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ABSTRACI' 

To study the effects of feeding and diet on postnatal development of the small 

intestine in newborn piglets during the time 0 - 24 hours after birth, three studies w�re 

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, hypelbophy. 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 
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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 llular swelling related to 

colostral protein accumulation, cell hyperplasia and, in the duodenum, hypertrophy, (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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(LO!) of piglets collected at birth (B) or given nutrient solution 
by orogastric feeding (OOP) or total parenteral nutrition (TPN) 
for 24 hrs .  

4.7 Wall thickness of the duodenum (DUO), upper jejunum 215 
(UPJ), lower jejunum (LO]), upper ileum (UPI) and lower 
ileum (LOI) of piglets collected at birth (B) or given nutrient 
solution by orogastric feeding (OOP) or total parenteral nutrition 
(TPN) for 24 hrs. 

4.8 Crypt depth of the duodenum (DUO), upper jejunum 215 
(UP]), lower jejunum (LO]) , upper ileum (UPI) and lower 
ileum (LOI) of piglets collected at birth (B) or given nutrient 
solution by orogastric feeding (OOP) or total parenteral nutrition 
(TPN) for 24 hrs. 

4.9 Circumference of the duodenum (DUO), upper Jejunum 215 
(UP]), lower jejunum (LO]), upper ileum (UPI) and lower 
ileum (LO!) of piglets collected at birth (B) or given nutrient 
solution by orogastric feeding (OOP) or total parenteral nutrition 
(TPN) for 24 hrs. 

4. 10 Muscular thickness of the duodenum (DUO), upper 216 
jejunum(upJ), lower jejunum (LOJ), upper ileum (UPI) and 
lower ileum (LO!) of piglets collected at birth (B) or given 
nutrient solution by orogastric feeding (OOP) or total parenteral 
nutrition (TPN) for 24 hrs. 

4. 1 1  Villous height of the duodenum (DUO), upper jejunum 216 
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower 
ileum (LOI) of piglets collected at birth (B) or given nutrient 
solution by orogastric feeding (OOP) or total parenteral nutrition 
(TPN) for 24 hrs. 

4. 12 Villi in the upper ileum of the piglets given nutrient solution 217 
by orogastric feeding (OOP) or total parenteral nutrition (TPN) 
for 24 hrs (magnification x 96). 

4. 13  Villi in the upper ileum of the piglets given nutrient solution 218 
by orogastric feeding (OOP) or total parenteral nutrition (TPN) 
for 24 hrs (magnification x 428). 
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4.14 Villous width of the duodenum (DUO), upper Jejunum 219 
(UPJ) , lower jejunum (LO]), upper ileum (UP!) and lower 
ileum (LOI) of piglets collected at birth (B) or given nutrient 
solution by orogastric feeding (OOF) or total parenteral nutrition 
(TPN) for 24 hrs. 

4.15 Submucosal thickness of the duodenum (DUO), upper 219 
jejunum (UP]), lower jejunum (LOJ), upper ileum (UPI) and 
lower ileum (LO!) of piglets collected at birth (B) or given 
nutrient solution by orogastric feeding (OOF) or total parenteral 
nutrition (TPN) for 24 hrs. 

4. 16 Number of labelled dividing cells per crypt area from the 220 
duodenum (DUO), upper jejunum(up]), lower jejunum (LO]), 
upper ileum (UPI) and lower ileum (LO!) of piglets given 
nutrient solution by orogastric feeding (OOF) or total parenteral 
nutrition (TPN) for 24 hrs. 

4. 17 The relative migration distance of the labelled dividing cells 220 
of the duodenUm (DUO), upper jejunum(upJ), lower jejunum 
(LOJ), upper ileum (UPI) and lower ileum (LOI) of piglets 
given nutrient solution by orogastric feeding (OOF) or total 
parenteral nutrition (TPN) for 24 hrs. 

4. 18 Mucosal DNA concentration of the duodenum (DUO), 221 
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UP!) 
and lower ileum (LOI) of piglets collected at birth (B) or given 
nutrient solution by orogastric feeding (OOF) or total parenteral 
nutrition (TPN) for 24 hrs. 

4. 19 Mucosal DNA content of the duodenum (DUO), upper 221 
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 (OOF) or total parenteral 
nutrition (TPN) for 24 hrs. 

4.20 Mucosal RNA concentration of the duodenum (DUO), 222 
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 (OOF) or total parenteral 
nutrition (TPN) for 24 hrs. 
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4.21 Mucosal RNA content of the duodenum (DUO), upper 222 
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 (OOF) or total parenteral 
nutrition (1PN) for 24 hrs. 

4.22 Mucosal RNA:DNA ratio of the duodenum (DUO), upper 222 
jejunum (UP]), lower jejunum (LOJ), upper ileum (UPI) and 
lower ileum (LOI) of piglets collected at birth (B) or given 
nutrient solution by orogastric feeding (OOF) or total parenteral 
nutrition (TPN) for 24 hrs. 

4.23 Mucosal protein concentration of the duodenum (DUO), 223 
upper jejunum (UP]), lower jejunum (LO]), upper ileum (UPI) 
and lower ileum (LOI) of piglets collected at birth (B) or given 
nutrient solution by orogastric feeding (OOF) or total parenteral 
nutrition (TPN) for 24 hrs. 

4.24 Mucosal protein content of the duodenum (DUO), upper 223 
jejunum (UP]), lower jejunum (LO]), upper ileum (UPI) and 
lower ileum (LOI) of piglets collected at birth (B) or given 
nutrient solution by orogastric feeding (OOF) or total parenteral 
nutrition (1PN) for 24 hrs. 

4.25 Mucosal protein:DNA ratio of the duodenum (DUO), upper 223 
jejunum (UP]), lower jejunum (LO]). upper ileum (UPI) and 
lower ileum (LOI) of piglets collected at birth (B) or given 
nutrient solution by orogastric feeding (OOF) or total parenteral 
nutrition (1PN) for 24 hrs. 

4.26 Lactase activity per mucosal weight of the duodenum 224 
(DUO). upper jejunum (UPJ), lower jejunum (LO]). 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 (1PN) for 24 hrs. 

4.27 Total lactase activity of the duodenum (DUO), upper 224 
jejunum (UPJ). lower jejunum (LO]). upper ileum (UPI) and 
lower ileum (LOI) of piglets collected at birth (B) or given 
nutrient solution by orogastric feeding (OOF) or total parenteral 
nutrition (1PN) for 24 hrs. 
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4.28 Lactase activity per DNA weight of the duodenum (DUO), 224 
upper jejunum (UP]), lower jejunum (LO]), upper ileum (UPI) 
and lower ileum (LOI) of piglets collected at birth (B) or given 
nutrient solution by orogastric feeding (OOF) or total parenteral 
nutrition (TPN) for 24 hrs. 

4.29 Serum glucose concentration at 24 hours (DEAD GLU) and 225 
the difference between at birth and 24 hours (DIFF OLU) of 
piglets given nutrient solution by orogastric feeding (OGF) or 
total parenteral nutrition (TPN) for 24 hrs. 

5 .1  Body weight change and liver and pancreatic weights of 226 
piglets given either sow colostrum (SC) or infant formula (IF) 
by sucking (S) or orogastric feeding (OOF) for 24 hrs Data for 
piglets collected at birth (B) and naturally suckled (NS) for 24 
hrs are included for reference. 

5.2 Length of the total small intestine (TOTAL), duodenum 227 
(DUO), jejunum (JEJ) and ileum (ILE) of piglets given either 
sow colostrum (SC) or infant formula (IF) by sucking (S) or 
orogastric feeding (OOF) for 24 hrs. 

5.3 Total weight of the intact small intestine (INTACT) and the 227 
intestinal mucosa (MUC) and muscle (MUS) of piglets given 
either sow colostrum (SC) or infant formula (IF) by sucking (S) 
or orogastric feeding (OOF) for 24 hrs 

5.4 Intact weight of the duodenum (DUO), upper jejunum 228 
(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 (OOF) for 24 
hrs. 

5.5 Mucosal weight of the duodenum (DUO), upper jejunum 229 
(UP]), lower jejunum (LO]), upper ileum (UPI) and lower 
ileum (LOI) of piglets given either sow colostrum (SC) or infant 
formula (IF) by sucking (S) or orogastric feeding (OOF) for 24 
hrs. 

5.6 Muscular weight of the duodenum (DUO), upper jejunum 230 
(UP]), lower jejunum (LO]), upper ileum (UPI) and lower 
ileum (LOI) of piglets given either sow colostrum (SC) or infant 
formula (IF) by sucking (S) or orogastric feeding (OOF) for 24 
hrs. 
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5.7 Circumference of the duodenum (DUO), upper jejunum 231 
(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 (OOF) for 24 
hrs. 

5.8 Wall thickness of the duodenum (DUO), upper jejunum 232 
(UPJ), lower jej unum (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 (OOF) for 24 
hrs. 

5.9 Villous height of the duodenum (DUO), upper jejunum 233 
(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 (OOF) for 24 
hrs. 

5. 10 Villous width of the duodenum (DUO), upper jejunum 234 
(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 (OOF) for 24 
hrs. 

5. 1 1  Crypt depth of the duodenum (DUO), upper jejunum 235 
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower 
ileum (LOI) of piglets given either sow colostrum (Se) or infant 
formula (IF) by sucking (S) or orogastric feeding (OOF) for 24 
hrs. 

5 . 12 Muscular thickness of the duodenum (DUO), upper 236 
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UP!) and 
lower ileum (LOI) of piglets given either sow colostrum (SC) or 
infant formula (IF) by sucking (S) or orogastric feeding (OOF) 
for 24 hrs. 

5 . 13  Submucosal thickness of the duodenum (DUO), upper 236 
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UP!) and 
lower ileum (LO!) of piglets given either sow colostrum (SC) or 
infant formula (IF) by sucking (S) or orogastric feeding (OOF) 
for 24 hrs. 
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5. 14 Villi in the upper Jejunum of piglets given either sow 237 
colostrum (Se) or infant formula (IF) by sucking (S) or 
orgastric feeding (OGF) for 24 hrs (magnification x 60). 

5 .15 Villi in the upper ileum of piglets given either sow 238 
colostrum (Se) or infant formula (IF) by sucking (S) or 
orogastric feeding (OGF) for 24 hrs (magnification x 242). 

5 .16 Number of labelled dividing cells per crypt area from the 239 
duodenum (DUO), upper jejunum (UPI), lower jejunum (LOI), 
upper ileum (UP!) and lower ileum (LO!) of piglets given either 
sow colostrum (Se) or infant formula (IF) by sucking (S) or 
orogastric feeding (OGF) for 24 hrs. 

5. 17 The relative migration distance of the labelled dividing cells 239 
of the duodenum (DUO), upper jejunum (UP]), lower jejunum 
(LOI), upper ileum (UP!) and lower ileum (LO!) of piglets 
given either sow colostrum (Se) or infant formula (IF) by 
sucking (S) or orogastric feeding (00F) for 24 hrs. 

5. 18 Mucosal DNA concentration of the duodenum (DUO), 240 
upper jejunum (UP]), lower jejunum (LO]), upper ileum (UP!) 
and lower ileum (LO!) of piglets given either sow colostrum 
(Se) or infant formula (IF) by sucking (S) or orogastric feeding 
(00F) for 24 hrs. 

5. 19 Mucosal RNA concentration of the duodenum (DUO), 240 
upper jejunum (UP]), lower jejunum (LO]), upper ileum (UP!) 
and lower ileum (LO!) of piglets given either sow colostrum 
(Se) or infant formula (IF) by sucking (S) or orogastric feeding 
(OGF) for 24 hrs. 

5.20 Mucosal DNA content of the duodenum (DUO), upper 241 
jejunum (UPI), lower jejunum (LOI), upper ileum (UPI) and 
lower ileum (LO!) of piglets given either sow colostrum (Se) or 
infant formula (IF) by sucking (S) or orogastric feeding (OGF) 
for 24 hrs. 

5.21 Mucosal RNA content of the duodenum (DUO), upper 241 
jejunum (UPI), lower jejunum (LOI), upper ileum (UPI) and 
lower ileum (LO!) of piglets given either sow colostrum (Se) or 
infant formula (IF) by sucking (S) or orogastric feeding (OGF) 
for 24 hrs. 
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5.22 Mucosal protein concentration of the duodenum (DUO), 242 
upper jejunum (UP]), lower jejunum (LO]), upper ileum (UP!) 
and lower ileum (LO!) of piglets given either sow colostrum 
(Se) or infant formula (IF) by sucking (S) or orogastric feeding 
(OGp) for 24 hrs. 

5.23 Mucosal protein content of the duodenum (DUO), upper 243 
jejunum (upJ), lower jejunum (LO]), upper ileum (UP!) and 
lower ileum (LO!) of piglets given either sow colostrum (Se) or 
infant formula (IF) by sucking (S) or orogastric feeding (OGp) 
for 24 hrs. 

5.24 Mucosal protein:DNA ratio of the duodenum (DUO), upPer 244 
jejunum (UP]), lower jejunum (LOJ), upper ileum (UP!) and 
lower ileum (LO!) of piglets given either sow colostrum (Se) or 
infant formula (IF) by sucking (S) or orogastric feeding (OGp) 
for 24 hrs. 

5.25 Mucosal RNA:DNA ratio of the duodenum (DUO), upper 245 
jejunum (UP]), lower jejunum (LO]), upper ileum (UP!) and 
lower ileum (LO!) of piglets given either sow colostrum (SC) or 
infant formula (IF) by sucking (S) or orogastric feeding (OGp) 
for 24 hrs. 

5.26 Lactase activity per mucosal weight of the duodenum 246 
(DUO), upper jejunum (UPJ), lower jejunum (LO]), upper 
ileum (UP!) and lower ileum (LO!) of piglets given either sow 
colostrum (Se) or infant formula (IF) by sucking (S) or 
orogastric feeding (OGp) for 24 hrs. 

5.27 Total lactase activity of the duodenum (DUO), upper 247 
jejunum (UP]), lower jejunum (LO]), upper ileum (UPI) and 
lower ileum (LO!) of piglets given either sow colostrum (SC) or 
infant formula (IF) by sucking (S) or orogastric feeding (OGp) 
for 24 hrs. 

5.28 Lactase activity per DNA weight of the duodenum (DUO), 247 
upper jejunum (UP]), lower jejunum (LO]), upper ileum (UP!) 
and lower ileum (LOI) of piglets given either sow colostrum 
(Se) or infant formula (IF) by sucking (S) or orogastric feeding 
(OGp) for 24 hrs. 
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LIST OF ABBREVIATIONS 

Abbreviation 

B = at birth 
BrdU = 5-bromo-2'-deoxyuridine 
BSA = bovine serum albumin 
bw = body weight 

OC = degree Celcius 
CC = cow colostrum 
CCK = cholecystokinin 
(]) = crypt depth 
Cl = confidence interval 
CM = cow milk 
CMR = cell migration rate 
an = centimetre 

CoCh = cobalt chloride 
conc. = concentration 
cont. = content 
contd. = continued 
CUS04.5H20 = copper sulfate pentahydrate 
C,W = cell width 
CWP = percentage increase in villous width 

DAB = diaminobenzine 
DNA = deoxy ribonucleic acid 
DUO = duodenum 

EGF = epidermal gro�1h factor 

Fig(s). = figure(s) 

g = gramme 
g = gravity 
GIP = gastric inhibitory polypeptide 

hr(s) = hour(s) 
H2O = water 
H20z = hydrogen peroxide 

I.D. = inner diameter 
IF = infant formula 
Ig = immunoglobulin 
IGF = insulin-like growth factor 
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!LE = ilemn 

JEJ = jejunum 

kg = kilogramme 
KH2P04 = potassium phosphate 
kJ = kilojoule 
KOH = potassium hydroxide 

L = litre 
LOI = lowcr ileum 
!.DJ = lower jejunum 

mg = milligramme 
min(s) = minute(s) 
ml = millilitre 
am = mj))jmetre 
mmol = mjJJjIOO1e 
1001 = mole 
IIi>sm = milliosmole 
MUC = mucosa 
MUS = muscle 

N = normality 
NaO = sodium chloride 
Na2C0:3 = sodium carbonate 
Na2HP04 = disodium phosphate 
NaOH = sodium hydroxide 

NiO - nickel chloride 
run = nanomctrc 
NS = naturally suckled 
N.S .  = no statistically significant difference 

ill = optical density 
0.0. = outer diameter 
OGF = orogastric feeding 

PBS = phosphate buffer saline 
pp = pancreatic polypeptide 
% = percent 

RMD = relative migration distance 
RNA = ribonucleic acid 
RT = replacement time 



S = sucking 
se = sow colostrum 
S.D. = 

S.E. = 

SI = 

SM = sow milk 
sq.um = square micrometre 

100 = 1rris-glucose�xidase 
TPN - total parenteral nutrition 

8�I 
- micro� 
= upper ileum 

UPI = upper jejunum 
J.1.ID = micrometer 
�l = micromole 

VH = villous height 
VHP = percentage increase in villous height 
vs = versus 

W/W = weight by weight 
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