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ABSTRACT

To study the effects of feeding and diet on postnatal development of the small
intestine in newborn piglets during the time O - 24 hours after birth, three studies were

conducted:

1. Unsuckled newborn piglets were fed from a bottle with colostrum or milk
from either sows or cows, infant formula, or water. After 24 hours intestinal
development was compared with that in piglets at birth and others naturally suckled.
Sow colostrum caused greater increases in weight and length of the small intestine than
did any of the other diets. The increases were due to mucosal cell swelling caused by
cellular protein accumulation, hyperplasia and, in the duodenum, hypertrophy. Feeding
sow colostrum increased mucosal lactase activity. Cow colostrum caused decreases in
mucosal RNA levels. Increases in the DNA content of the intestinal mucosa occurred
in all groups, including the water fed group. Colostrum feeding also enhanced
pancreatic growth and feeding infant formula increased liver weight.

2. The effects of enteral feeding on small intestinal development were
investigated by feeding nutrient solution to unsuckled newborn piglets by orogastric tube
or parenterally. Both groups after 24 hours had greater intestinal development than did
the piglets at birth. The development was most pronounced in the duodenum and lower
ileum. Apart from a greater small intestinal length in the orogastrically fed piglets there
were no significant differences between the orogastrically and parenterally fed groups.

3. To investigate the effects of sucking per se on small intestinal development,
groups of unsuckled piglets were fed for 24 hours with either sow colostrum or infant
formula by orogastric tube or being allowed to suck from a bottle. Sucking did not
affect intestinal development whereas colostrum, regardless of how it was fed, had
significantly greater effects on intestinal development than did infant formula. For the
colostrum fed piglets the intestinal length, tissue weight, circumference, wall thickness,
villous height and width, RNA content, protein:DNA ratio and RNA:DNA ratio were all
significantly greater than for those fed infant formula. In the duodenum the estimated

cell migration rate was faster and mucosal cell replacement time was shorter than in



v
other parts of the small intestine, regardless of the diet fed. The greater villous height
in the piglets fed sow colostrum was most likely due to the combined effects of cellular

swelling and an increase in the number of villous cells.

These results indicate that (a) sow colostrum moellular swelling related to
colostral protein accumulation, cell hyperplasia and, in the duodenum, hyperaophy, (b)
there is a basal rate of mucosal cell division which contributes to mucosal growth
regardless of diet and method of feeding, (c) the duodenum exhibits a greater growth
and sensitivity to the trophic effects of colostrum compared to other parts of the small
intestine, (d) feeding cow colostrum to newborn piglets causes a pronounced decrease
in mucosal RNA content and (e) diets affect postnatal development of the small intestine
whereas the route or method of feeding has no significant effects on small intestinal

development in piglets during the first 24 hours after birth.
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for 24 hrs (magnification x 96).

Villi in the upper ileum of the piglets given nutrient solution
by orogastric feeding (OGF) or total parenteral nutrition (TPN)
for 24 hrs (magnification x 428).
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4.14

4.15

4.16

4.17

4.18

4.19

4.20

Villous width of the duodenum (DUQ), upper jejunum
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower
ileum (LOI) of piglets collected at birth (B) or given nutrient
solution by orogastric feeding (OGF) or total parenteral nutrition
(TPN) for 24 hrs.

Submucosal thickness of the duodenum (DUO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets collected at birth (B) or given
nutrient solution by orogastric feeding (OGF) or total parenteral
nutrition (TPN) for 24 hrs.

Number of labelled dividing cells per crypt area from the
duodenum (DUOQO), upper jejunum(UPJ), lower jejunum (LOJ),
upper ileum (UPI) and lower ileum (LOI) of piglets given
nutrient solution by orogastric feeding (OGF) or total parenteral
nutrition (TPN) for 24 hrs.

The relative migration distance of the labelled dividing cells
of the duodenum (DUOQO), upper jejunum(UPJ), lower jejunum
(LOJ), upper ileum (UPI) and lower ileum (LOI) of piglets
given nutrient solution by orogastric feeding (OGF) or total
parenteral nutrition (TPN) for 24 hrs.

Mucosal DNA concentration of the duodenum (DUO),
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI)
and lower ileum (LOI) of piglets collected at birth (B) or given
nutrient solution by orogastric feeding (OGF) or total parenteral
nutrition (TPN) for 24 hrs.

Mucosal DNA content of the duodenum (DUO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets collected at birth (B) or given
nutrient solution by orogastric feeding (OGF) or total parenteral
nutrition (TPN) for 24 hrs.

Mucosal RNA concentration of the duodenum (DUO),
upper jejunum (UPJ), lower jejunum (LOYJ), upper ileum (UPI)
and lower ileum (LOI) of piglets collected at birth (B) or given
nutrient solution by orogastric feeding (OGF) or total parenteral
nutrition (TPN) for 24 hrs.
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4.21

4.22

4.23

4.24

4.25

4.26

4.27

Mucosal RNA content of the duodenum (DUO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets collected at birth (B) or given
nutrient solution by orogastric feeding (OGF) or total parenteral
nutrition (TPN) for 24 hrs.

Mucosal RNA:DNA ratio of the duodenum (DUO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets collected at birth (B) or given
nutrient solution by orogastric feeding (OGF) or total parenteral
nutrition (TPN) for 24 hrs.

Mucosal protein concentration of the duodenum (DUO),
upper jejunum (UPJ), lower jejunum (LOYJ), upper ileum (UPI)
and lower ileum (LOI) of piglets collected at birth (B) or given
nutrient solution by orogastric feeding (OGF) or total parenteral
nutrition (TPN) for 24 hrs.

Mucosal protein content of the duodenum (DUO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets collected at birth (B) or given
nutrient solution by orogastric feeding (OGF) or total parenteral
nutrition (TPN) for 24 hrs.

Mucosal protein:DNA ratio of the duodenum (DUQO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets collected at birth (B) or given
nutrient solution by orogastric feeding (OGF) or total parenteral
nutrition (TPN) for 24 hrs.

Lactase activity per mucosal weight of the duodenum
(DUOQO), upper jejunum (UPJ), lower jejunum (LOJ), upper
ileum (UPI) and lower ileum (LOI) of piglets collected at birth
(B) or given nutrient solution by orogastric feeding (OGF) or
total parenteral nutrition (TPN) for 24 hrs.

Total lactase activity of the duodenum (DUO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets collected at birth (B) or given
nutrient solution by orogastric feeding (OGF) or total parenteral
nutrition (TPN) for 24 hrs.
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4.28

4.29

5.1

5.2

5.3

5.4

1%

5.6

Lactase activity per DNA weight of the duodenum (DUO),
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI)
and lower ileum (LOI) of piglets collected at birth (B) or given
nutrient solution by orogastric feeding (OGF) or total parenteral
nutrition (TPN) for 24 hrs.

Serum glucose concentration at 24 hours (DEAD GLU) and
the difference between at birth and 24 hours (DIFF GLU) of
piglets given nutrient solution by orogastric feeding (OGF) or
total parenteral nutrition (TPN) for 24 hrs.

Body weight change and liver and pancreatic weights of
piglets given either sow colostrum (SC) or infant formula (IF)
by sucking (S) or orogastric feeding (OGF) for 24 hrs Data for
piglets collected at birth (B) and naturally suckled (NS) for 24
hrs are included for reference.

Length of the total small intestine (TOTAL), duodenum
(DUOQ), jejunum (JEJ) and ileum (ILE) of piglets given either
sow colostrum (SC) or infant formula (IF) by sucking (S) or
orogastric feeding (OGF) for 24 hrs.

Total weight of the intact small intestine (INTACT) and the
intestinal mucosa (MUC) and muscle (MUS) of piglets given
either sow colostrum (SC) or infant formula (IF) by sucking (S)
or orogastric feeding (OGF) for 24 hrs

Intact weight of the duodenum (DUO), upper jejunum
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower
ileum (LOI) of piglets given either sow colostrum (SC) or infant
formula (IF) by sucking (S) or orogastric feeding (OGF) for 24
hrs.

Mucosal weight of the duodenum (DUO), upper jejunum
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower
ileum (LOI) of piglets given either sow colostrum (SC) or infant
formula (IF) by sucking (S) or orogastric feeding (OGF) for 24

hrs.

Muscular weight of the duodenum (DUO), upper jejunum
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower
ileum (LOI) of piglets given either sow colostrum (SC) or infant
formula (IF) by sucking (S) or orogastric feeding (OGF) for 24
hrs.
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81

5.8

59

5.10

5.11

5.12

5.13

Circumference of the duodenum (DUQO), upper jejunum
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower
ileum (LOI) of piglets given either sow colostrum (SC) or infant
formula (IF) by sucking (S) or orogastric feeding (OGF) for 24
hrs.

Wall thickness of the duodenum (DUO), upper jejunum
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower
ileum (LOI) of piglets given either sow colostrum (SC) or infant
formula (IF) by sucking (S) or orogastric feeding (OGF) for 24
hrs.

Villous height of the duodenum (DUO), upper jejunum
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower
ileum (LOI) of piglets given either sow colostrum (SC) or infant
formula (IF) by sucking (S) or orogastric feeding (OGF) for 24
hrs.

Villous width of the duodenum (DUO), upper jejunum
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower
ileum (LOI) of piglets given either sow colostrum (SC) or infant
formula (IF) by sucking (S) or orogastric feeding (OGF) for 24
hrs.

Crypt depth of the duodenum (DUO), upper jejunum
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower
ileum (LOI) of piglets given either sow colostrum (SC) or infant
formula (IF) by sucking (S) or orogastric feeding (OGF) for 24
hrs.

Muscular thickness of the duodenum (DUOQO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets given either sow colostrum (SC) or
infant formula (IF) by sucking (S) or orogastric feeding (OGF)
for 24 hrs.

Submucosal thickness of the duodenum (DUO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets given either sow colostrum (SC) or
infant formula (IF) by sucking (S) or orogastric feeding (OGF)
for 24 hrs.
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5.14

5.15

5.16

5.17

5.18

5.19

5.20

5.21

Villi in the upper jejunum of piglets given either sow
colostrum (SC) or infant formula (IF) by sucking (S) or
orgastric feeding (OGF) for 24 hrs (magnification x 60).

Villi in the upper ileum of piglets given either sow
colostrum (SC) or infant formula (IF) by sucking (S) or
orogastric feeding (OGF) for 24 hrs (magnification x 242).

Number of labelled dividing cells per crypt area from the
duodenum (DUO), upper jejunum (UPJ), lower jejunum (LOJ),
upper ileum (UPI) and lower ileum (LOI) of piglets given either
sow colostrum (SC) or infant formula (IF) by sucking (S) or

orogastric feeding (OGF) for 24 hrs.

The relative migration distance of the labelled dividing cells
of the duodenum (DUQ), upper jejunum (UPJ), lower jejunum
(LOJ), upper ileum (UPI) and lower ileum (LOI) of piglets
given either sow colostrum (SC) or infant formula (IF) by
sucking (S) or orogastric feeding (OGF) for 24 hrs.

Mucosal DNA concentration of the duodenum (DUO),
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI)
and lower ileum (LOI) of piglets given either sow colostrum
(SC) or infant formula (IF) by sucking (S) or orogastric feeding
(OGF) for 24 hrs.

Mucosal RNA concentration of the duodenum (DUO),
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI)
and lower ileum (LOI) of piglets given either sow colostrum
(SC) or infant formula (IF) by sucking (S) or orogastric feeding
(OGF ) for 24 hrs.

Mucosal DNA content of the duodenum (DUQO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets given either sow colostrum (SC) or
infant formula (IF) by sucking (S) or orogastric feeding (OGF)
for 24 hrs.

Mucosal RNA content of the duodenum (DUO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets given either sow colostrum (SC) or
infant formula (IF) by sucking (S) or orogastric feeding (OGF)
for 24 hrs.
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5.22

5.23

5.24

5.25

5.26

5.27

5.28

Mucosal protein concentration of the duodenum (DUO),
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI)
and lower ileum (LOI) of piglets given either sow colostrum
(SC) or infant formula (IF) by sucking (S) or orogastric feeding
(OGF) for 24 hrs.

Mucosal protein content of the duodenum (DUO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets given either sow colostrum (SC) or
infant formula (IF) by sucking (S) or orogastric feeding (OGF)
for 24 hrs.

Mucosal protein:DNA ratio of the duodenum (DUQO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets given either sow colostrum (SC) or
infant formula (IF) by sucking (S) or orogastric feeding (OGF)
for 24 hrs.

Mucosal RNA:DNA ratio of the duodenum (DUO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets given either sow colostrum (SC) or
infant formula (IF) by sucking (S) or orogastric feeding (OGF)
for 24 hrs.

Lactase activity per mucosal weight of the duodenum
(DUOQ), upper jejunum (UPJ), lower jejunum (LOJ), upper
ileum (UPI) and lower ileum (LOI) of piglets given either sow
colostrum (SC) or infant formula (IF) by sucking (S) or
orogastric feeding (OGF) for 24 hrs.

Total lactase activity of the duodenum (DUO), upper
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and
lower ileum (LOI) of piglets given either sow colostrum (SC) or
infant formula (IF) by sucking (S) or orogastric feeding (OGF)
for 24 hrs.

Lactase activity per DNA weight of the duodenum (DUO),
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI)
and lower ileum (LOI) of piglets given either sow colostrum
(SC) or infant formula (IF) by sucking (S) or orogastric feeding
(OGF) for 24 hrs.
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