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Energy stores in newborn infants and animals
(Fletcher, 1992)

Species Weight Fat Muscle Liver
birth store | glycogen |glycogen
(kg) (g/kg) (9/kg) (g/kg)
Humans 3.5 160 7.5 3.8
Guinea P. 0.1 110 4.5 55
Rabbit 0.05 58 2.3 2.7
Sheep 4.5 30 8.8 2.2
Pig 1.3 11 20.9 2.1
Rat 0.005 11 1.8 5.8

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.

"Bioactive proteins” in milk. zavieisk. 2.anim e sci. 7 (suppl, 1998)

Hormones prolactin, somatostatin, growth hormone, growth hormone-relcasing factor,
calcitonin, insulin, thyroxin, oxytocin, melatonin, ANP, ET-1

Regulatory peptides gastrin, bombesin, CCK, VI, neurotensin, delta sleep inducing peptide.

Growth factors  EGF-land 1L, IG, TGF-crand -,
factor, CDGF
Mammary gland
inhibitors ‘mammastatin, MDGI, MAF
Eazymes amylase, serum-seasitiv lipase:
Immunoglobulins  TgA, IgG, IgM
Gycoproteins lactofe . iy ), adh

‘molecules
Protein precursors  bioactive substances resulting from the digestion of milk proteins
Casein o and B-casein fragments ~ casomorphias, cascinophosphopeptides,
immunopeptides, casokinins
K-casein fragmeats - casoxins, casoplatenins

Whey protein alactoglobulin fragments - aclactophorins
-lactoglobulin fragments — B-actophorins
Lactofertin lactoferroxins

Lactoalbumins Iactorphins

Immune components in human milk

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.

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

Table 1.1. The major components of sow’s colostrum and milk

Component Colostrum® Mature Milkz
Total Solids 248 187
Protein® s 55
Non-protein Nitrogen 03 03
Lactose 3.4 53
Fat 59 76
Ash 07 os

T Taken immediately postpartum.
2 Classified as milk samples collected between 14 and 21 days postpar:
Table 1.2. The protein content of sow’s colostrum and mature milk

Colostrum? Mature Milk?
547

Total Proteint (9/100 g milk) 1514
Cascin (a/100 g milk) 1.48 274
Whey (9/100 g milk) 1475 222
‘Serum albumin (mag/mi mitk) 15.79 261
1G5 (mg/mi mi 95.6 o9
19A® (mg/mi milk) 212 53
19M? (mg/mi milk) 91 T4
Lactoferrin (g/mi mik) 1200 <100

T Taken immediately postpartum.
2 Classified as milk samples collected between 14 and 21 days postpartum.
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Benefits of Breastfeeding

Benefits for mothers
Benefits for infants

— nutritional benefits

— immunological benefits
— cognitive benefits

— reduced morbidity

— socioeconomic benefits
— analgesic effects

Milk nutrients in different species: aneta. 2000

The intestinal immune system: sisetai
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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

Pre-biotics — mode of action in the intestine
(McDonald et al. kap.25, Fig.25.3)
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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. lactobacill, bifidobacteria)
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Gut bacteria and immune system "cross-talk”

(Kelly & Coutts, 2000, Proc.Nutr.Soc. 59)

The newborn intestine depends on nutrition

e

[FONCRNEUNEEIE  +UNGRY” GUT (TPN)

American Journal of
Physiology 279, 2000

Probiotics — mode of action (mcbonaid et al., Fig.25.1)

Pathogenic bacteria

Non-pathogenic
bacteria

Enterocyte
Gut wall

(a)

Pathogenic bacteria
Non-pathogenic
bacteria
Enterocyte
Gut wall

(b)

a)  Blandet mikrobiel population med veesentlig tilhzeftning af patogener
b)  Patogeners tilheftning er “udkonkurreret” af "kommensaler” (probiotika)

Gut atrophy:
effects on
absorption &

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

GALT

(gut-associated lymphoid tissue)

After injury thereis a
lack of GALT to control
immunological responses

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



Weight, age at birth and mortality Diseases and low birth weight: Perinatal problems in famous people
Table &3 Range of birdweights by pesasionl age. LIS (TNK Raju, Neonatal & Perinata Meciine, 1983)

Table 4.14 Diseases and other conditions in

WEEKS adules related to smallness or thinness Navn Fodsel Problem 1Q
BRTHWEIGHT 2 __GESTATION R at birth2447 ey apeay .
ool 5 e O = R ——— arstal  vifadsel s
T Py jies Mood disorders
e mune diseases Obesity —
P! '(‘_“"‘Ifhi' is it :""!-'"-“‘_"-"“""’ , Johannes Kepler 1571 7 mdr. graviditet 160
u ardiovascular discase 'olycystic ovary syndrome ) " . - -
Decreased bone mineral Schizophrenia Isaac Newton 1642 \mgl' 15 ]"2 170
content Short stature F.M. de Voltaire 1694 Ingen vejrtrakning 180
, e Jabems s e Johann Goethe 1749 Tilsynelad. dodfodt 200
W+ 14 Kidney disease Suicide Winston Churchill 1874 7% mdr. graviditet
::: :.- Merabolic syndrome Type 2 diabetes Pablo Picasso 1881 Tilsynelad. dodfodt -
S e A e T RAE "Developmental Origins of Adult Disease” — "Barker Hypothesis” Perinatal problems do not always lead to poor mental/intellectual skills!
The preterm pig intestine is o
highly responsive to enteral nutrition Key Nutrition Concepts Key Nutrition Concepts
Intestinal weight Aminopeptidase A
g N © INIVLETE reqwrements G R ne_wborns » Human milk is the preferred feeding for all
D) have to be modified for preterm infants. premature and sick newborns with rare
£ i i -
E * Knowing the need_s of sick and small exceptions.
e ' !
g . ne\[/jvborns(;gsult? '2 greate: - « Breastfeeding women need consistent,
£ B i gfswf‘" i °b‘ © ok "‘:;""0“3 informed, and individualized care in the
® gt f) 2 ne\.N el ‘?n o hospital and at home after discharge.
;: « Changing feeding practices, such as the

care of infants outside the home and the
Preterm  Term Preterm  Term early introduction of foods, markedly
L) ﬂ affect nutritional status of infants.

(3. Nutr. 132, 2673-2681, 2002)
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Small intestinal weight in piglets
(Am. J. Physiol. 281, 2001)

g/kg
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Caesarean section vs. vaginal birth: (crisenson etal, 1993
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Intestine, milk, microflora in preterms:

Bacterial ranslocaion

Mikrobiel invasior
inflammation, nek

Fa balderier,
Ingen invasion
Ingen toxin-skade

NEC

Darlig meelk + darlig mikroflora

Thermo-regulatory adaptation in newborn lambs:

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

I A

Colonletemperatue °C)

Ambient temperatyre i)

Figure 2 Comparison of changes in colonic temperature over the first 30 minutes of neonatal
life in lamba born normally at term from under-fed (@) or well-fed () cwes (60% vs 100%.
of encrgy requirements for mainicnance and prognancy over the final month of gestation), or

o Getivered vy cactarean sacion it an st srmpersure o A5 1406 davn o
T BB, an B2 S for eun mrovp.

oint were assessed by Analysis of Variance: ~P<0.05, +**P<0.001



Temp ion — response to birth and feediny Temperature fgllgli'ﬂgg)ﬂ in newborns Nutrient contents of colostrum/milk (pigs)
=

(Darragh & Moughan, The Lactating Sow)

Table 1.1. The major components of sow’s colostrum and milk

40 1 Rectal temperature following preterm birth Component Colostrum? Mature Milk2

Total Solids 248 187
Protein® 5.1 55
Non-protein Nitrogen 03 03
Lactose 3.4 53
Fat 59 76
Ash 07 os

T Taken immediately postpartum.
2 Classified as milk samples collected between 14 and 21 day
Toble 1.2. The protein content of sow’s colostrum and mature milk

Colostrum? Mature Milk?
Tota! proteint (g/100 g mith 1514 5.47
Comcin (81100 5 mit) 1.48 274
Whey (9/100 g mi 1475 222

Serum albumin (mg/ml milk) 15.79 4.61
1965 (ma/mi mil 956 oo
6 hours pp 24 hours pp 24 hours pp 1980 (marmi :uu) 212 sa
TPN-fed Enteral-fed g7 (i mi .1 14
e s mih) 1200 <100

1 Taken Immediately postpartu
Classificd a5 milk samples collceted between 14 and 21 days postpartur.
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Nutrition concerns for infants:

Tabie 9.1 Pt comomes i eets e speiel b 1 et
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« Caloric needs
« Protein needs
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Animal models in infant nutrition? Skift i ernringsforhold ved fadsel:

Are the piglet and infant similar?
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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?

o
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Increments in plasma galactose (ug/mL) in
premature pigs in response to a lactose bolus

—@— Sows colostrum
-0~ Formula

Lactose bolus
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Does nutrition interact
with the gut microflora?

Infant formula

Intestinal weight

1.0)

Value relative to birth (:

Aminopeptidase A

Preterm

Term

Preterm Term

Intestinal NOS activity and vit. E
in preterm and term piglets

Term pigs
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Age-related maturation of intestinal enzymes
in baboons (primates) and pigs

ns in the life of the gut
the perinatal period

= Baboon === Pig

3 R . e
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gestation gestation gestation gestation gestation

(fetuses) (sucklina) (fetuses) (suckling) (fetuses) (suckiina)

In primates: Earlier maturation of disaccharidases (lactase?)

“Total enteral nutrition™ Later maturation of aminopeptidases

“Total parenteral nutrition™

Bacteria in the gastrointestinal tract
Rumen Stomach Small Cecum-
intestine colon
Bacterial numbers
1010-101 10%-105 10%-1 10°-101
reptococeus spp. B. ruminicola
icola Lactobacil S. ruminantium
s ruminantium - Staphylococcus spp pp. R. flavefaciens
C. perfringens
lytica

Anaerovibrio lipolyti
Vibrio succinogen

Clostridium spp.
Eubacterium spp.

Birth ning Adulthood

ra multiparus

Tyndtarmens mikrobiologi zndres med alderen
Bacteroides amylophilus

Lactobacillus

Gut wall
Microbial load on health and performance

i Increasing efficiency of nutrient utilization
o ARG S O B
Larger, shallower crypts and vl

Increasing microbial load

ENTERIC HEALTH
Acute infection \

pts and villi

Increasing levels of microbes
(Increasing demand for protein)
Age
(Shorter villi with age)
Decreasing nitrogen retention
(Due to sloughing off of cells g p :‘:j
Natural surface defence mechanism) o

Gnotobiotic Chronic Acute

Therap

Most common groups of bacteria in the lower
genital tract of pregnant women during weeks 34-40

Aerobes Anaerobes

bacteroides
lactobacilli
peptococci
peptostreptococci
propionibacteria
veillonella

corynebacteria
enterobacteria
lactobacilli
micrococci
staphylococci
streptococci

Fecal microbiota of different animal species

Rabbit

Beneficial, potentially beneficial / harmful
and pathogenic attributes of bacteria in the
large intestine

Harmful / pathogenic effects

Clostridia

Campylobacters

e EESEGHECteriacee
ISERTococc

Staphylococei

eudomonas
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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
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