp: Mothers milk or formula?
Anal: Mucosal atrophy

Q: Route of nutrients?
Exp: TPN, TPN-Enteral, Enteral?
Anal: Mucosal digestive enzymes

Q: Amount and frequency?
Exp: Bolus vs. continuous?
Anal: Intestinal motility, disease

Q: Carbohydrate?
Exp: Lactose or glucose in formula?
Anal: Sugar digestion and absorption

Q: Protein?
Exp: Casein, whey or vegetable protein?
Anal: Protein digestion and absorption

Q: Fats?
Exp: LCT, MCT, polyunsaturates?
Anal: Fat digestion/absorption, immune

Q: Vitamins?
Exp: Antioxidants, E vit, C vit in formula?
Anal: Gut inflammation, cell cycle

Q: Bacteria?
Exp: Antibiotics treatment?
Anal: Inflammation, bacterial culture

Q: Mode of birth?
Exp: Caesarean section versus vaginal birth
Anal: Hormonal levels, gut microbiology?

Lecture - overview

-Time line overview (Brown 4.1)
-Mortality (Table 4.1 + Fig 4.2, Table 4.2 Table 4.3 Brown)
- Famous preterms (own transparancy)
- Risk of multifetal pregnancies – just more of the same risks Table 5.14
- The fundamental changes in nutrient delivery that occurs at birth, the placenta, milk and the gut, microflora and lungs
- Colostrum, immunology, tissue growth, microbiasl protection, 
- Delivery method
- Preterm deliveries
- Hypothermia in newborns
- Milk nutrient composition (Table 6.3). Compare with pig milk and colostrum (Sangild & Xu, 2004)
- Milk contents of various bioactives
- The special benefits of breast milk can be seen more clearly following preterm delivery
- Special metabolism in newborns (??, high metabolic rate, high proprtion of internal organs and muscle…) Old transp. 
Animal studies….
-Catch-up growth. Time frame and consequences (228)
-Table 9.1 Special concerns of preterms
-Table 9.2 Preterm and term formulas, Table 8.6 formulas versus milk.

Time and terms, pre- and postnatally Infant mortality:

Text

Key Nutrition Concepts

• The dynamic growth experienced in 
infancy is the most rapid of any age.

• Inadequate nutrition in infancy, however, 
leads to consequences that may be 
lifelong, harming both future growth and 
development.
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Energy stores in newborn infants and animals
(Fletcher, 1992)

Key Nutrition Concepts
• Early nutrition services and other interventions 

can improve long-term health and growth among 
infants born with a variety of conditions.

• The number of infants requiring specialized 
nutrition and health care is increasing due to the 
improved survival rates of small and sick 
newborns.

• Infants who are born preterm or who are sick 
early in life often require nutritional assessment 
and interventions that ensure they are meeting 
their nutritional needs for growth and 
development.

Benefits of Breastfeeding

• Benefits for mothers
• Benefits for infants

– nutritional benefits
– immunological benefits
– cognitive benefits
– reduced morbidity
– socioeconomic benefits
– analgesic effects

Key Nutrition Concepts
• Human milk is the best food for newborn 

infants for the first year of life or longer.
• Feeding infants early in the post delivery 

period whenever possible is important to 
successful breastfeeding.

• Maternal diet does not significantly alter 
the protein, carbohydrate, fat and major 
mineral composition of breast milk, but it 
does affect the fatty acid profile and the 
amounts of some vitamins and trace 
minerals.

Nutrient contents of colostrum/milk (pigs)
(Darragh & Moughan, The Lactating Sow)

Milk nutrients in different species: (Hand et al., 2000)

”Bioactive proteins” in milk(R. Zabielski, J.Anim.Feed Sci. 7 (suppl.), 1998) Immune components in human milk

• Leucocytes
– B lymphocytes
– Macrophages
– Neutrofiles
– T lymphocytes*

• Secretory
immunoglobulin A 
(SIgA)

• Oligosacharides
• Bifidus factor
• Lysozyme
• Lactoferrin
• Gamma-interferon*
• Nucleotides*
• Cytokines*

The intestinal immune system:(Shils et al.)

The biggest
population 
of immune 
cells within
the body
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Breast milk & allergy/intolerance 
(Brown, 188-189)

Allergy:
- Exaggerated immunological response

to intact foreign food proteins
- Breast milk protective
- Interactions with resident microflora

Intolerance:
- Non-immunolocal negative response to food
- Spices, odors, oils
- Lactose

Lactase deficiency: (Shils et al)

Classical
”nutri-
genomics”

Probiotics – mode of action (McDonald et al., Fig.25.1)

a) Blandet mikrobiel population med væsentlig tilhæftning af patogener
b) Patogeners tilhæftning er ”udkonkurreret” af ”kommensaler” (probiotika) 

Pre-biotics – mode of action in the intestine
(McDonald et al. kap.25, Fig.25.3)

Oligosaccharides (FOS, TOS, MOS, GOS) may acts to bind microbial lectins and 
thus prevent mucosal colonization by pathogens, and/or enhance the growth
of beneficial (commensal) bacteria (e.g. lactobacilli, bifidobacteria)     

Gut bacteria and immune system ”cross-talk”
(Kelly & Coutts, 2000, Proc.Nutr.Soc. 59)

Pathological
response

Physio-
logical

response

Gut atrophy:
effects on
absorption &  
immunology
(Hand et al., 2000, Ch.22)

GALT 
(gut-associated lymphoid tissue)

After injury there is a 
lack of GALT to control
immunological responses

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

The newborn intestine depends on nutrition

”HUNGRY” GUT (TPN)MILK-FED GUT

American Journal of
Physiology 279, 2000

HUNGRY GUT (+GLP-2)

Infants at Risk

• Low birthweight infants
• Preterm infants born before 34 weeks of 

gestation
• Infants born with consequences of 

abnormal development
• Infants at risk for chronic health 

problems
• Families of infants with special health 

care needs
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Weight, age at birth and mortality

Good prospects - beyond 28 weeks, beyond 1 kg.

Diseases and low birth weight:

”Developmental Origins of Adult Disease” – ”Barker Hypothesis” Perinatal problems do not always lead to poor mental/intellectual skills!  

Perinatal problems in famous people
(TNK Raju, Neonatal & Perinatal Medicine, 1983)  

The preterm pig intestine is 
highly responsive to enteral nutrition
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Intestinal weight

*
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TPN 6d
ENT 6d

*

Aminopeptidase A

Preterm Term

*

(J. Nutr. 132, 2673-2681, 2002)

Key Nutrition Concepts

• Nutrient requirements of term newborns 
have to be modified for preterm infants.

• Knowing the needs of sick and small 
newborns results in greater 
understanding of the complex nutritional 
needs of all newborns and infants.

• Changing feeding practices, such as the 
care of infants outside the home and the 
early introduction of foods, markedly 
affect nutritional status of infants.

Key Nutrition Concepts

• Human milk is the preferred feeding for all 
premature and sick newborns with rare 
exceptions.

• Breastfeeding women need consistent, 
informed, and individualized care in the 
hospital and at home after discharge.

Preterm & term milk – differences? Multi-fetus pregnancies:

Increased late gestation problems 

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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Small intestinal weight in piglets
(Am. J. Physiol. 281, 2001)
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Age before and after birth (days)

Suckling Newly-weaned
with diarrhea

Adult
healthy gut

Newborn

Cross section:
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0
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Colostrum, 24h
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Small intestine g/kg Villus height

Plasma galactose after lactose bolus Response to the first enteral milk: 
Mucosa proportion

Unfed
Colostrum
(15 mL/kg/3h for 24h)

Term:
100%

gestation

Fetal:
90%

gestation

Preterm:
90%

gestation

Preterm+TPN:
90%

gestation

0,4

0,5

0,6

0,7

0,8

,

Term Fetal Preterm Preterm+TPN

Premature birth + milk replacer =>  NEC?

Distal intestine
/Colon:

NEC:                  Control: Caecum-
Colon

Distal
intestine Stomach

Intestinalis
pneumatosis

Gut blood flow

Microbiology

Cell proliferation Endocrinology

Gut motilityImmunology

Histology

Gut metabolism

Why? Mors mælk

Mors gode mælk
Tæt mukosa

Milk formula

Intestine, milk, microflora in preterms:

Am.J.Physiol. 289, 2005
J. Nutr. 135, 2005

Bacterial translocation

Open, atrofisk mukosa

RÅMÆLK                FORMULA- KONTROL     FORMULA- ANTISERUM

Dårlig mælk + dårlig mikroflora NEC

Gastroenterology 2006

Præbiotika
fra mælk?

Mikrobiel invasion,
inflammation, nekrose

Få bakterier, 
Ingen invasion
Ingen toxin-skade

Caesarean section vs. vaginal birth:(Christenson et al., 1993)

Body temperature regulation depends on stimulus at birth

CAESAREAN SECTION

LOW MATERNAL FEED INTAKE
Thermo-regulatory adaptation in newborn lambs:

UCT: Upper Critical Temp. LCT, Lower Critical Temp.
NST, non-shivering thermogenesis (Symonds et al., 1989)  
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32

34

36

38

40

Caesarean Caesarean
ACTH
fasted

Caesarean
ACTH

fed

Caesarean

fed

Normal
birth

Rectal temperature 6h after birth at term

mature grise 

32

34

36

38

40

6 hours pp

Rectal temperature following preterm birth

24 hours pp
Enteral-fed

24 hours pp
TPN-fed

Temperature regulation – response to birth and feeding Temperature regulation in newborns
(Carstens 1994)

Nutrient contents of colostrum/milk (pigs)
(Darragh & Moughan, The Lactating Sow)

Milk components Early and later lactation milk(Shils et al.)

Text

Bioactive components in milk(Shils et al.)

Text

Complications with TPN(Shils et al.)

Text

Physiological transitions at birth Percentiles of birth weight with age:

Text
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Nutrition concerns for infants:

Text

Titel:

Text

Human Milk Composition

• Colostrum
• Water
• Energy
• Lipids

– effect of maternal diet on fat composition
– DHA
– cholesterol

• Protein
– casein
– whey proteins
– nonprotein nitrogen

• Milk carbohydrates
• Fat-soluble vitamins

– vitamin A
– vitamin D
– vitamin E
– vitamin K

• Water-soluble vitamins
– vitamin B12 and folic acid

• Minerals in human milk
– bioavailability
– zinc
– trace minerals

• Taste of human milk

Key Nutrition Concepts

• Most medications, including over-the-
counter as well as prescription drugs, 
drugs of abuse, alcohol, nicotine and 
herbal remedies taken by nursing 
mothers are excreted in breast milk.

• Twins and other multiples can be 
successfully breastfed without formula 
supplementation.

Other Concerns

• Breastfeeding multiples
• Infant allergies
• Food intolerance
• Near-term infants
• Human milk and preterm infants
• Medical contraindications to 

breastfeeding
• Breastfeeding and HIV infection

Assessing Newborn Health

• Birthweight as an outcome
• Infant mortality
• Combating infant mortality
• Standard newborn growth assessment

Infant Development

• Motor development
• Critical periods
• Cognitive development
• Digestive system development
• Parenting
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Energy and Nutrient Needs

• Caloric needs
• Protein needs
• Fats
• Metabolic rate, calories, fats and protein—

how do they all tie together?

• Other nutrients and non-nutrients
– fluoride
– vitamin D
– sodium
– fiber
– lead

Feeding in Early Infancy

• Breast milk and formula
• Cow’s milk during infancy

Energy and Nutrient Needs

• Energy needs
• Protein requirements

– form of protein
• Fats
• Vitamins and minerals

Common Nutritional Problems

• Nutrition risks to development
• Developmental delay
• Down syndrome

Severe Preterm Birth and 
Nutrition

• How sick babies are fed
– food safety

• What to feed preterm infants
• Preterm infants and feeding

– fatigue
– low tolerance of volume
– “disorganized feeding”

Congenital Abnormalities and 
Chronic Illness

• GI tract disorders
– diaphragmatic hernia
– tracheoesophageal atresia

• Cleft lip and palate
• Genetic disorders

– maple syrup urine disease
– DiGeorge syndrome

Moden
grisetarm

Umoden grisetarm:
Enterocolitis

Tidlig fødsel + mælkeerstatning =>  
tarmsygdom

(Gastroenterology, 122, A341)

Syg:                  Kontrol:

Caecum-
Colon

Distal
tarm Mavesæk
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KONKLUSION:
Tarmen i umodne og/eller små nyfødte
er ekstremt følsom overfor ernæring

• Modenhed

• Fødselstype• blod vs.
enteral ernæring

• Diæt type
- men virkningen afhænger af: 

DYREART?

Animal models in infant nutrition?

Text

Skift i ernæringsforhold ved fødsel:

Fødsel

Foster

Parenteral
ernæring
via navle

Nyfødt

Enteral
ernæring
via tarm

Overlevelse:
Svin 87%   (75-95)
Kvæg 93%   (85-95)
Får 92%   (80-95)
Heste 91%   (85-95)
Mennesker 99%  (90-100)

Nutritional transition at birth
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Fødselsvægt og vitalitet hos grise (Hoy & 
Bauer, 1998)
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333400Muskel 
glykogen 
( mol/g)

283472Lever glykogen 
(g/kg)

5.175.28Plasma glukose 
(mM)

24t faste
varmt

Fødsel

- Så hurtigt forsvinder depoterne:

Grise fødes relativt små og med lille depot 
(Fletcher, 1992)

22333400Muskel 
glykogen 
( mol/g)

55283472Lever glykogen 
(g/kg)

0.785.175.28Plasma glukose 
(mM)

24t faste
køligt

24t faste
varmt

Fødsel

- Så hurtigt forsvinder depoterne:

Grise fødes relativt små og med lille depot 
(Fletcher, 1992)

Transmission of passive immunity in different species:
(0, no transfer; +, variable degrees of transfer, m.f. Brambell, 1970)

+++ (24h)0Horse

0+++Man, 
monkey

0+++Rabbit
0+++Guinea Pig

++ (20d)+Rat
++ (16 d)+Mouse
++ (40d)+Hedgehog
++ (<5d)++Fowl
++ (1-2d)+Dog, cat

+++ (180d)0Wallaby
+++ (24h)0Ox,goat,shee

p

+++ (24h)0Pig

After birth
(oral via gut)

Before birth
(parenteral via placenta)

Species
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NEC in premature, formula-fed
pigs (Gastroenterology, 122, 

A341, 2000)

* ,  P  <  0 .0 5 C o lo s tru m F o r m u la
N E C  in c i d e n c e  (% ) 0 5 7 *
B lo o d  a c id ity  (p H ) 7 .4 3  ±  0 .0 4 7 .2 4  ±  0 .0 3 *
I n te s t in a l m u c o s a  (% ) 7 5 .6  ± 1 . 1 6 5 .0  ±  3 .5 *
V i llu s  h e ig h t  ( m ) 5 5 6  ±  3 7 2 6 3  ±  3 7 *
M a lta s e  a c t iv ity  (U /g )  6 .1 8  ±  0 .8 9 1 .3 1  ±  0 .2 8 *
L a c ta s e  a c t iv i ty  (U /g ) 1 9 . 6  ±  2 .8 1 0 .2  ±  2 .2 *
A m i n o p e p t id a s e  N 7 .7 6  ±  0 .9 1 5 .1 1  ±  0 .7 0
A m i n o p e p t id a s e  A 4 .2 2  ±  0 .2 8 2 .7 3  ±  0 .3 4 *
G l u c o s e  a b s o rp t io n 1 .0 2  ±  0 .0 9 0 .5 9  ±  0 .0 7 *

Nutritional transition at birth

Parenteral nutrition Enteral nutrition

Birth

Premature piglets reared in infant 
incubators on parenteral nutrition

Nutrients:
- 180-230 mL/kg/d
- 8-11g prot./kg/d
- 600-800 kJ/kg/d

TPN fuid:
- 3200 kJ/L
- Glucose: 72g/L 
- Am.acids: 45 g/L
- Fat: 31 g/L

Milk (sow/cow):
- 3350 kJ/L
- Lactose: 45 g/L
- Protein: 46 g/L
- Fat: 39 g/L

Formula

Sow colostrum

Diet-dependent gut responses
to enteral nutrition in preterm pigs?

TPN-induced mucosal damage? Sow

Premature
cesarian
section TPN

for 3d
Enteral

nutrition
for 2 d

Cow

NEC!

1415±136 /mm21615±221 /mm2

2320±271 /mm2

2342±158 /mm2

2251±218 /mm2

nNOS neuron density: Hvad påvirker fostrets modning forud for føds

Man ---- 99% (90-
100)
Cattle  ---- 93% (85-
95)
Sheep ---- 92% (80-
95)

Vægt af mave-tarmkanalen
relativt til kropsvægten:

Stor øgning omkring fødsel

Stomach
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-30 -20 -10 0 10 20 30 40

0,8

1,2

1,6
Pancreas

Birth

  Small
intestine

-30 -20 -10 0 10 20 30 40

20

40

60

80

Alder før og efter fødsel (dage)

Fødsel         Fravænning

No swallowing of amniotic fluid before birth  

MotherMother Fetus

Placenta Mammary gland

Maternal blood

Amniotic fluid

Milk

Neonatal blood

“Total parenteral nutrition” “Total enteral nutrition”

Oesophageal
ligation of fetus

MotherMother Fetus MotherMother Neonate

Placenta Mammary gland

Maternal blood

Amniotic fluid

Milk

Neonatal blood

“Total parenteral nutrition” “Total enteral nutrition”

TPN-feeding

Continuation of TPN after birth
Is the intestine particularly sensitive to 

nutrition and the gut microflora
at birth and weaning?  

NUTRITION
MICROFLORA

EFFECTS ON
GUT ADAPTATION?

FETAL
PREMATURE

NEWBORN
WEANED
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Preliminary summary:
1) The nutritional transition is enormous at birth
2) Gut function is a critical barrier to good nutrition
3) Gut develops rapidly at birth – in all species?
4) Gut maturation interacts with microflora/nutrition? 

Premature piglets reared in infant 
incubators on parenteral nutrition

Nutrients:
- 180-230 mL/kg/d
- 8-11g prot./kg/d
- 600-800 kJ/kg/d

TPN fuid:
- 3200 kJ/L
- Glucose: 72g/L 
- Am.acids: 45 g/L
- Fat: 31 g/L

Milk (sow/cow):
- 3350 kJ/L
- Lactose: 45 g/L
- Protein: 46 g/L
- Fat: 39 g/L

Physiology:
Does physiology relate to infants?
Can reasons/treatments be found?

Philosophical?
Why should we save newborns?
OK to kill piglets but not infants?

Preterm or term birth?
Parenteral versus enteral nutrition?
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(J. Nutr. 132, 2673-2681, 2002)

Age at birth?                   Mothers milk versus formula?

Premature pig
Colostrum Premature pig - Formula

NEC

Term pig 
Formula

Is diet and age important?

Increments in plasma galactose (ug/mL) in 
premature pigs in response to a lactose bolus
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Intestinal NOS activity and vit. E
in preterm and term piglets
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Does nutrition interact
with the gut microflora?

Mother´s milk

E-vitamin indhold i tarmvæv
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inflammation?
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Baboon Pig
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Age-related maturation of intestinal enzymes
in baboons (primates) and pigs 

In primates: Earlier maturation of disaccharidases (lactase?)
Later maturation of aminopeptidases
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Most common groups of bacteria in the lower 
genital tract of pregnant women during weeks 34-40

Aerobes                                              Anaerobes

corynebacteria
enterobacteria
lactobacilli
micrococci
staphylococci
streptococci

bacteroides
lactobacilli
peptococci
peptostreptococci
propionibacteria
veillonella

Bacteroides, Eubacterium
anaerobic Streptococcus

Bifidobacterium

Enterobacteria, cocci

Lactobacillus

Clostridium perfringens
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Birth                 Weaning             Adulthood             Senescence

Tyndtarmens mikrobiologi ændres med alderen

Bacteria in the gastrointestinal tract
Rumen Stomach Small Cecum-

intestine colon
Bacterial numbers (per g)

1010-1011 103-105                       103-108 109-1011

Veillonella alcalescens Streptococcus spp. Streptococcus spp. B. ruminicola
Bacteroides ruminicola Lactobacillus spp. Lactobacillus spp.        S. ruminantium
Selenomonas ruminantium Staphylococcus spp. Staphylococcus spp. R. flavefaciens
Bacteroides succinogenes E. coli E. coli
Ruminococcus flavefaciens C. perfringens Fusobacterium spp.
Butyrivibrio fibrisolvens Streptococcus spp.
Succinimonas amylolytica Enterococcus spp.
Anaerovibrio lipolytica Clostridium spp.
Vibrio succinogenes Eubacterium spp.
Eubacterium limosum Bacteroides spp.
Lachnospira multiparus Bifidobacterium spp.
Bacteroides amylophilus Lactobacillus spp.
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Human                 Pig                Mouse         Rabbit

Fecal microbiota of different animal species
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Gnotobiotic Acute infection

Increasing levels of microbes
(Increasing demand for protein) 

Age
(Shorter villi with age) 

Decreasing nitrogen retention
(Due to sloughing off of cells
Natural surface defence mechanism)

Gut wall

Thinner, longer crypts and villi

Larger, shallower crypts and villi

Prophylactic
barrier

Chronic

Increasing microbial load

Increasing efficiency of nutrient utilization

ENTERIC HEALTH

“Healthy”

Gnotobiotic Acute

           Prophylaxis /
       Growth promotion

        Therapy

antibiotics         prebiotics
antibodies         probiotics
vaccination

       antibiotics
       antibodies

Microbial load on health and performance
Beneficial, potentially beneficial / harmful 

and pathogenic attributes of bacteria in the 
large intestine

Health-promoting properties Harmful / pathogenic effects

Streptococci

Enterobacteriaceae
Campylobacters

Pseudomonas

Staphylococci

Fusobacteria
Clostridia

Peptostreptococci

Bacteroides

Lactobacilli

Bifidobacteria
Eubacteria
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Birth mode & bacterial colonization 

• The intestinal flora depends on
the mode of delivery up to at 
least 12 months after delivery

• Children delivered by ceasarian
are more likely to develop
allergic disease

MikrobielMikrobiel aktivitetaktivitet i i forskelligeforskellige regionerregioner afaf
tarmentarmen hoshos grisegrise –– effekteffekt afaf fiberfiber (B.B. Jensen, (B.B. Jensen, 

2001)2001)
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HOW  DOES  COLOSTRUM  DIFFER  FROM  MILK?
(PIGS, m.f. Klobasa, 1987)
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Ernæringens betydning for tarmens egen-
vækst

(Hand et al., 2000, Ch.22)

A: Uden enteral ernæring (faste eller intravenøs ernæring)

B: Normal tarm

H
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KVL

1.

3.2. Fejl- og underernæring

Større diarré
følsomhed ”Sulten tarm”

Fødsel og fravænning

TARMENS AFHÆNGIGHED AF ERNÆRING

Tarmens
bakterier


