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given either sow colostrum (Se) or infant formula (IF) by 
sucking (S) or orogastric feeding (OGF) for 24 hrs. 

5.1 8  Mucosal DNA concentration of the duodenum (DUO). 240 
upper jejunum (UPJ), 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 
(OGF) for 24 hrs. 

5.19 Mucosal RNA concentration of the duodenum (DUO). 240 
upper jejunum (UPJ). lower jejunum (LOJ), upper ileum (UP!) 
and lower ileum (LOI) 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 (UP1). lower jejunum (L01). upper ileum (UP!) and 
lower ileum (LO!) of piglets given either sow colostrum (SC) 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 (UP1). lower jejunum (L01). upper ileum (UP!) and 
lower ileum (LO!) 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 Mucosal protein concentration of the duodenum (DUO), 242 
upper jejunum (UPJ), 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 
(OGF) for 24 hrs. 

5.23 Mucosal protein content of the duodenum (DUO), upper 243 
jejunum (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 (OGF) 
for 24 hrs. 

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

5.25 Mucosal RNA:DNA ratio of the duodenum (DUO), upper 245 
jejunum (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 (OGF) 
for 24 hrs. 

5.26 Lactase activity per mucosal weight of the duodenum 246 
(DUO), upper jejunum (upJ), 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 (OGF) for 24 hrs. 

5.27 Total lactase activity of the duodenum (DUO), upper 247 
jejunum (UPJ), 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 (OGF) 
for 24 hrs. 

5.28 Lactase activity per D�A weight of the duodenum (DUO), 247 
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UP!) 
and lower ileum (LOI) 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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Abbreviation 

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

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

C002 = cobalt chloride 
conc. = concentration 
cont = content 
contd. = continued 
CuS04.SH20 = copper sulfate pentahydrate 
c:w = cell width 
CWP = percentage increase in villous width 

DAB = diaminobenzine 
DNA = deoxy ribonucleic acid 
DUO = duodenum 

EGF = epidermal growth factor 

Fig(s). = figure(s) 

g = gramme 
g = gravity 
GIP = gastric inhibitory polypeptide 

hr(s) = hour(s) 
H2O = water 
H202 = hydrogen peroxide 

1.0. = inner diameter 
IF = infant formula 
Ig = immunoglobulin 
IGF = insulin-like growth factor 
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nE = ileum 

JE1 = jejunum 

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

L = � 
LOI = lower ileum 
LOJ = lower jejunum 

mg = milligramme 
min(s) = minute(s) 
ml = millilitre 
om = mi])jmetre 
mmol = mj])jnxile 
nx>l = mole 
mOsm = milliosmole 
MUC = mucosa 
MUS = muscle 

N = normality 
NaO = sodium chlOOde 
Na2<X>3 = sodium carbonate 
Na2HP04 = disodium phosphate 
NaOH = sodium hydroxide 

NiO - nickel chloride 
nm = nanometre 
NS = naturally suckled 
N.S. = no statistically significant difference 

(J) = optical density 
0.0. = outer diameter 
OOF = orogastric feeding 

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

RMD = relative migration distance 
RNA = ribonucleic acid 
RT = rep�nttime 
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S = sucking 
se = sow colostrum 
S.D. = standard 
S.E. = standard error 
SI = small intestine 
SM = sow milk 
sq.um = square micrometre 

100 = Tris-glucose-oxidase 
TPN = total parenteral nutrition 

�I 
- micro@'3lDIllC 
= upper ileum 

UPJ = upper jejunum 
� = micrometer 
JUDOI = micromole 

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

W/W = weight by weight 



CHAYI'ER 2 

LITERATURE REVIEW 

FIGURES 



Finn 2.1 Schematic diagram of the morphogenesis of the villi and 
crypts and the distribution of mitotic activity in the 
sman intestine of fetal rats. A: Mitoses are randomly 
distributed before the formation of previllous ridges (15 
days of gestation). B: Development of previllous ridges 
(before 18 days of gestation). C: Mitoses are more 
prominent in intervillous areas (before 18 days of 
gestation). D: Over 50� of mitoses are restricted to the 
lower halves of tbe forming crypts (at 18 days of 
gestation). E: Mitotic activity is counned to tbe 
forming crypts (at 1·2 days before birth) (adapted from 
Klein " McKenzie, 1983a). 
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Figure 2.2 Schematic diagram or the sequeDtial chaDges which 
appear iD the mucosa or the small iDtestiDe or retal rats 
duriDg the morphogeDesis or the villi. JUDctioDal 
complexes are apparent by 15 - 16 days gestatiOD aDd 
develop iDto secoDdary lumiDa which ruse with the maiD 
lumeD or the iDtestiDe (adapted from MathaD et al., 
1976). 
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CHAPTER 3 

EFFECTS OF COLOSTRUM AND MILK ON POSTNATAL 

DEVELOPMENT OF THE SMALL INTESTINE IN 

PIGLETS DURING THE FIRST 24 HOURS AFTER 

BIRTH 

FIGURES 



FilPrc 3,1 Body weigbt cbange and liver and pancreatic weigbts of 
piglets collected at birtb (B), naturally suckled (NS) or fed witb 
eitber IOW colostrulD (SC), cow colostrulD (CC), IOW IDllk (SM), 
cow IDllk (CM), infant forlDula (IF) or water (H20) for 14 hr. 

(lDean :. S.E.). 

BODY WEIGHT CHANGE : 
SC+CC ., SM+CM •• 
SC ., SM • 
SC+SM " CC+CM • 
sc .... cc • 
SC+CC+SM+CM+IF .... HZO ••• 

LIVER: 
SM+CM ., IF •• 
SC+CC+SM+CM+IF ., HZO ••• 

B ... , HZO ••• 

PANCREAS :  
SC+CC ., SM+CM • 
SC+CC+SM+CM+IF ., BZO · 

B ., NS+SC+CC+SM+CM+IF+BZO •• 
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Fiprc 3,2 Leugth of the total small iutestiue (TOTAL), duodeuum 
(DUO), jejuuum (JEJ) aud Beum (ILE) of piglets collected at birth 
(B), uaturally suckled (NS) or fed with either sow colostrum (SC), 
cow colostrum (CC), sow milk (SM), cow milk (CM), iufaut 
formula (IF) or water (H20) for 24 hrs (meau j;, S.E.). 

TOTAL: 
SC ., SM • 
SM+CM ., IF • 
SC+CC+SM+CM+IF " H20 ··· 

B ., NS+SC+CC+SM+CM+IF+H20 ·· 

DUO: 
SC+CC+SM+CM+IF ., H20 ·· 

B ., NS+SC+CC+SM+CM+IF+H20 ••• 

JEJ: 
SC ., SM • 
SM+CM ., IF • 
SC+CC+SM+CM+IF ., H20 ··· 

B ., NS+SC+CC+SM+CM+IF+H20 ·· 

ILE: 
SC ., SM • 
SM+CM ., IF • 
SC+CC+SM+CM+IF ., H20 ··· 

B " NS+SC+CC+SM+CM+IF+H20 •• 
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FinEC 3,3 Total weight of the intact small intestine (INTACT) and 
the intestinal mucosa (MUC) and muscle (MUS) of piglets collected 
at birth (B), naturally suckled (NS) or fed with either sow 
colostrum (SC), cow colostrum (CC), sOW milk (SM), cow milk 
(CM), infant formula (IF) or water (H20) for 14 hrs (mean :I;. S.E.). 

INTACT: 
SC+CC " SM+CM ••• 
SC ., SM ••• 
CC ., CM •• 
SC+SM ., CC+CM ••• 
SC ., CC ••• 
SC+CC+SM+CM+IF ., H20 ··· 

NS ., SC ••• 
B ., NS+SC+CC+SM+CM+IF+H20 ••• 

MUC: 
SC+CC ., SM+CM ••• 
SC ., SM ••• 
CC ., CM ••• 
SC+SM ., CC+CM ••• . 

SC ., CC ••• 
SC+CC+SM+CM+IF l'I H20 ··· 

NS ., SC ••• 
B ., NS+SC+CC+SM+CM+IF+H20 ••• 

M U S :  
SC+cC " SM+CM •• 
SC ., SM •• 
SC+SM ., CC+CM •• 
SC " CC •• 
SC+CC+SM+CM+IF ., H20 ·· 
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Fiarc 3,4 Intact weight of the duodenum (DUO), upper jejunum 
(UP J), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) of piglets collected at birth (B), naturally suclded (NS) or fed 
with either sow colostrum (SC), cow colostrum (CC), sow milk 
(SM), cow milk (CM), infant formula (IF) or water (H20) for 24 
brs (mean ;I;. S.E.). 

DUO: 
SC+CC " SM+CM ••• 
SC " SM •• 
CC " CM • 
SC+CC+SM+CM+IF " Hz O •• 

B " NS+SC+CC+SM+CM+IF+Hz O ·· 

UPJ:  
SC+CC " SM+CM ••• 
SC )I' SM ••• 
CC " CM •• 
SC+SM " CC+CM ••• 
SC " CC ••• 
SC+CC+SM+CM+IF ., Hz O ••• 

B " NS+SC+CC+SM+CM+IF+Hz O ·· 

LOJ: 
SC+CC " SM+CM ••• 
SC " SM ••• 
CC " CM •• 
SC+SM " CC+CM ••• 
SC " CC ••• 
SC+CC+SM+CM+IF )I' H20 ··· 

NS J1S SC •• 
B " NS+SC+CC+SM+CM+IF+B20 ••• 

UPI:  
SC+CC " SM+CM ••• 
SC " SM ••• 
CC " CM •• 
SC+SM " CC+CM ••• 
SC " CC ••• 
SC+CC+SM+CM+IF ., Hz O ••• 

NS " SC ••• 
B " NS+SC+CC+SM+CM+IF+Hz O ·· 

LOI: 
SC+CC " SM+CM ••• 
SC ., SM ••• 
SC+SM " CC+CM ••• 
SC " CC ••• 
SC+CC+SM+CM+IF " Hz O ••• 

NS " SC ••• 
B " NS+SC+CC+SM+CM+IF+B20 · 
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PilUle 3,5 Mucosal weight of the duodenum (DUO), upper jejunum 
(UP J), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) of piglets collected at birth (B), naturaOy snckled (NS) or fed 
with either sow colostrum (SC), cow colostrum (CC), sow milt 
(SM), cow .iIk (CM), infant formula (IF) or water (H20) for 24 
hrs (mean j;. S.E.). 

DUO: 
SC+CC p, SM+CM ••• 
SC p, SM •• 
SC+CC+SM+CM+IF p, H20 ··· 

B PI NS+SC+CC+SM+CM+IF+H20 ••• 

UPJ:  
SC+CC ." SM+CM ••• 
SC ." SM ••• 
CC ." CM •• 
SC+SM ." CC+CM ••• 
SC p, CC ••• 
SC+CC+SM+CM+IF " H20 ··· 

B ." NS+SC+CC+SM+CM+IF+H20 ••• 

LOJ: 
SC+CC " SM+CM ••• 
SC ." SM ••• 
CC ., CM •• 
SC+SM ." CC+CM ••• 
SC ." CC ••• 
SC+CC+SM+CM+IF ., H20 ··· 

NS ." SC •• 
B " NS+SC+CC+SM+CM+IF+H20 ••• 

UPI: 
SC+CC " SM+CM ••• 
SC ." SM ••• 
CC ., CM ••• 
SC+SM ., CC+CM ••• 
SC ." CC ••• 
SC+CC+SM+CM+IF ." H20 ··· 
NS ." SC ••• 
B ." NS+SC+CC+SM+CM+IF+H20 ·· 

LOI: 
SC+CC ., SM+CM ••• 
SC ." SM ••• 
SC+SM p, CC+CM ••• 
SC ., CC ••• 
SC+CC+SM+CM+IF " H20 ··· 

NS " SC ••• 
B ." NS+SC+CC+SM+CM+IF+H20 · 
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Figure 3,6 Muscular weight of the duodeDum (DUO), upper 
jejuDUID (UPJ), lower jejUDU. (LOJ), upper Ueu. (UPI) aDd lower 
Ueu .. (LOI) of piglets eoUected at birtla (B), DaturaUy suckled (NS) 
or fed with eitlaer IOW colostrum (SC), cow colostrum (CC), IOW 
milk (SM), cow milk (CM), iDfaat formula (IF) or water (H20) for 

24 hrs (meaD .:J;. S.E.). 

DUO: 
SC+CC " SM+CM •• 
CC PI CM • 

UPJ: 
N.S. 

LOJ: 
SC+CC PI SM+CM •• 
SC PI SM •• 
SC+SM PI CC+CM • 
SC PI CC •• 

UPI: 
SC PI SM •• 
SC+SM PI CC+CM • 
SC PI CC •• 
NS PI SC • 

LOI: 
SC+CC PI SM+CM •• 
SC ., SM •• 
SC+SM PI CC+CM • 
SC " CC •• 
SC+CC+SM+CM+IF P I  H10 ••• 
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FilP[C 3,7 CirtUmfereDte of the duodeDum (DUO), upper JeJuDum 
(UP J), lower jejuDum (LOJ), upper ileum (UPI) aDd lower ileum 
(L01) of piglets coUetted at birth (8), Daturally suckled (NS) or fed 
with either IOW colostrum (SC), cow tolostrum (CC), IOW milk 
(SM), cow milk (CM), iDfaDt formula (IF) or water (H20) for 14 
brs (meaD � S.E.). 

DUO: 
SM+CM " IF •• 

UPJ: 
SC+CC+SM+CM+IF p, H20 · 

B p, NS+SC+CC+SM+CM+IF+H20 ••• 

LOJ: 
SC+CC+SM+CM+IF ., H20 · 

NS ., SC • 
B ., NS+SC+CC+SM+CM+IF+H20 · 

UPI: 
SC+CC ., SM+CM ••  
SC p, SM •• 
SC+CC+SM+CM+IF ." H20 ·· 

NS " SC • 
B p, NS+SC+CC+SM+CM+IF+H20 ·· 

LOI: 
NS ., SC • 
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Finn 3,1 WaD thickDess or the duodenum (DUO), upper jejunum 
(UP J), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(L01) or piglets coOected at birtb (B), llataraOy suckled (NS) or fed 
with either sow colostrum (SC), cow colostrum (CC), IOW mUt 
(SM), cow milt (CM), IIlfant formula (IF) or water (H20) for 14 
hrs (mean j;, S.E.). 

DUO: 
N . S .  

UPJ: 
SC+CC " SM+CM •• 
SC ., SM •• 
SM+CM ., IF •• 
SC+CC+SM+CM+IF ., H20 ·· 

LOJ: 
SC+CC ., SM+CM •• 
SC " SM •• 

UPI: 
SC+CC ., SM+CM ••• 
SC ., SM •• 
CC ., CM •• 
SC+SM ., CC+CM •• 
SC " CC • 
SM ." CM • 

LOI: 
SC+CC ., SM+CM ••• 
SC ., SM ••• 
SC ., CC ••• 
SC+CC+SM+CM+IF ., H20 ·· 

B ., NS+SC+CC+SM+CM+IF+H20 · 
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Filprc 3,9 Submucosal thickDess of the duodeDum (DUO), upper 
jejuDum (UPJ), lower jejuDum (LOJ), upper Heum (UPI) aDd lower 
Deum (LOI) of piglets collected at birth (B), aaturally luck led (NS) 
or fed with either IOW colostrum (SC), cow colostrum (CC), IOW 
milt (SM), cow milt (CM), infaDt formula (IF) or water (H20) for 

24 hrs (meaD � S.E.). 

DUO: 
SC+CC+SM+CM+IF " H20 · 

UPJ: 
SM+CM .s IF • 
NS 'IS SC • 

LOJ: 
SC+CC+SM+CM+IF ." H20 ·· 

UPI: 
B )PI NS+SC+CC+SM+CM+IF+H20 · 

LOI: 
N. S. 
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Eirurc 3,10 Muscular thickness of the duodenum (DUO), upper 
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower 
Beum (LOI) of pillets collected at birth (B), naturally suckled (NS) 
or fed with either sow colostrum (SC), cow colostrum (CC), sow 
milk (SM), cow milk (CM), infant formula (IF) or water (H20) for 

14 hrs (mean .t. S.E.). 

DUO: 
SC+CC+SM+CM+IF " Hz O ·  

B ." Hz O •• 

UPJ: 
N.S. 

LOJ: 
B ." HZO •• 

UPI: 
SC+CC ." SM+CM •• 
SC '" SM • 
CC ." CM • 

LOI: 
SC+CC ." SM+CM • 
SC+SM ." CC+CM • 
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FilUte 3,11 VUlous beigbt or tbe duodenum (DUO), upper jejunum 
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) of piglets collected at birth (B), naturally suckled (NS) or red 
witb eitber IOW colostrum (SC), cow colostrum (CC), sow milk 
(SM), cow milk (CM), inrant rormula (IF) or water (H20) ror 24 

brs (mean ±. S.E.). 

DUO: 
B " NS+SC+CC+SM+CM+IF+H20 · 

UPJ: 
SC+CC " SM+CM ••• 
SC •• SM ••• 
SC+SM •• CC+CM • 
SC •• CC •• 
SM+CM •• IF • 
SC+CC+SM+CM+IF " H20 ··· 

B •• H20 ··· 
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SM ,. CM • 
B •• H20 • 

LOI: 
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SC " SM ••• 
SC+SM •• CC+CM • 
SC " CC··· 
SC+CC+SM+CM+IF " H20 ·· 

B •• NS+SC+CC+SM+CM+IF+H20 · 



1400 

1200 
182 

1000 

800 

600 
• DUO 

400 

200 

0 

B N S  S C  CC SM CM IF H2O 

1400 

1200 

1000 

800 

600 
• UPJ 

400 

200 

0 

B N S  S C  CC SM CM IF H2O 

1400 

1200 
-

E 1000 
:1. 

800 --

Eo- 600 
• LOJ 

= 
t!) 400 
� 

200 � 
= 0 
r:I.l B N S  s e  CC SM CM IF H2O ;J 
0 
.::I 1400 
.::I � 1200 ;> 

1000 

800 

600 fa UPI 

400 

200 

0 

B N S  S C  CC SM CM IF H2O 

1400 

1200 

1000 

800 

600 
o LOI 

400 

200 

0 

B N S  S C  C C  S M  CM IF H2O 



Fintc 3.12 Villous width of the duodenum (DUO), upper jejunum 
(UPJ) , lower Jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) of piglets coDected at birth (B), naturaDy suckled (NS) or fed 
with either IOW colostrum (SC), cow colostrum (CC), IOW .. ilk 
(SM), cow milk (CM), iDfant formula (IF) or water (H20) for 24 

hrs (mean .t. S.E.). 

DUO: 
N. S .  

UPJ: 
CC )1' CM • 
SM " CM • 
SC+CC+SM+CM+IF •• H:zO ••• 

B ., NS+SC+CC+SM+CM+IF+H:zO · 

LOJ: 
SC+SM ., CC+CM ••• 
SC •• CC •• 
SM n CM • 
SC+CC+SM+CM+IF ., H:zO •• 
B ., NS+SC+CC+SM+CM+IF+H:zO •• 

UPI: 
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B )11 NS+SC+CC+SM+CM+IF+H:zO · 

LOI: 
SC+CC ., SM+CM ••• 
SC ., SM ••• 
SC ., CC •• 
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Fimre 3·13 Crypt depth of tbe duodeDum (DUO), upper JeJuDum 
(UPJ), lower jejuDum (LOJ), upper ileum (UPI) aDd lower ileum 
(L01) of piglets collected at birth (B), Daturally suckled (NS) or fed 
with either IOW colostrum (SC), cow colostrum (CC), IOW milk 
(SM), cow milk (CM), iDfaDt formula (IF) or water (H20) for 24 
hra (meaD .:t. S.E.). 

DUO: 
B ., HlO • 

B " NS+SC+CC+SM+CM+IF+HlO · 

UPJ: 
SC+CC+SM+CM+IF ., HlO . 

LOJ: 
N.S. 

UPI: 
SC ., SM • 
SC+CC+SM+CM+IF ., HlO · 

LOI: 
SC+CC+SM+CM+IF ., H10 · 
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Figure 3.14A 

1 85 

Vil l i  in the upper Jejunum of a p iglet fed sow colostrum 
for 24 hrs. Note the large vacuoles and tbe nuclei 
mostly located at tbe apex of the cells. (Alcian B l ue, 
Hematoxyl in ,  van G iesonj  magn ification x 428) 



Figure 3.14B 

1 86 

Vil l i  in tbe upper ileum of a p iglet fed sow colostrum 
for 24 brs. Note the large vacuoles and tbe n uclei 
mostly located at the apex of the cells. (A lcian B l ue, 
Hematoxyl in ,  van G ieson ; magnificat ion x 428) 



Fil:ure 3.14C Vil l i  in the lower ileum of a piglet fed sow colostrum 
for 24 h rs. Note the large vacuoles and the  n uclei 
most ly located at the base of the cel ls. (Alcian B l ue, 
Hematoxylin,  van Gieson ; mag nificat ion x 428) 

1 87 



Finre 3.14D Vil l i  in the lower ileum of a p iglet fed cow colostrum 
for 24 h rs. Note the large vacuoles and the n uclei 
mostly located at the base of the cells. (Alcian B l ue, 
Hematoxyl in,  van Gieson ; magnification x 428) 

1 88 



Figure 3.15A Vill i  in the upper ileum of a p iglet fed sow m ilk for 24 
h rs. Note the small vacuoles and the location of the cell  
nucleus at either the base or tbe apex of tbe cells. 
( A lcian B lue, Hematoxy lin,  van G ieson j magnification x 
4 2 8 )  

1 89 



Fi\:ure 3.15B Vill i  in the upper ileum of a piglet fed cow milk for 24 
h rs. Note the small  vacuoles and tbe location or the cell  
n ucleus at either the base or the apex of the cells. 
( A lcian B l ue, Hematoxy lin,  van G ieson ; magnification x 
4 2 8 )  

190 



Figure ].15C Vill i  in the upper ileum of a piglet fed infant formula 
for 24 h rs. Note the small vacuoles and the location of 
the cell n ucleus at either the base or the apex of tbe 
cells. (Alcian Blue,  H ematoxylin,  van G ieson ; 
magnification x 428 )  

191  



Figure 3.16A Villi iD the lower i leum of a p iglet fed sow milk for 24 
h rs. Note tbe small vacuoles aDd the n uclei mostly 
located at the base of the cells. (Alcian B lue, 
Hematoxyl in,  van G ieson;  magnification x 428) 

192 



Finre 3.16B Vill i  in the lower ileum of a piglet fed cow milk for 24 
h rs.  Note the small vacuoles and the n uclei mostly 
located at the base of the cel ls. (Alcian B lue, 
H ematoxyl in,  van G ieson;  magnifica tion x 428) 

193 



Figure 3.16C V ill i  in the lower ileum of a p iglet fed infant formula 
for 24 h rs. Note the small vacuoles and the n uclei 
mostly located at tbe base of tbe cells. (Alc ian B lue, 
Hematoxyl in,  van Gieson;  magnification x 428) 

194 



Fieure 3·17A Vill i  in the lower ileum or a piglet at birth. Note rewer 
cytoplasmic 'V3cuoles and tbe nuclei mostly located at 
the m iddle or the cel ls. (A lcian Blue, Hematoxyl in,  van 
G ieson j m agn ification x 428) 

195 



Fif:Ure 3.17B Villi  in the the lower i leum of a piglet fed water for 24 
h rs. Note fewer vacuoles and the n uclei m ostly located 
at the base of the cells. (A lcian B l ue, Hematoxylin, van 
G ieson ; magnification x 428) 

196 



Fillure 3.18 Number of labelled dividing cells per crypt area from 
tbe duodenum (DUO), upper jejunum (UPJ), lower jejunum (LOJ), 
upper ileum (UPI) and lower Ileum (LOI) of piglets fed witb eitber 
sow colostrum (SC), cow colostrum (CC), sow milk (SM), cow 
milk (CM), infant formula (IF) or water (H20) for 24 brs (mean i-
S . E . ) .  

DUO: 
N. S .  

UPJ: 
CC )'s CM • 

SM )'s CM • •  

LOJ: 
SM+CM )'s IF • 

UPI : 
SC+CC+SM+CM+IF )'s H20 ··· 

LOI: 
N . S .  
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Figure 3.12 The total crypt area of 12 crypts from the duodenum 
(DUO), upper jejunum (UPJ), lower jejunum (LOJ), upper ileum 
(UPI) and lower ileum (LOI) of piglets fed with either sow 
colostrum (SC), cow colostrum (CC), sow milk (SM), cow milk 
(CM), infant formula (IF) or water (H20) for 24 hrs (mean ±. S.E.). 

DUO: 
N e S .  

UPJ: 
SM 11' CM •• 
SC+CC+SM+CM+IF 11' H20 · 

LOJ: 
SC+CC+SM+CM+IF 11' H20 ··· 

UPI: 
N e S .  

LOI: 
SC+CC+SM+CM+IF 1I.r H20 ··· 
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Figure 3.20 The total number of labelled dividing cells per 12  
crypts from the duodenum (DUO), upper jejunum (UPJ), lower 
jejunum (LOJ), upper ileum (UPI) and lower ileum (LOI) of piglets 
fed with either sow colostrum (SC), cow colostrum (CC), sow milk 
(SM), cow milk (CM), infant formula (IF) or water (HIO) for 24 
hrs (mean ±. S.E.). 

DUO: 
N. S.  

UPJ: 
N. S.  

LOJ: 
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N. S. 
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Figure 3,21 The relative migration distance or the labelled dividing 
cells or the duodenum (DUO), upper jejunum (UPJ), lower jejunum 
(LOJ), upper ileum (UPI) and lower ileum (LOI) or piglets red with 
either sow colostrum (SC), cow colostrum (CC), sow milk (SM), 
cow milk (CM), inrant rormula (IF) or water (H20) ror 24 hrs 

(mean :t. S.E.). 

DUO: 
N . S .  

UPJ: 
SC "" CC • 
SC "" CM • 
SC+CC+SM+CM+IF "" H20 · 

LOJ: 
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SC "S CC •• 
SC )IS SM •• 
SC )IS CM •• 
SC+CC+SM+CM+IF )11 H20 ·· 
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LOI: 
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Firgre 3.22 Mucosal DNA content or the duodenum (DUO), upper 
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower 
ileum (LOI) or piglets collected at birtb (B), naturally suckled (NS) 
or red with either sow colostrum (SC), cow colostrum (CC), sow 
milk (SM), cow milk (CM), inrant rormula (IF) or water (H20) ror 

14 hrs (mean .:I:. S.E.). 

DUO: 
SC+SM )IS CC+CM • 
B )IS H20 • 

B )IS NS+SC+CC+SM+CM+IF+H20 •• 

UPJ: 
SC )IS SM • 
SC )'s CC • 

B )IS H20 ·· 

B ., NS+SC+CC+SM+CM+IF+H20 ••• 
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SC )I, SM • 
SM+CM .s IF • 
B )" H20 ·· 

NS )I' SC •• 
B )11 NS+SC+CC+SM+CM+IF+H20 ••• 

UPI: 
SM+CM PS IF • 
B )IS NS+SC+CC+SM+CM+IF+H20 ·· 

LOI: 
B )IS NS+SC+CC+SM+CM+IF+H20 · 
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Fjpre 3,23 Mucosal DNA concentration or tbe duodenum (DUO), 
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and 
lower ileum (LOI) or piglets collected at birtb (B), Daturally 
suckled (NS) or red witb eitber sow colostrum (SC), cow colostrum 
(CC), sow milk (SM), cow milk (CM), in rant rormula (IF) or water 
(H10) ror 24 brs (mean ±. S.E.). 

DUO: 
SC+CC .s SM+CM ••• 
SC .s SM • 
CC .s CM • 
SC+SM .s CC+CM •• 
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Figure 3,24 Mucosal RNA content or the duodenum (DUO), upper 
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower 
ileum (LOI) or piglets coUected at birth (B), naturally suckled (NS) 
or fed with either sow colostrum (SC), cow colostrum (CC), sow 
milk (SM), cow milk (CM), inrant formula (IF) or water (H20) ror 

24 brs (mean :.. S.E.). 
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Finre 3,25 Mucosal RNA concentration of the duodenum (DUO), 
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and 
lower ileum (LOI) of piglets coUected at birth (B), naturally suckled 
(NS) or fed with either sow colostrum (SC), cow colostrum (CC), 
sow milk (SM), cow milk (CM), infant formula (IF) or water (H20 ) 

for 14 hrs (mean 1. S.E.). 

DUO: 
N. S .  
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CC )ps CM ••• 
SC )P' CC •• 
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UPI : 
SC+CC )ps SM+CM ••• 
SC )P' SM ••• 
CC ." CM ••• 
SC+CC+SM+CM+IF )P' H20 ·· 

B ." H20 • 

LOI: 
SC+CC )ps SM+CM ••• 
SC )IS SM ••• 
CC )pS CM ••• 
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Finre 3.26 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 (8), naturally suckled 
(NS) or fed with either sow colostrum (SC), cow colostrum (CC), 
sow milk (SM), cow milk (CM), infant formula (IF) or water (H20 ) 

for 14 hrs (mean ±. S.E.). 

DUO: 
SC+CC " SM+CM •• 
SC " SM ••• 
SC+SM )'s CC+CM •• 
SC )', CC ••• 
NS )'s SC ••• 

UPJ: 
SC+SM " CC+CM • 
SC " CC •• 
B " H20 ·· 

NS ,s SC • 
B " NS+SC+CC+SM+CM+IF+H20 •• 

LOJ: 
CC )'s CM • 
SC+SM " CC+CM •• 
SC " CC •• 
B " H20 • 

B " NS+SC+CC+SM+CM+IF+H20 ·· 

UPI : 
CC " CM • 
B ,s NS+SC+CC+SM+CM+IF+H20 · 

LOI: 
CC " CM • 
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Filure 3.27 Mucosal protein concentration of tbe duodenum (DUO), 
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and 
lower ileum (L01) of piglets coUected at birth (B), naturally suckled 
(NS) or fed witb eitber sow colostrum (SC), cow colostrum, sow 
milk (SM), cow milk (CM), infant formula (IF) or water (H20) for 

24 brs (mean � S.E.). 

DUO: 
SC+CC ., SM+CM •• 
SC " SM •• 

UPJ: 
SC+CC ., SM+CM ••• 
SC .. , SM ••• 
CC .. , CM ••• 
SC+CC+SM+CM+IF .. , H20 ·· 

B .. , NS+SC+CC+SM+CM+IF+H20 · 

LOJ: 
SC+CC .. , SM+CM ••• 
SC ., SM ••• 
CC ." CM ••• 
SC+SM .. , CC+CM • 
SC .. , CC ••• 
SC+CC+SM+CM+IF .. , H20 ·· 

NS .. , SC ••• 
B .. , NS+SC+cC+SM+CM+IF+H20 ••• 

UPI : 
SC+CC .. , SM+CM ••• 
SC .. , SM ••• 
CC .. , CM ••• 
SC+SM .. , CC+CM •• 
SC .. , CC ••• 
SC+CC+SM+CM+IF .. , H20 ··· 

NS .. , SC ••• 
B .. , NS+SC+CC+SM+CM+IF+H20 ••• 

LOI: 
SC+CC ., SM+CM ••• 
SC .. , SM ••• 
CC .. , CM •• 
SC+SM .. , CC+CM ••• 
SC .. , CC ••• 
SC+CC+SM+CM+IF .. , H20 ·· 

NS .. , SC •• 
B .. , NS+SC+CC+SM+CM+IF+H20 ••• 
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Finre 3,28 Mucosal protein content or tbe duodenum (DUO), 
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and 
lower ileum (LOI) or piglets collected at birtb (B), naturally suckled 
(NS) or fed witb eitber sow colostrum (SC), cow colostrum, sow 
milk (SM), cow milk (CM), inrant formula (IF) or water (H20) ror 

24 brs (mean ±. S.E.). 

DUO: 
SC+CC .. s SM+CM ••• 
SC .. s SM ••• 
SC .. s CC •• 
SC+CC+SM+CM+IF vs H20 · 

NS .. , SC • 
B .. , NS+SC+CC+SM+CM+IF+H20 ••• 

UPJ: 
SC+CC .. s SM+CM ••• 
SC ", SM ••• 
CC vs CM ••• 
SC+SM .. , CC+CM • 
SC .. , CC •• 
SC+CC+SM+CM+IF vs H20 ·· 

B ... NS+SC+CC+SM+CM+IF+H20 •• 

LOJ: 
SC+CC .. , SM+CM ••• 
SC .. s SM ••• 
CC .. , CM ••• 
SC+SM vs CC+CM ••• 
SC .. s CC ••• 
SC+CC+SM+CM+IF ", H20 ·· 

NS vs SC •• 
B ", NS+SC+CC+SM+CM+IF+H20 ••• 

UPI: 
SC+CC ., SM+CM ••• 
SC vs SM ••• 
CC .. , CM •• 
SC+SM .. , CC+CM ••• 
SC .. s CC ••• 
SC+CC+SM+CM+IF ". H20 ·· 

NS vs SC •• 
B .. , NS+SC+CC+SM+CM+IF+H20 ·· 

LOI: 
SC+CC .s SM+CM ••• 
SC .. , SM ••• 
SC+SM .. , CC+CM ••• 
SC ", CC ••• 
SC+CC+SM+CM+IF .. s H20 ·· 

NS ., SC • 
B .. s NS+SC+CC+SM+CM+IF+H20 · 
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Filure 3,29 Mucosal protein: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), naturally 
suckled (NS) or fed with either sow colostrum (SC), cow colostrum, 
sow milk (SM), cow milk (CM), infant formula (IF) or water (H20 )  

for 24 hrs (mean ±. S,E,). 

DUO: 
SC+CC v, SM+CM ••• 
SC vs SM ••• 
CC vs CM • 
SC+SM vs CC+CM ••• 
SC vs CC ••• 
SC+CC+SM+CM+IF vs H20 • 

NS vs SC ••• 

UPJ:  
SC+CC ., SM+CM ••• 
SC vs SM ••• 
CC vs CM •• 
SC+CC+SM+CM+IF vs H2O ·· 

B ., H20 • 

LOJ: 
SC+CC ., SM+CM ••• 
SC ., SM ••• 
CC v, CM ••• 
SC+SM ., CC+CM •• 
SC v, CC ••• 
SC+CC+SM+CM+IF v, H2O ·· 

UPI: 
SC+CC v, SM+CM ••• 
SC v, SM ••• 
CC v, CM •• 
SC+SM v, CC+CM ••• 
SC ., CC ••• 
SC+CC+SM+CM+IF v, H2O •• 

LOI: 
SC+CC ., SM+CM ••• 
SC v, SM ••• 
SC+SM ., CC+CM •• 
SC v, CC ••• 
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Firure 3,30 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), naturally suckled (NS) 
or fed with either sow colostrum (SC), cow colostrum, sow milk 
(SM), cow milk (CM), infant formula (IF) or water (HZO) for Z4 
hrs (mean i. S.E.). 

DUO: 
SC+CC .s SM+CM ••• 
SC .s SM •• 

UPJ: 
SC+CC liS SM+CM • 

LOJ: 
SC .s SM • 
B .s NS+SC+CC+SM+CM+IF+HzO ·  

UPI: 
SM+CM )'s IF •• 

LOI: 
N . S .  
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Finre 3,31 Lactase activity per gram mucosal tissue of the 
duodenum (DUO), upper jejunum (UPJ), lower jejunum (LOJ), 
upper ileum (UPI) and lower ileum (LOI) of piglets collected at 
birth (B), naturally suckled (NS) or fed with either sow colostrum 
(SC), cow colostrum, sow milk (SM), cow milk (CM), infant 
formula (IF) or water (H20) for 24 brs (mean .;t. S.E.). 

DUO: 
SC+CC ., SM+CM • 
SC )'1 SM • 
SC+CC+SM+CM+IF )'1 H20 ·· 

UPJ: 
SM+CM )'1 IF • 
SC+CC+SM+CM+IF )'s H20 ··· 

B )'s H20 ·· 

LOJ: 
SC+SM ., CC+CM • 
SM+CM ., IF • 
SC+CC+SM+CM+IF ., H20 ··· 

B )', H20 ·· 

UPI : 
SM+CM )', IF •• 
SC+CC+SM+CM+IF '1" H20 · 

LOI: 
N . S .  
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Fi,ure 3.32 Lactase activity per milligram DNA or the duodenum 
(DUO), upper jejunum (UPJ), lower jejunum (LOJ), upper ileum 
(UPI) and lower ileum (LOI) or piglets collected at birth (B), 
naturally suckled (NS) or red with either sow colostrum (SC), cow 
colostrum, sow milk (SM), cow milk (CM), inrant rormula (IF) or 
water (H20) ror 24 hrs (mean 1. S.E.). 

DUO: 
SC+CC liS SM+CM ••• 
SC )IS SM ••• 
SC+SM )IS CC+CM •• 
SC )IS CC •• 
NS )IS SC •• 

UPJ: 
N . S .  

LOJ: 
N . S .  

UPI: 
NS " SC • 

LOI: 
NS )IS SC • 
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CHAPTER 4 

EFFECTS OF INTRALUMINAL NUTRITION AND TOTAL 

P A R E N T E R A L  N U T R IT I O N  O N  P O S T N A T A L  

DEVELOPMENT O F  THE SMALL INTESTINE I N  

PIGLETS DURING THE FIRST 2 4  HOURS AFTER 

B IRTH 

FIGURES 



Figllre 4,1 Body weight change and liver and pancreatic weights of 
piglets collected at birth (B') or given nutrient solution by 
orogastric feeding (OGF) or total parenteral nutrition (TPN) for 14 
hrs (mean :. S.E.). 

BODY WEIGHT CHANGE: 
B vs OGF+TPN ••• 
B vs OGF ••• 
B }'s TPN •• 

LIVER: 
N . S .  

PANCREAS:  
N . S .  
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Fi"ure 4.2 Length or the total small intestine (TOTAL), duodenum 
(DUO), jejunum (JEJ) and ileum (ILE) or piglets collected at birth 
(B) or given nutrient solution by orogastric tube reeding (OGF) or 
total parenteral nutrition (TPN) ror 24 hrs (mean ±. S.E.). 

TOTAL: 
B '1' OGF+TPN ••• 
B lIS OGF ••• 
OGF lIS TPN ••• 

DUO: 
B lIS OGF+TPN •• 
B lIS OGF •• 
B lIS TPN • 

JEJ: 
B lIS OGF+TPN ••• 
B lIS OGF ••• 
OGF lIS TPN ••• 

ILE: 
B 1" OGF+TPN ••• 
B ." OGF ••• 
OGF ." TPN ••• 

Figure 4.3 Total weight or the intact smaU intestine (INTACT) and 
the intestinal mucosa (MUC) and muscle (MUS) or piglets collected 
at birth (B) or given nutrient solution by orogastric tube reeding 
(OGF) or total parenteral nutrition (TPN) ror 24 hrs (mean ±. S.E.). 

INTACT: 
N . S .  

MUC: 
N . S .  

M U S :  
N . S .  
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Firure 4.4 Intact 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 (mean ±. S.E.). 

D UO: 
B )IS OGF+TPN • 
B )IS OGF • 
B )IS TPN • 

UPJ: 
N . S .  

LOJ: 
N . S .  

UPI: 
N . S .  

LOI: 
N . S .  

Fi&ure 4.5 Mucosal weight of the duodenum (DUO), upper jejunum 
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) of piglets collected at birth (8) or given nutrient solution by 
orogastric feeding (OGF) or total parenteral nutrition (TPN) for 24 
hrs (mean ±. S.E.). 

DUO: 
B )IS OGF+TPN •• 
B )IS OGF •• 
B )IS TPN •• 

UPJ: 
N . S .  

LOJ: 
N . S .  

UPI : 
N. S .  

LOI: 
N . S .  

Finre 4.6 Muscular 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 (mean ±. S.E.). 

DUO: 
N. S .  

UPJ: UPI : 
N . S .  N . S .  

LOJ: LOI: 
N . S .  N . S .  
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Fjrure 4,7 Wall thickness or the duodenum (DUO), upper Jejunum 
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) or piglets collected at birth (B) or given nutrient solution by 
orogastric reeding (OGF) or total parenteral nutrition (TPN) ror 24 
hrs (mean j;. S.E.). 

DUO: 
B vs OGF+TPN • 
B vs OGF • 

UPJ: 
N. S .  

LOJ: 
N . S .  

UPI : 
N . S .  

LOI: 
B vs OGF+TPN •• 
B vs OGF • 
B vs TPN • 

Fjrure 4,8 Crypt depth or the duodenum (DUO), upper jejunum 
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) or piglets collected · at birth (B) or given nutrient solution by 
orogastric reeding (OGF) or total parenteral nutrition (TPN) ror 24 
brs (mean ;t. S.E.). 

DUO: 
B vs OGF+TPN •• 
B vs TPN •• 

UPJ: 
N. S .  

LOJ: 
N . S .  

UPI: 
N . S .  

LOI: 
N . S .  

Firure 4.9 Circumrerence or the duodenum (DUO), upper jejunum 
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) or piglets collected at birth (B) or given nutrient solution hy 
orogastric reeding (OGF) or total parenteral nutrition (TPN) ror 24 
hrs (mean j;. S.E.). 

DUO: 
N . S .  

UPJ: UPI : 
N . S .  N . S .  

LOJ: LOI: 
N . S .  B vs OGF+TPN • 
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Firure 4.1Q Muscular thickness or the duodenum (DUO), upper 
jejunum(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower 
ileum (LOI) or piglets collected at birth (B) or given nutrient 
solution by orogastric reeding (OGF) or total parenteral nutrition 
(TPN) (or 24 hrs (mean ±. S.E.). 

DUO: 
N. S .  

UPJ: UPI : 
N . S .  N. S .  

LOJ: LOI: 
B }IS TPN • B }IS OGF+TPN •• 

B }IS OGF • 
B }IS TPN •• 

Firurc 4.11 Villous height or the duodenum (DUO), upper Jejunum 
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) o( piglets collected at birth (B) or given nutrient solution by 
orogastric reeding (OGF) or total parenteral nutrition (TPN) ror 24 
hrs (mean ±. S.E.). 

DUO: 
B }IS OGF+TPN •• 
B }IS OGF • 
B }IS TPN • 

UPJ: UPI : 
N . S .  N . S .  

LOJ: LOI: 
N . S .  B }IS OGF • 
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Fiaurc 4,12 Villi in tbe upper ileum of tbe piglets given 
nutrient solution by orogastric feeding (OGF) or 
total parenteral nutrition (TPN) for 24 brs. Note 
no difference of the villi between the two groups, 
except tbat in tbe TPN group sectioned villi appear 
more compact. (Alcian Blue, Hematoxylin, van 
Gieson; magnification x 96) 
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Fjzurc 4.13 Villi in tbe upper ileum or tbe piglets given 
nutrient solution by orogastric reeding (OGF) or 
total parenteral nutrition (TPN) ror 24 hrs. Note 
no difference or tbe villous cells between tbe two 
groups, except tbe ratio or goblet cells appears 
elevated in tbe TPN group. (Alcian B lue, 
Hematoxylin, van Gieson; magnification x 428) 
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Finre 4.]4 Villous widtb or tbe duodenum (DUO), upper Jejunum 
(UP J), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) or piglets collected at birtb (B) or given nutrient solution by 
orogastric reeding (OGF) or total parenteral nutrition (TPN) ror 24 
brs (mean .:t. S.E.). 

DUO: 
N . S .  

UPJ: 
B liS OGF+TPN • 
B liS TPN •• 
OGF )IS TPN •• 

LOJ: 
B liS TPN • 

UPI : 
B liS OGF+TPN ••• 
B liS OGF ••• 
B )IS TPN ••• 

LOI: 
B )IS OGF+TPN ••• 
B liS OGF ••• 
B liS TPN ••• 

Filure 4.15 Submucosal tbickness or tbe duodenum (DUO), upper 
jejunum (uPJ), lower jejunum (LOJ), upper ileum (UPI) and lower 
ileum (LOI) or piglets collected at birtb (B) or given nutrient 
solution by orogastric reeding (OGF) or total parenteral nutrition 
(TPN) ror 24 brs (mean .:t. S.E.). 

DUO: 
B liS OGF+TPN • 
B )IS OGF • 

UPJ: 
B liS OGF+TPN • 

LOJ: 
N . S .  

UPI: 
N . S .  

LOI: 
N . S .  
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Firurc 4.16 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 nutrient 
solution by orogastric feeding (OGF) or total parenteral nutrition 
(TPN) for 24 hn (mean ±. S.E.). 

DUO: 
N . S .  

UPJ: UPI: 
N . S .  N. S .  

LOJ: LOI: 
N. S .  N . S .  

Fj,urc 4 17 The relative migration distance of the labelled dividing 
cells 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 (OGF) or total parenteral 
nutrition (TPN) for 24 hrs (mean ±. S.E.). 

DUO: 
N . S .  

UPJ: UPI: 
N. S .  N. S .  

LOJ: LOI: 
N . S .  N . S .  
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Fhrure 4.18 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 (mean j;, S.E.). 

DUO: 
B t', OGF+TPN • 
B t', TPN • 

UPJ: 
B t', TPN • 

LOJ: 
N . S .  

UPI : 
B t', OGF+TPN • 
B t', OGF· 

LOI: 
B )1' OGF+TPN • 
B )1' TPN • 

Fiure 4.19 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 (mean j;, S.E.). 

DUO: 
B )1' OGF+TPN ••• 
B )IS OGF •• 
B " TPN •• 

UPJ: 
B )IS OGF+TPN • 
B t', TPN •• 

LOJ: 
B " OGF+TPN • 
B t', TPN •• 

UPI : 
B t', OGF+TPN •• 
B t', OGF •• 
B )IS TPN • 

LOI: 
N. S .  
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Fiaure 4.20 Mucosal RNA 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 hn (mean .:t. S.E.). 

DUO: 
N . S .  

UPJ: UPI : 
N. S .  N. S .  

LOJ: LOI: 
N . S .  N . S .  

Firure 4.21 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 14 hn (mean .:t. S.E.). 

DUO: 
B ,s OGF+TPN • 
B " OGF • 

UPJ: UPI : 
N . S .  N. S .  

LOJ: LOI: 
N . S .  N. S .  

Fiaure 4.22 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 14 hrs (mean .:t. S.E.). 

DUO: 
N . S .  

UPJ: 
B " OGF+TPN • 
B " TPN • 

LOJ: 
B " OGF+TPN • 
B ,s TPN • 

UPI : 
N. S .  

LOI: 
N. S .  
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Finrc 4.23 Mucosal protein concentration of tbe duodenum (DUO), 
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and 
lower ileum (LOI) of piglets collected at birtb (B) or given nutrient 
solution by orogastric feeding (OGF) or total parenteral nutrition 
(TPN) for 14 brs (mean .:t. S.E.). 

DUO: 
N . S .  

UPJ: 
N . S .  

LOJ: 
N . S .  

UPI : 
N. S .  

LOI: 
B )'s OGF+TPN • 
B )'s TPN •• 

Fieure 4.24 Mucosal protein content of tbe duodenum (DUO), upper 
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower 
ileum (LOI) of piglets collected at birtb (B) or given nutrient 
solution by orogastric feeding (OGF) or total parenteral nutrition 
(TPN) for 14 bra (mean .:t. S.E.). 

DUO: 
B " OGF+TPN •• 
B " OGF • 
B " TPN • 

UPJ: UPI: 
N. S .  N. S .  

LOJ: LOI: 
N . S .  N. S .  

Fiure 4.25 Mucosal protein:DNA ratio of tbe duodenum (DUO), 
upper jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and 
lower ileum (LOI) of piglets collected at birtb (B) or given nutrient 
solution by orogastric feeding (OGF) or total parenteral nutrition 
(TPN) for 14 brs (mean ±. S.E.). 

DUO: 
B vs OGF+TPN •• 
B )'s OGF • 
B )'s TPN • 

UPJ: 
B )'s OGF+TPN • 
B )'$ OGF • 
B v, TPN • 

LOJ: 
N . S .  

UPI: 
B )'s OGF+TPN • 

LOI: 
N . S .  
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Firurc 4.26 Lactase activity per mucosal weight or the duodenum 
(DUO), upper jejunum (UPJ), iower jejunum (LOJ), upper ileum 
(UPI) and lower ileum (LOI) or piglets collected at birth (8) or 
given nutrient solution by orogastric reeding (OGF) or total 
parenteral nutrition (TPN) ror 24 hrs (mean :t. S.E.). 

DUO: 
N . S .  

UPJ: UPI : 
N . S .  N. S .  

LOJ: LOI: 
N. S .  N. S .  

Fi&ure 4.27 Total lactase activity or the duodenum (DUO), upper 
jejunum (uPJ), lower jejunum (LOJ), upper ileum (UPI) and lower 
ileum (LOI) or piglets collected at birth (8) or given nutrient 
solution by orogastric reeding (OGF) or total parenteral nutrition 
(TPN) lor 24 hrs (mean :t. S.E.). 

DUO: 
N . S .  

UPJ: UPI : 
N . S .  N . S .  

LOJ: LOI: 
N . S .  N . S .  

Finn 4.28 Lactase activity per DNA weight 01 the duodenum 
(DUO), npper jejunum (UPJ), lower jejunum (LOJ), upper ileum 
(UPI) and lower ileum (LOI) 01 piglets collected at birth (8) or 
given nutrient solution by orogastric leeding (OGF) or total 
parenteral nutrition (TPN) lor 24 hrs (mean :t. S.E.). 

DUO: 
B .,s OGF+TPN • 
B "$ OGF • 

UPJ: 
N . S .  

LOJ: 
B .,s OGF+TPN • 
B .,s TPN • 

UPI: 
B .,s OGF+TPN • 

LOI: 
N . S .  
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Firore 4.29 Serum glucose concentrations at 24 bours (24brs Glu) 
and tbe dilrerence between at birtb and 24 bours (Dilr Glu) or tbe 
piglets given nutrient solution by orogastric reeding (OGF) or total 
parenteral nutrition (TPN) ror 24 brs (mean ;1. S.E.). 

14hrs Glu: 
N . S .  

Dilr Glu: 
N. S .  
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CHAPTER 5 

EFFECTS OF SUCKING AND OROGASTRIC FEEDING 

ON POSTNATAL DEVELOPMENT OF THE SMALL 

INTESTINE IN PIGLETS DURING THE FIRST 24 

HOURS AFTER BIRTH 

FIGURES 



Firurc 5,1 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 (mean .t. S.E.). 

BODY WEIGHT CHANGE: 
SC-S+SC-OGF .. s IF-S+IF-OGF • 
SC-OGF "s IF-S •• 

LIVER: 
SC-S+SC-OGF .. s IF-S+IF-OGF • 
SC-S "s IF-OGF • 

PANCREAS: 
N. S .  



PANCREATIC WEIGHT (g) LIVER WEIGHT (g) WEIGHT CHANGE (g) 

� 
• loo< 
� � � � � 00 g � 

S C - S  S C - S  S C - S  

S C - OG F  S C - O G F  S C - OG F  

IF-S  I F - S  I F- S  

I F-OGF 
IF-OGF I F-OGF 

8 8 8 

N S  
N S  N S  



Figure 5.2 Length or the total small intestine (TOTAL), duodenum 
(DUO), jejunum (JEJ) and ileum (lLE) or piglets given either sow 
colostrum (SC) or inrant rormula (IF) by sucking (S) or orogastric 
reeding (OGF) ror 24 hrs. Data ror piglets collected at birth (B) and 
naturally suckled (NS) ror 24 hrs are included for reference (mean ±. 
S . E . ) .  

TOTAL: 
SC-S+SC-OGF vs IF-S+IF-OGF •• 
SC-OGF vs IF-S •• 
SC-OGF )'s IF-OGF • 

DUO: 
N . S .  

JEJ: 
SC-S+SC-OGF )'s IF-S+IF-OGF •• 
SC-OGF )'s IF-S •• 
SC-OGF )'s IF-OGF • 

ILE: 
SC-S+SC-OGF )'s IF-S+lF-OGF •• 
SC-OGF )'s IF-S •• 
SC-OGF )'s IF-OGF • 

Finre S.3 Total weight of the intact small intestine (INTACT) and 
the intestinal mucosa (MUC) and muscle (MUS) or 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 (mean ±. S.E.). 

INTACT: 
SC-S+SC-OGF )'s IF-S+lF-OGF ••• 
SC-S vs IF-S ••• 
SC-S )'s IF-OGF ••• 
SC-OGF )'s IF-S ••• 
SC-OGF vs IF-OGF ••• 

MUC:  
SC-S+SC-OGF vs IF-S+lF-OGF ••• 
SC-S )'s IF-S ••• 
SC-S )' s  IF-OGF ••• 
SC-OGF )'s IF-S ••• 
SC-OGF )'s IF-OGF ••• 

M U S :  
SC-S+SC-OGF )'s IF-S+lF-OGF ••• 
SC-S )'s IF-S ••• 
SC-S )'s IF-OGF • 
SC-OGF )'s IF-S ••• 
SC-OGF )'s IF-OGF • 



227 

500 

400 
--
e 
CJ -

300 
== 
E-t • TOTAL 
C 
Z 200 • DUO 
� 
.J • JEJ 

100 El ILE 

0 
Cl} � Cl} � = Cl} . � • � Z U � 
Cl} 0 - 0 . . 

U � 
Cl} -

80 

60 
--
Cl) -

E-t 
== 40 C • INTACf 
� 
� • MUC 
� 

20 • MUS 

0 
Cl} � Cl} � Cl} 

. � . � Z U 0 � 0 Cl} -. . 
U � 
Cl} -



Figure 5,4 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 (Se) or inrant 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 ror reference (mean ±. S.E.). 

DUO: 
SC-S+SC-OGF )IS IF-S+IF-OGF • 
SC-OGF )IS IF-S • 
SC-OGF )IS IF-OGF • 

UPJ: 
SC-S+SC-OGF )IS IF-S+IF-OGF ••• 
SC-S "s IF-S •• 
SC-S "s IF-OGF •• 
SC-OGF )IS IF-S ••• 
SC-OGF )IS IF-OGF ••• . 

LOJ: 
SC-S+SC-OGF )IS IF-S+IF-OGF ••• 
SC-S )IS IF-S ••• 
SC-S )IS IF-OGF ••• 
SC-OGF "s IF-S ••• 
SC-OGF )IS IF-OGF ••• 

UPI: 
SC-S+SC-OGF )IS IF-S+IF-OGF ••• 
SC-S "s IF-S ••• 
SC-S "s IF-OGF ••• 
SC-OGF )IS IF-S ••• 
SC-OGF )IS IF-OGF ••• 

LOI: 
SC-S+SC-OGF )IS IF-S+IF-OGF ••• 
SC-S "s IF-S •• 
SC-S "s IF-OGF ••• 
SC -OGF )IS IF -S •• 
SC-OGF " IF-OGF ••• 
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Figure 5,5 Mucosal weight of the duodenum (DUO), upper Jejunum 
(UP J), lower jejunum (LOJ), u

'
pper ileum (UPI) and lower ileum 

(LOI) of piglets given either sow colostrum (Se) 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 (mean ±. S.E.). 

DUO: 
N . S .  

UPJ: 
se-s+Se-OGF )IS IF-S+lF-OGF ••• 
sees ),s IF-S • 
sees )IS IF-OGF • 
Se-OGF )IS IF-S ••• 
Se-OGF ),s IF-OGF ••• 

LOJ: 
SC-S+SC-OGF )IS IF-S+lF-OGF ••• 
sees )IS IF-S ••• 
SC-S ),s IF-OGF ••• 
Se-OGF )IS IF-S ••• 
Se-OGF )IS IF-OGF ••• 

UPI: 
se-s+se-OGF )IS IF-S+lF-OGF ••• 
sees )1$ IF-S ••• 
sees )IS IF-OGF ••• 
Se-OGF ),s IF-S ••• 
Se-OGF )IS IF-OGF ••• 

LOI: 
SC-S+SC-OGF ),s IF-S+lF-OGF ••• 
SC-S )IS IF-S •• 
sees )IS IF-OGF ••• 
SC-OGF )IS IF-S •• 
Se-OGF )IS IF-OGF ••• 
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Fi&urc 5,6 Muscular weight 01 the duodenum (DUO), upper JeJunum 
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) 01 piglets given either sow colostrum (Se) or inlant formula 
(IF) by sucking (S) or orogastric leeding (OGF) lor 24 hrs. Data 
lor piglets collected at birth (B) and naturally suckled (NS) lor 24 
hrs are included for reference (mean ±. S.E.). 

DUO: 
SC-S+SC-OGF )' s  IF-S+IF-OGF • 

UPJ: 
SC-S+SC-OGF )'s IF-S+IF-OGF •• 
SC-S )'s IF-S •• 
SC-S vs IF-OGF • 

LOJ: 
SC-S+SC-OGF )'s IF-S+IF-OGF • 
SC-OGF )'s IF-S •• 
SC-OGF )'s IF-OGF • 

UPI : 
N . S .  

LOI: 
SC-S+SC-OGF )'s IF-S+IF-OGF • 
SC-S )'s IF-S •• 
SC-OGF )'s IF-S • 
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Fi&ure 5,7 Circumference 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. Data 
for piglets collected at birth (B) and naturally suckled (NS) for 24 
brs are included for reference (mean ±. S.E.). 

DUO: 
N . S .  

UPJ: 
SC-S+SC-OGF vs IF-S+lF-OGF ••• 
SC-S vs IF-S ••• 
SC-S vs IF-OGF ••• 
SC-OGF vs IF-S ••• 
SC-OGF vs IF-OGF •• 

LOJ: 
SC-S+SC-OGF vs IF-S+lF-OGF •• 
SC-S vs IF-S • 
SC-S vs IF-OGF • 
SC-OGF vs IF-S • 
SC-OGF vs IF-OGF • 

UPI : 
SC-S+SC-OGF liS IF-S+lF-OGF •• 
Sc-s vs IF-S • 
SC-OGF vs IF-S • 

LOI: 
SC-S+SC-OGF vs IF-S+IF-OGF· 
Se-OGF vs IF-OGF • 
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Fieure 5,8 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. Data 
for piglets collected at birth (B) and naturally suckled (NS) for 24 
hrs are included for reference (mean ;i:. S.E.). 

DUO: 
SC-S+SC-OGF JlS IF-S+IF-OGF •• 
SC-OGF PS IF-S •• 
SC -OGF JlS IF -OGF •• 

UPJ :  
SC-S+SC-OGF JlS IF-S+IF-OGF ••• 
SC-S )IS IF-S ••• 
SC-S JlS IF-OGF •• 
SC-OGF PS IF-S ••• 
SC-OGF JlS IF-OGF ••• 

LOJ: 
SC-S+SC-OGF JlS IF-S+IF-OGF ••• 
SC-S JlS IF-S •• 
SC -S JlS IF -OGF •• 
SC-OGF JlS IF-S •• 
SC-OGF JlS IF-OGF • 

UPI : 
SC-S+SC-OGF JlS IF-S+IF-OGF ••• 
SC-S JlS IF-S •• 
SC-S JlS IF-OGF • 
SC-OGF JlS IF-S ••• 
SC -OGF PS IF -OGF •• 

LOI: 
SC-S+SC-OGF JlS IF-S+IF-OGF ••• 
SC-S PS IF-S •• . 
SC-S JlS IF-OGF • 
SC-OGF JlS IF-S ••• 
SC -OGF PS IF -OGF •• 
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Finre 5,9 Villous height or the duodenum (DUO), upper Jejunum 
(UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) or piglets given either sow colostrum (Se) or inrant rormula 
(IF) by sucking (S) or orogastric reeding (OGF) ror 24 hrs. Data 
ror piglets collected at birth (8) and naturally suckled (NS) ror 24 
hrs are included ror reference (mean ±. S.E.). 

DUO: 
SC-S+SC-OGF )'s IF-S+lF-OGF • 
SC-S )'s IF-S • 
SC-OGF )'s IF-S • 

UPJ: 
SC-S+SC-OGF )'s IF-S+IF-OGF··· 
SC-S )'s IF-S ••• 
SC-S l'S IF -OGF •• 
SC-OGF )'s IF-S ••• 
SC-OGF )'s IF-OGF ••• 

LOJ: 
SC-S+SC-OGF )'s IF-S+IF-OGF··· 
SC-S .,s IF-S ••• 
SC-S )'s IF-OGF ••• 
SC-OGF )'s IF-S ••• 
SC-OGF )'s IF-OGF ••• 

UPI: 
SC-S+SC-OGF )'s IF-S+lF-OGF· ·· 
SC-S l'S IF-S ••• 
SC-S )'s IF-OGF •• 
SC-OGF )'s IF-S ••• 
SC-OGF )'s IF-OGF ••• 

LOI: 
SC-S+SC-OGF )'s IF-S+lF-OGF··· 
SC-S )'s IF-S •• 
SC-S )'s IF-OGF •• 
SC-OGF )'s IF-S ••• 
SC-OGF )'s IF-OGF ••• 
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FiKure 5,10 Villous widtb of tbe duodenum (DUO), upper Jejunum 
(UP J), lower jejunum (LOJ), upper ileum (UPI) and lower ileum 
(LOI) of piglets given eitber sow colostrum (Se) or infant formula 
(IF) by sucking (S) or orogastric: feeding (OGF) for 24 brs. Data 
(or piglets collected at birth (8) and naturally suckled (NS) (or 24 
brs are inc:luded for reference (mean .±. S.E.). 

DUO: 
N . S .  

UPJ :  
SC-S+SC-OGF ),s IF-S+IF-OGF··· 
SC-S ),s IF-S ••• 
SC-S JlS IF-OGF ••• 
SC-OGF JlS IF-S ••• 
SC-OGF JlS IF-OGF ••• 

LOJ: 
SC-S+SC-OGF ),s IF-S+IF-OGF··· 
SC-S ),s IF-S ••• 
SC-S PS IF-OGF ••• 
SC-OGF ),s IF-S ••• 
SC-OGF ),s IF-OGF •• 

UPI : 
SC-S+SC-OGF ),s IF-S+IF-OGF··· 
SC-S ),s IF-S •• 
SC-S ),s IF-OGF •• 
SC-OGF ),s IF-S •• 
SC-OGF JlS IF-OGF •• 

LOI: 
SC-S+SC-OGF JlS IF-S+IF-OGF· 
SC-OGF JlS IF-S • 
SC-OGF ),s IF-OGF •• 



234 

120 

--
e 100 :::i. '-' 

= 80 � 
Q � 
� 60 • DUO 

C"I.) • UPJ 
:;:J 
0 40 • LOJ 
� 
� rJ UPI 
� 
> 20 0 LOI 

0 
rI) '- rI) '- rI) . C,!) • C,!) Z 
U 0 

'-
0 rI) -. . 

U '-
rI) -



Firurc 5,11 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. Data 
for piglets collected at birtb (8) and naturally suckled (NS) for 24 
brs are included for reference (mean ±. S.E.). 

DUO: 
SC-S + SC-OGF vs IF-S + IF-OGF • 
SC-OGF vs IF-S • 

UPJ: 
N . S .  

LOJ: 
N . S .  

UPI : 
N . S .  

LOI: 
N . S .  
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Firure S.12 Muscular thickness of the duodenum (DUO), upper 
jejunum (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 (OGF) for 24 hrs. 
Data for piglets collected at birth (B) and naturally suckled (NS) for 
24 hrs are included for reference (mean ±. S.E.). 

DUO: 
N . S .  

UPJ: 
N . S .  

LOJ: 
N . S .  

UPI : 
N . S .  

LOI: 
N . S .  

Firure S.13 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. 
Data for piglets collected at birth (B) and naturally suckled (NS) for 
24 hrs are included for reference (mean ±. S.E.). 

DUO: 
N . S .  

UPJ: 
N . S .  

LOJ: 
N . S .  

UPI: 
N . S .  

LOI: 
N . S .  
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Figure 5.14 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. Note the larger villi 
in the the piglets fed sow colostrum (SC-S and SC-OGF) 
compared to those fed infant formula (IF-S and IF-OGF). 
(Altian Blue, Hematoxylin, van Gieson; magnification x 
6 0 )  



FiI:ure 5.15 V i l l i  i n  the u pper i leum of p iglets given either sow 
colostrum (SC) or infant formula ( IF) by sucking (S) or 
orogastric reeding (OG F) ror 24 hrs. Note the larger 
v i llous cells in the piglets red sow colostru m  (SC-S and 
SC-OGF) compared to those red inrant rormula (I F-S and 
I F-OG F). ( A lc ian Blue, Hematoxy l i n ,  van G ieso n ;  
m agn ificat ion x 242) 
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Fiaure $.1fi Number or 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 
orogutric feeding (OGF) for Z4 hrs (mean � S.E.). 

DUO: 
N. S .  

UPJ: 
N . S .  

LOJ: 
N . S .  

UPI: 
N . S .  

LOI: 
N . S .  

Figure $.17 The relative migration distance of the labelled dividing 
cells of the duodenum (DUO), upper jejunum (VPJ), 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 
orogutric feeding (OGF) for Z4 hrs (mean � S.E.). 

DUO: 
SC-OGF }IS IF-S •• 

UPJ: 
N . S .  

LOJ: 
N . S .  

UPI: 
N . S .  

LOI: 
N . S .  
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Finre 5,18 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. Data for piglets collected at birth (B) and naturally suckled 
(NS) for 24 bn are included for reference (mean � S.E.). 

DUO: 
SC-S ., IF-S • 

UPJ: 
SC-S+SC-OGF •• IF-S+IF-OGF • 
SC-S " IF -S • 

LOJ: 
SC-S+SC-OGF " IF-S+IF-OGF ••• 
SC-S ., IF-S ••• 
SC-S ., IF-OGF ••• 
SC-OGF ., IF-S ••• 
SC-OGF ., IF -OGF ••• 

UPI: 
SC-S+SC-OGF ., IF-S+IF-OGF ••• 
SC-S ., IF-S ••• 
SC-S ., IF-OGF ••• 
SC-OGF ., IF-S ••• 
SC-OGF ., IF-OGF ••• 

LOI: 
SC-S+SC-OGF ., IF-S+IF-OGF • 
SC-S ., IF-S .• 

Figure 5,19 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 brs. Data for piglets collected at birth (8) and naturally suckled 
(NS) for 24 brs are included for reference (mean � S.E.). 

DUO: 
N. S. 

UPJ: 
N. S. 

LOJ: 
N. S. 

UPI: 
N.S. 

LOI: 
N. S. 
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Fjpre 5.20 Mucosal DNA content of tbe duodenum (DUO), upper 
jejunum (UPJ), lower jejunum (LOJ) , upper ileum (UPI) and lower 
ileum (LOI) of piglets given eitber sow colostrum (SC) or infant 
formula (IF) by sucking (S) or orog8Stric feeding (OGF) for 14 hrs. 
Data for piglets collected at birth (B) and aaturally luckled (NS) for 
14 brs are iDcluded for reference (mean :t. S.E.). 

DUO: 
N. S. 

UPJ: 
N. S. 

LOJ: 
N. S .  

UPI: 
N. S. 

LOI: 
N. S .  

Fjpre S.U Mucosal RNA content of tbe duodenum (DUO), upper 
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower 
ileum (LOI) of piglets given either IOW colostrum (SC) or infant 
formula (IF) by lucm, (S) or orog8Stric feeding (OGF) for U bra. 
Data for piglets collected at birth (B) and naturally suckled (NS) for 
14 brs are iDcluded for reference (mean :t. S.E.). 

DUO: 
N. S. 

UPJ: 
SC-S+SC-OGF ., IF-S+IF-OGF • 
SC-OGF ., IF-S • 
SC-OGF " IF-OGF • 

LOJ: 
SC-S+SC-OGF ., IF-S+IF-OGF •• 
SC-S ., IF-S • 
SC -OGF ., IF -S • 
SC-OGF ., IF-OGF • 

UPI: 
SC-S+SC-OGF' " IF-S+IF-OGF •• 
SC-S ., IF-S • 
SC-OGF ., IF-S •• 
SC-OGF ., IF-OGF • 

LOI: 
SC-S+SC-OGF ., 
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Fjprc 5.22 Mucosal protein concentration or the duodenum (DUO), 
upper jejunum (UPJ), lower jejunum (LOJ), upper Ueum (UPI) and 
lower ileum (LOI) or piglets given eitber sow colostrum (Se) or 
infant rormula (IF) by lucking (S) or orogastric reeding (OGF) ror 
24 brs. Data ror piglets collected at birtb (B) and naturally suckled 
(NS) ror 24 brs are included ror rererence (mean .:t. S.E.). 

DUO: 
SC-S+SC-OGF " IF-S+IF-OGF ••• 
SC-S ., IF-S • 
SC-S " IF-OGF ••• 
SC-OGF " IF -S •• 
SC-OGF ., IF-OGF ••• 
IF -S " IF -OGF • 

UPJ: 
SC-S+SC-OGF l'I IF-S+IF-OGF ••• 
SC-S ., IF-S ••• 
SC-S ., IF-OGF ••• 
SC-OGF " IF-S ••• 
SC-OGF " IF-OGF ••• 

LOJ: 
SC-S+SC-OGF ., IF-S+IF-OGF ••• 
SC-S " IF-S ••• 
SC-S " IF-OGF ••• 
SC-OGF l'I IF-S ••• 
SC-OGF " IF-OGF ••• 

UPI : 
SC-S+SC-OGF " IF-S+IF-OGF ••• 
SC-S " IF-S ••• 
SC -S " IF -OGF ••• 
SC-OGF ., IF-S ••• 
SC-OGF " IF-OGF ••• 

LOI: 
SC-S+SC-OGF ., IF-S+IF-OGF ••• 
SC-S " IF-S ••• 
SC-S " IF-OGF ••• 
SC-OGF " IF-S ••• 
SC-OGF l'I IF-OGF ••• 



242 

250 
--
tu) 

� 
e 200 

-

• 
u 
:z 150 

• DUO 0 
U 

Z • UPJ 

• 
.. 
� LOJ 
� 
0 Fa UPI 

[] LOI 
== 
=-

Cl) 
• • 

� U .... Cl) • 
U Cl) 



Firure 5,23 Mucosal protein content or the duodenum (DUO), upper 
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower 
Ueum (LOI) of piglets giveD either · sow colostrum (Se) or infant 
formula (IF) by sucking (S) or orogastric feeding (OGF) for 14 hrs. 
�ata for piglets collected at birth (B) and naturaDy suckled (NS) for 
14 us are included for reference (mean :1. S.E.). 

DUO: 
SC-S+SC-OGF " IF-S+IF-OGF •• 
SC-OGF ., IF-S •• 
SC-OGF )If IF-OGF • 

UPJ: 
SC-S+SC-OGF ., IF-S+IF-OGF ••• 
SC-S )If IF-S •• 
SC-S ." IF-OGF •• 
SC-OGF " IF-S ••• 
SC-OGF " IF-OGF ••• 

LOJ: 
SC-S+SC-OGF )If IF-S+IF-OGF ••• 
SC-S " IF-S ••• 
SC-S ., IF-OGF ••• 
SC-OGF ." IF-S ••• 
SC-OGF " IF-OGF ••• 

UPI: 
SC-S+SC-OGF " IF-S+IF-OGF ••• 
SC-S .. IF-S ••• 
SC-S " IF-OGF ••• 
SC-OGF )If IF-S ••• 
SC-OGF " IF-OGF ••• 

LOI: 
SC-S+SC-OGF " IF-S+IF-OGF ••• 
SC-S ., IF-S ••• 
SC-S ." IF-OGF ••• 
SC-OGF " IF-S ••• 
SC-OGF " IF-OGF ••• 
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Finre S,24 Mucosal protein:DNA ratio or the duodenum (DUO), 
upper jejunum (UP J), lower jejunum (LOJ), upper ileum (UPI) and 
lower ileum (LOI) or piglets given either sow colostrum (SC) or 
inrant rormula (IF) by sucking (S) or orogastric reeding (OGF) ror 
24 hrs. Data ror piglets collected at birth (B) and naturally suckled 
(NS) ror 24 hrs are included ror reference (mean ±. S.E.). 

DUO: 
Se-OGF vs IF-S • 

UPJ: 
se-s+se-OGF " IF-S+IF-OGF ••• 
se-s " IF-S ••• 
se-s " IF -OGF •• 
Se-OGF " IF-S •• 
se-OGF ", IF-OGF • 

LOJ: 
se-s+se-OGF " IF-S+IF-OGF ••• 
se-s " IF-S ••• 
se-s " IF-OGF ••• 
Se-OGF " IF-S ••• 
SC-OGF " IF-OGF ••• 

UPI: 
sc-s+se-OGF " IF-S+IF-OGF ••• 
se-s " IF-S ••• 
sc-s " IF-OGF ••• 
Se-OGF " IF-S ••• 
SC-OGF ", IF-OGF ••• 

LOI: 
se-s+se-OGF ", IF-S+IF-OGF ••• 
se-s ", IF-S •• 
se-s VI IF-OGF •• 
Se-OGF )If IF-S •• 
se-OGF " IF-OGF • 



244 

0 100 1-4 
E-
< 
c:-: 80 

< 
:z 
Q 60 • DUO 

• •  

:z • UPJ 
1-4 
� 40 E- • LOJ 

0 
=: 

r2I UPI 

� 20 
[J LOI 

0 
rI.) � rI.) � = rI.) 

• Cl • t!' ;Z � � 
Cl:) 0 .. 0 • • 

� � 
rI.) .. 



Filure 5,25 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 (Se) or 
infant formula (IF) by sucking (S) or orogastric feeding (OGF) for 
24 Itrs. Data for pigleb collected at birt.. (8) and naturally 
suckled (NS) for 14 brs are included for reference (mean %. S.E.). 

DUO: 
N . S .  

UPJ:  
SC-S+SC-OGF ., IF-S+IF-OGF •• 
SC-S ., IF-S • 
SC-OGF ., IF -S • 
SC-OGF ., IF-OGF • 

LOJ: 
SC-S+SC-OGF ., IF-S+IF-OGF ••• 
SC-S ., IF-S •• 
SC-S ., IF-OGF • 
SC-OGF '" IF -S •• 
SC-OGF ., IF -OGF •• 

UPI: 
SC-S+SC-OGF ., IF-S+IF-OGF ••• 
SC-S ., IF-S •• 
SC-S ., IF-OGF •• 
SC-OGF ., IF-S •• 
SC-OGF ., IF-OGF •• 

LOI: 
SC-S+SC-OGF ., IF-S+IF-OGF •• 
SC-S ., IF-S • 
SC-OGF III IF-S •• 
SC-OGF ., IF-OGF • 
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Firure 5,26 Lactase activity per 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 
(Se) 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 (mean :t. 
S.E.). 

DUO: 
N . S .  

UPJ: 
SC-S+SC-OGF " IF-S+IF-OGF • 
SC-S JlS IF-OGF • 
SC-OGF JlS IF-OGF • 

LOJ: 
SC-S+SC-OGF )'s IF-S+IF-OGF •• 
SC-S 's IF-OGF •• 
SC-OGF .,s IF -OGF •• 

UPI: 
SC-S+SC-OGF .,s IF-S+IF-OGF ••• 
SC-S " IF-S ••• 
SC-S ." IF-OGF •• 
SC-OGF " IF-S ••• 
SC-OGF " IF -OGF •• 

LOI: 
SC-S+SC-OGF .,s IF-S+IF-OGF •• 
SC-S " IF-S • 
SC-OGF " IF-S • 
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Finrc 5.27 Total lactase activity of tbe duodenum (DUO), upper 
jejunum (UPJ), lower jejunum (LOJ), upper ileum (UPI) and lower 
ileum (LOI) of piglets given eitber sow colostrum (SC) or infant 
formula (IF) by sucking (S) or orogastric feeding (OGF) for 24 brs. 
Data for piglets collected at birtb (B) and naturally suckled (NS) for 
24 brs are included for reference (mean :t. S.E.). 

DUO: 
SC-S+SC-OGF " IF-S+IF-OGF • 

UPJ: 
N . S  

LOJ: 
N . S .  

UPI: 
N. S .  

LOI: 
N . S .  

Firorc 5·28 Lactase activity per DNA weigbt of tbe duodenum 
(DUO), upper jejunum (UPJ), lower jejunum (LOJ), upper ileum 
(UPI) and lower ileum (LOI) of piglets given eitber sow colostrum 
(SC) or infant formula (IF) by SUCking (S) or orogastric feeding 
(OGF) for 14 brs. Data for piglets collected at birtb (B) and 
naturally suckled (NS) for 24 brs are included for reference (mean :t. 
S.E.). 

DUO: 
N . S .  

UPJ: 
N . S .  

LOJ: 
N . S .  

UPI :  
SC-S+SC-OGF " IF-S+IF-OGF • 

LOI: 
SC-S+SC-OGF It. IF-S+IF-OGF • 
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APPENDIX 3.1 

Table Al Tissue thicknesses (pm) and circumference (mm) of 5 sepanUe aoss-sections (00.1,  1 1, 21, 31 
and 41) from the duodenum of a 24-hour-old suck1cd piglet. Each value is the average of 12 
measurements except for the circumference which was measured once. 

Structure Sectioo Section Section Section Section 
00.1 no. 1 1  no.21 n031 00.41 

Wall thickness 1298 1277 1276 1300 1281 

Muscular layC'Z ']1)7 200 229 227 212 

Submucosal layC'Z 334 344 335 313 346 

Crypt depth 1 18 130 1 19 1 19 122 

Villous height 521 535 522 507 523 

Villous width 89 98 90 93 90 

Circumference 12.32 12.32 12.25 12.25 12.25 

Table A2 Mean values, S.D., S.E. and 95% confidence interval (Cl) of the measurements shown in Table 
AI. 

Structure Mean 5 S.D. S.E. 95% Cl 95% Cl 
sections lower upper 

Wall thickness 1286.40 1 1 .67 5.22 1271.90 1300.90 

Muscular layC'Z 215.00 12.63 5.65 199.31 230.69 

Submucosal layer 334.40 13.09 5.85 318.14 350.66 

Crypt depth 121.60 4.93 2.20 1 15.48 127.72 

Villous height 521.60 9.94 4.45 509.25 533.95 

Villous width 92.00 3.67 1.64 87.44 96.56 

Circumference 12.28 0.04 0.02 12.23 12.33 

(Contd.) 



249 

APPENDIX 3.1 

Table Bl Tissue thicknesses (pm) and circumfC2'Cnce (mm) of 5 separate cross�sections (no.l, 1 1 , 21, 31  
and 41)  from the upper jejunum of a �hour�ld suckled piglet. Each value is the avenge of 12 
measmemenlS except for the circumference which was measured once. 

Structure Section Section Section Section Section 
no.l 00.1 1  no.21 00.31 00.41 

Wall thickness 1295 1277 1281 1281 1320 

Muscular layer 86 87 79 74 82 

Submucosal layer 63 58 55 57 62 

Crypt depth 77 75 86 77 71 

Villous height 1031 991 1006 1029 1023 

Villous width 97 107 104 97 97 

Circumference 14.31 13.95 14.19 14.27 14.61 

Table B2 Mean values, S.D., S.E. and 95% confidence interval (Cl) of the measurements shown in Table 
Bl. 

Structure Mean 5 S.D. S.E. 95% Cl 95% Cl 
sections lower upper 

Wall thickness 1290.80 17.70 7.90 1268.82 1312.78 

Muscular layer 8l.60 5.32 2.38 74.99 88.21 

Submucosal layer 59.00 3.39 1.52 54.79 63.21 

Crypt depth 77.20 5.50 2.46 70.37 84.03 

Villous height 1016.00 17.09 7.64 994.78 103722 

Villous width 100.40 4.77 2.14 94.47 106.33 

Circumference 14.27 0.24 0.1 1  13.97 14.56 

(Cootd.) 
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APPENDIX 3.1 

Table Cl Tissue thicknesses (pm) and circumference (mm) of 5 separa1e �s-sections (no.l. 11 . 21. 31 
and 41) from the lower jejunum of a 24-hour-old suckled piglet. Each value is the average of 12 
measurements except for the circumference which was measured once. 

Structure Section Section Section Section Section 
no.l no. 1 1  no.21 no.31 no.4l 

Wall thickness 1 198 1 197 1 199 1235 1 149 

Muscular layer 79 77 74 75 79 

Submucosal layer 46 45 45 47 47 

Crypt depth 74 75 75 74 n 

Villous height 956 941 993 995 981 

Villous width 95 94 98 92 88 

Circumference 14.22 14.22 14.13 14.43 14.21 

Table C2 Mean values. S.D •• S.E. and 95% confidence interval (Cl) of the measumnents shown in Table 
Cl. 

Structure Mean 5 S.D. S.E. 95% 0 95% 0 
sections Iowel' upper 

Wall thickness 1 195.60 30.60 13.70 1 157.60 1233.60 

Muscular layel' 76.80 2.28 1.02 73.97 79.63 

Submucosal layel' 46.00 1.00 0.45 44.76 47.24 

Crypt depth 75.00 1.22 0.55 73.48 76.52 

Villous height 973.20 23.80 10.60 943.70 1002.70 

Villous width 93.40 3.71 1 .66 88.79 98.01 

Circumference 14.24 0.1 1  0.05 14.10 14.38 

(Cootd.) 
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APPENDIX 3.1 

Table 01 Tissue thicknesses (pm) and circumference (mm) of 5 sc:panue aoss-sections (00.1, 1 1 , 21, 31  
and 41)  from the upper ileum of a 24-hour-old suckled piglet. Each value is the average of 12  
measurements except for the circumference which was measured once. 

Structure Section Section Section Section Section 
00.1 no. 1 1  no.21 00.31 00.41 

Wall thickness 1 156 1 179 1 153 1 184 1 164 

Muscular layer 95 98 95 89 96 

Submucosal layer 52 60 54 53 55 

Crypt depth 77 79 79 79 74 

Villous height 904 904 891 881 906 

Villous width 97 94 96 93 93 

Circumference 13.87 13.72 13.86 13.95 13.93 

Table D2 Mean values, S.D., S.E. and 95% confidence interval (Cl) of the measurements shown in Tab1c 
01. 

Structure Mean 5 S.D. S.E. 95% Cl 95% Cl 
sections lower upper 

Wall thickness 1 167.20 13.77 6.16 l 1SO.09 1 184.3 1  

Muscular layer 94.60 3.36 1.50 90.42 98.78 

Submucosal layer 54.80 3.1 1  1 .39 SO.93 58.67 

Crypt depth 77.60 2.19 0.98 74.88 80.32 

Villous height 897.20 10.85 4.85 883.73 910.67 

Villous width 94.60 1.82 0.81 92.34 96.86 

Circumference 13.87 0.09 0.04 13.75 13.98 

(Cootd.) 
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Table El Tissue thicknesses {)un) and circumference (mm) of 5 separate cross-sections (no.l, 1 1, 21, 31 
and 41) from the lower ileum of a 24-hour-old suck1ed pigleL Each value is the average of 12 
measurements except for the circumference which was measured once. 

Structure Section Section Section Section Section 
no. 1 no. 1 1  no.21 no.31 no.41 

Wall thickness 1004 996 1037 1000 1000 

Muscular layer 1 17 108 1 17 1 16 1 14 

Submucosal layer 1 16 1 14 109 122 1 15 

Crypt depth 78 74 76 81 75 

Villous height 580 582 584 573 555 

Villous width 83 98 88 89 85 

Circwnference 12.16 12.02 12.09 12.22 12.15 

Table E2 Mean values, S.o., S.E. and 95% confidence interval (Cl) of the measurements shown in Table 
El. 

Structure Mean 5 S.D. S.E. 95% Cl 95% Cl 
sections lower upper 

Wall thickness 1007.40 16.79 7.51 986.55 1028.25 

Muscular laya 1 14.40 3.78 1 .69 109.70 1 19.10 

Submucosal layer 1 15.20 4.66 2.08 109.41 120.99 

Crypt depth 76.80 2.77 1.24 7335 80.25 

Villous height 574.80 1 1 .82 5.29 560.12 589.48 

Villous width 88.60 5.77 2.58 81.43 95.77 

Circwnference 12.13 0.08 0.03 12.03 12.22 



253 
APPENDIX 3.2 

Mem ± S.D. foe the SI weiaht IDd Jenath. body .apt cbmae. and liver ad pmcreatic- weiahU for the experimental JIOUIII 
deaaibed iD CuIpIcr 3. 

PARAMETERS B NS se CC SM CM IF HP 
Total Imac:t SI Cl) 35.99 55.82 73.25 54.01 32.19 42.48 42.81 35.60 

±S.78 t1 1.37 ±20.82 ±10.87 %2.18 %6.56 ±1 1.07 ±S.22 

Total SI mucou Cl) 24.83 43.69 59.31 41.66 26.28 30.82 31.35 25.32 

±4.49 %9.71 ±17.83 %9.59 ±1.99 ±S.08 ±8.44 %3.90 

Total SI IDDIde Cl) 1 1.16 12.14 13.94 12.36 10.92 1 1.65 1 1.46 10.27 

±1.67 %2.35 %3.03 ±1.4S to.59 ±1.75 ±l.83 ±1.47 

Intact SI Cl) 
Duodmum 1.28 1.02 1.29 1.21 0.88 1.01 0.89 0.74 

to.21 to.33 to.30 to.20 to.l0 to. 15 to.28 to.l0 

Upper jejuDum 8.87 11.23 13.10 10.25 7.rIJ 7.53 8.31 6.76 

±1.46 %2.60 ±2.50 ±l.98 to.68 ±l.35 %2.04 ±1.61 

Lower jejunlDD 8.72 1 1.64 15.22 1 1.rIJ 7.34 7.88 8.25 6.71 

±1.61 ±2.S5 ±4.41 %2.62 to.57 ±1.45 ±l.10 ±1.18 

Upper ileum 8.72 10.83 16.64 1 1.28 6.37 7.20 7.48 6.27 

±1.51 %3.04 %6.97 ±l.46 to.81 ±1.rIJ %2.36 to.82 

Lower ileum 8.40 8.96 13.06 7.82 4.60 7.20 6.41 4.85 

tU5 ±2.35 %3.84 tl.77 to.94 t1.87 ±1.76 to.78 

SI Mucou Cl) 

Duodmum 0.59 0.83 0.88 0.91 0.63 0.67 0.78 0.68 

to.17 to.19 to.18 to.20 to.28 to.13 to.23 to.08 

Upper jejlmam 6.32 3.01 2.87 2.72 2.63 2.62 2.42 2.32 

±1.22 to.79 to.85 to.34 to.3S to.62 to.75 to.4S 

Lower jej1llllDD 6.19- 2.58 3.17 2.65 2.29 2.48 2.48 2.35 

±1.29 to.34 to.76 to.26 to.29 to.30 to.64 to.35 

Upper ileum 6.14 2.53 16.64 2.60 2.40 2.65 2.59 2.36 
±1.1 1 to.39 %3.95 to.44 to.25 to.29 to.64 to.33 

Lower ileam  5.60 3.18 13.06 3.48 2.96 3.23 3.19 2.S6 
to.88 to.85 to.91 to.66 to.24 to.74 to.68 to.5O 

SI MUIcle Cl) 
Duodmum 0.69 0.83 0.88 0.91 0.63 0.61 0.78 0.68 

to. 10 to.19 to.18 to.20 to.28 to. 13 to.23 to.08 

Upper jejunum 2.55 3.01 2.87 2.72 2.63 2.62 2.42 2.32 

to.31 to.79 to.85 to.34 to.35 to.62 to.75 to.45 

Lower jej1llllDD 2.53 2.58 3.01 2.65 2.29 2.48 2.48 2.35 

to.49 to.34 to.58 to.26 to.29 to.30 to.64 to.35 

Upper ileum 2.58 2.53 3.17 2.60 2.40 2.65 2.59 2.36 

to.52 to.39 to.76 to.44 to.25 to.29 to.64 to.33 

Lower ileum 2.80 3.18  3.9S 3.48 2.96 3.23 3.19 2.S6 
to.33 to.8S to.91 to.66 to.24 to.74 to.68 to.5O 

Total SI la1Jlh (an) 341.40 420.00 418.40 403.90 378.20 402.80 357.60 326.40 
1:20.94 %32.72 t46.27 ±16.35 %33.37 %30.00 1:20.06 %35.75 

DuocienlDD (an) 9.40 12.00 12.80 13.50 1 1.80 12.80 1 1.20 10.80 

to.65 ±1.70 %2.77 to.71 to.84 to.91 to.84 ±1.04 

Jejunum (an) 166.00 204.00 202.80 195.20 183.20 195.00 173.20 157.80 

±10.3O ±15.75 ±22.m ±7.82 ±16.71 ±15.23 %9.96 ±IUn 

Dcum (an) 166.00 204.00 202.80 195.20 183.20 195.00 173.20 157.80 

±10.3O ±15.75 ±22.m ±7.82 ±16.71 ±15.23 %9.96 tlUn 

Body weiabt c:hmae Cl) - 78.08 108.47 50.49 33.16 40S 29.74 -46.48 
- ±42.02 ±3O.16 %37.26 ±89.77 ±19.39 %34.75 %37.24 

Liver weiabt Cl) 41.96 40.77 40.48 40.32 42.94 44.80 51.16 25.33 

±7.06 ±7.98 %6.76 %3.84 %3.99 ±S.88 ±1 1.88 %3.01 

Pmcrealic we:i&ht Cl) 1.55 2.35 2.23 2.06 1.89 1.83 1.89 1.63 

to.22 to.39 to.41 to.12 to.34 to.21 to.44 to. 1 1  
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MeIII :t S.D. for the SI microscopic 1tJUdIIJa, _bet of labelled dividing cell. per crypt area md relative miaration distance for 
the experimental graupl described in Cbapcer 3. 

PARAMBTERS B NS se cc SM CM IF HP 
CiraJmfenmce (mm) 

Duodenlllll 12.974 13.358 14.195 13.960 12.832 13.382 15.466 13.672 

:t1.071 :tl.915 :to.861 ±2.156 :to.741 :t1.099 :t1.164 :tl.815 

Upper jejunum 1 1.9SO 14.438 15.200 15.470 140597 14.362 14.7SO 13.364 

:to.955 :t1.913 :tl.319 :t1.668 :t1.688 :t1.089 :t1.133 :t1.706 

Lower jejUDum 12.744 13.724 16.115 1S,S06 14.295 14.678 14.268 13.178 

:t1.715 :tl.222 :t1.901 :t1 .472 :t1.676 :to.676 :to.660 :to.944 

Upper ileum 12.468 14.232 17.040 15.742 13.61S 14.826 14.082 12.604 

:t1.163 :t1.16S :t1.933 :tl.304 ±l's24 :t1.040 :t1.956 :t1.178 

Lower ileum 13.1SO 13.156 15.667 14.718 13.937 13.886 14.402 14.082 

:tl.788 ±l.669 :t1.026 :to.940 ±2.770 :to,s04 :t1.326 :t1.S74 

WaD thic:knesl (pm) 
Duodenlllll 944.4 10s0.2 1081.0 1038.4 109105 1 182.4 124S.6 1 167.4 

:t11 1.8 :t13S.9 ±lS4.7 :t142.7 :t:22A.1 :t1 19.2 :t26O.3 :t244.1 

Upper jejunum 1 195.3 1334.8 1398.7 1304.2 1 120.2 1 174.0 1323.8 1054.6 

:t142.3 :t47.18 ±l93.7 :t160.4 :t87.5 :t107.2 :t1 16.7 ±S4.7 

Lower jejunum 1 121.0 1373.6 1453.0 1215.4 l0S7,S 1047.8 1 131.2 1206.2 

%352.8 :t172.2 :t110.7 :t88.3 :t89.4 :t74.4 :t74.3 %240.3 

Upper ileum 1 164.6 1407.4 134905 1 195.8 1061.7 971.6 1025.8 1086.2 

:t198.9 :t103.4 :tl69,S :t97.6 :t43.5 :t79. 1 :t15S.2 :t85.7 

Lower ileum 849.0 1326.2 1401.2 1018.8 832.2 1026.8 910.2 773.2 

:t156.4 :t186.7 :t19.2 %29.6 %209.3 :t159.3 :tl30,S :t156.3 

Muaular thidmeal (pn) 
Doodealllll 104.6 97.4 127.0 115.6 155.0 140.0 151.4 181.6 

:t28.8 :t15.4 :t19.5 :t4O.0 %35.2 :t36.7 :t27.6 :t48.8 

Upper jejunum 80.4 75.2 86.0 86.2 94.0 97.6 92.2 92.4 

:t15.6 %6.7 :t12.0 %9.7 :t1 1.3 :t12.6 :t8.9 :t10.3 

Lower jejuoum 75.6 62.8 81.7 90.0 8905 92.4 88.0 102.2 

:t15.6 :t4.8 %605 :t16.3 :t1S.3 :t10.0 :tU :t27.0 

Upper ileum 80.2 67.0 79.7 80.2 101.2 99.0 101.0 85.8 

:t15.1 :t12.6 ±S.9 :t4.7 ±15.9 %9.1 :tl0.4 ±1 1.8 

Lower ileum 88.4 80.2 8505 103.4 lOS.5 123.6 1 12.2 96.2 

:t13.1 :t1 1.2 :t7.4 %6.7 :t27.6 :t26.4 ±13.6 :t15.2 

Submuc:oal thidmeal (pm) 
Duodenlllll 197.0 153.8 132.5 154.4 146.5 170.6 198.4 210.8 

:t74.7 :t18.6 %23.4 :t49.6 :t41.5 :t47.9 :tS7.5 ±S2.0 

Upper jejuaum 90.6 77.8 97.7 86.4 8S.7 83.0 102.0 97.4 

:t18.2 :t12.0 :tl8.S %9.8 :t12.4 :t4.8 :t8.9 :t12.6 

Lower jejunum 97.0 70.4 8605 87.6 70.0 86.8 77.8 121.2 

:t28.3 :t7.2 :t18.4 :t18.9 %9.4 %21.6 :t10.1 %39.0 

Upper ileum 101.0 74.2 73.0 80.6 88.2 89.2 75.0 85.2 

:t4O.2 :t16.2 :t10.2 :t14.4 :t14.0 :t13.7 :t13.2 %9.2 

Lower ileum 83.4 81.0 86.7 96.6 78.2 103.4 88.8 78.4 

:t21.6 ±l6.5 :t13.6 :t26.6 :t2S.3 :t2S.2 %24. 1 :t14.9 

Crypt depth (pm) 
Doodealllll lOS.4 128.4 125.0 1 19.0 124.7 129.6 124.6 127.2 

%21.0 ±S.6 :tl l.4 :t18.5 :t8.6 :t19.0 %21.8 %9.7 

Upper jejuoum 84.6 84.6 92.7 91.6 87.7 94.0 88.4 81.4 

:t8.9 :t7.6 :t13.7 %3.6 :t7.4 :t8.0 :t10.6 %9.1 

Lower jejunum 74.6 87.0 86.7 82.2 82.0 75.0 73.2 84.4 

:t8,S :t8.7 :t1 1.9 :t10.1 %3.7 :t1 1.0 :t10.9 :t10.3 

Upper ileum 70.8 79.4 71.0 77.4 81.0 72.0 68.8 66.0 

:t8.7 %6.3 %9.4 :t7.1 ±2.6 %3.7 ±S.4 :t7.1 

Lower ileum 74.0 82.4 76.7 78.2 77.2 75.8 76.6 67.0 

:t10.1 :t8.2 %3.3 :t4.3 :t12.3 ±S.8 %3.9 %6.1 

(c:antd..) 
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Mem :I: S.D. for the SI microIcopic 1IIUCblIeI. IIUIIlber 01 labelled dividing cell. per cryp area md ret.ive misntioo diswx:e for 
the eJperimeDIal ,roups described in a.pcer 3. (COIlId.) 

PARAMETERS B NS 

Villous heiabl (pm) 
Duodenum 455.4 621.6 

:1:87.4 :1:81.3 
Upper jejlumm 897.6 IOS1.0 

:t92.6 :t95.2 
Lower jejunum 809.0 1 107.8 

±276.7 :l:lS605 
Upper ileum 881.8 1 141.2 

:1:159.8 :t93.5 
Lower ileum 5604.6 990.6 

:1:1 14.0 ±200.2 

Villous widlh (pm) 
Duodenum 81.6 99.6 

:1:7.0 :1:8.8 
Upper jejuDum 79.6 95.6 

±S.9 ±6.9 
Lower jejunum 76.2 100.8 

±l0.1 :1:10.8 
Upper ileum 84.4 101.2 

±6.8 :1:8.6 
Lower ileum 85.6 91.8 

:1:7.1 :1:1 1.3 
, labdlecl dividiD, cells per 
cryp area (cellIlq. pm) 

Duodenum - -

Upper jejuaum - -

Lower jejunum - -

Upper ileum - -

Lower i1eum  - -

Rdmon miantioo diJtmce 
(pm) 

Duodenum - -

Upper jejuaum - -

Lower jejunum - -

Upper ileum - -

Lower ileum - -

Toul , dividiD, cells 
(from 12 crypu) 

Duodenum - -

Upper jejuaum - -

Lower jejunum - -

Upper ileum - -

Lower ileum - -

se cc 

597.0 536.2 
:t98.7 :t94.4 

l1OB.7 936.4 
:1:186.0 ±l32.S 
1 100.7 895.6 
:1:101.9 ±S5.7 
106205 908.8 
:1:149.1 :1:85.5 
1017.0 626.2 
±222 ±67.8 

89.7 85.2 
±4.0 :t9.9 
92.2 95.4 
:t9.3 :1:7.4 

104.0 87.2 
:t905 ±6.s 

107.7 101.4 
±l.8 :1:8.6 

101.2 88.6 
:1:7.9 ±l.9 

5.4 5.3 
:1:1.1 :1:1.0 

5.4 6.0 
:1:1.6 ±O.9 

6.6 6.4 
±O.9 :1:1.0 

6.6 6.9 
±l.1 ±O.6 

7.9 7.1 
:1:1.0 :1:1.1 

198.5 173.6 
:t21.6 ±221 
1425 122.2 
:1:16.0 :1:129 
1520 1 13.6 
:1:10.7 ±6.1 
134.0 99.6 
:tl4.0 ±l27 
124.0 106.4 
:1:8.9 :1:7.8 

lso.2 135.6 
±llo5 ±221 
134.0 136.2 
ill.7 :1:19.0 
1522 1328 
±225 ±lO.8 
128.7 135.0 
:1:19.4 :1:1 1.2 
155.0 140.0 
:1:17.6 :t23.2 

SM CM IF HzO 

5527 623.6 633.6 527.4 
:1:140.1 :1:729 :1:1 10.8 :1:1 16.9 

799.7 825.6 945.4 687.0 
:1:77.2 :1:88.0 :1:84.5 :1:41.6 
780.7 7OS.0 8324 893.2 
:1:71.9 :1:77.3 :1:76.8 :l:172.S 
72305 639.8 720.8 767.5 
±S6.3 :1:79.3 :1:104.4 ±S9.0 
540.5 651.8 563.0 481.4 
:t96.6 :1:70.1 :1:89.6 :1:125.6 

89.2 86.8 85.0 81.2 
:1:4.3 ±6.1 :1:8.4 :1:7.2 
9405 85.2 83.2 73.2 
±S.2 ±6.8 :1:7.3 :1:4.9 
94.2 84.4 84.2 77.8 
:1:405 :1:7.8 :1:4.0 :t9.6 
86.0 91.2 84.2 71.4 
:1:7.3 ±S.9 :1:8.6 :1:8.2 
77.7 84.0 84.2 820 
:1:7.8 ±6.8 ±l.6 ±S.9 

4.7 5.3 5.9 6.1 
±O.8 ±O.4 :1:1.0 ±Oo5 

5.1 7.3 7.2 6.8 
±O.8 ±O.6 ±O.7 :t1.0 

6.1 6.8 7.6 7.6 
±O.8 ±O.8 ±O.9 ±Oo5 

7.1 7.4 7.4 8.9 
:t1.2 10.2 10.9 ±O.9 

6.6 7.6 8.1 8.2 
±Oo5 :1:1.1 ±O.8 ±O.7 

175.7 1 84.0 173.4 180.2 
:1:16.6 :t23.3 :1:1 1.9 :1:16.0 
128.2 1 17.4 1 1 1.6 109.4 
:1:7.3 :t9.6 :1:10.3 :1:1 1.2 

1 17.0 120.4 1 18.2 1024 
:t9.6 :1:15.0 ill.4 :t126 

1020 91.4 94.0 89.8 
:1:10.2 :1:1 1.3 :1:1.4 ±l.7 
101.7 1 128 103.8 83.6 
:t25.0 :1:16.9 :1:121 :1:8.1 

126.2 140.8 144.2 151.4 
:t2O.0 :1:8.6 :t29.2 :1:13.9 
129.7 146.4 144.6 136.6 
:1:128 :t9.4 ±22.2 :1:19.6 
133.7 134.0 159.8 131.8 
:t9.7 :1:15.7 ±l3.7 :1:10.3 

1322 128.8 124.6 151.6 
:1:1305 :1:14.0 ±l7.4 :1:1 1.5 
125.2 1422 1420 131.8 
:t25.1 :t21.2 ±l5.5 :1:18.1 

(Could.) 
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Mem ± S.D. for the SI micro.copic lUUc:tura. IlUlDber m labelled dividin& cella per crypt ala md re111ive miaration diswIce for 
the uperimeDtal ,lOUpI deIcribed iD CbapIer 3. (COdd.) 

PARAMBTERS B NS se cc SM CM IF HP 
Tc:ul _ of cryptJ (IQ pm) 
(from 12 cryptJ) 

Duodenum - - 28.2 25.6 27.1 27.1 24.4 24.9 
±4.4 ±305 ±1.0 ±3.3 ±2.3 ±2.6 

Upper jejullum - - 2S.8 22.8 2S.6 20.0 20.1 20.2 
±4.3 ±2.3 ±2.2 :t2.0 ±1.3 :J:1.8 

Lower jejunmn - - 23.0 20.7 21.8 19.7 21.0 17.3 
:to.9 ±1.8 :J:2.s ±lo5 :t2.6 ±1.3 

Upper ileum - - 19.6 1905 18.8 17.3 16.8 17.2 
±1.6 ±1.2 ±1.9 :t2.0 ±l.0 ±2.2 

Lower iJeum  - - 19.8 19.8 18.8 18.8 1705 16.0 
:to.8 ±1.3 :J:2.s ±1.7 :to.9 ±1.2 
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Mean t 5.0. for the DNA, RNA, protein coocentntion. and cootent, lIId the RNA:DNA IOd protein:DNA ratio. for the experimental 

group. described in OIapter 3. 

PARAMETERS B NS se CC SM CM IF HP 

DNA coocentntion. 
(mg/g wet ti.sue) 

Duodenum 4.31 4.33 2.77 4.01 4.52 5.65 6.7" 5.97 

:1:0.96 :1: 1 . 1 5  to.52 to.29 :1: 1 .09 :1: 1 .09 :1: 1 .21  t 1 .3 1  

Upper jejunum 3.98 3.17 3.95 4.53 5.25 6.22 5.92 6.71 

t 1 .47 :1:0.71 to.83 :1: 1 .39 to.74 :1:0.69 :1: 1 .64 to.55 

Lower jejlDlUm 4.18 2.83 3.23 4.07 4.85 5.76 5.88 5.80 

t 1 .70 :1:0.70 :1:0. 17 to.47 to.63 to.90 to.61 to.81 

Upper ileum 3.92 2.72 2.77 4.01 5.45 5.65 6.74 5.97 

t U8 to.89 to.S2 to.29 t 1 .06 :1: 1 .09 :1: 1 .21  t1 .3 1  

Lower ileum 4.90 3.20 3.15 5.15 7.00 5.82 6.09 6.60 

:1: 1 .90 :1:1.44 :1:0.97 :1:0.70 :1: 1 .40 t 1 . 19 to.77 to.57 

DNA content (mg) 
Duodenum 2.49 4.45 3.50 4.89 3.90 5.80 6.09 4.37 

to.74 t 1 .42 to.73 t1 .03 to.75 t 1 .75 t2.38 t 1 .06 

Upper jejunum 24.40 39.39 53.26 43.62 37.05 47.49 5 1 .42 45.90 

:1:7.08 tlO.20 :1:21 . 13 :1:8.63 t4.86 t l 2.41 t23.46 t I 4. 1 1  

Lower jejlDlum 24.60 36. 15 48.78 44.16 35.75 44.58 48.01 38.51 

:1:6.79 :1: 10.66 :1:12.25 :1:5.84 :1:6.71 ±4.58 :1:10.46 t6.78 

Upper ileum 23.53 32.92 43.37 45.70 34.34 40.41 5 1 . 1 2  36.82 

:1:8.38 :1:9.91 :1: 1 1 .27 :1:1 1.89 :1:5.91 :1:9.13 t20.64 tS.75 

Lower ileum 26.68 32.39 40.35 39.84 32.73 40.76 38.51 32.24 

:1:8.48 t8.75 :1: 1 3.09 t8.48 t1 1.84 t7.00 tl0.00 t7.68 

RNA concentntion 
(mg/g wet tissue) 

Duodenum 4.51 5.17 5.89 5.00 5.17 6.00 5.27 5.84 

t 1 . 19 :1:0.89 :1:0.64 :1:2.09 :1:1.31  to.72 to.29 to.94 

Upper jejunum 4.70 4.52 4.37 2.83 4.82 5.35 5.26 5.34 

:1:0.41 :1:0.59 :1:0.85 :1: 1 .57 :1: 1 .07 to.40 t 1 .33 to.49 

Lower jejlDlum 5.31 4.02 3.78 2.57 5.89 5.73 5.60 5.88 

:1:0.98 :1:0.74 :1:0.44 :1:0.85 to.30 :1: 1 .01 :1:0.40 t1.32 

Upper ileum 5.03 3.49 3.17 2.87 6.04 6.72 6.17 6. 12 

:1:0.38 :1:1 .32 to.81 t 1 .08 to.69 to.58 to.76 to.45 

Lower ileum 4.89 3.61 2.93 3.49 6.24 5.79 5.70 5.81 

:1:0.67 :1:1 .63 :1:0.87 :1: 1 .37 to.53 to.82 to.97 to.46 

RNA content (mg) 
Duodenum 2.60 5.49 7.77 5.79 4.44 6.03 4.7" 4.26 

:1:0.83 t1 .97 t2.54 H .55 to.84 to.74 t1 .63 to.66 

Upper jejunum 29.73 55.99 58.86 25.85 34.75 40.20 45.26 36.3 1 

t6.29 t9.51 t22.49 t7.29 t lO.99 t6.96 H9.55 :t l 0.22 

Lower jejlDlum 32.30 5 l .S1  56.68 26.81 43.1 8  44.OS 46.34 38.69 

t5. l2 H 2.48 H3.43 :t3.04 :t2.48 :t2.86 H2.45 :t7.l5 

Upper ileum 30.72 41 .42 48.61 30.33 38.17 47.91 46.35 38.33 

:1:4.62 :1:1 1.22 :1:10.22 t3.82 t ..... l :1:4.41 :1:16.79 t5.02 

Lower ileum 27.36 37.00 37.15 26.00 28.61 40.53 35.52 28.21 

:1:5.33 :1:8.97 :1:10.29 H.84 :1:5.86 t3.94 t7.96 tS.15 

Protein concentntion 
(mglg wet tissue) 

Duodenum 99.72 1 16.98 122.28 103.70 86.42 100.52 90.76 IOS.74 

:1: 1 5.53 :1:23.85 t9.41 t l 2. 17 :t 1 8.71 :t9.24 :t9.28 :t 1 8.31 

Upper jejunum 106.36 162.58 174.66 1 59.24 100.58 108.54 IOS. 18 98.16 

t5.48 ±4s.52 t24.40 tl6. 1 8  t6.40 H2.79 t25.26 :1:5.97 

Lower jejlDlum 98.86 178.08 227.62 179.38 101.92 1 17.64 101.00 1 1".60 

:1:17.98 ±48. 10 :1:9.81 :1: 1 0.45 :1:3.90 t7.12 :1: 1 2.27 :1: 1 1.44 

Upper ileum 97.30 198.66 253.24 200. 16 101.30 1 10.52 108. 12 99.18 

:1:8.81 t54.2O t1 8.9S t7.71 t5.93 tl0.80 HO.52 :t9.42 

Lower ileum 9 1 .04 206.00 258.44 147.34 97.64 92.42 98.5" 94.64 

:t1 4.78 :t47.6O H8.01 H4.17 :t9.39 :t1O.78 H 1 .02 :t9.OS 

(cootd.) 
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Mean ± S.D. for the DNA, RNA, protein concmlratiOlU and OOIlteul, ad the RNA:DNA and procein:DNA ratios for the experimental 
groups described in Otapter 3. (oonld.) 

PARAMETERS B NS se cc SM CM IF HzO 
ProIein OOIlteul (g) 

Duodenum 0.058 0. 124 0.151 0. 124 0.014 0.101 0.08 1 0.011 

:to.0l1 :to.044 ±0.030 :to.014 *0.010 *0.014 *0.021 :to.014 

Upper jejunwn 0.616 2.100 2.155 1 .633 0.115 0.8 1 8  0.881 0.669 

:to.I 62  :to.944 *0.332 :to.4S1 ±0. 103 :to.1 83 ±0.332 ±0.191 

Lower jejlDlUm 0.610 2.428 3.448 1 .982 0.148 0.921 0.842 0.164 

*0. 146 ±1 .209 *0.952 :to.4S6 *0.059 *0. 113 ±0.212 ±0.128 

Upper ileum 0.594 2.686 4.211 2.256 0.643 0.188 O.g20 0.624 

:to.094 *1 .500 *2.020 :to.49O ±0.016 *0.081 :to.306 :to.l l3 

Lower ileum 0.5 12 2.404 3.386 1 . 135 0.449 0.653 0.619 0.461 

*0.123 * 1 .236 * 1 . 149 :to.308 :to. 101 :to. 109 :to. 131 :to.098 

RNA:DNA 
Duodenum 1 . 106 1 .231 2.221 1 .284 1 . 148 1 .096 0.806 1 .036 

*0.408 ±0.248 *0.642 :to.6S4 ±O.l42 :to.241 *O.I SO  :to.358 

Upper jejunum 1 .303 1 .410 1 . 1 12 0.596 0.940 0.868 0.898 0.195 

*0.460 :to.299 :to.055 :to.166 :to.263 *0.1 12 ±0. 1 13 :to.038 

Lower jejlDlum 1 .416 1 .412 1 . 168 0.622 1 .231 0.995 0.951 1 .01 1 

:to.488 *0.321 *0.096 *0. 146 *0. 16S *0. 1 10 *0.013 :to. 160 

Upper ileum 1 .468 1 .332 1 . 134 0.132 1 . 1 40 1 .220 0.924 1 .064 

:to.599 *0.415 :to.088 :to.336 *0.231 :to.221 *0.097 :to.231 

Lower ileum 1 . 133 1 . 1 99  0.935 0.660 0.9 10 1 .016 0.935 0.888 

*0.442 :to.384 ±0.059 :to.178 ±0. 134 ±0. 1 82 ±0.090 :to. 129 

Protein: DNA 
Duodenum 24. 181 27.542 44.994 26. 1 1 1  19.751 1 8.121 13.781 1 8.870 

*6.617 ±3.8SO ±5.396 ±5.012 ±4.886 ±6.218 ±2.726 ±6.839 

Upper jejunum 29.848 52.90S 46.362 38. 183 19.474 1 7.509 1 8.231 14.670 

* 1 1 .236 ±I6.381 ± I  3.709 * 1 2532 *2.926 ± I .900 ±4.59O * 1 .00s 

Lower jejlDlUDI 27.164 67.337 70.603 44.584 21 .274 20.801 17.465 19.903 

± 1 1.458 *25.553 ±4.992 5.791 *2.621 *3.232 *3.583 * 1 .182 

Upper ileum 28.503 82.490 94.907 50. 1 15 19.042 19.984 16.253 17.257 

* 1 1.S05 ±37.6S6 *23.496 *4.834 ±3.101 ±3.012 ± t .731 ±3.788 

Lower ileum 21 .529 80.621 89.473 29.342 14.342 16. 1 93 16.2TI 1 4.434 

±9.576 ±45.264 ±32413 *9.067 *2.813 *2.215 * 1.712 * 1 .958 



Mem ± S.D. for the lactue activity for the experimentai lroups described iD CbapIer 3. . 

PARAMETERS B NS se CC SM 

Lacwe ICIivity 
(pmoI/1 wet riame.mio) 

Duodenlllll 13.536 13.720 16.900 13.640 5.528 

:1:5.202 ±7.091 ±7.s77 ±10.121 :I:5.5n 

Upper jejuDum 22.120 22.960 19.200 23.s40 20.146 

±1.445 %6.711 ±8.l8O :t3.706 ±7.7� 

Lower jejUDum 22.166 18.930 16.880 22.140 19.200 

±7. 186 :1:5.999 ±4.361 t2.787 :1:5.732 

Upper ileum 18.586 15.566 8.660 12.460 13.200 

%6.538 :1:5.819 t2.926 :t3.614 ±7.406 

Lower ileum 4.836 10.036 4.760 6.680 2.196 

:t2.S38 ±4.933 t2.633 :t3.863 ±1.666 

Lacwe ICIivity 
(pmoI/1 DNA.min) 

Duodenlllll 3.478 3.066 6.441 3.330 1.538 

t2.006 :to.906 :t3.047 t2.353 :tl.913 

Upper jejuDum 6.234 7.957 4.854 5.842 3.996 

±2.458 :t4.139 ±1.618 t2.719 :tl.768 

Lower jejUDum 5.687 7.401 5.230 5.539 4.033 

±1.898 ±4.269 ±1.383 ±1.16S ±1.394 

Upper ileum 5.2S9 6.700 3.311 3.075 2.555 

t2.6S7 ±4.366 :tl.413 :to.75O :tl.414 

Lower ileum 1.267 4.405 1.613 1.381 0.333 

±1.167 :t3.B4B :tl.l09 :to.928 :to.242 

Total lactue Klivity 
«(pmoUmio) 

Duodenlllll 8.393 14.235 21.159 16.896 5.125 

:1:5.199 :t7.986 ±9.5n ±12.820 :1:5.341 

Upper jejunum 141.(122 297.403 260.890 249.952 143.971 

:t36.055 ±126.151 :t143.181 ±105.35 :1:59.296 
Lower jejUDum 132.164 256.908 260.827 241.626 139.162 

t26.785 ±132.569 ±1 13.275 t76.639 :t33.684 

Upper ileum 109.718 21 1.539 154.913 145.210 13.212 
ill.832 ±133.475 ±95.S42 ±6S.49S :t47.766 

Lower ileum 26.552 125.816 69.797 52.127 9.666 

±13.115 :t 1 04.996 :tS4.079 ±29.495 ±7.657 
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CM IF HP 

9.040 12.680 22.140 

:t3.586 ±8.869 ±6.S44 
22.940 29.460 35.260 

±6.023 ±4.700 ±7.54S 

26.680 31.400 36.680 

±6.220 :t8.s75 :t7.440 

14.352 24.800 22.520 

:t4.360 :tlo.833 :t3.923 
8.000 9.860 6.720 

:tlo.202 :1:5.160 :t3.s77 

1.674 1 .794 3.983 

:to.805 :tl.054 ±1.720 

3.669 5.38S 5.312 

:to.784 t2.f119 :tl..348 

4.817 5.418 6.388 

:t1.834 :tl.740 :tl.290 

2.514 3.583 3.869 

:to.461 :t1.047 :to.783 

1.676 1.652 1.023 

t2.4n :to.901 :to.5«> 

9.191 12.709 16.292 

:t3.122 ±10.156 :1:5.410 

174.269 239.171 233.369 

163.732 :t49.462 t4l.902 

217.040 257.371 24Q.444 
tl9.804 :198.140 t26.375 

104.538 191.349 141.404 
%43.508 :t1 18.363 :t3U13 

71.311 66.839 31.246 

:tl11 .441 ±46.645 :t12.911 
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Colostrum intake of naturally suckled piglets during the first 24 hours = 210 - 290 m1/kg 
(Mellor & Cockbum; 1986) 

Average composition of colosttwn at 12 hours of lactation (Klobasa et al., 1987). 
Lactose 4.1 %W/W 
Lipid 4.9 %W/W 
Protein 8.8 % W /W 

Nutrient consumption by piglets during the first 24 hours after birth. 
Lactose 61.00 - 1 1.89 g/kg 
Lipid 10.90 - 14.21 g/kg 
Protein 18.48 - 25.52 g/kg 

CALORIC REQUIREMENT OF TIIE NEWBORN PIGLET 
(Data adapted from MelIor & Cockbum, 1986) 

Metabolic rate of piglets during the first 24 hours aftez birth = 9.5 k1/kg.br at 32 - 38"C 

Respiratory Quotients and percentage of carbohydrate and lipid utilization. 

Period R.Q. %CHO %lipid 

0 - 2  hrs 0.90 66 34 
2 - 6  hrs 0.84 46 54 
6 - 24 hrs 0.81 36 64 

Enezgy requirement from carbohydrate and lipid. 

Period CHO (kJ/kg.hr) Lipid (kJ/kg.br) 

0 - 2  hrs 6.27 
2 - 6  hrs 437 
6 - 24 hrs 3.42 

Carbohydrate and lipid requiremenL 
(CHO = 17.2 k1/g; lipid 38.9 k1/g) 

Period CHO (mg/kg.hr) 

0 - 2  hrs 365 
2 - 6  hrs 254 
6 - 24 hrs 199 

Period CHO (mg/kg) 

0 - 2  hrs 730 
2 - 6  hrs 1016 
6 - 24 hrs 3582 
0 - 24 brs 5328 

3.23 
5.13 
6.08 

Lipid (mglkg.br) 

83 
132 
156 

Lipid (mglkg) 

166 
528 

2808 
3502 

Therefore, the nuritional requirement of piglets during the first 24 hours are: 
carbohydrate 53 gIkg (91.16 kJlkg), lipid 3.5 g/kg (136.15 k1/kg). 
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Mean ± S.D. for the SI weight and length, body weight change, and liver and pancreatic weights for the ellperirnenLll groups 
described in Cha�er 4. 

PARAMETERS OGF TPN 

Total intact SI (g) 37.22 34.83 

±3.17 ±9.34 

Total SI mucosa (g) 26.79 24.10 

±2.38 ±7.48 

Total SI muscle (g) 10.43 10.73 

±0.84 ±2.02 

Intact SI (g) 
Duodenum 1 .66 1.68 

±0.27 ±0.55 

Upper jejunum 9.95 8.93 

±1 . l5  ±2.54 

Lower jejunum 8.91 8.62 

±0.73 ±1 .80 

Upper ileum 8.82 7.92 

±0.97 ±2.22 

Lower ileum 7.88 7.67 

±0.83 ±2.48 

SI mucosa (g) 
Duodenum 0.97 0.91 

±0.10 ±0.26 

Upper jejunum 7.55 6.50 

±1 .09 %2.24 

Lower jejunum. 6.55 6.33 

%0.58 ± 1 .35 

Upper ileum 6.30 5.64 

±0.93 ±1.89 

Lower ileum 5.42 4.71 

±0.69 ±2.01 

SI muscle (g) 
Duodenum 0.69 0.77 

±0.20 ±0.32 

Upper jejunum 2.39 2.43 

±0.20 ±0.37 

Lower jejunum 2.36 2.28 

±0.21 ±0.48 

Upper ileum 2.52 2.29 

±0.36 %0.40 

Lower ileum 2.46 2.96 

±0.59 ±0.50 

Total SI length (an) 391.60 353.76 

± 1 8.23 ±20.96 

Duodenum 1 2.96 1 1 .76 

±2.29 ±2.08 

Jejunum 1 89.32 171.00 

±8.88 ±9.85 

Deum 1 89.32 171.00 

±8.88 ±9.85 

Body weight change (g) 0.09 0.08 

±0.04 ±0.04 

Liver weight (g) 34.54 40.30 

%3.31 ±9.74 

Pancreatic weight (g) 1 .66 1 .75 

±0.24 ±0.23 
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Mean % S.D. for the SI microscopic slIUaures, number of labelled dividing cells per crypt area and relative migration diaWlcel for 
the experimental groups described in Chapler 4. 

PARAMETERS OGF TPN 

Circumference (mm) 
Duodenum 12.293 12.432 

±2.046 ±1.344 

Upper jejunum 12.530 12.OS3 

±1. 198 ± ! .384 

Lower jejunum 1 1 .261 1 1 .451 

%0.461 ± 1 .3 13 

Upper ileum 12.437 12.402 

±0.658 ±2.401 

Lower ileum 1 1 .303 1 1 .272 

±0.992 ± 1 .018 

Wall thickneu (pm) 

Duodenum 1095.8 1086.4 

±92.2 ±1 15.6 

Upper jejunum 1 194.0 1 199.6 

± I SO.8 ± 1 89.6 

Lower jejunum 1 171.4 1286.S 

±17! .7 ±253.7 

Upper ileum 1223.6 1093.6 

±210.0 ±220.6 

Lower ileum 1 123.8 1 1 13.2 

± 129.1 ± 178.2 

MUlallar thickness (pm) 
Duodenum 128.0 1 13.6 

±21.3 ± 1 2.9 

Upper jejunum S5.0 87.2 

±5.2 ±8.7 

Lower jejunum 87.8 93.4 

±8.5 %93 

Upper ileum 88.0 87.6 

±13.6 ±8.7 

Lower ileum 1 10.6 1 17.0 

%13.8 ±10.0 

Submmucosal thickness (pm) 
Duodenum 106.0 125.0 

±18.8 :1:38.1 

Upper jejunum 72.S 73.0 

±9.7 ±10.3 

Lower jejunum 70.6 103.0 

± 1 8.6 ±36.6 

Upper neum 90.8 70.8 

±43.2 ±21.9 

Lower ileum 1 12.0 1 12.0 

±48. 1 ±37.6 

Crypt depth (pm) 
Duodenum 1 19.0 1 34.4 

± 12.8 ± 14.9 

Upper jejunum 86.6 80.8 

±16.5 ±S.4 

Lower jejunum 79.2 73.6 

±1 1.4 ±J.S 

Upper ileum 64.0 64.2 

±6.6 ±9.1 

Lower ileum 63.6 70.4 

±7.6 H2.8 

(contd.) 
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Mean ± S.D. for the SI microscopic structures, number of labelled dividing cells per 'crypt area and relative migration distances for 
the experimental groups described in Chapter 4. (contd.) 

PARAMETERS OGF TPN 

Villous height (pm) 
Duodenum 625.4 613.0 

±95. 1 ±89.5 

Upper jejunum 892.6 863.0 

±85.1 ±133.0 

Lower jejunum 856.0 922.0 

±173.4 ±16O.5 

Upper ileum 884.0 791.6 

±141.8 ±179.3 

Lower ileum 722.2 672.0 

±89.0 ±134.0 

Villous width (pm) 
Duodenum 84.2 80.2 

±5.4 ±4.9 

Upper jejunum 78.8 67.0 

±6.4 ±3.7 

Lower jejunum 71.6 63.6 

±5.0 ±8.4 

Upper ileum 69.2 64.0 

±4.l ±4.5 

Lower ileum 60.6 61.4 

±4.2 ±J.8 

* Labelled dividing cells 
per crypt area (cellIsq.pm) 

Duodenum 5.7 5.4 

±0.6 ±0.4 

Upper jejunum 6.6 7.0 

±1.3 ± 1 .2 

Lower jejunum 7.2 7.4 

± 1 .6 ±D.7 

Upper ileum 7.1 7.6 

± 1 . l  ±O.8 

Lower ileum 7.3 8.0 

±0.8 ± 1 .3 

Relative migration distance 
(pm) 

Duodenum 1 47.8 1 58.6 

± 1 4.7 ±IS.7 

Upper jejunum 104.6 1 1 1 .8 

±9.4 ±l6.S 

Lower jejunum 91.0 101.8 

±4.8 ±l2.0 

Upper ileum 86.8 94.8 

±9.6 ±14.6 

Lower ileum 9 1 .2 96.6 

±S.4 ±1 l.9 
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. APPENDIX 4.4 
Mean ± S.D. for the DNA. RNA. Jrotein concentrations and content, and the RNA:DNA and JrOtein:DNA ratios for 
the e.xpaimental groups dacribed in Chapter 4. 

PARAMETERS OOF TPN 

DNA COIlCGlIraIion 
(mg/, wet tissue) 

Duodenum 5.94 5.79 
±O.46 ±1.73 

Upper jejunum 533 6.91 
±1.52 ±2.28 

Lower jejunum 5.02 6.24 
±1.09 ±1.50 

Upper ilewn 6.64 5.98 
±2.06 ±1.92 

Lower ileum 6.13 833 
±1.42 ±l.87 

DNA content (mg) 
Duodenum 539 5.47 

±O.83 ±1.59 
Upper jejunum 3532 50.62 

±U.5S ±22.44 
Lower jejlD1um 30.71 42.75 

±li.n ±16.69 
Upper ileum 37.53 33.65 

±7.87 ±l.83 
Lower ileum 31.17 40.83 

i933 ±16.9O 
RNA c:ancentration 
(mg/, wet tissue) 

Duodenum 4.71 3.76 
:10.80 ±l.02 

Upper jejunum 4.90 4.42 
:10.97 :10.41 

Lower jejunum 4.76 5.14 
±O.49 ±O.70 

Upper ileum 5.10 S.56 
:10.64 ±O.9S 

Lower ileum 5.01 5.62 
±O.77 ±1.06 

RNA content (mg) 
Duodenum 430 3.64 

±1.l2 ±1.30 
Upper jejunum 33.09 3332 

±l0.96 ±l0.7S 
Lower jejunum 29.29 3438 

%3.1:1 ±739 
Upper ilewn 3032 34.49 

±S.79 ±12.48 
Lower ileum 25.44 29.03 

:i5.72 ±l2.99 

(COIl1d.) 
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APPENDIX 4.4 
Mean ± SD. for the DNA, RNA, p-otein concentrations and content, md the RNA:DNA and p-otein:DNA ralios for 
the experimental groups described in Chapter 4. (conld.) 

PARAMETERS OOF TPN 

Prote:in c:onc:enttation 
(mglg wet tissue) 

Duodenum 92.46 87.08 
±15.73 ±l4.98 

Upper jejunwn 93.42 101.38 
±20.72 ±l0.02 

Lower jejunwn 99.20 107.()6 
±8.44 ±15.28 

Upper ileum 102.18 107.12 
±9.17 ±7.58 

Lower ilewn 101.15 114.95 
±9.61 ±9.64 

Prote:in c:cnlall (g) 
Duodenum 0.084 0.083 

±O.020 ±O.020 
Upper jejunwn 0.633 0.747 

±O.219 ±O.186 
Lower jejunwn 0.612 0.716 

±O.ffT7 ±O.161 
Upper ileum 0.603 0.648 

±O.I48 ±O.197 
Lower ilewn 0.517 0.567 

±O.1l6 ±O.I99 
RNA: DNA ratio 

Duodenum 0.795 0.690 
±O.I40 ±O.234 

Upper jejunwn 0.938 0.702 
±O.131 ±O.2S8 

Lower jejunwn 0.976 0.847 
±O.I71 ±O.162 

Upper ileum 0.834 1.014 
±O.287 ±O.33S 

Lower ilewn 0.849 0.716 
±O.210 ±O.244 

Protein: DNA ratio 
Duodenum 15.704 15.781 

±3.319 ±4.176 
Upper jejunwn 17.807 16.010 

±2.461 ±S.570 
Lower jejunum 20.355 17.596 

±3.639 ±S.I92 
Upper ileum 16.645 19.180 

±S.2S0 ±S.560 
Lower ilewn 17.015 14.203 

±2.780 ±2.396 
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APPENDIX 4.5 

Mean ± S.D. for the lactase activity and serum glucose concentration for the experimental groups described in Chapter 
4. 

PARAMETERS OGF TPN 

Lactase activity 

(pmoVg wet tissue. min) 
Duodenum 7.150 10.820 

±5.564 ±4. 1 1 0  

Upper jejunum 18390 23.192 

±8.069 ±7.525 

Lower jejWlum 19.308 21 .750 

±8.664 ±9.382 

Upper ileum 16.196 13.988 

±8.460 ±8.242 

Lower ileum 5.446 4.906 

±5.388 ±4.836 

Lactase activity 
(pmol/g DNA. min) 

Duodenum 1 .237 2.067 

±1 .040 ±O.924 

Upper jejunum 3.703 3.803 

±2.068 ±l.W5 

Lower jejWlum 3.754 3373 

±1 .345 ±O.829 

Upper ileum 2.443 2.745 

±1 .040 ±1.91 1 

Lower ileum 0.834 0.589 

±O.683 ±O.546 

Total lactase activity 
(pmollmin) 

Duodenum 6.646 10.802 -

±6.225 ±5.076 

Upper jejunum 120.098 178.831 

±67.279 ±82.535 

Lower ileum 1 14.782 149.991 

±45.776 ±83393 

Upper ileum 9 1 .615 93.953 

±48316 ±67.093 

Lower ileum 27.126 30.908 

ill.788 ±33.432 

Serum glucose concentration 
(rnrnoVL) 
at 24 hrs 6320 5.560 

±O.370 ±O.950 

Difference between 0 and 2.640 1 .840 

24 hrs ±1 .568 ±O.921 
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APPENDIX 5.1 

Mem ± S.D. for Ibe SI weiah IIId IcqIb. body weiaht. md liver md pIIICI'Wic wt:i&bh for Ibe experimenlal lroups dcIcribed in 
0IIpcer s. 

PARAMETERS SC-S SC.()QF IF-S IF.()QF 

Total inIac:t SI (a) 6S.85 67.41 38.24 38.78 
±17.60 ±17.oo ±6.23 %6.42 

Total SI mUCOla (a) 5J..49 53.19 26.79 26.41 
±16.24 ±16.UT ±S.33 !,5.61 

Total SI mUlde (a) 14.37 14.22 1 1.46 12.37 
±1.70 ±1.2S ±1.04 ±1.31 

IDt.ICl SI (a) 

Duodeuum 2.13 2.29 1.74 1.86 
:10.31 :10.56 :10.21 :10.27 

Upper jejuuam 14.89 16.24 9.39 9.67 
%3.57 %3.42 ±1.29 :1:2.03 

Lower jejunum 16.10 16.56 9.12 9.61 
±4.28 %2.86 ±1.19 ±1.87 

Upper iIcum 17.36 17.56 8.73 9.22 
±S.13 %6.17 ±1.33 ±1.53 

Lower ileum 15.37 14.76 9.26 8.42 
±S.2S ±S.75 %2.88 ±1.4O 

SI mUCOla (a) 
Duodeuum 1.25 1.42 0.97 1.17 

:10.31 :10.47 :10.32 :10.27 
Upper jejuuam 11.52 13.24 6.91 7.00 

%3.6S %3.30 ±1.16 ±1.6S 
Lower jejunum 13.10 13.04 6.59 6.79 

%3.96 %3.24 :10.89 ±1.61 
Upper ilcum 14.05 14.33 5.93 6.33 

±4.85 ±S.26 ±1.38 ±1.58 
Lower ileum 11.57 11.15 6.37 5.1 1  

±4.52 ±S.19 %2.39 :10.99 
SI mlllCle (a) 

Duodeuum 0.88 0.87 0.76 0.69 
:1O.UT :10.14 :1O.1S :10.20 

Upper jejuoum 3.37 3.00 2.48 2.67 
:10.54 :10.29 %6.22 :1O.sS 

Lower jejunum 3.00 3.52 2.53 2.81 
:10.37 :10.64 :10.31 :1O.3S 

Upper iIcum 3.31 3.23 2.80 2.89 
:10.40 ±1.09 :10.30 :10.32 

Lower ileum 3.80 3.61 2.89 3.31 
:10.90 :10.61 :1O.s1 :10.61 

Total SI lmJlb (cm) 432.21) 4S9.2O 368.60 379.50 
%24.83 ±49.1S ±41.31 ±S9.11  

Duodeuum 13.80 14.00 13.00 12.30 
:10.84 %2.00 :t1.oo :10.84 

Jejunum 209.20 222.60 117.80 183.60 
±12.62 :1:23.95 :1:20.38 :1:29.44 

Deum 209.20 222.60 117.80 183.60 
±12.62 :1:23.95 :1:20.38 :1:29.44 

Body welabt dua,e (a) 34.70 71.54 -IS.92 13.48 
:1:26.21 %31.70 ±S4.1S ±S7.6S 

Uwr weiaht (a) 40.06 4O.6S 43.14 46.42 
±S.29 ±S.tS ±7.08 ±8.94 

PmauI:ic wei&ht (a) 3.34 2.16 2.03 1.84 
%2.4S :10.40 :10.92 :10.63 
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APPENDIX 5.2 
Mem :t SD. for the SI mic:roIaIpic 1tr1ldIftI; number of labcDcd dividina c:eIlJ per aypt area IDd relative migl'lliOll diJtmc:es for 
the ezperimealal ,raupl dcsc:ribed iD CUpter S. 

PARAMETERS SC-S SC-OGF IF-S IF-OGF 

Gn:amf_ (mm) 
Duodenum 12.829 13.179 12346 13.246 

:tl.076 :tl.980 ±O.633 :t2.191 

Upper jejlmum 14.210 13.817 1 1.791 12.273 

:t1.077 ±O.636 ±O.296 ±O.703 

Lower jejunum 14.13S 13.770 1 1.937 12.099 

±O.944 :t1.716 ±O.988 :t1388 

Upper ileum 14389 14.0 1 1.936 12.567 

:tl.276 ±O.664 :tl.222 ±2.699 
Lower i1eum  13.271 13350 1 1389 1 1.27S 

:t1.026 :t1.S41 :t1.9SS :t1380 

WIlD. thidmea. (pm) 
Duodenum 1309.2 1441.2 1047.4 1040.2 

:t1693 ±U1.6 :t164.9 ±237.4 

Upper jejlmum 1481.4 1605.8 1049.2 1 156.4 

:t1 12.9 ±l89.0 :t138.5 ±llS.O 
Lower jejunum ISlS.0 1487.8 1 199.0 1253.0 

±67.0 ±S8.8 :t162.S :t 172. 1 

Upper ileum 1514.6 1620.2 1059.8 1217.4 

:t175.7 ±U1.1 ±95.5 :t274.2 

Lower i1eum  1275.8 131 1.4 861.2 969.2 

±2S6.9 ±332.4 ±97. 1 :t1 123 

MUIaIlar Ibictncu (pm) 
Duodenum I1S.4 125.4 1 17.4 1 14.4 

:t23.7 :t16.1 ±9.1 :tlS.s 

Upper jejunum 7S.4 SS.6 83.8 83.2 

±2.S :t7.8 ±9.9 :tlo.7 
Lowerjej_ 73.2 12.4 12.2 12.0 

±4.0 ±S.7 ±9.1 ±l1.9 
Upper ileum 80.0 1.5.6 11.4 80.4 

:t7.2 :t7.6 :t12.0 :tU 
Lower i1eum  89.4 12.4 88.8 93.6 

:tlB.3 :t15.3 :tlB.S :t17.7 
SubmmucoW 1hic:knea. (pm) 

Duodenum 1 19.4 120.6 123.8 160.2 

:t2o.S ±32.1 ±34.1 :t73.6 

Upper jejlmum 83.6 80.0 74.0 106.8 

:i:3O.0 :tlS.s :tlB.7 :t49.0 

Lower jejunum 86.0 71.8 100.1 107.2 

:tll.0 :t16.4 :t39.1 ±31.1 

Upper Dcum 91.8 78.0 I 1S.4 109.8 

±l9.6 :t14.2 ±34.6 ±S1.S 
Lower i1eum  14.6 77.6 98.2 87.8 

:tlB.7 :t29.2 :t32.0 ±31.2 

Cr)1It depdl (pm) 
Duodenum 1 14.8 122.4 101.6 106.2 

:t16.7 :t1 1.s :tlo.8 :tl 1.7 

Upper jejlmum 83.0 11.8 11.2 14.4 

:tl0.3 :tU :t13.2 :t13.2 

Lower jejunum 77.2 77.6 73.4 74.8 

:t7.1 :tU ±9.4 :t 1 0.7 

Upper ileum 7S.2 73.1 68.8 70.6 

:t12.6 ±lo.6 ±S.8 :t3.4 

Lower i1eam  72.8 (;1.2 71.8 76.0 

:t15.9 ±S.9 %7.0 :t19.2 

(Cootd.) 
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APPENDIX 5.2 
Mean ± S.D. for the SI microscopic Ittuctures, nwnber of labelled dividing cells per crypt area end relative migration 
distances for the experimattal groups desaibed in Chapler 5. (conld.) 

PARAMETERS SC-S SC-OGF IF-S IF-OGF 

Villous height (pm) 
Duodc:num 787.6 810.6 634.8 537.6 

±150.7 ±142.7 ±164.0 ±l54.7 

Upper jejunwn 1 148.6 1254.2 737.6 830.2 
±76.4 ±200.6 ±1 14.6 ±158.8 

Lower jejunwn 1216.2 1 172.4 840.8 900.0 
±S9.8 ±S3.4 ±93.l ±S8.0 

Upper ileum 1234.8 1269.0 723.8 891.0 
±129.2 ±142.4 ±66.8 ±l99.l 

Lower ileum 926.8 1012.0 535.6 617.2 
±197.2 ±270.4 ±67.4 ±S6.0 

Villous width (pm) 
Dnodemun 75.6 80.6 74.4 75.0 

±6.5 ±6.8 ±4.9 ±7.0 
Upper jejunwn 89.0 88.2 65.8 70.2 

±73 ±7.7 ±6.1 ±9.s 
Lower jejunwn 96.6 92.0 69.2 70.8 

±10.1 ±63 ±7.6 ±S.4 
Upper ileum 88.6 94.0 68.2 69.2 

±10.0 ±15.2 ±S.7 ±7.4 
Lower ileum 73.8 88.2 71.8 68.4 

±13.2 ±10.s ±17.0 ±6.2 
, Labelled dividing cells 
per aypt area (cel1/lq.pm) 

Duodenum 3.7 3.9 3.8 3.8 
±1.7 ±1.5 ±1.3 ±1.4 

Upper jejunwn 4.8 5.9 5.3 5.1 
±1.l ±2.1 ±1.6 ±l.5 

Lower jejunwn 6.0 55 5.8 5.8 
±1.2 ±l.5 ±1.0 ±1.6 

Upper ileum 5.4 5.3 5.8 53 
±2.4 ±1.9 ±2.2 ±2.0 

Lower ileum 5.6 5.0 5.9 55 
±2.0 ±2.2 ±l.4 ±l.s 

Relative migration distance 
(pm) 

Duodenum 162.0 180.0 139.6 157.8 
±273 ±34.7 ±23.9 ±36.5 

Upper jejun\JJD 1 18.8 1 19.6 105.2 107.8 
±lS3 ±22.4 ±225 ±2S.2 

Lower jejunwn 100.6 107.2 95.4 99.2 
±13.3 ±l7.9 ±17.6 ±2S.9 

Upper ileum 96.6 107.2 87.2 94.0 
±13.0 ±27.2 ±l7.0 ±20.8 

Lower ileum 84.0 89.4 84.2 90.6 
±16.9 ±18.8 ±16.2 ±2O.0 
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APPENDIX 5.3 
Mean ± SD. for the DNA. RNA, ]X'otein concentrations and content, end the RNA:DNA and ]X'otein:DNA ratios for 
the experimental groups described in Chapter 5. 

PARAMETERS SC-S SC-OGF IF-S IF-OGF 

DNA c::mccntraIian 
(mglg wet tiJsue) 

Duodenum 3.97 4.40 5.17 3.70 
:to.31 ±1.55 :to.56 ±1.76 

Upper jejunum 2.94 3.29 4.80 4.50 
:to.46 :to.66 ±1.37 ±2.52 

Lower jejunwn 2.95 3.02 5.37 538 
:to.34 :to.62 ±1.53 :to.90 

Upper ileum 2.70 2.92 5.43 5.14 
:to.50 :to.38 ±l.OS ±1.50 

Lower i1ewn 3.54 3.64 5.70 5.41 
±1.27 :to.82 ±1.99 ±1.85 

DNA contmt (mg) 
Duodenum 4.92 6.24 5.11 4.64 

±1.l8 ±2.72 ±2.OS ±2.83 
Upper jejunum 32.81 44.08 33.84 33.86 

±7.21 ±1437 ±13.60 ±23.51 
Lower jejunum 37.89 39.68 35.97 36.90 

i9.73 ±12.52 ±14.09 ±1337 
Upper ileum 37.00 4038 33.22 34.26 

±12.OS ±10.79 ±13.OS ±18.99 
Lower i1ewn 36.79 38.40 37.84 29.04 

±S.35 ±14.65 ±2333 ±14.81 
RNA ccncentratian 
(m&/& wet tissue) 

Duodenum 2.66 3.07 2.52 2.59 
±2.09 ±2.45 ±2.08 ±2.25 

Upper jejunum 2.90 3.23 2.59 2.91 
:to.58 :to.93 ±2.33 ±2.83 

Lower jejunum 3.13 3.19 2.73 2.81 
:to.30 :to.lS ±2.62 ±2.64 

Upper ileum 3.06 3.23 2.37 2.87 
:to.86 :to.76 ±2.06 ±2.81 

Lower i1ewn 2.82 330 2.40 2.97 
:to.89 ±1.15 ±2.14 ±2.72 

RNA content (mg) 
Duodenum 3.62 4.50 2.88 3.14 

±3.16 ±3.56 ±2.92 ±2.88 
Upper jejunum 3432 43.63 19.10 21.43 

±15.85 ±17.71 ±18.54 ±22.77 
Lower jejunum 40.77 4136 18.80 21.13 

±1237 ±1037 ±19.48 ±22.47 
Upper ileum 40.47 44.04 15.73 20.80 

±10.76 ±13.52 ±15.45 ±23.73 
Lower ileum 10.76 32.48 16.85 16.88 

±31.68 ±S.73 ±17.14 ±17.27 

(coDtd.) 
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APPENDIX 5.3 
Mean ± SD. for the DNA. RNA. JrOtein concentrations IIld conten1, and the RNA:DNA and protein:DNA ratios for 
the exprrimental croups described in Chapter 5. (con1d.) 

PARAMETERS SC-S SC-OOF IF-S IF-OOP 

Protein c:once:ntration 
(mg/g wet lilsue) 

Duodenum 121.84 127.29 105.37 88.99 
±13.79 ±1 1.067 ±15.47 ±4.04 

Upper jejunum 173.45 165.35 106.83 104.29 
±17.92 ±16.94 ±10.67 ±3.61 

Lower jejunum 194.19 188.01 109.42 113.10 
±11.39 ±8.89 ±1 1.20 ±23.39 

Upper ileurn 196.18 199.67 102.27 100.09 
±12.15 ±14.81 ±15.39 ±7.56 

Lower ileum 198.02 198.70 99.46 1 10.39 
±26.41 ±15.81 ±10.41 ±13.64 

Protein content (g) 
Duodenum 0.IS0 O.ISI 0.099 0.103 

±O.035 ±O.066 ±O.022 ±O.023 
Upper jejunum 2.011 2.209 0.731 0.727 

±O.728 ±O.699 ±O.074 ±O.lS7 
Lower jejunum 2.SS6 2.466 0.717 0.744 

±O.8S2 ±O.677 ±O.O9O ±O.117 
Upper ilewn 2.789 2.87S 0.60S 0.630 

±U182 ±1.129 ±O.lSO ±O.142 
Lower ileum 2.372 2.256 0.620 O.5SS 

±1.154 ±1.185 ±O.171 ±O.OS9 
RNA: DNA ratio 

Duodenum 0.673 0.620 0.461 0.601 
±O.528 ±O.30S ±O.346 ±O.32S 

Upper jejunum 1.006 0.998 0.473 0.57S 
±O.Z79 ±O.259 ±O.326 ±O.36S 

Lower jejunum 1.066 1.094 0.444 0.493 
±O.072 ±O.25S ±O.344 ±O.427 

Upper ileurn 1.124 1.094 0.394 0.498 
±O.214 ±O.I60 ±O.287 ±O.411 

Lower ileum 0.834 0.913 0.364 0.498 
±O.22S ±O.28S ±O.218 ±O.348 

Protein: DNA ratio 
Duodenum 30.684 31.991 20.725 29.670 

±2.370 ±11.351 ±4.571 ±16.944 
Upper jejunum 59.m 52.346 24.383 30.163 

±8.9S1 ±l3.623 ±9.630 ±17.881 
Lower jejunum 66.434 64.278 21.928 21.368 

±6.446 ±l3.084 ±7.02S ±4.819 
Upper ilewn 74.461 69.646 19.600 20.700 

±l3.740 ±13.381 :t5.39S :t5.484 
Lower ileum 64.936 57.410 19.454 24.033 

±34357 ±16.3SO ±7.371 ±13.912 



272 

APPENDIX 5.4 

Mean ± SD. for the lactue ICtivity f� the experimental groups described in Chapter 5. 

PARAMETERS SC-S SC-OGF IF-S IF�F 

Lactue activity 
(pmoVg wet tiuue.min) 

Duoden\U1l 1 1.026 10.883 8.2S5 7.363 

:14.683 :14.804 ±3.646 ±2.430 

Upper jejunum l U33 10.753 14.957 17.945 

±2.928 :14.868 ±5.226 ±6.840 

Lower jejunum 8.353 7.635 12.097 15.479 

±1.992 ±2.SS5 :14.262 ±3.33S 

Upper ile\U1l 3.605 3.429 12.137 10.763 

±1.878 ±1.600 ±5.034 ±1.774 

Lower i1e\U1l 0.755 0.841 3.638 3.194 

:to.818 :to.SS9 ±3'()06 ±1.036 

Lactue ICDvity 
(pmoVgDNAmin) 

Duoden\U1l 2.749 2.522 1 .664 2.299 

±1.091 :to.S15 :to.839 ±1 .438 

Upper jejunum 3.992 3.340 3.620 4.420 

±1.220 ±1.608 ±2.366 ±1.356 

Lower jejunum 2.S28 2.654 2.587 2.985 

:to.607 ±1.l37 ±l.604 :to.941 

Upper i1ewn 1.441 1.240 2.433 2.190 

:to.9S4 :to.686 ±l.301 :to.5S3 

Lower ileum 0.206 0.228 0.836 0.598 

:to.206 :to.209 :to.m :to.067 

Total 1actue activity 
(pmo]Jmin) 

Duoden\U1l 14.172 15.503 7.313 8.922 

±7.343 ±B.139 ±2.796 :14.360 

Upper jejunum 136.361 139.988 100.239 131.442 

±76.756 ±71.317 ±27.684 ±69.2SS 

Lower jejunum 105.633 103.764 79.516 10S.295 

±31.61S ±5S.577 ±29.692 ±35.118 

Upper ile\U1l 50.432 SS.lS9 67.831 69.001 

±39.266 ±37.999 ±24.249 ±24.943 

Lower ileum 6.986 1 1.005 20.582 16.997 

±6.6S3 ±10.668 ±l8.319 ±B.005 
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