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PREFACE 

Experts have 
their expert fun 
ex cathedra 
telling one 
just how nothing 
can be done 

(Piet Hein) 

ALL scientists use models in their research work. Even those who persistently 

deny it. It is hardly possible to design an experiment and to interpret its 

results without any idea of how the system under investigation is functioning. 

Such ideas or hypotheses can be regarded as models, i.e. the scientist's 

conception of the reaL world or some part of it. 

Some years ago it appeared to me that most of the available knowledge in 

physiology and biochemistry was not uti lized to any great extent within 

nutri tion research in dai ry cows. I then became interested in modelling as a 

method to incorporate such knowledge into systematic and quantitative 

descriptions of the biology of a lactating cow and to integrate detaiIs of 

subunits into simulations of whole animal performance. Since that time 

research work within endocrinology, cell biology and biochemistry, i.e. 

metabolic regulation, has increased rapidly, and the need for intellectual 

methods to systematize and integrate new data has increased even more. 

Thanks to the advancing computer technology very large quantitative models can 

be made operational and therefore can be used to simulate the behaviour of 

Iiving systems. 

For these and other reasons it became clear to me that a whole animal 

simulation model of a lactating cow could be useful both in theoreti cal and in 

more applied studi es of dai ry cow nutrition and metaboli sm. 
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S U M M A R Y 

C h a p t e r 1 : I N T R O D U C T I O N 

T h e n e e d f o r n o d e l s . In t h e f i e l d of a n i m a l n u t r i t i o n d e t a i l e d 

b i o c h e m i c a l and p h y s i o l o g i c a l k n o w l e d g e is a c c u m u l a t i n g . E f f i c i e n t 

u t i l i z a t i o n of new k n o w l e d g e i m p l i e s t h a t it can be put i n t o the 

p e r s p e c t i v e of w h o l e a n i m a l m e t a b o l i s m . T h e r e f o r e , t h e r e is a 

g r o w i n g n e e d for c o l l e c t i o n and i n t e g r a t i o n of the r e v e a l e d b i o -

l o g i c a l r e l a t i o n s h i p s in o r d e r to i m p r o v e our c u r r e n t u n d e r -

s t a n d i n g of a n i m a l p h y s i o l o g y and p e r f o r m a n c e . T h e c o n s t r u c t i o n of 

c o n c e p t u a l a n i m a l m o d e l s is a m e t h o d to o r g a n i s e e x i s t i n g k n o w -

l e d g e in a m e a n i n g f u l w a y . 

O p e r a t i o n a l m o d e l s of n u t r i e n t d i g e s t i o n and m e t a b o l i s m in an a n i -

m a l can p r o v i d e i n t e g r a t e d q u a n t i t a t i v e d e s c r i p t i o n s of m a j o r 

m e t a b o l i c p a t h w a y s and i m p o r t a n t i n t e r a c t i o n s of d i f f e r e n t n u t r i -

e n t s . T h e d e v e l o p m e n t a n d u s e of s u c h m o d e l s can c o n t r i b u t e to 

s c i e n t i f i c p r o g r e s s in s e v e r a l w a y s : 

- i m p r o v e m e n t of our u n d e r s t a n d i n g c o n c e r n e d w i t h a n i m a l d i g e s t i o n 

and m e t a b o l i s m 

- i d e n t i f i c a t i o n of l a c k i n g or p o o r k n o w l e d g e of q u a n t i t a t i v e 

n u t r i t i o n a l r e l a t i o n s h i p s 

- i m p r o v e m e n t of the b a s i s for d e v e l o p m e n t of h y p o t h e s e s and for 

d e s i g n m e n t of c r i t i c a l e x p e r i m e n t s to t e s t them 

- i m p r o v e m e n t of p r o c e d u r e s for a m o r e p r e c i s e e v a l u a t i o n of 

e x p e r i m e n t a l r e s u l t s . 
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A n i m a l m o d e l s can be p r o v i d e d w i t h the p r o p e r t y of s i m u l a t i n g p r o 

c e s s e s of d i g e s t i o n and m e t a b o l i s m , and t h e r e b y be p r e d i c t i v e of 

a n i m a l p e r f o r m a n c e . U s e of such m o d e l s - if t h e y a r e s u f f i c i e n t l y 

r e a l i s t i c - c o u l d r e d u c e the f u t u r e n e e d s for f e e d i n g t r i a l s , 

w h i c h are g e n e r a l l y long l a s t i n g and c o s t l y . 

D e f i n i t i o n of a o d e I s . A m o d e l is a s i m p l i f i e d s y m b o l i c r e p r e s e n t a 

t i on of a s y s t e m . In an a n i m a l m o d e l the s y s t e m is the a n i m a l and 

s o m e s p e c i f i e d p a r t of its e n v i r o n m e n t , e . g . its f e e d . 

Q u a n t i t a t i v e or m a t h e m a t i c a l m o d e l s c o n s i s t of e q u a t i o n s , , w h i c h 

d e s c r i b e the b e h a v i o u r of the g i v e n s y s t e m . M a t h e m a t i c a l m o d e l s 

can be c l a s s i f i e d a s ; 

- s t a t i c or d y n a m i c 

- s t o c h a s t i c or d e t e r m i n i s t i c 

- e m p i r i c a l or m e c h a n i s t i c . 

S t a t i c m o d e l s do not c o n t a i n t i m e as a v a r i a b l e , a n d t h e r e f o r e 

c a n n o t d e s c r i b e any t i m e - d e p e n d e n t b e h a v i o u r of the s y s t e m . D y n a -

m i c m o d e l s do c o n t a i n t i m e as a v a r i a b l e , and a r e s u i t e d to s i m u -

late t h e c o n t i n u a l c h a n g e s and a d a p t a t i o n s in the r a t e s of p r o c e s 

s e s o c c u r r i n g in l i v i n g a n i m a l s . 

S t o c h a s t i c m o d e l s c o n t a i n p r o b a b i l i t y d i s t r i b u t i o n s so that not 

o n l y e x p e c t e d v a l u e s of r a t e s and q u a n t i t i e s , but a l s o t h e i r v a r i 

a n c e s , are p r e d i c t e d . D e t e r m i n i s t i c m o d e l s can o n l y g i v e d e f i n i t e 

q u a n t i t a t i v e p r e d i c t i o n s . 
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M e c h a n i s t i c m o d e l s are e x p l a n a t o r y as t h e y are b a s e d on facts 

a n d / o r t h e o r i e s a b o u t m e c h a n i s m s of the u n d e r l y i n g b e h a v i o u r of 

the s y s t e m . On the o t h e r hand , empi r i ca I mode Is a r e on I y b a s e d on 

expri m e n t a I data and not any c a u s a l re I at i onsh i ps about the o b s e r -

v a t i o n s . 

S o m e p u b l i s h e d d y n a m i c n o d e Is. D u r i n g the last 15 y e a r s many d y n a -

m i c m o d e I s of di f f e r e n t b i o l o g i c a l s y s t e m s have b e e n pub I i shed . 

W i t h i n a n i m a l s c i e n c e s y s t e m s of d i f f e r e n t h i e r a r c h i c a l levels are 

m o d e l l e d : from i n d i v i d u a l p a t h w a y s to the rumen and b o d y ti s s u e s 

o f s h e e p , the cow m a m m a r y g l a n d , the lactat i ng c o w , and c a t t l e 

h e r d s . 

C h a p t e r 2: O V E R A L L D E S C R I P T I O N OF THE M O D E L 

N a t u r e and s t r u c t u r e of t h e n o d e I. The p u r p o s e of the p r e s e n t e d 

work has been to d e v e l o p e a d y n a m i c , d e t e r m i n i s t i c and m e c h a n i st i c 

w h o l e a n i m a l m o d e l of the lactat i ng d a i r y c o w . T h e o b j e c t i v e of 

that m o d e l is to s i m u l a t e the c o n v e r s i o n of n u t r i e n t s t h r o u g h di-

g e s t i v e and m e t a b o l i c p r o c e s s e s in the cow into p r o d u c t s of m i l k 

and b o d y g a i n . 

The m o d e l is c o m p o s e d of 9 c o m p a r t m e n t s ( f i g u r e s 2 . 1 - 2 . 6 ) repre-

s e n t i n g di f f e r e n t o r g a n s or t i s s u e s of the cow: the r u m e n , i n t e s -

t i n a l l u m e n , i n t e s t i n a l w a l l , l i v e r , p e r i p h e r a l b l o o d and e x t r a -

c e l l u l a r f l u i d , m a m m a r y g l a n d , m u s c l e t i s s u e , a d i p o s e t i s s u e , and 

o t h e r t i s s u e s . 



1 2 

T e r m i n o l o g y o f t h e « o d e I . T h e s t a t e v a r i a b l e s in t h e m o d e l are 

e i t h e r c a r b o n or n i t r o g e n p o o l s . T h e p o o l s of c a r b o n a r e l a b e l l e d 

C , and r e p r e s e n t c a r b o h y d r a t e s , l i p i d s and o t h e r N - f r e e o r g a n i c 

s u b s t a n c e s . T h e p o o l s of n i t r o g e n are r e p r e s e n t i n g p r o t e i n , p e p -

t i d e s and a m i n o a c i d s ( l a b e l l e d A ) , N H 3 / N H 4 + ( l a b e l l e d N ) , and 

u r e a ( l a b e l l e d (J). 

T h e u n i t s of m a s s a r e m o l e s of c a r b o n (C) and n i t r o g e n (N) for the 

c a r b o n and n i t r o g e n p o o l s , r e s p e c t i v e l y . A l l s t a t e v a r i a b l e s of 

t h e m o d e l w i t h n a m e s , s y m b o l s , u n i t s and i n i t i a l n u m e r i c a l v a l u e s 

a r e l i s t e d in T a b l e s 2 . 1 - 2 . 9 . 

T h e r a t e s of c a r b o n and n i t r o g e n f l o w b e t w e e n p o o l s a r e l a b e l l e d 

R-f ( m o I C / h ) and R j (mo I N / h ) , r e s p e c t i v e l y , s t a r t i n g at i = 100 

and j = 0 . F l o w r a t e s i n t e g r a t e d o v e r 24 h are n a m e d f l u x e s (F^ or 

Fj ) and a r e g i v e n as mo I C/d or m o l N / d . 

G e n e r a l m a t h e m a t i c a l a n d b i o l o g i c a l p r i n c i p l e s . T h e d y n a m i c b e h a v -

i o u r of t h e m o d e l is a c h i e v e d by u s i n g d i f f e r e n t i a l e q u a t i o n s to 

d e s c r i b e t h e c o n t i n u a l c h a n g e s of the s t a t e v a r i a b l e s . T h e rate 

v a r i a b l e s are d e s c r i b e d by e q u a t i o n s w h i c h are m a t h e m a t i c a l f o r m u -

l a t i o n s of e i t h e r M i c h a e l i s - M e n t e n e n z y m e k i n e t i c s or f i r s t o r d e r 

m a s s a c t i o n k i n e t i c s . 

In s o m e of t h e rate e q u a t i o n s d e s c r i b i n g e n z y m e k i n e t i c s the n u -

m e r i c a l v a l u e of the a f f i n i t y c o n s t a n t is r e g u l a t e d by t h e n u m e -

r i c a l v a l u e of the s u b s t r a t e or p r o d u c t p o o l ( s t a t e v a r i a b l e ) . In 

t h i s way the p r i n c i p l e of a I lost e r i c e n z y m e r e g u l a t i o n is s i m u l a -

ted by the m o d e l . 
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I n p u t p a r a i e t e r s a n d o u t p u t v a r i a b l e s . P a r a m e t e r v a l u e s d e s c r i b i n g 

c h e m i c a l c o m p o s i t i o n of the f e e d , live w e i g h t of the COM and s t a g e 

of l a c t a t i o n a r e r e q u i r e d as i n p u t d a t a to t h e m o d e l . W i t h t h i s 

i n f o r m a t i o n t h e m o d e l c o m p u t e s the n u m e r i c a l v a l u e of a l l s t a t e 

v a r i a b l e s , r a t e v a r i a b l e s and f l u x e s of m a t t e r s h o w n in f i g u r e s 

2 . 1 - 2 . 6 at a n y t i m e of t h e " m o d e l d a y " . 

In o r d e r to r e l a t e the s i m u l a t i o n r e s u l t s to t e r m s of w h o l e a n i m a l 

p e r f o r m a n c e t h e f o l l o w i n g o u t p u t v a r i a b l e s a r e c a l c u l a t e d f r o m re-

l e v a n t f l u x e s of m a t t e r : 

- feed d r y m a t t e r i n t a k e ( k g / d ) 

- m i l k p r o d u c t i o n C k g / d ) 

- m i l k c o m p o s i t i o n ( g / k g ) 

- live w e i g h t g a i n ( k g / d ) 

- t i s s u e e n e r g y b a l a n c e ( M J / d ) 

- e n e r g y in m i l k ( M J / d ) 

- g r o s s e n e r g y i n t a k e < M J / d ) 

- e n e r g y l o s s e s < M J / d ) 

- net e n e r g y i n t a k e ( M J / d ) . 

M o d e I s i z e a n d p r o g r a m m i n g l a n g u a g e s . T h e m o d e l c o n s i s t s of 7? 

s t a t e v a r i a b l e s and a t o t a l of a b o u t 1 5 0 0 e q u a t i o n s of w h i c h a b o u t 

3 4 0 are d i f f e r e n t i a l e q u a t i o n s . T h e c o m p u t e r p r o g r a m is w r i t t e n in 

t h e C S M P III s i m u l a t i o n l a n g u a g e , but a g r e a t d e a l of t h e c o m p u t a -

t i o n s are p r o g r a m m e d in F O R T R A N s u b r o u t i n e s . S t a t i s t i c a l t r e a t -

m e n t s and g r a p h i c a l p r e s e n t a t i o n s of o u t p u t v a r i a b l e s a r e p e r f o r m -

ed by m e a n s of a u x i l i a r y SAS p r o g r a m s . 
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C h a p t e r 3 : D E T A I L E D D E S C R I P T I O N Of T H E M O D E L 

T h e p r o c e d u r e for c o n s t r u c t i n g t h e a o d e I . A s t a t i c m o d e l has b e e n 

u s e d as a b a s i s for t h e d e v e l o p m e n t of the d y n a m i c m o d e l . T h e s t a -

tic m o d e l is b a s e d on p u b l i c a t i o n s of Hve Ip Lund ( 1 9 8 3 ) a n d Da n f ae r 

( 1 9 8 3 b ) , and d e s c r i b e s the d a i l y feed i n t a k e , n u t r i e n t f l o w 

t h r o u g h the b o d y , m i l k p r o d u c t i o n and live w e i g h t c h a n g e of a cow 

in e a r l y l a c t a t i o n . T h e a s s u m e d f e e d i n t a k e is 1 7 . 9 kg d r y m a t t e r 

p e r d of a s p e c i f i e d c o m p o s i t i o n , the m i l k y i e l d is 3 0 . 0 k g / d , and 

t h e live w e i g h t c h a n g e is - 0 . 5 k g / d . T h e f e e d is a c o m p l e t e m i x e d 

d i e t o f f e r e d ad l i b i t u m . 

In t h e n e x t s t e p of t h e p r o c e d u r e d i f f e r e n t i a l e q u a t i o n s a n d a u x -

i l i a r y e q u a t i o n s h a v e b e e n d e f i n e d in the d y n a m i c m o d e l f o l l o w e d 

by a s s i g n m e n t of n u m e r i c a l v a l u e s to s t a t e v a r i a b l e s and e q u a t i o n 

p a r a m e t e r s . T h e n u m e r i c a l v a l u e s are d e r i v e d f r o m l i t e r a t u r e d a t a 

o r a s s u m e d as b i o l o g i c a l l y p r o b a b l e . 

F i n a l l y , the p a r a m e t e r v a l u e s h a v e b e e n a d j u s t e d by m e a n s of re-

p e a t e d s i m u l a t i o n s u n t i l t h e d y n a m i c m o d e l g a v e t h e s a m e s o l u t i o n s 

as the s t a t i c m o d e l w i t h r e g a r d to d a i l y feed i n t a k e , n u t r i e n t 

f l u x e s , m i l k p r o d u c t i o n , live w e i g h t c h a n g e and o v e r a l l e n e r g y m e -

t a b o l i s m . 

T h e c o m p u t e r p r o g r a m s . T h e m a i n f r a m e w o r k of the m o d e l is f o r m u -

l a t e d in the C S M P III p r o g r a m m i n g l a n g u a g e and c o n s i s t s of 3 

p a r t s : the I N I T I A L , the D Y N A M I C , and the T E R M I N A L s e g m e n t s . 
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T h e I N I T I A L s e g m e n t c o n t a i n s t h o s e s t a t e m e n t s w h i c h are e x e c u t e d 

o n l y o n c e at the b e g i n n i n g of e a c h r u n . A run is a s i m u l a t i o n p e r -

iod r e p r e s e n t i n g the t i m e c o u r s e of 24 h . In the D Y N A M I C s e g m e n t 

F O R T R A N s u b r o u t i n e s w i t h r a t e e q u a t i o n s and r e g u l a t o r y e q u a t i o n s 

are c a l l e d for e x e c u t i o n , and i n t e g r a t i o n s of d i f f e r e n t i a l e q u a -

t i o n s a r e c a r r i e d o u t in b e t w e e n t h e e x e c u t i o n of s u b r o u t i n e s . AI I 

s t a t e m e n t s in the D Y N A M I C s e g m e n t a n d in the F O R T R A N s u b r o u t i n e s 

a r e c o m p u t e d at e a c h i n t e g r a t i o n s t e p u n t i l the e n d of a r u n . S t a -

t e m e n t s in the T E R M I N A L s e g m e n t a r e o n l y e x e c u t e d at t h e end of 

e a c h r u n . F O R T R A N s u b r o u t i n e s c a l l e d f r o m t h i s p a r t of the p r o g r a m 

a l l o w t h e s t a t e v a r i a b l e s and r e g u l a t e d p a r a m e t e r s to k e e p t h e i r 

n u m e r i c a l v a l u e s o b t a i n e d at the e n d of a run as i n i t i a l v a l u e s 

for t h e n e x t r u n . 

T h e o u t p u t v a r i a b l e s f r o m the C S M P III p r o g r a m a r e o r g a n i z e d in a 

d a t a set c r e a t e d by m e a n s of an a u x i l i a r y SAS p r o g r a m . From t h i s 

d a t a set a n o t h e r SAS p r o g r a m can p e r f o r m s t a t i s t i c a l t r e a t m e n t s , 

f u r t h e r c a l c u l a t i o n s , and g r a p h i c a l p r e s e n t a t i o n s of t h e o u t p u t 

v a r i a b l e s . 

T h e c o m p u t e r p r o g r a m s a r e s h o w n in A p p e n d i c e s 1 - 4 . 

T h e i n d i v i d u a l e q u a t i o n s , s t a t e v a r i a b l e s a n d p a r a m e t e r s . In t h i s 

s e c t i o n t h e m o d e l is d e s c r i b e d in d e t a i I , c o m p a r t m e n t by compart— 

m e n t . T h e i n d i v i d u a l e q u a t i o n s a r e d e f i n e d , and n u m e r i c a l v a l u e s 

a r e a s s i g n e d to s t a t e va r i ab les a n d p a r a m e t e r s . T h e i n d i v i d u a l n u -

t r i e n t f l u x e s are d e r i v e d p r i m a r i I y f r o m the s t a t i c m o d e I , a n d t h e 

n u m e r i c a l v a l u e s of s t a t e v a r i a b l e s a n d p a r a m e t e r s are a s s u m e d or 

e s t i m a t e d f r o m o t h e r l i t e r a t u r e d a t a . A l l s t a t e v a r i a b l e s a n d 

e q u a t i o n p a r a m e t e r s t o g e t h e r w i t h t h e i r o r i g i n a l as w e l l as t h e i r 

f i n a l l y a d j u s t e d v a l u e s a r e l i s t e d in A p p e n d i c e s 5 - 8 . 
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C h a p t e r 4 : R E S U L T S O F RODEL. S I M U L A T I O N S 

C o n p a r i son o f r e s u l t s f r o » t h e d y n a m i c a n d t h e s t a t i c m o d e l . T h e 

r e s u l t s f r o m t h e s t a t i c m o d e l a r e c o m p a r e d to d a i l y f l u x e s of m a t -

ter (F -j, Fj ) c o m p u t e d by the d y n a m i c m o d e l . S o m e of t h e r e s u l t s 

f r o m t h e d y n a m i c m o d e l a r e f u r t h e r e v a l u a t e d a g a i n s t l i t e r a t u r e 

d a t a , w h i c h h a v e not b e e n u s e d for d e v e l o p m e n t of the m o d e l . 

T h e p r e s e n t e d r e s u l t s from the d y n a m i c m o d e l are m e a n s of 10 r u n s 

(run 2 6 - 3 5 ) as the f i r s t 25 runs a r e r e g a r d e d as a p e r i o d of e q u i -

l i b r a t i o n . A c o m p l e t e list of all n u t r i e n t and m e t a b o l i t e f l u x e s 

s i m u l a t e d by the d y n a m i c m o d e l is g i v e n in A p p e n d i x 9 t o g e t h e r 

w i t h r e s u l t s from the s t a t i c m o d e l . 

A l l r e s u l t s s i m u l a t e d by the d y n a m i c m o d e l are a l m o s t i d e n t i c a l to 

t h o s e of the s t a t i c m o d e l . D a i l y f e e d i n t a k e , m i l k y i e l d , live 

w e i g h t c h a n g e and g e n e r a l e n e r g y m e t a b o l i s m are s h o w n in T a b l e s 

4.1 and 4 . 2 . A s p e c t s of r u m i n a l and i n t e s t i n a l d i g e s t i o n and a b -

s o r p t i o n , l i v e r m e t a b o l i s m , m a m m a r y g l a n d m e t a b o l i s m , and b o d y 

t i s s u e m e t a b o l i s m are g i v e n in T a b l e s 4 . 3 - 4 . 9 . 

In o r d e r to a c h i e v e t h a t s o l u t i o n s of t h e d y n a m i c m o d e l w o u l d be 

c l o s e to t h e r e s u l t s f r o m the s t a t i c m o d e l , the n u m e r i c a l v a l u e s 

of s t a t e v a r i a b l e s and e q u a t i o n p a r a m e t e r s have b e e n a d j u s t e d d u -

ring r e p e a t e d s i m u l a t i o n s . By t h i s p r o c e d u r e a r e l a t i v e l y s m a l l 

n u m b e r of p a r a m e t e r v a l u e s are c h a n g e d m o r e t h a n 1 0 0 % from the 

o r i g i n a l l y d e r i v e d o n e s . T h o s e p a r a m e t e r s are l i s t e d in T a b l e 

4 . 1 1 . 



17 

D i u r n a l v a r i a t i o n s o f p o o l s i z e s , a f f i n i t y c o n s t a n t s , a n d r a t e s o f 

t r a n s a c t i o n . In t h i s s e c t i o n e x a m p l e s of s i m u l a t e d w i t h i n run v a r -

i a t i o n s of s t a t e v a r i a b l e s , r a t e s and r e g u l a t e d a f f i n i t y c o n s t a n t s 

a r e p r e s e n t e d . T h e c h o s e n e x a m p l e s are from t h e r u m e n c o m p a r t m e n t 

( f i g u r e s 4 . 1 - 4 . 1 9 ) , the i n t e s t i n a l c o m p a r t m e n t s ( f i g u r e s 4 . 2 0 -

4 . 2 5 ) , the liver c o m p a r t m e n t ( f i g u r e s 4 . 2 6 - 4 . 3 0 ) , the p e r i p h e r a l 

b l o o d c o m p a r t m e n t ( f i g u r e s 4 . 3 1 - 4 . 4 1 ) , and the m a m m a r y g l a n d and 

b o d y t i s s u e c o m p a r t m e n t s ( f i g u r e s 4 . 4 2 - 4 . 4 7 ) . 

T h e v e r y d i s t i n c t d i u r n a l v a r i a t i o n s in r u m e n n u t r i e n t p o o l s i z e s 

a n d in a b s o r p t i o n r a t e s f r o m t h e r u m e n c a u s e d by the p a t t e r n of 

f e e d i n t a k e ( f i g u r e 4 . 1 ) a r e m o r e or less s m o o t h e d o u t in n u t r i e n t 

p o o l s i z e s of t h e b l o o d and in r a t e s of n u t r i e n t u p t a k e by t h e 

t i s s u e s . 

A l t h o u g h the s i m u l a t e d f l u c t u a t i o n s d u r i n g t h e " m o d e l d a y " of t h e 

p a r a m e t e r v a l u e s in s o m e c a s e s a r e v e r y l a r g e and i r r e g u l a r , all 

p a r a m e t e r s r e t u r n to or a p p r o a c h t h e i r i n i t i a l v a l u e s at t h e end 

o f the " d a y " . 

S t a b i l i t y of t h e model.. T h e d y n a m i c m o d e l is e v a l u a t e d w i t h r e g a r d 

t o s t a b i l i t y by e x a m i n a t i o n of the r e p r o d u c i b i l i t y of t h e s i m u l a -

t i o n s t h r o u g h s e q u e n t i a l r u n s . M e a n v a l u e s , s t a n d a r d d e v i a t i o n s , 

a n d mi n u m u m and m a x i m u m v a l u e s of s o m e of the o u t p u t v a r i a b l e s 

d u r i n g 10 runs of s i m u l a t i o n (run 2 6 - 3 5 ) a r e s h o w n in T a b l e 4 . 1 2 . 

T h e b e t w e e n run v a r i a t i o n s of t h e s e l e c t e d s i m u l a t i o n r e s u l t s a r e 

s m a l l a n d r e p r e s e n t a t i v e for a l l o t h e r o u t p u t v a r i a b l e s in t h e 

m o d e l . In a d d i t i o n to t h i s t h e m o d e l s t a b i l i t y is e v a l u a t e d a f t e r 

5 0 0 runs of s i m u l a t i o n . M e a n v a l u e s , s t a n d a r d d e v i a t i o n s , m a x i m u m 

a n d m i n i m u m v a l u e s for d r y m a t t e r i n t a k e , m i l k p r o d u c t i o n a n d live 

w e i g h t g a i n a r e g i v e n for e v e r y 50 runs as w e l l as for a l l 5 0 0 
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r u n s ( T a b l e 4 . 1 3 ) . T h e t r e n d s of s t a b i l i t y in t h e s e o u t p u t v a r i a b -

les are i l l u s t r a t e d in f i g u r e 4 . 4 8 . 

C h a p t e r 5 : U S E OF T H E R O D E L 

T h i s c h a p t e r d e a l s w i t h the use of the d y n a m i c m o d e l to s i m u l a t e 

s i t u a t i o n s d i f f e r e n t f r o m t h o s e p r e s u m e d in t h e d e f i n i t i o n of the 

m o d e l (a n o n p r e g n a n t cow at 44 d a y s p o s t p a r t u m fed ad l i b i t u m on 

a c o m p l e t e m i x e d d i e t of a s p e c i f i e d c o m p o s i t i o n ) . 

S i m u l a t i o n o f a n i m a l p e r f o r m a n c e at d i f f e r e n t s t a g e s o f l a c t a t i o n . 

T h e a l t e r e d n u t r i e n t p a r t i t i o n d u r i n g p r o g r e s s i n g l a c t a t i o n a l sta-

g e s is r e g u l a t e d in the m o d e l by m e a n s of s i m u l a t e d c h a n g e s of 

p l a s m a c o n c e n t r a t i o n s of m e t a b o l i c h o r m o n e s . In t h i s w a y the m o d e l 

can s i m u l a t e d e c l i n i n g m i l k y i e l d s and i n c r e a s i n g live w e i g h t 

g a i n s d u r i n g t h e l a c t a t i o n a l p e r i o d . 

R e s u l t s of 2 s i m u l a t i o n s a r e p r e s e n t e d . In the f i r s t o n e , a n i m a l 

p e r f o r m a n c e ( m i l k y i e l d , live w e i g h t g a i n and b o d y w e i g h t ) at d i f -

f e r e n t s t a g e s of l a c t a t i o n is s i m u l a t e d by the o r i g i n a l v e r s i o n of 

t h e m o d e l as d e s c r i b e d in c h a p t e r 4 . In t h e s e c o n d s i m u l a t i o n , the 

n u m e r i c a l v a l u e of a few e q u a t i o n p a r a m e t e r s a r e c h a n g e d in o r d e r 

to m i m i c an a l t e r e d t i s s u e r e s p o n s i v e n e s s to m e t a b o l i c h o r m o n e s . 

T h e c h a n g e s i m p l y t h a t the p e r f o r m a n c e of a cow w i t h a h i g h e r po-

t e n t i a l for m i l k y i e l d and a lower p o t e n t i a l for b o d y g a i n is si-

m u l a t e d . T h e r e s u l t i n g c u r v e s of m i l k y i e l d , live w e i g h t g a i n and 

b o d y w e i g h t d u r i n g l a c t a t i o n are s h o w n in f i g u r e 5 . 1 . 
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The d i f f e r e n c e s b e t w e e n the 2 sets of s i m u l a t e d c u r v e s i l l u s t r a t e 

how cows with d i f f e r e n t t i s s u e s e n s i t i v i t y to m e t a b o l i c h o r m o n e s , 

i . e . d i f f e r e n t g e n e t i c c a p a c i t y for m i l k p r o d u c t i o n , r e s p o n d to 

the same feed d u r i n g l a c t a t i o n . 

S i m u l a t i o n of g r o w t h h o r m o n e t r e a t m e n t s . S h o r t - t e r m a d m i n i s t r a t i o n 

of g r o w t h h o r m o n e is i m i t a t e d by the m o d e l at 2 l a c t a t i o n a l sta-

g e s , 73 and 257 days p o s t p a r t u m . In t h e s e s i m u l a t i o n s m i l k y i e l d 

is i n c r e a s e d by i n c r e a s i n g levels of t r e a t m e n t in a c u r v i l i n e a r 

f a s h i o n , both in e a r l y and in late l a c t a t i o n ( f i g u r e s 5.2 and 

5 . 3 ) . The r e l a t i v e r e s p o n s e s in m i l k y i e l d to i n c r e a s i n g " d o s e s " 

of g r o w t h h o r m o n e are m u c h h i g h e r in late than in e a r l y l a c t a t i o n . 

O t h e r s i m u l a t e d t r e a t m e n t e f f e c t s a r e : u n c h a n g e d feed i n t a k e , de-

c r e a s e d e n e r g y b a l a n c e , d e c r e a s e d p l a s m a g l u c o s e and i n s u l i n con-

c e n t r a t i o n s , and i n c r e a s e d plasma c o n c e n t r a t i o n of f r e e fatty 

a c i d s . 

T h e e f f i c i e n c y of m i l k p r o d u c t i o n (kg m i l k per u n i t of net e n e r g y 

i n t a k e ) can be r e g a r d e d as a m e a s u r e of n u t r i e n t p a r t i t i o n i n g be-

t w e e n the m a m m a r y g l a n d and the b o d y t i s s u e s . It is t h e r e f o r e ex-

p e c t e d that this p a r a m e t e r is p o s i t i v e l y c o r r e l a t e d to the ratio 

of g r o w t h h o r m o n e and i n s u l i n c o n c e n t r a t i o n s . Such a r e l a t i o n s h i p 

is s i m u l a t e d by the m o d e l (figure 5 , 4 ) . 

S i m u l a t i o n of a f e e d i n g e x p e r i m e n t . In this s e c t i o n the m o d e l is 

used to s i m u l a t e the r e s u l t s from one s p e c i f i c f e e d i n g e x p e r i m e n t 

p u b l i s h e d by K r o h n & K o n g g a a r d ( 1 9 8 7 ) . T h e cows in that e x p e r i m e n t 

w e r e o f f e r e d a t o t a l m i x e d diet ad l i b i t u m . The r e s u l t s of 3 s i m u -

l a t i o n s are p r e s e n t e d . In the first s i m u l a t i o n , the m o d e l is used 
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in its o r i g i n a l v e r s i o n e x c e p t for t h o s e p a r a m e t e r v a l u e s c o n c e r n -

ed w i t h the s p e c i f i c e x p e r i m e n t a l c o n d i t i o n s . T h e s e c o n d s i m u l a -

t i o n is p e r f o r m e d a f t e r a c h a n g e of s o m e i n t e r n a l m o d e l p a r a m e t e r s 

to s i m u l a t e a d i f f e r e n t n u t r i e n t p a r t i t i o n . In t h e t h i r d s i m u l a -

t i o n , m o r e p a r a m e t e r v a l u e s c o n c e r n e d w i t h n u t r i e n t u p t a k e and 

a d i p o s e t i s s u e m e t a b o l i s m h a v e b e e n a l t e r e d . 

T h e f i r s t s i m u l a t i o n u n d e r e s t i m a t e s the m i l k y i e l d and o v e r e s t i m a -

t e s t h e live w e i g h t g a i n . T h e s e c o n d s i m u l a t i o n u n d e r e s t i m a t e s the 

r a t e of d a i l y g a i n . In t h e f i n a l s i m u l a t i o n , the d e v i a t i o n s be-

t w e e n t h e o b s e r v e d and t h e s i m u l a t e d r e s u l t s ( f e e d i n t a k e , m i l k 

y i e l d , m i l k c o m p o s i t i o n , live w e i g h t g a i n ) a r e v e r y s m a l l ( T a b l e 

5 . 3 ) . 

S i m u l a t e d r e g u l a t i o n of g l u c o n e o g e n e s i s . T h e s i g n i f i c a n c e of a m i n o 

a c i d s as s u b s t r a t e s for g l u c o s e s y n t h e s i s is an i m p o r t a n t f a c t o r 

in the u t i l i z a t i o n of p r o t e i n for m i l k p r o d u c t i o n . T h i s a s p e c t of 

the i n t e r m e d i a r y m e t a b o l i s m is not f u l l y c l a r i f i e d by the p r e s e n t 

e x p e r i m e n t a l k n o w l e d g e . T h e r e f o r e , t h e m o d e l is u s e d to e l u c i d a t e 

t h e f o l l o w i n g q u e s t i o n s : 

- How m u c h of the s y n t h e s i z e d g l u c o s e is d e r i v e d f r o m p r o p i o n a t e 

and from a m i n o a c i d s w h e n d i f f e r e n t d i e t s are f e d ? 

- How are the c o n t r i b u t i o n s of p r o p i o n a t e and a m i n o a c i d s to 

g l u c o s e s y n t h e s i s r e g u l a t e d ? 

For t h a t p u r p o s e an e x p e r i m e n t is s i m u l a t e d in w h i c h 3 d i f f e r e n t 

r a t i o n s are fed to d a i r y c o w s in e a r l y l a c t a t i o n . T h e e x p e r i m e n t a l 

d i e t s are c h a r a c t e r i z e d ( T a b l e 5 . 4 ) by a high s t a r c h c o n t e n t (diet 

H S ) , a high p r o t e i n c o n t e n t ( d i e t H P ) , and by s t a r c h and p r o t e i n 

p a r t l y p r o t e c t e d a g a i n s t r u m e n f e r m e n t a t i o n (diet BS P ) . 
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T h e s i m u l a t e d r e s u l t s (Table 5 . 5 ) s u g g e s t t h a t the rate of gIu co~ 

n e o g e n e s i s is h i g h e r with diet HS (16 mo I g l u c o s e / d ) than w i t h the 

o t h e r 2 d i e t s ( 1 3 - 1 4 mo I /d ) , that the c o n t r i b u t i o n of p r o p i o n a t e 

to g l u c o s e s y n t h e s i s is h i g h e r on d i e t HS ( 8 1 % ) than on the o t h e r 

d i e t s ( 6 5 % ) , and that the c o n t r i b u t i o n of a m i n o a c i d s to g l u c o s e 

s y n t h e s i s is l o w e s t on diet HS (3%) and h i g h e s t on diet HP ( 2 0 1 ) . 

T h e a v a i l a b i l i t y of p r o p i o n a t e is h i g h e s t w i t h d i e t H S , w h e r e a s 

the a v a i l a b i l i t y of a m i n o a c i d s is a l m o s t the same for all d i e t s . 

T h e ratio of g l u c a g o n to i n s u l i n c o n c e n t r a t i o n s in b l o o d p l a s m a is 

h i g h e s t on d i e t HP and lowest on diet 8 S P . 

In the m o d e l , the c o n t r i b u t i o n s of p r o p i o n a t e and amino a c i d s to 

g l u c o n e o g e n e s i s are r e g u l a t e d p a r t l y by the s u b s t r a t e a v a i l a b i l i t y 

and p a r t l y by the m e t a b o l i c h o r m o n e s , g l u c a g o n and i n s u l i n . T h i s 

e x p l a i n s the s i m u l a t e d d i f f e r e n c e s b e t w e e n the d i e t s . 

T h e i n c l u s i o n of rumen b y p a s s s t a r c h and p r o t e i n in diet BSP in-

c r e a s e s the s i m u l a t e d milk y i e l d as well as the e f f i c i e n c y of 

e n e r g y and p r o t e i n u t i l i z a t i o n . In a n o t h e r s i m u l a t e d e x p e r i m e n t 

the e f f e c t s of i n c r e m e n t a l d e g r e e s of d i e t a r y s t a r c h p r o t e c t i o n 

are e x a m i n e d . T h e s i m u l a t e d e f f e c t s ( f i g u r e s 5 . 5 - 5 . 8 ) of i n c r e a s -

ing levels of u n f e r m e n t a b l e s t a r c h can be s u m m a r i z e d as f o l l o w s : 

- d e c r e a s e d feed i n t a k e , and d e c r e a s e d a b s o r p t i o n of p r o p i o n a t e 

and ami no a c i d s 

- i n c r e a s e d a b s o r p t i o n of g l u c o s e , and d e c r e a s e d rate of g I u c o n e o -

g e n e s i s 

- i n c r e a s e d m i l k y i e l d , but d e c r e a s e d milk e n e r g y s e c r e t i o n 

- v a r y i n g net e n e r g y c o n t e n t per kg feed dry m a t t e r of the same 

c h e m i c a l c o m p o s i t i o n . 
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B o d e l o b j e c t i v e s a n d e v a l u a t i o n c r i t e r i a . T h e c h a p t e r is i n i t i a t e d 

w i t h a b r i e f r e v i e w of t h e m e t h o d o l o g y of the m o d e l l i n g p r o c e s s 

a n d the b a s i c p r i n c i p l e s of m o d e l e v a l u a t i o n . 

T h e m a i n o b j e c t i v e of the p r e s e n t e d m o d e l is to s i m u l a t e t h e con-

v e r s i o n of n u t r i e n t s t h r o u g h d i g e s t i v e and m e t a b o l i c p r o c e s s e s in 

t h e l a c t a t i n g d a i r y cow i n t o i n t e r m e d i a t e s u b s t a n c e s , a n d f u r t h e r 

i n t o w a s t e p r o d u c t s , a n d p r o d u c t s of m i l k and t i s s u e c o n s t i t u e n t s . 

S e v e r a l m i n o r o b j e c t i v e s can be a t t a i n e d w i t h such a g e n e r a l mo-

d e l : 

(i) P r e d i c t i o n of t h e e f f e c t s of d i f f e r e n t d i e t s on a n i m a l p e r -

f o r m a n c e at d i f f e r e n t l a c t a t i o n a l s t a g e s . 

( i i ) E v a l u a t i o n of c u r r e n t p h y s i o l o g i c a l and b i o c h e m i c a l c o n c e p t s 

c a u s a l to a n i m a l p e r f o r m a n c e . 

C i i i ) E v a l u a t i o n of new h y p o t h e s e s a b o u t t h e r e g u l a t i o n s of n u t r i -

e n t d i g e s t i o n and m e t a b o l i s m in d a i r y c o w s . 

T h e c r i t e r i a for v a l i d a t i o n of the m o d e l d e p e n d on t h e m o d e l l i n g 

o b j e c t i v e s . T h e e v a l u a t i o n in r e l a t i o n to o b j e c t i v e (i) can be 

p e r f o r m e d by c o m p a r i n g t h e s i m u l a t i o n r e s u l t s w i t h a w i d e r a n g e of 

q u a n t i t a t i v e e x p e r i m e n t a l d a t a from f e e d i n g t r i a l s , d i g e s t i b i l i t y 

s t u d i e s , and s t u d i e s of v i s c e r a l and p e r i p h e r a l t i s s u e m e t a b o l i s m . 

T h e m o d e l can be e v a l u a t e d w i t h r e g a r d to o b j e c t i v e ( i i ) by e x a -

m i n i n g s u b u n i t b e h a v i o u r a g a i n s t d a t a on t h e r e g u l a t i o n of n u t r i -

e n t m e t a b o l i s m in i n d i v i d u a l t i s s u e s . W h e n t h e s e m i n o r o b j e c t i v e s 

h a v e b e e n a c h i e v e d , the m o d e l can be a c c e p t e d as r e g a r d s to its 

m a i n o b j e c t i v e . T h e u s e f u l n e s s of the m o d e l in r e l a t i o n to o b j e c -

t i v e ( i i i ) w i l l i n c r e a s e as the m o d e l is d e v e l o p e d t o w a r d s a c h i e -
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v e m e n t o f the main o b j e c t i v e . 

E v a l u a t i o n of t h e n o d e I . A n u m b e r of s i m u l a t e d p r o c e s s e s in the 

d i g e s t i v e t r a c t , the liver and the p e r i p h e r a l t i s s u e s are c o m p a r e d 

to l i t e r a t u r e data in o r d e r to e v a l u a t e the model in a n t i c i p a t i o n 

of the p r e d i c t i v e p u r p o s e ( o b j e c t i v e i ) . The s i m u l a t i o n r e s u l t s 

are w i t h i n r a n g e s of e x p e r i m e n t a l v a l u e s for the f o l l o w i n g p r o c e s -

s e s : 

T h e d i g e s t i v e tract 

- A p p a r e n t rumen d i g e s t i b i l i t y of o r g a n i c m a t t e r 

- VFA p r o d u c t i o n in the rumen 

- M i c r o b i a l net growth and p r o t e i n s y n t h e s i s in the r u m e n 

- D e g r a d a t i o n of d i e t a r y p r o t e i n in t h e rumen 

- D i g e s t i b i l i t y of amino a c i d s in the s m a l l i n t e s t i n e . 

The l i v e r 

- C o n t r i b u t i o n of p r o p i o n a t e and a m i n o a c i d s to g l u c o s e s y n t h e s i s 

- Urea s y n t h e s i s 

- Heat p r o d u c t i o n . 

T h e m a m m a r y g l a n d 

- G l u c o s e u p t a k e and p a r t i t i o n b e t w e e n i n t r a c e l l u l a r p a t h w a y s . 

T h e s i m u l a t e d c o n t r i b u t i o n of a m i n o a c i d s to liver g l u c o n e o g e n e s i s 

is much h i g h e r than the Lowest of the e x p e r i m e n t a l v a l u e s used for 

the c o m p a r i s o n . In the m a m m a r y g l a n d , the s i m u l a t e d r a t e s of up-

t a k e and o x i d a t i o n of a c e t a t e and k e t o n e b o d i e s are c o n s i d e r a b l y 

h i g h e r t h a n c o r r e s p o n d i n g e x p e r i m e n t a l f i g u r e s . T h e s e d i f f e r e n c e s 



1 4 

b e t w e e n m o d e l l i n g r e s u l t s and l i t e r a t u r e d a t a are d i s c u s s e d , a n d 

it is q u e s t i o n e d , if the in v i v o e s t i m a t e s h a v e g e n e r a l v a l i d i t y . 

T h e s i m u l a t e d d i u r n a l v a r i a t i o n s of s o m e o u t p u t v a r i a b l e s a r e e v a -

l u a t e d in r e l a t i o n to c o n c e p t s u s e d in the m o d e l a b o u t the b e h a v i -

o u r of s u b u n i t s ( o b j e c t i v e i i ) . C o m p a r i s o n s w i t h d a t a from the li-

t e r a t u r e s h o w t h a t t h e d i u r n a l v a r i a t i o n s in t h e r a t e of feed in-

t a k e , and in the b l o o d p l a s m a c o n c e n t r a t i o n s of i n s u l i n , g l u c o s e , 

k e t o n e b o d i e s , l a c t a t e , a m i n o a c i d s arid u r e a a r e i m i t a t e d in a re-

a l i s t i c w a y . H e n c e , t h e u n d e r l y i n g p h y s i o l o g i c a l and b i o c h e m i c a l 

c o n c e p t s are s u p p o r t e d . T h e c o m p a r i s o n s s h o w f u r t h e r , t h a t t h e m o -

d e l is s o m e w h a t i n s u f f i c i e n t in its c o n c e p t s of f r e e f a t t y a c i d 

r e l e a s e f r o m the a d i p o s e t i s s u e . 

T h e p r e d i c t i v e a b i l i t y of the m o d e l is e v a l u a t e d f u r t h e r by s i m u -

l a t i o n of r e s u l t s f r o m a s p e c i f i c f e e d i n g e x p e r i m e n t . A f t e r a d -

j u s t m e n t of s o m e p a r a m e t e r v a l u e s in the m o d e l , the s i m u l a t e d f e e d 

i n t a k e , m i l k y i e l d , m i l k c o m p o s i t i o n and live w e i g h t g a i n a r e as 

o b s e r v e d in t h e e x p e r i m e n t . 

Q u a n t i t a t i v e ( o b j e c t i v e i) as w e l l as q u a l i t a t i v e ( o b j e c t i v e i i ) 

a s p e c t s of m o d e l b e h a v i o u r are e v a l u a t e d by s i m u l a t i o n s of a n i m a l 

p e r f o r m a n c e at d i f f e r e n t s t a g e s of l a c t a t i o n , and by s i m u l a t i o n s 

of a n i m a l p e r f o r m a n c e a f t e r g r o w t h h o r m o n e t r e a t m e n t s . 

T h e s i m u l a t e d c u r v e s of m i l k y i e l d and live w e i g h t g a i n d u r i n g t h e 

l a c t a t i o n a l p e r i o d are s i m i l a r to in v i v o o b s e r v a t i o n s . T h e a b i l i -

ty of the m o d e l to s i m u l a t e d i f f e r e n t l a c t a t i o n a l m i l k y i e l d s a n d 

w e i g h t g a i n s of c o w s h a v i n g t h e s a m e f e e d i n t a k e p o i n t s to t h e 

p o s s i b i l i t y of u s i n g t h e m o d e l to f o r m u l a t e h y p o t h e s e s a b o u t t h e 

p h y s i o l o g i c a l b a c k g r o u n d for d i f f e r e n t g e n e t i c c a p a c i t i e s of m i l k 
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y i e l d . 

T h e s i m u l a t e d e f f e c t s of s h o r t - t e r m g r o w t h h o r m o n e t r e a t m e n t s on 

a n i m a l p e r f o r m a n c e are s i m i l a r to in vivo o b s e r v a t i o n s w i t h r e g a r d 

t o : 

- d o s e - d e p e n d e n t , c u r v i l i n e a r r e s p o n s e s in m i l k y i e l d b o t h in 

e a r l y and late l a c t a t i o n 

- r e l a t i v e l y h i g h e r i n c r e a s e s in m i l k y i e l d in late than in e a r l y 

l a c t a t i o n 

- u n c h a n g e d feed i n t a k e and d e c r e a s e d e n e r g y b a l a n c e 

- i n c r e a s e d p l a s m a c o n c e n t r a t i o n of free f a t t y a c i d s . 

H o w e v e r , the s i m u l a t e d e f f e c t s on the p l a s m a c o n c e n t r a t i o n s of 

g r o w t h h o r m o n e , i n s u l i n and g l u c o s e are not in a c c o r d a n c e w i t h ex-

p e r i m e n t a l f i n d i n g s . W i t h i n t h e s e a s p e c t s of h o r m o n a l r e g u l a t i o n 

the m o d e l can o n l y be p a r t l y a c c e p t e d in r e l a t i o n to its p u r p o s e 

of p r e d i c t i o n ( o b j e c t i v e i) and of c o n c e p t e v a l u a t i o n ( o b j e c t i v e 

i i ) . 

I m p o r t a n t q u e s t i o n s c o n c e r n e d w i t h the r e g u l a t i o n of g l u c o n e o g e n e -

sis and the e x t e n t of amino a c i d c o n t r i b u t i o n to g l u c o s e s y n t h e s i s 

h a v e b e e n i d e n t i f i e d . The m o d e l is used to e l u c i d a t e t h e s e q u e s t i -

o n s as they are not f u l l y c l a r i f i e d in the l i t e r a t u r e . T h e r e s u l t s 

of the p e r f o r m e d s i m u l a t i o n s can be p a r t l y c o n f i r m e d by e x p e r i m e n -

tal d a t a , and s u g g e s t the f o l l o w i n g : 

- a m i n o a c i d s can be q u a n t i t a t i v e l y i m p o r t a n t as s u b s t r a t e s for 

g l u c o s e synt he s i s 

- the need for liver g l u c o n e o g e n e s i s is r e d u c e d by i n c l u s i o n of 

p r o t e c t e d s t a r c h and p r o t e i n in the diet 

- the e f f i c i e n c y of e n e r g y and p r o t e i n u t i l i z a t i o n is i n c r e a s e d by 

i n c l u s i o n of p r o t e c t e d s t a r c h and p r o t e i n in the diet 
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- d i e t s of i d e n t i c a l c h e m i c a l c o m p o s i t i o n s , but w i t h d i f f e r e n t 

s t a r c h d e g r a d a b i I i t i e s , h a v e d i f f e r e n t net e n e r g y v a l u e s . 

It is c o n c l u d e d from t h e s e r e s u l t s , t h a t a s u f f i c i e n t l y r e a l i s t i c 

d y n a m i c , m e c h a n i s t i c m o d e l c o u l d be t h e b e s t t o o l for e v a l u a t i o n 

of d i f f e r e n t f e e d s and d i e t s for l a c t a t i n g c o w s . 

A d v a n t a g e s a n d d r a w b a c k s of t h e « o d e I . S o m e of the q u a l i t a t i v e 

p r o p e r t i e s of t h e m o d e l are d i s c u s s e d in t h i s s e c t i o n . A g e n e r a l 

a d v a n t a g e is t h a t w i t h m o d e l l i n g it is p o s s i b l e to a v o i d a c l a s s i -

cal p r o b l e m in a n i m a l s c i e n c e , n a m e l y t h a t an o b j e c t c a n n o t be 

s t u d i e d in d e t a i l w i t h o u t a f f e c t i n g t h e o b j e c t i t s e l f . It is ad-

m i t t e d , h o w e v e r , t h a t e x p e r i m e n t a l d a t a o b t a i n e d by t r a d i t i o n a l 

m e t h o d s a r e r e q u e s t e d for t h e c o n s t r u c t i o n and e v a l u a t i o n of mo-

d e l s . O t h e r g e n e r a l q u a l i t i e s c o n f i n e d to d y n a m i c m o d e l s a r e the 

g r e a t f l e x i b i l i t y of s u c h m o d e l s , and f u r t h e r that q u a n t i t a t i v e 

i m p a c t s of a c u t e m e t a b o l i c c h a n g e s on w h o l e a n i m a l p e r f o r m a n c e 

( i . e . m e t a b o l i c r e g u l a t i o n s ) can be s i m u l a t e d . In the p r e s e n t mo-

d e l a s i m p l e p r i n c i p l e to s i m u l a t e m e t a b o l i c r e g u l a t i o n is i n t r o -

d u c e d . T h i s p r i n c i p l e is b a s e d on the b i o l o g i c a l p h e n o m e n a of al-

l o s t e r i c e n z y m e r e g u l a t i o n . 

T h e d e f e c t s of t h e m o d e l are r e l a t e d to t h e g e n e r a l s t r u c t u r e of 

the m o d e l , r e g u l a t i o n of food i n t a k e , m i c r o b i a l g r o w t h in the 

d i g e s t i v e t r a c t , m e t a b o l i s m of m i n e r a l s a n d v i t a m i n s , r e g u l a t i o n 

of h o r m o n e s e c r e t i o n , r e g u l a t i o n of m a m m a r y g l a n d c a p a c i t y for 

m i l k s y n t h e s i s , and r e g u l a t i o n of e n e r g y m e t a b o l i s m . T h e g e n e r a l 

s t r u c t u r e of t h e m o d e l is s u f f e r i n g f r o m an i m p r o p e r w e i g h t i n g of 

t h e d e s c r i p t i o n of the p e r i p h e r a l t i s s u e s c o m p a r e d to t h e v i s c e r a l 

t i s s u e s . A n o t h e r p r o b l e m is that the m o d e l is d i f f i c u l t to e v a l u -

ate c o m p l e t e l y b e c a u s e of its s i z e and c o m p l e x i t y . T h e r a t e of 
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feed i n t a k e in t h e m o d e l is r e g u l a t e d o n l y by r u m e n f i l l and not 

by p r o d u c t s of d i g e s t i o n and m e t a b o l i s m . T h e s i m u l a t e d r a t e of 

m i c r o b i a l g r o w t h is d i r e c t l y p r o p o r t i o n a l to t h e r a t e of ATP syn-

t h e s i s i g n o r i n g the A T P r e q u i r e m e n t for m a i n t e n a n c e . T h e m e t a b o -

lism of m i n e r a l s and v i t a m i n s are not i n c l u d e d in t h e m o d e l , h e n c e 

t h e s e a r e n o t c o n s i d e r e d as l i m i t i n g f a c t o r s . T h e l e v e l s of m e t a -

b o l i c h o r m o n e s in the b l o o d d u r i n g the l a c t a t i o n a l p e r i o d a r e in 

t h e m o d e l b a s e d u p o n e m p i r i c a l data r a t h e r t h a n b e i n g d e t e r m i n e d 

by i n t r i n s i c and m e c h a n i s t i c e l e m e n t s . T h e m o d e l r e g u l a t e s the 

r a t e of m i l k s y n t h e s i s o n l y by s u b s t r a t e a v a i l a b i l i t y , and the 

s y n t h e t i c c a p a c i t y w i t h i n t h e m a m m a r y t i s s u e is not c h a n g e d w i t h 

p r o g r e s s i n g l a c t a t i o n . A s e r i o u s d r a w b a c k of the m o d e l is t h a t 

r a t e s of s u b s t r a t e o x i d a t i o n are not r e g u l a t e d at t h e t i s s u e level 

by the r e q u i r e m e n t for e n e r g y in s y n t h e t i c p a t h w a y s . T h i s m e a n s 

t h a t r a t e s of s y n t h e t i c p r o c e s s e s a r e a l s o not r e g u l a t e d by the 

a v a i l a b i l i t y of ATP and r e d u c e d c o f a c t o r s p r o d u c e d by s u b s t r a t e 

o x i d a t i o n s . T h e r e f o r e t h e m o d e l s i m u l a t i o n s are n o t e x p e c t e d to be 

s a t i s f a c t o r y in s i t u a t i o n s such as f a s t i n g or v e r y low f e e d in-

t a k e s , w h e r e e n e r g y s u p p l y is the l i m i t i n g f a c t o r . 

P e r s p e c t i v e s for u s e o f t h e m o d e l . In t h e f u t u r e t h e m o d e l can be 

u s e d in two a r e a s of s c i e n t i f i c w o r k : 

1 ) S t i m u l a t i o n of t h i n k i n g , f o r m u l a t i o n and e v a l u a t i o n of h y p o t h e -

s e s , and i d e n t i f i c a t i o n of l a c k i n g or f a l s e k n o w l e d g e . 

2 ) P r e d i c t i o n of a n i m a l p e r f o r m a n c e . 

W i t h i n the s e c o n d area t h e m o d e l c o u l d be a u s e f u l t o o l in s c r e e n -

ing of new feed r a t i o n s , for f i n d i n g the o p t i m u m c o m p o s i t i o n of 

f e e d r a t i o n s , and for d e v e l o p m e n t of a c o m p l e t e f e e d e v a l u a t i o n 

s y s t e m b a s e d u p o n the m e t a b o l i s m of a b s o r b e d n u t r i e n t s . 
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C o n c l u s i o n s . T h e f o l l o w i n g can be c o n c l u d e d f r M t h e d i s c u s s i o n of 

t h e p r e s e n t e d w o r k : 

- A d y n a m i c , d e t e r m i n i s t i c and m e c h a n i s t i c w h o l e a n i m a l m o d e l has 

b e e n d e v e l o p e d in a c c o r d a n c e w i t h its m a i n o b j e c t i v e : to s i m u l a -

te t h e c o n v e r s i o n of n u t r i e n t s t h r o u g h d i g e s t i o n a n d m e t a b o l i s m 

in t h e cow i n t o i n t e r m e d i a t e s u b s t a n c e s and f u r t h e r i n t o w a s t e 

p r o d u c t s and p r o d u c t s of m i l k and t i s s u e c o n s t i t u e n t s . H o w e v e r , 

t h i s o b j e c t i v e is not f u l l y a c h i e v e d , and the m o d e l n e e d s f u r -

t h e r d e v e l o p m e n t a n d a d j u s t m e n t s . 

- T h e m o d e l is b a s e d on a s t a t i c m o d e l of n u t r i e n t d i g e s t i o n a n d 

m e t a b o l i s m in t h e l a c t a t i n g d a i r y c o w . T h e s o l u t i o n s of the d y n -

a m i c m o d e l a r e t h e s a m e as t h o s e of the s t a t i c m o d e l w i t h r e g a r d 

to d a i l y flux r a t e s of m a t t e r t h r o u g h all m o d e l l e d t r a n s a c t i o n s . 

- T h e r e s u l t s of a s p e c i f i c f e e d i n g e x p e r i m e n t a r e s i m u l a t e d ac-

c u r a t e l y by t h e m o d e l a f t e r s o m e p a r a m e t e r a d j u s t m e n t s . 

- A n u m b e r of s i m u l a t e d r e s u l t s c o n c e r n e d w i t h d i g e s t i o n , l i v e r 

m e t a b o l i s m , m a m m a r y g l a n d m e t a b o l i s m , h o r m o n a l r e g u l a t i o n s and 

l a c t a t i o n a l p e r f o r m a n c e are in a g r e e m e n t w i t h i n d e p e n d e n t lite-

r a t u r e data . 

- T h e s i m u l a t e d r a t e s of g l u c o s e s y n t h e s i s from a m i n o a c i d s in t h e 

l i v e r and a c e t a t e m e t a b o l i s m in the m a m m a r y g l a n d d i f f e r from 

s o m e in vivo o b s e r v a t i o n s . T h e g e n e r a l v a l i d i t y of the e x p e r i -

m e n t a l r e s u l t s is d o u b t f u l , and m o r e w o r k s h o u l d be d e v o t e d to 

t h e s e q u e s t i o n s . 

- T h e m o d e l is v e r y f l e x i b l e and p o s s e s s e s a n e w , s i m p l e p r i n c i p l e 

of m o d e l l i n g a l l o s t e r i c r e g u l a t i o n s of p o o l s i z e s and r a t e s of 

t r a n s a c t i o n . 
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In f u t u r e w o r k 

as w e l l as for 

ve l o p m e n t of a 

m o d e l l i n g . 

K n o w l e d g e of a n i m a l d i g e s t i o n and m e t a b o l i s m can be e f f i c i e n t l y 

i m p r o v e d by c o m b i n i n g d i f f e r e n t e x p e r i m e n t a l m e t h o d s w i t h t h e 

m o d e l l i n g a p p r o a c h . 

the m o d e l can be u t i l i z e d in t h e o r e t i c a l r e s e a r c h 

p r e d i c t i v e p u r p o s e s . T h i s c o u l d lead to t h e d e -

c o m p l e t e feed e v a l u a t i o n s y s t e m b a s e d on d y n a m i c 
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S A M M E N D R A G 

K a p i t e l 1 : I N D L E D N I N G 

Er d e r b e h o v f o r » o d e l l e r ? D e t a l j e r e t b i o k e m i s k og f y s i o l o g i s k v i -

d e n i n d e n for o m r å d e t h u s d y r e r n æ r i n g ø g e s m e r e og m e r e . En e f f e k -

t i v u d n y t t e l s e af d e n n e v i d e n f o r u d s æ t t e r , at den kan v u r d e r e s i 

p e r s p e k t i v e t af d y r e n e s t o t a l e s t o f s k i f t e . Der er d e r f o r et v o k -

s e n d e b e h o v for at i n t e g r e r e n y e e r k e n d e l s e r om b i o l o g i s k e s a m m e n -

h æ n g e for d e r m e d at f o r b e d r e f o r s t å e l s e n af h u s d y r e n e s f y s i o l o g i 

og l i v s y t r i n g e r . O p b y g n i n g af t e o r e t i s k e d y r e m o d e l l e r er en m e t o d e 

t i l at o r g a n i s e r e e k s i s t e r e n d e v i d e n på en f o r n u f t i g m å d e . 

O p e r a t i o n e l l e m o d e l l e r af n æ r i n g s s t o f f e r n e s f o r d ø j e l s e og o m s æ t -

n i n g i et dyr kan i n t e g r e r e k v a n t i t a t i v e b e s k r i v e l s e r af v i g t i g e 

s t o f s k i f t e p r o c e s s e r s a m t v e k s e l v i r k n i n g e r m e l l e m f o r s k e l l i g e n æ -

r i n g s s t o f f e r . U d v i k l i n g og b r u g af s å d a n n e m o d e l l e r kan b i d r a g e 

t i l v i d e n s k a b e l i g e f r e m s k r i d t på f l e r e m å d e r : 

- f o r b e d r i n g af v o r e s f o r s t å e l s e af h u s d y r e r n e s f o r d ø j e l s e og 

n æ r i n g s s t o f o m s æ t n i n g 

- e r k e n d e l s e af m a n g l e n d e e l l e r m a n g e l f u l d v i d e n om k v a n t i t a t i v e 

e r n æ r i n g s m æ s s i g e s a m m e n h æ n g e 

- f o r b e d r i n g af g r u n d l a g e t for at o p s t i l l e h y p o t e s e r samt for at 

p l a n l æ g g e k r i t i s k e f o r s ø g til at a f p r ø v e d i s s e 

- m u l i g h e d e r for en m e r e p r æ c i s t o l k n i n g af f o r s ø g s r e s u l t a t e r . 
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D y r e m o d e l l e r kan k o n s t r u e r e s s å l e d e s , at de kan s i m u l e r e f o r d ø j e l 

s e s - og s t o f s k i f t e p r o c e s s e r og d e r m e d f o r u d s i g e d y r e n e s l i v s y t r i n 

g e r . A n v e n d e l s e af s å d a n n e m o d e l l e r - f o r u d s a t at de er t i l s t r æ k -

k e l i g t r e a l i s t i s k e - k u n n e f o r m i n d s k e det f r e m t i d i g e b e h o v for 

l a n g v a r i g e og k o s t b a r e f o d r i n g s f o r s ø g . 

D e f i n i t i o n af B o d e l l e r . En m o d e l er en s i m p l i f i c e r e t s y m b o l s k a f -

b i l d n i n g af et s y s t e m . S y s t e m e t , d e r r e p r æ s e n t e r e s af en d y r e m o -

d e l , er d y r e t s e l v s a m t en a n g i v e t del af d y r e t s m i l j ø , f . e k s . fo 

d e r e t . 

K v a n t i t a t i v e e l l e r m a t e m a t i s k e m o d e l l e r b e s t å r af L i g n i n g e r , som 

b e s k r i v e r det g i v n e s y s t e m s r e a k t i o n e r på f o r s k e l l i g e s t i m u l i el-

ler i n p u t . M a t e m a t i s k e m o d e l l e r kan k l a s s i f i c e r e s s o m : 

- s t a t i s k e e l l e r d y n a m i s k e 

- s t o k a s t i s k e e l l e r d e t e r m i n i s t i s k e 

- e m p i r i s k e e l l e r m e k a n i s t i s k e . 

S t a t i s k e m o d e l l e r i n d e h o l d e r i k k e t i d e n som en v a r i a b e l og kan 

d e r f o r i k k e b e s k r i v e t i d s a f h æ n g i g e r e a k t i o n e r i s y s t e m e t . D y n a m i -

s k e m o d e l l e r i n d e h o l d e r t i d e n som en v a r i a b e l og er v e l e g n e d e til 

at s i m u l e r e de k o n t i n u e r t e æ n d r i n g e r og t i l p a s n i n g e r , som f i n d e r 

s t e d i l e v e n d e d y r s s t o f s k i f t e p r o c e s s e r . 

S t o k a s t i s k e m o d e l l e r i n d e h o l d e r s a n d s y n l i g h e d s f o r d e l i n g e r s å l e d e s 

at m o d e l l e r n e f o r u d s i g e r i k k e b l o t de f o r v e n t e d e v æ r d i e r af m æ n g -

d e r og h a s t i g h e d e r , men o g s å d i s s e s v a r i a n s e r . D e t e r m i n i s t i s k e mo 

d e l l e r kan kun g i v e e n t y d i g e k v a n t i t a t i v e f o r u d s i g e l s e r . 
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M e k a n i s t i s k e m o d e l l e r er f o r k l a r e n d e , da de er b a s e r e d e på v i d e n 

o g / e l l e r t e o r i e r om de m e k a n i s m e r , der b e s t e m m e r s y s t e m e t s r e a k -

t i o n e r . E m p i r i s k e m o d e l l e r er d e r i m o d kun b a s e r e d e pS e k s p e r i m e n -

t e l l e o b s e r v a t i o n e r og i k k e på d i s s e s å r s a g s s a m m e n h æ n g e . 

P u b l i c e r e d e d y n a m i s k e m o d e l l e r . A d s k i l l i g e d y n a m i s k e m o d e l l e r af 

f o r s k e l l i g e b i o l o g i s k e s y s t e m e r er p u b l i c e r e t i l ø b e t af de s i d s t e 

15 i r . På h u s d y r o m r å d e t er der u d a r b e j d e t m o d e l l e r med m e g e t for-

s k e l l i g d e t a l j e r i n g s g r a d ( h i e r a r k i s k n i v e a u ) : e n k e l t e s t o f s k i f t e -

v e j e , v o m m e n og k r o p s v æ v hos f å r , m æ l k e k i r t l e n hos k ø e r , den tak-

t e r e n d e ko s a m t h e l e k v æ g b e s æ t n i n g e r . 

K a p i t e l 2 : O V E R O R M E T B E S K R I V E L S E AF B O D E L L E N 

B o d e l l e n s a r t og s t r u k t u r . H e n s i g t e n m e d det p r æ s e n t e r e d e a r b e j d e 

har v æ r e t at u d v i k l e en d y n a m i s k , d e t e r m i n i s t i s k og m e k a n i s t i s k 

m o d e l af en l a k t e r e n d e k o . M o d e l l e n s f o r m å l er at s i m u l e r e næ-

r i n g s s t o f f e r n e s o m d a n n e l s e g e n n e m k o e n s f o r d ø j e l s e s - og s t o f s k i f -

t e p r o c e s s e r tit m æ l k og t i l v æ k s t . 

M o d e l l e n er s a m m e n s a t af 9 d e l m o d e l l e r ( f i g u r e r n e 2 . 1 - 2 . 6 ) , som 

r e p r æ s e n t e r e r f o r s k e l l i g e o r g a n e r og v æ v i k o e n : f o r m a v e r , t a r m -

l urnen, t a r m v æ g , l e v e r , b l o d og e k s t r a c e l l u l æ r v æ s k e , m æ l k e k i r t e l , 

m u s k e l v æ v , f e d t v æ v s a m t a n d r e v æ v . 
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M o d e I l e n s t e r m i n o l o g i . M o d e l l e n s ti I s t a n d s v a r i a b l e er e n t e n k u l -

s t o f - e l l e r k v æ l s t o f p u l j e r . K u l s t o f p u l j e r n e er m æ r k e d e m e d C og 

r e p r æ s e n t e r e r k u l h y d r a t e r , li p i de r og a n d r e N - f r i o r g a n i s k e s t o f -

f e r . K v æ l s t o f p u l j e r n e r e p r æ s e n t e r e r p r o t e i n e r , p e p t i d e r og a m i n o -

s y r e r ( m æ r k e d e A ) , N H 3 / N H 4 + ( m æ r k e d e N) s a m t u r i n s t o f ( m a r k e d e U ) 

De a n v e n d t e e n h e d e r for m a s s e er m o l k u l s t o f (C) og m o l k v æ l s t o f 

(N) for h e n h o l d s v i s k u l s t o f - og k v æ l s t o f p u l j e r n e . A l l e m o d e l l e n s 

ti I s t a n d s v a r i a b l e med n a v n e , s y m b o l e r , e n h e d e r og i n i t i a l e n u m e r i -

s k e v æ r d i e r er a n f ø r t i t a b e l l e r n e 2 . 1 - 2 . 9 . 

S t r ø m n i n g s h a s t i g h e d e r n e af k u l s t o f og k v æ l s t o f m e l l e m p u l j e r er 

m æ r k e d e m e d h e n h o l d s v i s Rj ( m o l C / t i m e ) og Rj (mol N / t i m e ) b e g y n -

d e n d e med i = 1 0 0 og j = 0 . En s t r ø m n i n g s h a s t i g h e d i n t e g r e r e t o v e r 

24 t i m e r b e n æ v n e s en flux (F -j e l l e r Fj) og a n g i v e s som m o l C / d a g 

e l l e r m o l N / d a g . 

G e n e r e l l e m a t e m a t i s k e og b i o l o g i s k e p r i n c i p p e r . M o d e l l e n s d y n a m i -

s k e e g e n s k a b e r o p n å s ved a n v e n d e l s e af d i f f e r e n t i a l l i g n i n g e r til 

at b e s k r i v e k o n t i n u e r t e æ n d r i n g e r i de ti l s t a n d s v a r i ab l e . De ha-

s t i g h e d s v a r i a b l e er b e s k r e v e t ved h j æ l p af l i g n i n g e r , som er m a t e -

m a t i s k e f o r m u l e r i n g e r af e n t e n M i c h a e l i s - M e n t e n e n z y m k i n e t i k e l l e r 

f ø r s t e o r d e n s m a s s e v i r k n i n g s k i n e t i k . 

1 n o g l e af h a s t i g h e d s l i g n i n g e r n e , der b e s k r i v e r e n z y m k i n e t i k , 

r e g u l e r e s a f f i n i t e t s k o n s t a n t e n s n u m e r i s k e v æ r d i af d e n a k t u e l l e 

m a s s e af s u b s t r a t - e l l e r p r o d u k t p u l j e n (en ti l s t a n d s v a r i a b e l ) . 

M o d e l l e n kan pi d e n n e m å d e s i m u l e r e p r i n c i p p e t for a l l o s t e r i s k 

e n z y m r e g u l e r i n g . 
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I n p u t p a r a m e t r e o g o u t p u t v a r i a b l e . P a r a m e t e r v æ r d i e r til b e s k r i -

v e l s e af f o d e r e t s k e m i s k e s a m m e n s æ t n i n g s a m t k o e n s l e g e m s v æ g t og 

l a k t a t i o n s s t a d i u m er n ø d v e n d i g e som m o d e l l e n s i n p u t d a t a . Ud fra 

d e n n e i n f o r m a t i o n b e r e g n e r m o d e l l e n på e t h v e r t t i d s p u n k t af et 

" m o d e l d ø g n " d e n n u m e r i s k e v æ r d i af a l l e ti I s t a n d s v a r i a b l e , h a s t i g -

h e d s v a r i ab le s a m t s t o f s t r ø m m e C f l u x e r ) v i s t i f i g u r e r n e 2 . 1 - 2 . 6 . 

F ø l g e n d e v a r i a b l e b e r e g n e s h e r u d o v e r ud fra r e l e v a n t e s t o f s t r ø m m e 

for at r e l a t e r e s i m u l e r i n g s r e s u l t a t e r n e t i l d y r e t s s a m l e d e l i v s y t -

r i n g e r : 

- t ø r s t o f o p t a g e l s e ( k g / d a g ) 

- m æ l k e y d e l s e ( k g / d a g ) 

- m æ l k e n s s a m m e n s æ t n i n g C g / k g ) 

- t i l v æ k s t ( k g / d a g ) 

- e n e r g i b a l a n c e ( M J / d a g ) 

- e n e r g i i m æ l k ( M J / d a g ) 

- o p t a g e l s e af b r u t t o e n e r g i ( M J / d a g ) 

- e n e r g i t a b ( M J / d a g ) 

- o p t a g e l s e af n e t t o e n e r g i ( M J / d a g ) . 

M o d e l l e n s s t ø r r e l s e o g d e a n v e n d t e p r o g r a m m e r i n g s s p r o g . M o d e l l e n 

b e s t å r af 77 ti I s t a n d s v a r i a b l e og m e r e e n d 1 5 0 0 l i g n i n g e r , h v o r a f 

c a . 3 4 0 er d i f f e r e n t i a l l i g n i n g e r . Det t i l h ø r e n d e E D B - p r o g r a m er 

f o r m u l e r e t i p r o g r a m m e r i n g s s p r o g e t C S M P I I I , men en s t o r del af 

b e r e g n i n g e r n e er p r o g r a m m e r e t som F O R T R A N s u b r u t i n e r . S t a t i s t i s k e 

b e r e g n i n g e r og g r a f i s k f r e m s t i l l i n g af o u t p u t v a r i a b l e u d f ø r e s ved 

h j æ l p af s æ r l i g e SAS p r o g r a m m e r . 
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ipi te L 3 : D E T A L J E R E T B E S K R I V E L S E å f R O D E L L E N 

• e m g a n g s m å d e f o r B o d e l l e n s o p b y g n i n g . En s t a t i s k m o d e l er a n v e n d t 

>m g r u n d l a g for u d v i k l i n g e n af den d y n a m i s k e m o d e l . Den s t a t i s k e 

» d e l , der er b a s e r e t på p u b l i k a t i o n e r af H v e I p l u n d ( 1 9 8 3 ) og D a n -

ir ( 1 9 8 3 b ) , b e s k r i v e r f o d e r o p t a g e l s e , n æ r i n g s s t o f s t r ø m g e n n e m 

• o p p e n , m æ l k e y d e l s e og t i l v æ k s t hos en m a l k e k o i t i d l i g l a k t a -

on . Den d a g l i g e f o d e r o p t a g e l s e er 1 7 . 9 kg t ø r s t o f af en g i v e n 

i m m e n s æ t n i n g , m æ l k e y d e l s e n er 30 k g / d a g , og v æ g t æ n d r i n g e n er - 0 . 5 

l/dag. F o d e r r a t i o n e n er et f u l d f o d e r g i v e t e f t e r æ d e l y s t . 

f f e r e n t i a l l i g n i n g e r og hjæ l pe l i g n i n g e r i d e n d y n a m i s k e m o d e l er 

r n æ s t d e f i n e r e d e , h v o r e f t e r t i I s t a n d s v a r i ab le og l i g n i n g s p a r a m e -

e er t i l d e l t n u m e r i s k e v æ r d i e r . De n u m e r i s k e v æ r d i e r er u d l e d t 

a l i t t e r a t u r e n e l l e r a n t a g e t som v æ r e n d e b i o l o g i s k s a n d s y n l i g e . 

d e l i g er p a r a m e t e r v æ r d i e r n e j u s t e r e t e f t e r g e n t a g n e s i m u l e r i n -

r , i n d t i l d e n d y n a m i s k e m o d e l har g i v e t de s a m m e l ø s n i n g e r som 

n s t a t i s k e m o d e l med h e n s y n til f o d e r o p t a g e l s e , n æ r i n g s s t o f -

r ø m m e , m æ l k e y d e l s e og t i l v æ k s t s a m t g e n e r e l e n e r g i o m s æ t n i n g . 

B - p r o g r a n n e r . M o d e l l e n s h o v e d d e l er b e s k r e v e t i p r o g r a m m e r i n g s -

r o g e t C S M P I I I og b e s t å r af 3 s e g m e n t e r : I N I T I A L , D Y N A M I C og 

R M I N A L . 

I TI AL s e g m e n t e t i n d e h o l d e r de o r d r e r ( s t a t e m e n t s ) , som kun u d f ø -

s én g a n g ved b e g y n d e l s e n af h v e r s i m u l e r i n g s k ø r s e l ( r u n ) . En 

rsel er en s imu l e r i n g s p e r i o d e , d e r s v a r e r til 1 " m o d e l d ø g n " . 



F O R T R A N s u b r u t i n e r med h a s t i g h e d s l i g n i n g e r og r e g u l e r e n d e l i g n i n -

g e r k a l d e s til u d f ø r e l s e fra D Y N A M I C s e g m e n t e t , og i n t e g r a t i o n af 

d i f f e r e n t i a l l i g n i n g e r f o r e t a g e s ind i m e l l e m b e r e g n i n g af s u b r u t i -

n e r . A l l e o r d r e r i D Y N A M I C s e g m e n t e t og i F O R T R A N s u b r u t i n e r n e ud 

f ø r e s for h v e r t i n t é g r â t i o n s t r i n i n d t i l a f s l u t n i n g e n af en k ø r s e l 

O r d r e r i T E R M I N A L s e g m e n t e t u d f ø r e s kun i s l u t n i n g e n af h v e r k ø r -

s e l . F O R T R A N s u b r u t i n e r , der k a l d e s fra d e n n e d e l af p r o g r a m m e t , 

t i l l a d e r t i I s t a n d s va r i ab le og r e g u l e r e d e p a r a m e t r e at b e h o l d e de 

ved s l u t n i n g e n af en k ø r s e l o p n å e d e n u m e r i s k e v æ r d i e r som b e g y n -

d e l s e s v æ r d i e r i den e f t e r f ø l g e n d e k ø r s e l . 

O u t p u t v a r i a b l e fra C S M P III p r o g r a m m e t o r g a n i s e r e s i et d a t a s æ t , 

som d a n n e s ved h j æ l p af et SAS p r o g r a m . De v a r i a b l e kan fra d e t t e 

d a t a s æ t u n d e r k a s t e s s t a t i s t i s k e b e h a n d l i n g e r , y d e r l i g e r e b e r e g n i n 

g e r s a m t g r a f i s k f r e m s t i l l i n g m e d et a n d e t SAS p r o g r a m . 

De a n v e n d t e p r o g r a m m e r er v i s t i A p p e n d i k s 1 - 4 . 

De e n k e l t e l i g n i n g e r , t i I s t a n d s v a r i a b l e o g p a r a m e t r e . I d e t t e a f -

s n i t er m o d e l l e n b e s k r e v e t i d e t a l j e r , h v e r d e l m o d e l for s i g . De 

e n k e l t e l i g n i n g e r er d e f i n e r e d e , og ti I s t a n d s v a r i a b l e s a m t p a r a m e 

t r e er t i l l a g t n u m e r i s k e v æ r d i e r . De i n d i v i d u e l l e n æ r i n g s s t o f -

s t r ø m m e er p r i m æ r t u d l e d t fra d e n s t a t i s k e m o d e l , og de n u m e r i s k e 

v æ r d i e r af t i I s t a n d s v a r i a b l e og p a r a m e t r e er b e s t e m t ved s k ø n el-

ler ud fra l i t t e r a t u r e n . A l l e t i I s t a n d s v a r i a b l e og l i g n i n g s p a r a m e 

t r e m e d d e r e s o p r i n d e l i g e s å v e l som d e r e s e n d e l i g t j u s t e r e d e vær 

d i e r er v i s t i A p p e n d i k s 5 - 8 . 
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K a p i t e l 4 : R E S U L T A T E R AF M O D E L S I M U L E R I N G E R 

S a m m e n l i g n i n g af r e s u l t a t e r f r a d e n d y n a m i s k e o g d e n s t a t i s k e B o -

d e l , R e s u l t a t e r n e fra den s t a t i s k e m o d e l er s a m m e n l i g n e t m e d de 

s t o f s t r ø m m e (F -j , F j ) , som er b e r e g n e t af den d y n a m i s k e m o d e l , Nog l 

af r e s u l t a t e r n e fra d e n d y n a m i s k e m o d e l er y d e r l i g e r e v u r d e r e t i 

f o r h o l d til e k s p e r i m e n t e l l e d a t a , d e r ikke har v æ r e t a n v e n d t som 

g r u n d l a g for u d v i k l i n g af m o d e l l e n . 

De p r æ s e n t e r e d e r e s u l t a t e r fra d e n d y n a m i s k e m o d e l er g e n n e m s n i t 

af 10 s i m u l e r i n g s k ø r s l e r (run 2 6 - 3 5 ) , idet de f ø r s t e 25 k ø r s l e r 

b e t r a g t e s som en p e r i o d e til i n d s t i l l i n g af m o d e l l e n s l i g e v æ g t . E 

f u l d s t æ n d i g f o r t e g n e l s e o v e r a l l e næ r i n g s s t o f s t r ø m m e s i m u l e r e t af 

d e n d y n a m i s k e m o d e l er v i s t i A p p e n d i k s 9 s a m m e n med r e s u l t a t e r 

fra d e n s t a t i s k e m o d e l . 

A l l e d y n a m i s k e s i m u l e r i n g s r e s u l t a t e r er n æ s t e n i d e n t i s k e m e d de 

t i l s v a r e n d e b e r e g n e t i den s t a t i s k e m o d e l . D a g l i g f o d e r o p t a g e l s e , 

m æ l k e y d e l s e , v æ g t æ n d r i n g s a m t g e n e r e l e n e r g i om s æ t n i n g er a n f ø r t i 

t a b e l l e r n e 4.1 og 4 . 2 . A s p e k t e r af f o r d ø j e l s e og a b s o r p t i o n fra 

f o r d ø j e l s e s k a n a l e n s a m t af n æ r i n g s s t o f o m s æ t n i n g e n i l e v e r , m æ l k e -

k i r t e l og k r o p s v æ v er v i s t i t a b e l l e r n e 4 . 3 - 4 . 9 . 

De n u m e r i s k e v æ r d i e r af ti l s t a n d s v a r i b a l e og l i g n i n g s p a r a m e t r e er 

b l e v e t j u s t e r e t u n d e r g e n t a g n e s i m u l e r i n g e r m e d det f o r m å l , at de 

d y n a m i s k e m o d e l l ø s n i n g e r s k u l l e v æ r e t æ t t e s t m u l i g t på r e s u l t a t e r -

n e fra den s t a t i s k e m o d e l . V e d d e n n e f r e m g a n g s m å d e er et r e l a t i v t 

l i l l e a n t a l p a r a m e t e r v s r d i e r æ n d r e t m e r e end 1 0 0 % fra de o p r i n d e -

ligt u d l e d t e v æ r d i e r . D i s s e p a r a m e t r e er a n f ø r t i t a b e l 4 . 1 1 . 
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D ø g n v a r i a t i o n e r i n æ r i n g s s t o f p u l j e r , a f f i n i t e t s k o n s t a n t e r o g p r o -

c e s h a s t i g h e d e r . E k s e m p l e r på v a r i a t i o n e r i n d e n for en s i m u l e r i n g s -

k ø r s e l af ti l s t a n d s v a r i ab l e , hast i g h e d s v a r i ab le s a m t r e g u l e r e d e 

a f f i n i t e t s k o n s t a n t e r er p r æ s e n t e r e t i d e t t e a f s n i t . De v a l g t e ek-

s e m p l e r er fra d e l m o d e l l e r af f o r m a v e r n e ( f i g u r e r n e 4 . 1 - 4 . 1 9 ) , 

t a r m k a n a l e n ( f i g u r e r n e 4 . 2 0 - 4 . 2 5 ) , l e v e r e n ( f i g u r e r n e 4 . 2 6 - 4 . 3 0 ) , 

d e t p e r i f e r e b l o d ( f i g u r e r n e 4 . 3 1 - 4 . 4 1 ) s a m t m æ l k e k i r t l e n og 

k r o p s v æ v e n e ( f i g u r e r n e 4 . 4 2 - 4 . 4 7 ) . 

De m e g e t t y d e l i g e d ø g n v a r i at i o n e r i f o r m a v e r n e s n æ r i n g s s t o f p u l j e r 

og a b s o r p t i o n s h a s t i g h e d e r f o r å r s a g e t af f o d e r o p t a g e l s e s m ø n s t r e t 

( f i g u r 4 . 1 ) er m e r e e l l e r m i n d r e u d j æ v n e d e i b l o d e t s n æ r i n g s s t o f -

p u l j e r s a m t i v æ v e n e s n æ r i n g s s t o f o p t a g e l s e . 

A l l e pa r a m e t e r v æ r d i er v e n d e r t i l b a g e til e l l e r n æ r m e r sig d e r e s 

b e g y n d e l s e s v æ r d i e r ved s l u t n i n g e n af en k ø r s e l , s e l v om de s i m u l e -

r e d e f l u k t u a t i o n e r af p a r a m e t r e n e i n o g l e t i l f æ l d e er m e g e t s t o r e 

og u r e g e l m æ s s i g e i løbet af " m o d e l d ø g n e t " . 

Plode l i e n s s t a b i l i t e t . Den d y n a m i s k e m o d e l er v u r d e r e t m e d h e n s y n 

t i l s t a b i l i t e t ved at u n d e r s ø g e s i m u l e r i n g e r n e s r e p r o d u c e r b a r h e d i 

f l e r e på h i n a n d e n f ø l g e n d e k ø r s l e r . M i d d e l v æ r d i e r , s t a n d a r d a f v i -

g e l s e r s a m t m i n i m u m - og m a k s i m u m v æ r d i e r af n o g l e o u t p u t v a r i a b l e 

fra 10 s i m u l e r i n g s k ø r s l e r (run 2 6 - 3 5 ) er v i s t i t a b e l 4 . 1 2 . V a r i a -

t i o n e r n e m e l l e m k ø r s l e r af de u d v a l g t e s i m u l e r i n g s r e s u l t a t e r er 

små og r e p r æ s e n t a t i v e for a l l e a n d r e o u t p u t v a r i a b l e i m o d e l l e n . 

M o d e l s t a b ili t e t e n er d e s u d e n v u r d e r e t e f t e r 5 0 0 s i m u l e r i n g s k ø r s -

l e r . M i d d e l v æ r d i e r , s t a n d a r d a f v i g e l s e r , m i n i m u m - og m a k s i m u m v æ r -

d i e r for t ø r s t o f o p t a g e l s e , m æ l k e y d e l s e s a m t t i l v æ k s t er a n f ø r t for 

s å v e l h v e r 50 som for a l l e 500 k ø r s l e r ( t a b e l 4 . 1 3 ) . S t a b i l i t e t e n s 

u d v i k l i n g for d i s s e o u t p u t v a r i a b l e er v i s t g r a f i s k i f i g u r 4 . 4 8 . 
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K a p i t e l 5 : A N V E N D E L S E A F M O D E L L E N 

D e t t e k a p i t e l o m h a n d l e r m o d e l l e n s a n v e n d e l s e til s i m u l e r i n g af si-

t u a t i o n e r m e d a n d r e f o r u d s æ t n i n g e r end d e , der l i g g e r til g r u n d 

for m o d e l l e n s o p b y g n i n g ( d . v . s . en i k k e - d r æ g t i g k o , d e r f o d r e s ef-

ter æ d e l y s t med et f u l d f o d e r af en g i v e n s a m m e n s æ t n i n g , 44 d a g e 

e f t e r k æ l v i n g ) . 

S i m u l e r i n g af m æ l k e y d e l s e o g t i L v a k s t g e n n e m l a k t a t i o n s p e r i o d e n . 

Den æ n d r e d e n æ r i n g s s t o f f o r d e l i n g hen i g e n n e m l a k t a t i o n s p e r i o d e n er 

i m o d e l l e n r e g u l e r e t ved h j æ l p af s i m u l e r e d e æ n d r i n g e r i k o n c e n -

t r a t i o n e n af c i r k u l e r e n d e s t o f s k i f t e h o r m o n e r . M o d e l l e n kan h e r v e d 

s i m u l e r e en f a l d e n d e m æ l k e y d e l s e og s t i g e n d e t i l v æ k s t m e d ø g e t af-

s t a n d fra k æ l v i n g . 

Der er p r æ s e n t e r e t r e s u l t a t e r af 2 s i m u l e r i n g e r . 1 d e n f ø r s t e er 

m æ l k e y d e l s e , t i l v æ k s t og k o e n s l e g e m s v æ g t s i m u l e r e t i f o r s k e l l i g e 

s t a d i e r af l a k t a t i o n s p e r i o d e n med den o p r i n d e l i g e v e r s i o n af mo-

d e l l e n , som den er b e s k r e v e t i k a p i t e l 4 . I den a n d e n s i m u l e r i n g 

er de n u m e r i s k e v æ r d i e r af n o g l e få p a r a m e t r e æ n d r e d e for at ef-

t e r l i g n e en æ n d r e t f ø l s o m h e d i v æ v e n e for de r e g u l e r e n d e s t o f -

sk i f t e h o r m o n e r . D i s s e æ n d r i n g e r m e d f ø r e r , at m o d e l l e n kan s i m u l e r e 

l i v s y t r i n g e r n e hos en ko m e d h ø j e r e k a p a c i t e t for m æ l k e y d e l s e og 

m i n d r e k a p a c i t e t for t i l v æ k s t . De r e s u l t e r e n d e k u r v e r for m æ l k e -

y d e l s e , t i l v æ k s t og l e g e m s v æ g t g e n n e m l a k t a t i o n e n er v i s t i f i g u r 

5 . 1 . 

De 2 sæt s i m u l e r e d e k u r v e r v i s e r , h v o r d a n k ø e r med f o r s k e l l i g 

v æ v s f ø I s o m h e d for s t o f s k i f t e h o r m o n e r ( f o r s k e l l i g g e n e t i s k k a p a c i -
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tet for m æ l k e p r o d u k t i o n ) kan r e a g e r e på det s a m m e f o d e r i løbet af 

l a k t a t i o n s p e r i o d e n . 

S i m u l e r i n g af v a k s t h o r m o n b e h a n d l i n g . K o r t v a r i g b e h a n d l i n g m e d 

v æ k s t h o r m o n pi 2 t i d s p u n k t e r i l a k t a t i o n e n , 73 og 2 5 7 d a g e e f t e r 

k æ l v i n g , er s i m u l e r e t m e d m o d e l l e n . M æ l k e y d e l s e n ø g e s kurvi l i n e æ r t 

m e d s t i g e n d e " d o s e r " v æ k s t h o r m o n - b å d e i t i d l i g og sen l a k t a t i o n 

( f i g u r e r n e 5.2 og 5 . 3 ) . D e n r e l a t i v e s t i g n i n g i m æ l k e y d e l s e er me-

g e t h ø j e r e i sen e n d i t i d l i g l a k t a t i o n . A n d r e s i m u l e r e d e v i r k n i n -

g e r af b e h a n d l i n g e n e r : u æ n d r e t f o d e r o p t a g e l s e , l a v e r e e n e r g i b a -

l a n c e , l a v e r e k o n c e n t r a t i o n e r af g l u k o s e og i n s u l i n i b l o d e t s a m t 

f o r ø g e t k o n c e n t r a t i o n af f r i e f e d t s y r e r . 

F o d e r e t s u d n y t t e l s e t i l mæ l kep r o d u k t i on ( u d t r y k t som kg m æ l k p r . 

e n h e d n e t t o e n e r g i ) kan b e t r a g t e s som et mål for f o r d e l i n g e n af n æ -

r i n g s s t o f f e r m e l l e m m æ l k e k i r t e l og k r o p s v æ v . D e t kan d e r f o r f o r -

v e n t e s , at d e n n e p a r a m e t e r er p o s i t i v t k o r r e l e r e t m e d f o r h o l d e t 

m e l l e m k o n c e n t r a t i o n e r n e af v æ k s t h o r m o n og i n s u l i n i b l o d e t . F i g u r 

5 . 4 v i s e r , at m o d e l l e n kan s i m u l e r e en s å d a n s a m m e n h æ n g . 

S i au ler i ng af et f o d r i n g s f o r s ø g . M o d e l l e n er i d e t t e a f s n i t an-

v e n d t til at e f t e r l i g n e r e s u l t a t e r n e af et fodr i n g s f o r s ø g p u b l i -

c e r e t af K r o h n 8 K o n g g a a r d ( 1 9 8 7 ) . K ø e r n e i d e t t e f o r s ø g b l e v t i l -

b u d t et f u l d f o d e r e f t e r æ d e l y s t . R e s u l t a t e r af 3 s i m u l e r i n g e r er 

p r æ s e n t e r e t . I d e n f ø r s t e s i m u l e r i n g er m o d e l l e n a n v e n d t i sin op-

r i n d e l i g e v e r s i o n m e d u n d t a g e l s e af de p a r a m e t e r v æ r d i e r , som b e -

s k r i v e r f o r s ø g s b e t i n g e l s e r n e ( f o d e r e t s s a m m e n s æ t n i n g samt k ø e r n e s 

v æ g t og l a k t a t i o n s s t a d i u m ) . Den a n d e n s i m u l e r i n g er u d f ø r t e f t e r 

æ n d r i n g e r af n o g l e i n t e r n e m o d e l p a r a m e t r e , der m e d f ø r e r en æ n d r e t 

n æ r i n g s s t o f f o r d e l i n g . A n d r e p a r a m e t e r v æ r d i e r , der har b e t y d n i n g 
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for n æ r i n g s s t o f o p t a g e l s e og f e d t v æ v e t s s t o f s k i f t e , er æ n d r e t ved 

d e n t r e d i e s i m u l e r i n g . 

Den f ø r s t e s i m u l e r i n g u n d e r v u r d e r e r m æ l k e y d e l s e n og o v e r v u r d e r e r 

d e n o p n å e d e t i l v æ k s t . Den a n d e n s i m u l e r i n g u n d e r e s t i m e rer t i l v æ k -

s t e n . I den t r e d i e s i m u l e r i n g ( t a b e l 5 . 3 ) er f o r s k e l l e n e m e g e t små 

m e l l e m de e k s p e r i m e n t e l l e og de s i m u l e r e d e r e s u l t a t e r ( f o d e r o p t a -

g e l s e , m æ l k e y d e l s e og - s a m m e n s æ t n i n g s a m t t i l v æ k s t ) . 

S i m u l e r e t r e g u l e r i n g af g l u k o n e o g e n e s e n . A m i n o s y r e r n e s b e t y d n i n g 

som s u b s t r a t e r for s y n t e s e n af g l u k o s e er en v i g t i g f a k t o r for 

p r o t e i n u d n y t t e l s e n til m æ l k e p r o d u k t i o n . D e t t e a s p e k t af det i n t e r -

m e d i ae re st _ if d e n n u v æ r e n d e e k s p e -

r i m e n t e l l e v i d e n . M o d e l l e n er på d e n n e b a g g r u n d a n v e n d t til at be-

l y s e f ø l g e n d e s p ø r g s m å l : 

- H v o r m e g e t g l u k o s e d a n n e s i l e v e r e n ud fra h e n h o l d s v i s p r o p i o n a t 

og a m i n o s y r e r u n d e r f o r s k e l l i g e f o d r i n g s b e t i n g e l s e r ? 

- H v o r d a n r e g u l e r e s d a n n e l s e n af g l u k o s e fra h e n h o l d s v i s p r o p i o n a t 

og am i n o s y r e r ? 

M e d d e t t e f o r m i l er der s i m u l e r e t et f o r s ø g , h v o r i 3 f o r s k e l l i g e 

f o d e r r a t i o n e r er a n v e n d t til m a l k e k ø e r i t i d l i g l a k t a t i o n . D i s s e 

r a t i o n e r ( t a b e l 5 . 4 ) er k a r a k t e r i s e r e d e ved 1 ) et højt s t i v e l s e s -

i n d h o l d ( H S ) , 2 ) et h ø j t p r o t e i n i n d h o l d ( H P ) , og ved 3) at s t i v e l -

se og p r o t e i n er d e l v i s t b e s k y t t e t mod f o r g æ r i n g i f o r m a v e r n e 

(BS P ) . 

S i m u l e r i n g s r e s u l t a t e r n e ( t a b e l 5 . 5 ) v i s e r , at g l u k o n e o g e n e s e n s ha-

s t i g h e d er s t ø r r e m e d r a t i o n HS (16 mol g l u k o s e / d a g ) end m e d de 2 
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ø v r i g e r a t i o n e r ( 1 3 - 1 4 m o l / d a g ) , at b i d r a g e t fra p r o p i o n a t til 

d a n n e l s e n af g l u k o s e er h ø j e r e m e d r a t i o n HS ( 8 1 % ) e n d m e d de an-

d r e r a t i o n e r ( 6 5 % ) , s a m t at b i d r a g e t fra a m i n o s y r e r er m i n d s t med 

r a t i o n HS (3%) og s t ø r s t m e d r a t i o n HP ( 2 0 % ) . T i l g æ n g e l i g h e d e n af 

p r o p i o n a t er s t ø r s t m e d r a t i o n H S , h v o r i m o d t i l g æ n g e l i g h e d e n af 

a m i n o s y r e r er n æ s t e n d e n s a m m e ved a l l e 3 r a t i o n e r . F o r h o l d e t m e l -

lem k o n c e n t r a t i o n e r n e af g l u k a g o n og i n s u l i n i b l o d e t er h ø j e s t 

m e d r a t i o n HP og l a v e s t m e d r a t i o n BSP . 

B i d r a g e n e fra h e n h o l d s v i s p r o p i o n a t og a m i n o s y r e r til s y n t e s e n af 

g l u k o s e er i m o d e l l e n r e g u l e r e t d e l s af s u b s t r a t t i I g æ n g e l i g h e d e n 

og d e l s af s t o f s k i f t e h o r m o n e r n e , g l u k a g o n og i n s u l i n . D e t t e for-

k l a r e r de s i m u l e r e d e f o r s k e l l e m e l l e m de a n v e n d t e f o d e r r a t i o n e r . 

R a t i o n BS P , som i n d e h o l d e r b e s k y t t e t s t i v e l s e og p r o t e i n , ø g e r så-

v e l d e n s i m u l e r e d e m æ l k e y d e l s e som d e n s i m u l e r e d e u d n y t t e l s e s g r a d 

af e n e r g i og p r o t e i n . V i r k n i n g e r n e af at ø g e s t i v e l s e n s b e s k y t t e l -

se s g r ad er u n d e r s ø g t i et a n d e t s i m u l e r i n g s f o r s ø g . R e s u l t a t e r n e 

h e r a f er v i s t i f i g u r e r n e 5 . 5 - 5 . 8 og kan r e s u m e r e s som f ø l g e r : 

- n e d s a t f o d e r o p t a g e l s e s a m t n e d s a t a b s o r p t i o n af p r o p i o n a t og 

a m i n o s y r e r 

- ø g e t a b s o r p t i o n af g l u k o s e og n e d s a t g l u k o n e o g e n e s e 

- ø g e t m æ l k e y d e l s e , men n e d s a t e n e r g i ud ski l le l se i m æ l k e n 

- f o r s k e l l i g t i n d h o l d af n e t t o e n e r g i i t ø r s t o f med s a m m e k e m i s k e 

s a m m e n s æ t n i n g . 
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K a p i t e l 6 : D I S K U S S I O N O S K O N K L U S I O N E R 

M o d e l f o r « a l og v u r d e r i n g s k r i t e r i e r . K a p i t l e t i n d l e d e s m e d en kort 

g e n n e m g a n g af m e t o d i k k e n ved o p b y g n i n g e n af m o d e l l e r s a m t af de 

g r u n d l æ g g e n d e p r i n c i p p e r for m o d e l e v a l u e r i n g . 

H o v e d f o r m å l e t med den p r æ s e n t e r e d e m o d e l er at s i m u l e r e n æ r i n g s -

s t o f f e r n e s o m d a n n e l s e g e n n e m f o r d ø j e l s e s - og s t o f s k i f t e p r o c e s s e r i 

d e n t a k t e r e n d e ko til i n t e r m e d i æ r e s t o f f e r og v i d e r e til a f f a l d s -

s t o f f e r s a m t til m æ l k e - og v æ v s k o m p o n e n t e r . En s å d a n g e n e r e l m o d e l 

kan s a m t i d i g t o p f y l d e f l e r e d e l m i l : 

Ci) f o r u d s i g e l s e af f o r s k e l l i g e f o d e r r a t i o n e r s v i r k n i n g pi k o e n s 

l i v s y t r i n g e r i f o r s k e l l i g e l a k t a t i o n s s t a d i e r . 

( i i ) V u r d e r i n g af den f y s i o l o g i s k e og b i o k e m i s k e f o r s t å e l s e af 

g r u n d l æ g g e n d e f a k t o r e r for d y r e n e s l i v s y t r i n g e r . 

(i i i) V u r d e r i n g af nye h y p o t e s e r om r e g u l e r i n g af n æ r i n g s s t o f f e r -

n e s f o r d ø j e l s e og o m s æ t n i n g hos m a l k e k ø e r . 

K r i t e r i e r n e for v u r d e r i n g af m o d e l l e n a f h æ n g e r af d e n s f o r m å l . En 

v u r d e r i n g i f o r h o l d til f o r m å l (i) kan f o r e t a g e s ved at s a m m e n -

ligne s i m u l e r i n g s r e s u l t a t e r n e med et b r e d t u d s n i t af e k s p e r i m e n -

t e l l e d a t a fra f o d r i n g s f o r s ø g , f o r d ø j e l i g h e d s f o r s ø g s a m t s t o f s k i f -

t e u n d e r s ø g e l s e r i v i s c e r a l e og p e r i f e r e v æ v . M o d e l l e n kan b e d ø m m e s 

med h e n s y n til f o r m å l (i i) ved at u n d e r s ø g e de s i m u l e r e d e d e l p r o -

c e s s e r s f u n k t i o n e r i f o r h o l d til d a t a om r e g u l e r i n g af n æ r i n g s -

s t o f o m s æ t n i n g e n i i n d i v i d u e l l e v æ v . N å r d i s s e d e l m å l er n å e t , kan 

m o d e l l e n a c c e p t e r e s til sit h o v e d f o r m å l . M o d e l l e n s a n v e n d e l i g h e d , 

h v a d f o r m i l ( i i i ) a n g å r , v i l f o r b e d r e s e f t e r h å n d e n , som m o d e l l e n 

u d v i k l e s til at o p f y l d e h o v e d f o r m å l e t . 



B e d ø m m e l s e af n o d e l i e n . Et a n t a l s i m u l e r e d e p r o c e s s e r i f o r d ø j e l -

s e s k a n a l e n , l e v e r e n og de p e r i f e r e v æ v er s a m m e n l i g n e t med d a t a 

fra l i t t e r a t u r e n for at v u r d e r e m o d e l l e n s e g e n s k a b e r med h e n b l i k 

på f o r u d s i g e l s e af k o e n s l i v s y t r i n g e r ( f o r m å l i ) , f ø l g e n d e s i m u l e 

r e d e p r o c e s s e r er i o v e r e n s s t e m m e l s e m e d e k s p e r i m e n t e l l e r e s u l t a -

t e r : 

F o r d ø j e l s e s k a n a l e n 

- T i l s y n e l a d e n d e " d af o r g a n i s k stof i f o r m a v e r n e 

- V F A - p r o d u k t i on i f o r m a v e r n e 

- M i k r o b i e l v æ k s t og p r o t e i n s y n t e s e i f o r m a v e r n e 

- N e d b r y d n i n g af f o d e r p r o t e i n i f o r m a v e r n e 

- F o r d ø j e l i g h e d af a m i n o s y r e r i t y n d t a r m e n . 

L e v e r e n 

- D a n n e l s e af g l u k o s e ud fra p r o p i o n a t og a m i n o s y r e r 

- U r i n s t o f s y n t e s e 

- V a r m e p r o d u k t i o n . 

M æ l k e k i r t l e n 

- O p t a g e l s e af g l u k o s e 

- G l u k o s e n s o m s æ t n i n g i f o r s k e l l i g e s t o f s k i f t e v e j e . 

Det s i m u l e r e d e b i d r a g fra a m i n o s y r e r til s y n t e s e n af g l u k o s e i 

l e v e r e n er m e g e t s t ø r r e end de l a v e s t e e k s p e r i m e n t e l l e v æ r d i e r , 

d e r er a n v e n d t til s a m m e n l i g n i n g . Den s i m u l e r e d e o p t a g e l s e og 

o x i d a t i o n af a c e t a t og k e t o n s t o f f e r i m æ l k e k i r t l e n er b e t y d e l i g 

h ø j e r e end t i l s v a r e n d e e k s p e r i m e n t e l l e m å l i n g e r . D i s s e f o r s k e l l e 

m e l l e m m o d e l - og f o r s ø g s r e s u l t a t e r er d i s k u t e r e t , og de s i d s t n æ v n 

t e s g e n e r e l l e g y l d i g h e d er d r a g e t i t v i v l . 
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De s i m u l e r e d e d ø g n v a r i a t i o n e r i n o g l e o u t p u t v a r i a b l e er d i s k u t e -

ret m e d h e n b l i k på en v u r d e r i n g af m o d e l l e n s m e k a n i s t i s k e e g e n s k a -

b e r på d e t a i l n i v e a u ( f o r m å l i i ) . S a m m e n l i g n i n g e r med d a t a fra lit-

t e r a t u r e n v i s e r , at d ø g n v a r i a t i o n e r n e er s i m u l e r e t r e a l i s t i s k for 

f o d e r o p t a g e l s e n s a m t for k o n c e n t r a t i o n e r n e i b l o d e t af i n s u l i n , 

g l u k o s e , k e t o n s t o f f e r , l a k t a t , a m i n o s y r e r og u r i n s t o f . M o d e l l e n s 

f y s i o l o g i s k e og b i o k e m i s k e f o r u d s æ t n i n g e r kan d e r f o r d e l v i s a c c e p -

t e r e s . S a m m e n l i g n i n g e r n e v i s e r v i d e r e , at m o d e l l e n s f u n k t i o n er 

n o g e t u f u l d s t æ n d i g med h e n s y n til f e d t v æ v e t s m o b i l i s e r i n g af f r i e 

f e d t s y r e r . 

M o d e l l e n s e g n e t h e d til f o r u d s i g e l s e r er y d e r l i g e r e b e d ø m t v e d si-

m u l e r i n g af et b e s t e m t f o d r i n g s f o r s ø g . De s i m u l e r e d e r e s u l t a t e r 

( f o d e r o p t a g e l s e , m æ l k e y d e l s e og - s a m m e n s æ t n i n g s a m t t i l v æ k s t ) er -

e f t e r j u s t e r i n g af n o g l e af m o d e l l e n s p a r a m e t e r v æ r d i e r - som f u n -

d e t i f o r s ø g e t . 

K v a n t i t a t i v e ( f o r m i l i) s å v e l som k v a l i t a t i v e ( f o r m å l i i ) a s p e k t e r 

af m o d e l l e n s e g e n s k a b e r er b e l y s t ved at s i m u l e r e k o e n s l i v s y t r i n -

g e r , d e l s i f o r s k e l l i g e l a k t a t i o n s stad ier og d e l s som r e s u l t a t af 

b e h a n d l i n g med v æ k s t h o r m o n . 

De s i m u l e r e d e l a k t a t i o n s k u r v e r o v e r m æ l k e y d e l s e og t i l v æ k s t l i g n e r 

v i r k e l i g e o b s e r v a t i o n e r . M o d e l l e n s e v n e til at s i m u l e r e f o r s k e l l i -

ge l a k t a t i o n s y d e l s e r og t i l v æ k s t e r for k ø e r med s a m m e f o d e r o p t a -

g e l s e p e g e r på m u l i g h e d e n af at a n v e n d e m o d e l l e n som s t ø t t e til 

f o r m u l e r i n g af h y p o t e s e r om d e n f y s i o l o g i s k e b a g g r u n d for f o r s k e l -

lig g e n e t i s k y d e l s e s k a p a c i t e t . 

De s i m u l e r e d e v i r k n i n g e r af k o r t v a r i g b e h a n d l i n g m e d v æ k s t h o r m o n 

er i o v e r e n s s t e m m e l s e m e d e k s p e r i m e n t e l l e r e s u l t a t e r m e d h e n s y n 
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t i l : 

- ku r v i l i n e æ r s t i g n i n g i m æ l k e y d e l s e m e d ø g e t v æ k s t h o r m o n d o s i s , 

b å d e i t i d l i g og sen l a k t a t i o n 

- r e l a t i v t s t ø r r e e f f e k t på m æ l k e y d e l s e n i sen e n d i t i d l i g l a k t a -

t i o n 

- u æ n d r e t f o d e r o p t a g e l s e og f a l d e n d e e n e r g i b a l a n c e 

- ø g e t k o n c e n t r a t i o n af f r i e f e d t s y r e r i b l o d e t . 

De s i m u l e r e d e v i r k n i n g e r på b l o d e t s i n d h o l d af v æ k s t h o r m o n , i n s u -

lin og g l u k o s e er i m i d l e r t i d i k k e som f u n d e t i f o r s ø g e n e . De a-

s p e k t e r af m o d e l l e n , der v e d r ø r e r den h o r m o n a l e r e g u l e r i n g , kan 

d e r f o r kun d e l v i s a c c e p t e r e s , h v a d a n g å r d e n s f o r m å l til f o r u d s i -

g e l s e ( d e l m å l i) og d e n s m e k a n i s t i s k e f o r u d s æ t n i n g e r ( d e l m å l i i) . 

D e r er f r e m s a t n o g l e v i g t i g e s p ø r g s m å l v e d r ø r e n d e g l u k o n e o g e n e s ens 

r e g u l e r i n g og o m f a n g e t af a m i n o s y r e r n e s b i d r a g til s y n t e s e n af 

g l u k o s e . M o d e l l e n er a n v e n d t til at b e l y s e d i s s e s p ø r g s m å l , da de 

i k k e er f u l d t k l a r l a g t i l i t t e r a t u r e n . R e s u l t a t e r n e af de f o r e t a g -

ne s i m u l e r i n g e r kan d e l v i s b e k r æ f t e s af e k s p e r i m e n t e l l e d a t a og 

a n t y d e r f ø l g e n d e : 

- a m i n o s y r e r kan h a v e s t o r k v a n t i t a t i v b e t y d n i n g som s u b s t r a t e r 

for s y n t e s e n af g l u k o s e 

- b e h o v e t for g l u k o n e o g e n e s e i l e v e r e n r e d u c e r e s ved f o d r i n g m e d 

b e s k y t t e t s t i v e l s e og p r o t e i n 

- k o e n s e n e r g i - og p r o t e i n u d n y t t e l s e f o r b e d r e s ved b e s k y t t e l s e af 

f o d e r e t s s t i v e l s e og p r o t e i n 

- f o d e r r a t i o n e r m e d i d e n t i s k k e m i s k s a m m e n s æ t n i n g , men m e d for-

s k e l l i g n e d b r y d n i n g s g r a d af s t i v e l s e , har f o r s k e l l i g t i n d h o l d af 

n e t t o e n e r g i . 

Det k o n k l u d e r e s ud fra d i s s e r e s u l t a t e r , at en d y n a m i s k , m e k a n i -
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s t i s k m o d e l , der er t i l s t r æ k k e l i g t 

ste r e d s k a b til at v u r d e r e v æ r d i e n 

t i l m a l k e k ø e r . 

r e a l i s t i s k , k u n n e v æ r e det b e d -

af f o d e r m i d l e r og f o d e r r a t i o n e r 

H o d e l i e n s f o r d e l e o g « a n g l e r . N o g l e af m o d e l l e n s k v a l i t a t i v e e g e n -

s k a b e r er d i s k u t e r e t i d e t t e a f s n i t . Et g e n e r e l t f o r t r i n ved at 

a r b e j d e med m o d e l l e r e r , at det er m u l i g t at u n d g å et k l a s s i s k vi-

d e n s k a b e l i g t p r o b l e m , n e m l i g at et o b j e k t i k k e kan s t u d e r e s i de-

t a l j e r , u d e n at o b j e k t e t s e l v d e r v e d p å v i r k e s . E k s p e r i m e n t e l l e da-

ta o p n å e t ved t r a d i t i o n e l l e m e t o d e r er i m i d l e r t i d n ø d v e n d i g e for 

m o d e l l e r s o p b y g n i n g og e f t e r f ø l g e n d e a f p r ø v n i n g . A n d r e g e n e r e l l e 

f o r d e l e ved d y n a m i s k e m o d e l l e r er d e r e s s t o r e f l e k s i b i l i t e t samt 

d e r e s m u l i g h e d for at s i m u l e r e a k u t t e s t o f s k i f t e æ n d r i n g e r s k v a n t i -

t a t i v e v i r k n i n g e r p§ de s a m l e d e l i v s y t r i n g e r ( d . v . s . r e g u l e r i n g af 

s t o f s k i f t e t ) . Den p r æ s e n t e r e d e m o d e l i n d e h o l d e r et n y t , s i m p e l t 

p r i n c i p til s i m u l e r i n g af s t o f s k i f t e r e g u l e r i n g . D e t t e p r i n c i p er 

b a s e r e t på a l l o s t e r i s k r e g u l e r i n g af e n z y m a k t i v i t e t . 

M o d e l l e n s m a n g l e r v e d r ø r e r d e n s g e n e r e l l e s t r u k t u r , r e g u l e r i n g af 

f o d e r o p t a g e l s e n , m i k r o b i e l v æ k s t i f o r d ø j e l s e s k a n a l e n , m i n e r a l - og 

v i t a m i n s t o f s k i f t e t , r e g u l e r i n g af h o r m o n s e k r e t i o n , r e g u l e r i n g af 

m æ l k e k i r t l e n s s y n t e s e k a p a c i t e t s a m t r e g u l e r i n g af e n e r g i s t o f s k i f -

t e t . S v a g h e d e n v e d m o d e l l e n s g e n e r e l l e s t r u k t u r e r , at der er lagt 

u l i g e v æ g t på b e s k r i v e l s e n af p r o c e s s e r i de p e r i f e r e v æ v s a m m e n -

l i g n e t m e d de v i s c e r a l e v æ v . Et a n d e t p r o b l e m e r , at m o d e l l e n er 

v a n s k e l i g at b e d ø m m e t i l b u n d s på g r u n d af d e n s s t ø r r e l s e og k o m -

p l e k s i t e t . F o d e r o p t a g e l s e n s h a s t i g h e d er i m o d e l l e n kun r e g u l e r e t 

ved f y s i s k og i k k e v e d m e t a b o l i s k k o n t r o l . Den s i m u l e r e d e m i k r o b i -

e l l e v æ k s t h a s t i g h e d er d i r e k t e p r o p o r t i o n a l m e d s y n t e s e h a s t i g h e d e n 

af A T P , idet der i k k e t a g e s h e n s y n til m i k r o b e r n e s b a s a l e A T P - b e -

h o v . O m s æ t n i n g e n af m i n e r a l s t o f f e r og v i t a m i n e r er i k k e i n k l u d e r e t 

i m o d e l l e n , og d i s s e a n s e s d e r f o r i k k e som b e g r æ n s e n d e f a k t o r e r . 
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K o n c e n t r a t i o n e n af stof ski ftehor,noner i b l o d e t g e n n e m l a k t a t i o n s -

p e r i o d e n er i m o d e l l e n b a s e r e t på e m p i r i s k e data i s t e d e t for at 

v æ r e b e s t e m t af i n t e r n e , m e k a n i s t i s k e f a k t o r e r . S y n t e s e h a s t i g h e d e n 

af m æ l k e k o m p o n e n t e r r e g u l e r e s kun af s u b s t r a t t i I g æ n g e l i g h e d e n i 

m o d e l l e n , og s y n t e s e k a p a c i t e t e n i s e l v e m æ l k e k i r t l e n æ n d r e s d e r f o r 

i k k e i løbet af l a k t a t i o n s p e r i o d e n . En a l v o r l i g m a n g e l v e d m o d e l -

len e r , at o x i d a t i o n s p r o c e s s e r i v æ v e n e i k k e r e g u l e r e s af b e h o v e t 

for e n e r g i til s y n t e s e p r o c e s s e r . D e t t e b e t y d e r s a m t i d i g t , at syn-

t e s e p r o c e s s e r n e s h a s t i g h e d i k k e er r e g u l e r e t af t i l g æ n g e l i g h e d e n 

af A T P og r e d u c e r e d e c o f a k t o r e r d a n n e t ved o x i d a t i o n s p r o c e s s e r . 

S i m u l e r i n g e r n e kan d e r f o r i k k e f o r v e n t e s at v æ r e t i l f r e d s s t i l l e n d e 

i s i t u a t i o n e r som f a s t e e l l e r m e g e t lav f o d e r o p t a g e l s e , hvor e n e r -

g i f o r s y n i n g e n er d e n b e g r æ n s e n d e f a k t o r . 

P e r s p e k t i v e r for m o d e l l e n s a n v e n d e l s e . M o d e l l e n kan i f r e m t i d e n 

a n v e n d e s i n d e n for 2 o m r å d e r af v i d e n s k a b e l i g t a r b e j d e : 

1 ) S t ø t t e for t e o r e t i s k e o v e r v e j e l s e r , f o r m u l e r i n g og v u r d e r i n g 

af h y p o t e s e r samt e r k e n d e l s e af m a n g l e n d e e l l e r " f a l s k " v i d e n . 

2 ) F o r u d s i g e l s e af m a l k e k o e n s s a m l e d e l i v s y t r i n g e r . 

På d e t s i d s t n æ v n t e o m r å d e k u n n e m o d e l l e n b l i v e et n y t t i g t h j æ l p e -

m i d d e l til en f ø r s t e h å n d s v u r d e r i n g af nye f o d e r r a t i o n e r , til at 

o p t i m e r e f o d e r r a t i o n e r s s a m m e n s æ t n i n g og til at u d v i k l e et f u l d -

s t æ n d i g t s y s t e m til f o d e r v s r d i b e s t e m m e Ise b a s e r e t på o m s æ t n i n g e n 

af de a b s o r b e r e d e n æ r i n g s s t o f f e r . 
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K o n k l u s i o n e r . D i s k u s s i o n e n af det p r æ s e n t e r e d e a r b e j d e f ø r e r til 

f ø l g e n d e k o n k l u s i o n e r ; 

- Der er u d v i k l e t en d y n a m i s k , d e t e r m i n i s t i s k og m e k a n i s t i s k m o d e l 

af en l a k t e r e n d e ko i o v e r e n s s t e m m e l s e m e d h o v e d f o r m å l e t : at 

k u n n e s i m u l e r e n æ r i n g s s t o f f e r n e s o m d a n n e l s e ved f o r d ø j e l s e s - og 

s t o f s k i f t e p r o c e s s e r til i n t e r m e d i æ r e s t o f f e r , a f f a l d s p r o d u k t e r , 

m æ l k og v æ v s b e s t a n d d e l e . D e t t e mål er i m i d l e r t i d i k k e f u l d t op-

n å e t , og m o d e l l e n må y d e r l i g e r e u d v i k l e s og j u s t e r e s . 

- M o d e l l e n er b a s e r e t på en s t a t i s k m o d e l af n æ r i n g s s t o f f o r d ø j e l s e 

og - o m s æ t n i n g i en l a k t e r e n d e k o . Den d y n a m i s k e m o d e l s l ø s n i n g e r 

er de s a m m e s o m den s t a t i s k e m o d e l s m e d h e n s y n til d a g l i g s t r ø m 

af stof g e n n e m a l l e m o d e l b e s k r e v n e s t o f s k i f t e v e j e . 

- R e s u l t a t e r fra et b e s t e m t f o d r i n g s f o r s ø g er s i m u l e r e t k o r r e k t af 

m o d e l l e n e f t e r j u s t e r i n g af n o g l e p a r a m e t e r v æ r d i e r . 

- Et a n t a l s i m u l e r i n g s r e s u l t a t e r v e d r ø r e n d e f o r d ø j e l s e , o m s æ t n i n g 

i l e v e r og m æ l k e k i r t e l , h o r m o n a l r e g u l e r i n g samt l a k t a t i o n s y d e l -

ser er i o v e r e n s s t e m m e l s e m e d u a f h æ n g i g e e k s p e r i m e n t e l l e d a t a . 

- S i m u l e r i n g s r e s u l t a t e r v e d r ø r e n d e g l u k o n e o g e n e s e fra a m i n o s y r e r i 

l e v e r e n s a m t o m s æ t n i n g af a c e t a t i m æ l k e k i r t l e n a f v i g e r fra n o g -

le f o r s ø g s r e s u l t a t e r . D i s s e s g e n e r e l l e g y l d i g h e d er d r a g e t i 

t v i v l , og y d e r l i g e r e f o r s k n i n g i d i s s e s p ø r g s m å l a n s e s for p å -

k r æ v e t . 

- M o d e l l e n er m e g e t f l e k s i b e l og i n d e h o l d e r et n y t , s i m p e l t p r i n -

c ip til s i m u l e r i n g af a l l o s t e r i s k r e g u l e r i n g af p u l j e s t ø r r e l s e r 

og p r o c e s h a s t i g h e d e r . 

- M o d e l l e n kan i f r e m t i d e n u d n y t t e s d e l s v e d t e o r e t i s k f o r s k n i n g 

og d e l s til f o r u d s i g e l s e af m a l k e k ø e r s p r o d u k t i o n . D e t t e k u n n e 

f ø r e til u d v i k l i n g e n af et f u l d s t æ n d i g t s y s t e m til f o d e r v æ r d i b e -

4 
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s t e m m e Ise b a s e r e t på d y n a m i s k m o d e L a r b e j d e . 

V i d e n om h u s d y r e n e s f o r d ø j e l s e og s t o f s k i f t e kan f o r b e d r e s m e r e 

e f f e k t i v t , h v i s f o r s k e l l i g e e k s p e r i m e n t e l l e m e t o d e r k o m b i n e r e s 

m e d a n v e n d e l s e n af m o d e l l e r . 
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1 I N T R O D U C T I O N 

1.1 T h e n e e d for m o d e l s 

A s d e t a i l e d b i o c h e m i c a l and p h y s i o l o g i c a l k n o w l e d g e in t h e f i e l d 

of a n i m a l n u t r i t i o n i n c r e a s e s it b e c o m e s i n c r e a s i n g l y d i f f i c u l t to 

o b t a i n a c o m p r e h e n s i v e v i e w of w h o l e a n i m a l m e t a b o l i s m . T h e in-

c r e a s e in k n o w l e d g e is f o l l o w e d by a g r o w i n g n e e d for c o l l e c t i o n 

a n d i n t e g r a t i o n of the r e v e a l e d b i o l o g i c a l r e l a t i o n s h i p s in o r d e r 

to i m p r o v e our u n d e r s t a n d i n g of a n i m a l p h y s i o l o g y and p e r f o r m a n c e . 

O n e m e t h o d to o r g a n i s e k n o w l e d g e is to c o n s t r u c t c o n c e p t u a l m o d e l s 

of t h e s y s t e m in q u e s t i o n . M o d e l s of n u t r i e n t d i g e s t i o n a n d m e t a -

b o l i s m in an a n i m a l can p r o v i d e i n t e g r a t e d q u a n t i t a t i v e d e s c r i p -

t i o n s of the m a j o r m e t a b o l i c p a t h w a y s and of t h e m o s t i m p o r t a n t 

i n t e r a c t i o n s b e t w e e n d i f f e r e n t n u t r i e n t s . W o r k i n g to d e v e l o p s u c h 

m o d e l s is a way to a b e t t e r u n d e r s t a n d i n g , but b e s i d e s t h i s t h e r e 

a r e s o m e m o r e s p e c i f i c a d v a n t a g e s to the s c i e n t i f i c p r o c e s s : 

d i s c o v e r y of w e a k p o i n t s in t h e k n o w l e d g e of q u a n t i t a t i v e , 

n u t r i t i o n a l r e l a t i o n s h i p s 

i m p r o v e m e n t of t h e b a s i s for c o n s t r u c t i o n of h y p o t h e s e s 

a n d c r i t i c a l e x p e r i m e n t s to t e s t t h e m 

i m p r o v e m e n t of p r o c e d u r e s for a m o r e p r e c i s e e v a l u a t i o n 

of e x p e r i m e n t a l r e s u l t s . 



52 

T h e u s e f u l n e s s of a n i m a l m o d e l s i n c r e a s e s f u r t h e r w h e n t h e y are 

m a d e to s i m u l a t e the key p r o c e s s e s of d i g e s t i o n and m e t a b o l i s m . In 

t h i s w a y m o d e l s can be p r e d i c t i v e of a n i m a l p e r f o r m a n c e , and if 

s u f f i c i e n t l y r e a l i s t i c m o d e l s a r e o b t a i n e d , the n e e d for long las-

t i n g a n d e x p e n s i v e f e e d i n g t r i a l s c o u l d be r e d u c e d . 

1 . 2 D e f i n i t i o n of m o d e l s 

A m o d e l is a s i m p l i f i e d s y m b o l i c r e p r e s e n t a t i o n of a s y s t e m - t h e 

s y s t e m b e i n g for i n s t a n c e an a n i m a l a n d s o m e s p e c i f i e d p a r t of its 

e n v i r o n m e n t . 

Q u a n t i t a t i v e or m a t h e m a t i c a l m o d e l s a r e c o m p o s e d of e q u a t i o n s re-

p r e s e n t i n g the b e h a v i o u r of the g i v e n s y s t e m . A c c o r d i n g to T h o r n -

ley & F r a n c e ( 1 9 8 4 ) m a t h e m a t i c a l m o d e l s can be c l a s s i f i e d into t h e 

f o l l o w i n g , d i s t i n c t t y p e s : 

s t a t i c or 

s t o c h a s t i c or 

e m p i r i c a l or 

d y n a m i c 

d e t e r m i n i s t i c 

m e c h a n i s t i c . 

S t a t i c m o d e l s do not t a k e t i m e i n t o e x p l i c i t c o n s i d e r a t i o n , but 

can o n l y d e s c r i b e a s y s t e m of c o n s t a n t r a t e s w i t h i n t h e o b s e r v e d 

p e r i o d of t i m e - e . g . the d a i l y f e e d i n t a k e of an a n i m a l . D y n a m i c 

m o d e l s on the o t h e r h a n d a r e w e l l s u i t e d for s i m u l a t i o n of the 

c o n t i n u a l c h a n g e s ( r e g u l a t i o n ) of p r o c e s s e s o c c u r r i n g in l i v i n g 

a n i m a l s . U s e of d i f f e r e n t i a l e q u a t i o n s p r o v i d e s the m a t h e m a t i c a l 

t o o l for t h e d e s c r i p t i o n of such d y n a m i c b e h a v i o u r . 
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S t o c h a s t i c m o d e l s c o n t a i n p r o b a b i l i t y d i s t r i b u t i o n s so t h a t not 

o n l y e x p e c t e d v a l u e s b u t a l s o v a r i a n c e s of r a t e s a n d q u a n t i t i e s 

a r e p r e d i c t e d . D e t e r m i n i s t i c m o d e l s do n o t c o n t a i n p r o b a b i l i t y 

d i s t r i b u t i o n s and t h e r e f o r e g i v e d e f i n i t e and u n i q u e a n s w e r s . 

E m p i r i c a l m o d e l s a r e b a s e d on e x p e r i m e n t a l o b s e r v a t i o n s , t y p i c a l l y 

f r o m f e e d i n g t r i a l s d e s i g n e d to r e v e a l i n p u t - o u t p u t r e l a t i o n s h i p s . 

T h e y do n o t r e v e a l c a u s a l r e l a t i o n s h i p s . T h e p r e d i c i t i v e t o o l s of 

t h e s e m o d e l s are o f t e n r e g r e s s i o n e q u a t i o n s f i t t e d to o b s e r v e d 

d a t a . M e c h a n i s t i c m o d e l s a r e e x p l a n a t o r y , b e c a u s e t h e y a r e b a s e d 

on f a c t s a n d / o r t h e o r i e s of b i o l o g i c a l e v e n t s in c o m p a r t m e n t s and 

sub c o m p a r t m e n t s of t h e w h o l e m o d e l . 

A m e c h a n i s t i c w h o l e a n i m a l m o d e l c o u l d for i n s t a n c e c o n t a i n de-

s c r i p t i o n s of i n t e r o r g a n n u t r i e n t t r a n s p o r t , p r o c e s s e s in i n d i v i -

d u a l t i s s u e s and r e g u l a t i o n of p a t h w a y s in s u b c e l l u l a r o r g a n e l l e s . 

1 - 3 S o a e p u b Li s h e d d y n a a i c models 

D u r i n g the last 15 y e a r s m a n y d y n a m i c m o d e l s in b i o l o g i c a l s c i e n -

c e s h a v e b e e n p u b l i s h e d . S o m e are c o n c e r n e d w i t h t h e r e g u l a t i o n of 

i n d i v i d u a l p a t h w a y s ( D i b r o v et a I . 1 9 8 2 , Phi 11i p s o n 1 9 8 2 , S c h a u e r 

& H e i n r i c h 1 9 8 3 , O k a m o t o & H a y a s h i 1 9 8 4 , R e i c h l & R e i s e r 1 9 8 4 ) and 

of h o r m o n e c o n c e n t r a t i o n s ( S m i t h 1 9 8 3 ) . S o m e d e a l w i t h r u m i n a l 

d i g e s t i o n in s h e e p ( B a l d w i n et a l . 1 9 7 7 , B l a c k et a l . 1 9 8 0 - 8 1 , 

B e e v e r et a I . 1 9 8 0 - 8 1 , F r a n c e et a I. 1 9 8 2 , M u r p h y et a I . 1 9 8 6 ) , 

w i t h b o d y t i s s u e m e t a b o l i s m in s h e e p ( G i l l et a l . 1 9 8 4 ) , and w i t h 

n i t r o g e n u t i l i z a t i o n in g r a z i n g r u m i n a n t s ( M o r r i s et a l . 1 9 7 5 ) . 

T h e l a c t a t i n g cow h a s a l s o b e e n a s u b j e c t for m o d e l l i n g - the 
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m a m m a r y g l a n d a l o n e ( N e a l & T h o r n l e y 1 9 8 3 , W a g h o r n 8 B a l d w i n 1 9 8 4 ) 

and t h e w h o l e a n i m a l ( K o o n g et a l . 1 9 8 2 , B a l d w i n 8 B a u m a n 1 9 8 4 , 

B a l d w i n et a l . 1 9 8 7 a , b S c ) . In a d d i t i o n to t h i s , s i m u l a t i o n m o d e l s 

for l a r g e r s y s t e m s s u c h as c a t t l e h e r d s are a v a i l a b l e ( K a h n 8 

S p e d d i n g 1 9 8 3 , K a h n 8 S p e d d i n g 1 9 8 4 ) . 

T h e s e few r e f e r e n c e s do not r e p r e s e n t a c o m p l e t e r e v i e w of the 

s u b j e c t , b u t are m e n t i o n e d to g i v e an i m p r e s s i o n of the d i f f e r e n t 

b i o l o g i c a l s y s t e m s t h a t h a v e b e e n m o d e l l e d . T h e l e v e l of d e t a i l 

and d e s c r i p t i o n d i f f e r s w i d e l y b e t w e e n m o d e l s . It is c l e a r that 

m o d e l s of b i o c h e m i c a l p a t h w a y s are n o r m a l l y m u c h m o r e d e t a i l e d 

t h a n w h o l e a n i m a l m o d e l s , o t h e r w i s e the l a t t e r w o u l d be e n o r m o u s . 

S o m e m o d e l s of r a t h e r l a r g e s y s t e m s h a v e m a n y b i o c h e m i c a l d e t a i l s 

- e . g . the rumen m o d e l of B a l d w i n et a l . ( 1 9 7 7 ) , w h i l e o t h e r s -

e . g . t h e w h o l e a n i m a l m o d e l of K o o n g et a l . ( 1 9 8 2 ) - r e p r e s e n t t h e 

m a i n d i g e s t i v e and m e t a b o l i c r o u t e s m u c h m o r e s i m p l y . 
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2 O V E R A L L D E S C R I P T I O N OF T H E M O D E L 

2.1 N a t u r e a n d s t r u c t u r e o f t h e m o d e l 

T h e p u r p o s e of the w o r k p r e s e n t e d h e r e h a s b e e n to c o n s t r u c t a d y -

n a m i c , d e t e r m i n i s t i c a n d m e c h a n i s t i c w h o l e a n i m a l m o d e l s i m u l a t i n g 

t h e c o n v e r s i o n of n u t r i e n t s t h r o u g h d i g e s t i v e and m e t a b o l i c p r o -

c e s s e s in t h e cow into p r o d u c t s of m i l k and b o d y g a i n . T h e m o d e l 

is o u t l i n e d b e l o w and d e s c r i b e d in f u l l d e t a i l in t h e f o l l o w i n g 

c h a p t e r . 

T h e m o d e l is c o m p o s e d of 9 c o m p a r t m e n t s ( f i g u r e s 2,1 - 2 . 6 ) r e p r e -

s e n t i n g d i f f e r e n t o r g a n s or t i s s u e s of t h e c o w : t h e r u m e n , i n t e s -

t i n a l l u m e n , i n t e s t i n a l w a l l , l i v e r , p e r i p h e r a l b l o o d and e x t r a -

c e l l u l a r f l u i d , m a m m a r y g l a n d , m u s c l e t i s s u e s , a d i p o s e t i s s u e s , 

and o t h e r t i s s u e s . A s u b com p a r t m e n t in t h e rumen r e p r e s e n t s the 

r u m e n m i c r o b e s ( f i g u r e 2 . 1 ) . 

T h e s m a l l b o x e s w i t h i n t h e c o m p a r t m e n t s a r e s t a t e v a r i a b l e s r e p r e -

s e n t i n g m e t a b o l i c p o o l s . A r r o w e d l i n e s s h o w the b i o c h e m i c a l t r a n -

s a c t i o n s - t h a t is the f l o w of n u t r i e n t s and m e t a b o l i t e s b e t w e e n 

the d i f f e r e n t p o o l s . T h e " c l o u d s " s h o w n o u t s i d e and i n s i d e c o m -

p a r t m e n t s a r e r e s e r v o i r s of m a t t e r s u p p l y i n g or d r a i n i n g t h e 

m o d e l : f e e d , f a e c e s , u r i n e , m i l k a n d g a s e s of f e r m e n t a t i o n a n d 

o x i d a t i o n . In the r u m i n a l and i n t e s t i n a l c o m p a r t m e n t s A T P f r o m m i -

c r o b i a l f e r m e n t a t i o n s is s h o w n in s m a l l e l l i p s e s . 
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2 . Z T e r m i n o l o g y of t h e a o d e l 

T h e s t a t e v a r i a b l e s of t h e m o d e l a r e e i t h e r c a r b o n or n i t r o g e n 

p o o l s . T h e p o o l s of c a r b o n are l a b e l l e d C and r e p r e s e n t c a r b o h y -

d r a t e s , l i p i d s and o t h e r N - f r e e o r g a n i c s u b s t a n c e s . T h e r e a r e 

t h r e e t y p e s of n i t r o g e n p o o l s to r e p r e s e n t a m i n o a c i d s , p e p t i d e s 

and p r o t e i n ( l a b e l l e d ft), N H 3 / N H 4 + ( l a b e l l e d N ) a n d urea ( l a b e l l e d 

U ) . 

T h e u n i t s of m a s s are m o l e s of c a r b o n (C) and n i t r o g e n (N) for t h e 

c a r b o n and n i t r o g e n p o o l s , r e s p e c t i v e l y . A t o t a l l i s t i n g of t h e 

s t a t e v a r i a b l e s w i t h n a m e s , s y m b o l s , u n i t s and i n i t i a l n u m e r i c a l 

v a l u e s in the m o d e l is g i v e n in T a b l e s 2.1 - 2 . 9 . 

T h e r a t e s of c a r b o n a n d n i t r o g e n f l o w b e t w e e n p o o l s are l a b e l l e d 

R i (mo I C / h ) and Rj (mo I N / h ) , r e s p e c t i v e l y , s t a r t i n g at 100 for i 

and at 0 for j . Flow r a t e s i n t e g r a t e d o v e r 24 h a r e n a m e d f l u x e s 

( F -j or F j ) and are g i v e n in mo I C/d or mo I N / d . N a m e s , s y m b o l s a n d 

s i m u l a t e d f l u x r a t e s of all t r a n s a c t i o n s in the m o d e l are l i s t e d 

in A p p e n d i x 9 . 
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T a b l e 2 . 1 S t a t e v a r i a b l e s in r u a e n c o m p a r t m e n t 

S u b s t a n c e S y m b o t 
I n i t i a l n u m e r i c a l 
v a l u e in m o d e l Uni t 

U n f e r m e n t a b l e 
c a r b o h y d r a t e s a n d l i p i d s C1 261 .1 mo I C 

F e r m e n t a b l e s u g a r s S U 2 3 . 8 4 7 

F e r m e n t a b l e s t a r c h S T 2 0 . 4 3 3 6 

F e r m e n t a b l e celt w a l l 
c a r b o h y d r a t e s C E 2 2 9 . 9 9 

„ 
F e r m e n t a b l e c a r b o h y d r a t e s C 2 D 3 4 . 2 7 

M i c r o b i a l 
c a r b o h y d r a t e s a n d l i p i d s C 3 1 9 . 7 7 

A c e t a t e AC 4 1 0 . 4 9 

P r o p i o n a t e PR 4 6 . 6 8 4 » 

B u t y r a t e B U 4 3 . 8 3 7 

M e t h a n e C H 4 0 . 9 3 3 1 

C a r b o n d i o x i d e CO 4 2 . 0 5 5 
„ 

M i c r o b i a l f e r m e n t a t i o n 
e n d p r o d u c t s C4 2 ) 2 4 . 0 0 

„ 
U n f e r m e n t a b l e p r o t e i n A 1 7 . 3 0 8 no I N 

F e r m e n t a b le p r o t e i n , 
p e p t i d e s and a m i n o a c i d s A 2 2 . 1 9 4 

„ 
M i c r o b i a I 
a m i n o a c i d s and p e p t i d e s A3 0 . 0 0 1 0 

„ 
M i c r o b i a l 
p r o t e i n and n u c l e i c a c i d s A 4 11 .25 

„ 
R u m i na I N H 3 / N H 4 + 

N1 A 0 . 7 3 4 9 » 

M i c r o b i a l N H 3 / N H 4 + 
N 1 B 0 . 1 1 6 5 

R u m i n a l u r e a i n 0 . 2 1 7 5 " 

1 ) C 2 = SU2 + ST 2 + CE 2 
2 ) C 4 = AC 4 + PR 4 + BU4 + C H 4 + C 0 4 
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Table 2.2 State variables in intestinal lumen compartment 

S u b s t a n c e S y m b o l 
I n i t i a l n u m e r i c a l 
v a l u e in m o d e I Uni t 

I n d i g e s t i b l e 

c a r b o h y d r a t e s and lipids 

D i g e s t i b l e c a r b o h y d r a t e s 

D i g e s t i b l e lipids 

U n d i g e s t e d + m i c r o b i a l 
c a r b o h y d r a t e s and lipids 

I n d i g e s t i b l e p r o t e i n 

D i g e s t i b l e p r o t e i n 

U n d i g e s t e d p r o t e i n 
( f e e d , m i c r o b i a l , e n d o g e n . ) 
in h i n d gut 

I n d i g e s t i b l e 
e n d o g e n o u s p r o t e i n 

D i g e s t i b l e 
e n d o g e n o u s p r o t e i n 

N H 3 / N H 4 + i n 

s m a l l i n t e s t i n e 

N H 3 / N H 4
+
 in hind gut 

U r e a in hind gut 

C? 

C 8 

C 9 

c 1 OB 

A6 

A7 

A8 

A 1 0 

A 11 

N 2 A 

N 2 B 

U2 

29.58 

0.07452 

0 . 9 1 3 2 

56.65 

1 .531 

0 . 8 5 6 8 

3 . 8 2 5 

0 . 0 7 7 6 2 

0.2821 

0 . 0 5 8 5 0 

0 . 2 6 0 7 

0 . 0 3 9 2 8 

mo I C 

mo I N 

Nut ri ent p o o l s which are not s t a t e v a r i a b l e s : 

U n f e r m e n t e d + m i c r o b i a l c a r b o h y d r a t e s and lipids ( € 5 ) 
V o I a t i I e fatty a c i d s in p o r t a I b l o o d (€6) 
V o l a t i l e fatty a c i d s , m e t h a n e and c a r b o n d i o x i d e in hind gut ( C 1 0 A ) 
U n f e r m e n t e d feed protei n , mi crobi a I p r o t e i n and NH3/NH4 4" in s m a l l 
i n t e s t i n e (A5) 
E n d o g e n o u s p r o t e i n (A9) 
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T a b l e 2 . 3 S t a t e v a r i a b l e s in i n t e s t i n a l w a l l c o m p a r t m e n t 

S u b s t a n c e S y m b o I 
I n i t i a l n u m e r i c a l 
v a l u e in m o d e I Uni t 

A c e t a t e + k e t o n e b o d i e s €11 0 . 0 1 4 3 0 m o l C 

G l u c o s e C1 2 0 . 0 2 5 5 6 " 

A m i n o a c i d s A 1 2 0 . 9 3 9 3 m o l H 

I n t e s t i n a l p r o t e i n A 13 55 .95 M 

N u t r i e n t p o o l w h i c h is not a s t a t e v a r i a b l e : 

F a t t y a c i d s ( C 1 3 ) 

T a b l e 2 . 4 S t a t e v a r i a b l e s in l i v e r c o m p a r t m e n t 

S u b s t a n c e S y m b o l 
I n i t i a l n u m e r i c a l 
v a l u e in m o d e l Uni t 

P r o p i o n a t e €14 0 . 1 8 4 6 m o l € 

G l u c o s e + g l y c o g e n C 1 6 1 .154 » 

Ke to a c i d s C 1 7 0 . 1 1 6 8 
„ 

G l y c e r o l + l a c t a t e C 1 8 0 . 0 9 7 3 7 » 

F a t t y a c i d s C 1 9 0 . 1 6 8 4 

T r i g l y c e r i d e in liver fat C 20 15 .04 » 

T r i g l y c e r i d e in l i p o p r o t e i n s C21 5 .307 

A c e t a t e + k e t o n e b o d i e s C 22 0 . 0 3 7 3 8 » 

A m i n o a c i d s A1 4 0 . 1 9 9 4 no l H 

L i v e r p r o t e i n A 1 5 19 .82 

N H 3/N H 4 + N 3 0 . 0 4 8 3 8 

U r e a U3 0 . 3 5 0 9 

N u t r i e n t p o o l w h i c h is not a s t a t e v a r i a b l e : 

B u t y r a t e ( C 1 5 ) 
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T a b l e 2 . 5 S t a t e v a r i a b l e s in p e r i p h e r a l b l o o d c o n p a r t i e n t 

S u b s t a n c e S y mbo I 
I n i t i a l n u m e r i c a l 
v a l u e in m o d e l U n i t 

A c e t a t e + k e t o n e bod i es €23 

G l u c o s e €24 

G l y c e r o l + l a c t a t e €25 

F a t t y a c i d s €26 

T r i g l y c e r i d e in 

c h y l o m i c r o n s €27 

T r i g l y c e r i d e in 

l i v e r l i p o p r o t e i n s €28 

A m i n o a c i d s to p e r i p h e r a l t i s s u e s A 1 6 
A m i n o a c i d s from 
p e r i p h e r a l t i s s u e s A 1 7 

U r e a U4 

0 . 9 1 9 2 

3 . 2 5 2 

0 . 2 5 4 2 

1 .355 

0 . 4 9 5 9 

0 . 6 4 8 7 

0 . 5 0 2 3 

0 . 5 2 2 6 

2 . 0 4 8 

mol C 

mol N 

5 
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T a b l e 2 . 6 S t a t e v a r i a b l e s in a a u a r y g l a n d c o a p a r t a e n t 

S u b s t a n c e S y m b o I 

I n i t i a l n u m e r i c a l 

v a l u e in m o d e l U n i t 

A c e t a t e + k e t o n e b o d i e s C 29 0 . 1 4 8 5 mo l C 

G l u c o s e €30 0 , 1 7 8 2 

F a t t y a c i d s €31 0 . 1 2 3 0 » 

L a c t o s e €33 1 .01 0 » 

T r i g l y c e r i d e in 
m i l k f a t C 34 5 5 . 8 7 

A m i n o a c i d s A 1 8 0 , 5 7 8 0 m o l N 

M i l k p r o t e i n A 1 9 0 . 2 3 2 0 

N u t r i e n t p o o l w h i c h is riot a s t a t e v a r i a b l e ; 

G l y c e r o l ( C 3 2 ) 

T a b l e 2 . 7 . S t a t e v a r i a b l e s in MUSC Le t i s s u e c o a p a r t a e n t 

S u b s t a n c e S y m b o 1 

I n i t i a l n u m e r i c a l 

v a l u e in m o d e l U n i t 

A c e t a t e + k e t o n e b o d i e s C 35 1 . 5 5 0 mo l C 

G l u c o s e C 36 1 . 8 6 0 » 

F a t t y a c i d s €37 0 . 3 4 9 0 

L a c t a t e €38 3 . 2 7 0 

A m i n o a c i d s A 20 4 . 2 5 1 mo l N 

M u s e le p r o t e i n A21 4 9 8 . 0 

N u t r i e n t p o o l w h i c h is n o t a s t a t e v a r i a b l e : 

N H 3 / N H 4
+
 (N4> 
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T a b l e 2 . 8 . S t a t e v a r i a b l e s i n a d i p o s e t i s s u e c o m p a r t m e n t 

I n i t i a l n u m e r i c a l 
S y m b o l v a l u e in mi U n i t 

A c e t a t e + k e t o n e b o d i e s C 39 0 . 2 2 1 0 mol C 

G l u c o s e €40 0 . 2 6 5 0 

F a t t y a c i d s €41 3 . 0 4 0 » 

T r i g l y c e r i d e in 
d e p o t fat €43 3 0 3 0 

„ 
G l y c e r o l C 44 0 . 0 4 6 0 " 

N u t r i e n t p o o l w h i c h is not a s t a t e v a r i a b l e : 

G l y c e r o l - P (€42) 

T a b l e 2 . 9 . S t a t e v a r i a b l e s in o t h e r t i s s u e c o m p a r t m e n t 

S u b s t a n c e S y m b o I 

I n i t i a l n u m e r i c a l 
v a l u e in m o d e l U n i t 

A c e t a t e + k e t o n e b o d i e s €45 

G l u c o s e €46 

F a t t y a c i d s €47 

Am i no ac i ds A22 

T i s s u e p r o t e i n A 2 3 

0.2000 

0 . 2 4 0 0 

0 . 0 4 5 0 

2 . 8 1 7 

3 3 0 . 0 

mo I C 

mo I N 
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2 . 3 G e n e r a l M a t h e m a t i c a l a n d b i o l o g i c a l p r i n c i p l e s 

T h e d y n a m i c b e h a v i o u r of t h e m o d e l is a c h i e v e d by u s i n g d i f f e r e n 

t i a I e q u a t i o n s to d e s c r i b e t h e c o n t i n u a l c h a n g e s of the s t a t e va 

r i a b l e s . T h e s i m p l i f i e d e x a m p l e b e l o w w i l l i l l u s t r a t e t h e p r i n -

c i p l e : 

R O 

C1 

R 1 

C 2 

R 2 

T w o s t a t e v a r i a b l e s C1 and C2 a r e g i v e n . M a t e r i a l f r o m C1 is 

t r a n s f e r r e d to C 2 w i t h the r a t e R1 = R 1 ( m a x ) * C l / ( K l + C 1 ) and ma-

t e r i a l is t r a n s f e r r e d f r o m €2 w i t h t h e r a t e R 2 = K 2 * C 2 , w h e r e 

R1 ( m a x ) , K1 and K2 are p a r a m e t e r s w i t h c o n s t a n t v a l u e s . T h e 2 ra 

e q u a t i o n s a r e m a t h e m a t i c a l f o r m u l a t i o n s of b i o l o g i c a l p r o c e s s e s 

w i t h d i f f e r e n t k i n e t i c s : the d e s c r i p t i o n for R1 is a n a l o g o u s to 

t h a t for Mi c h a e I i s - M e n t e n e n z y m e k i n e t i c s and R 2 f o l l o w s f i r s t 

o r d e r m a s s a c t i o n k i n e t i c s . 

A t t i m e = t t h e s t a t e v a r i a b l e s h a v e t h e n u m e r i c a l v a l u e s C1 (t) 

a n d C 2 ( t ) , and t h e r a t e s at t i m e = t can be c a l c u l a t e d : 

R K t ) = R1 f m a x ) * C l (t) / ( K 1 + C 1 (t) ) 

R 2 ( t ) = K 2 * C 2 ( t ) 

In t h e n e x t t i m e i n t e r v a l ( d t ) s u c h t h a t a c c u m u l a t e d t i m e = t + d t 

t h e v a l u e s of t h e s t a t e v a r i a b l e s c h a n g e a c c o r d i n g to t h e d i f f e -

r e n t i a l e q u a t i o n s : 

d C 1 (t) /dt = R 0 ( t ) - R l ( t ) 

d C 2 ( t ) /dt = R 1 ( t ) - R 2 ( t ) 
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N e w v a l u e s of €1 and C2 at t i m e = t-j are t h e n f o u n d by i n t e g r a -

t i o n : 

C1 (t-i ) = c u t > + / ( R 0 ( t ) - R l (t) ) dt 

ty 

p 
C 2 < 11 ) = C 2 ( t ) + / ( R 1 ( t ) -R 2 ( t ) ) dt 

T h e r e a c t i o n r a t e s R1 and R 2 at t i m e = t-j are n o w c a l c u l a t e d from 

t h e n e w v a l u e s of C1 and C 2 , a n d the p r o c e d u r e g o e s on t h r o u g h o u t 

t h e s i m u l a t i o n p e r i o d . In t h i s w a y r e a c t i o n r a t e s a r e c o n t i n u a l l y 

r e g u l a t e d by the c h a n g i n g s i z e of s u b s t r a t e p o o l s . 

A n o t h e r e x a m p l e w i l l s h o w how r a t e s and p o o l s can be r e g u l a t e d by 

f e e d - b a c k i n h i b i t i o n . C o n s i d e r the rate R1 = R 1 ( m a x > * C 1 / ( K 1 + C 1 ) in 

t h e s a m e s y s t e m as a b o v e . T h e f o l l o w i n g c o n d i t i o n s a b o u t t h e p r o -

d u c t p o o l €2 ar e i n t r o d u c e d : 

i f C2 ( m a x ) je C 2 t h e n K1 = K 1 + d K 1 

if C 2 ( m a x ) > C2 > C 2 ( m i n ) t h e n K1 = K1 

if €2 5 C 2 ( m i - n ) t h e n K1 = K1 - d K 1 

In t h i s s y s t e m the v a l u e of R1 w i l l d e p e n d not o n l y on C 1 , b u t al-

so on C 2 . If C 2 i n c r e a s e s to or a b o v e C 2 ( m a x ) , t h e i n c r e a s e in K1 

w i l l d e c r e a s e t h e rate R1 and in t u r n d e c r e a s e t h e i n p u t to C 2 . If 

€2 d e c r e a s e s to or b e l o w C2 ( m i n ) , the s m a l l e r v a l u e of K1 w i l l in-

c r e a s e t h e r a t e R1 and t h u s t h e i n p u t to C 2 . 

T h e b i o l o g i c a l p a r a l l e l to t h i s p r i n c i p l e is t h a t of a l l o s t e r i c 

e n z y m e r e g u l a t i o n w h e r e s o m e m o d i f y i n g f a c t o r s can c h a n g e an 

e n z y m e ' s a f f i n i t y for its s u b s t r a t e . 
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2 . 4 I n p u t p a r a m e t e r s a n d o u t p u t v a r i a b l e s 

T h e m o d e l r e q u i r e s as i n p u t data p a r a m e t e r s d e s c r i b i n g c h e m i c a l 

c o m p o s i t i o n of the f e e d , live w e i g h t of the cow and s t a g e of lac-

t a t i o n . From t h i s i n f o r m a t i o n t h e m o d e l c a l c u l a t e s , at any t i m e of 

the " m o d e l d a y " , t h e v a l u e of a l l s t a t e v a r i a b l e s , r a t e s a n d 

f l u x e s s h o w n in f i g u r e s 2.1 - 2 . 6 . 

In o r d e r to r e l a t e the s i m u l a t i o n r e s u l t s to t e r m s of w h o l e a n i m a l 

p e r f o r m a n c e the f o l l o w i n g o u t p u t v a r i a b l e s are c o m p u t e d from r e l e -

v a n t f l u x e s : 

f e e d d r y m a t t e r i n t a k e ( k g / d ) 

f e e d u n i t i n t a k e ( S F U / d ) 

m i l k p r o d u c t i o n C k g / d ) 

m i l k l a c t o s e p r o d u c t i o n ( g / d ) 

m i l k fat p r o d u c t i o n ( g / d ) 

m i l k fat c o n t e n t ( g / k g m i l k ) 

m i l k p r o t e i n p r o d u c t i o n ( g / d ) 

m i l k p r o t e i n c o n t e n t (g/kg m i l k ) 

l i v e w e i g h t g a i n ( k g / d ) 

m a i n t e n a n c e r e q u i r e m e n t for n e t e n e r g y ( M J / d ) 

t i s s u e e n e r g y b a l a n c e ( M J / d ) 

e n e r g y in m i l k ( M J / d ) 

g r o s s e n e r g y i n t a k e ( M J / d ) 

f a e c a l e n e r g y ( M J / d ) 

d i g e s t i b l e e n e r g y ( M J / d ) 

m e t h a n e e n e r g y ( M J / d ) 

u r i n a r y e n e r g y ( M J / d ) 

m e t a b o l i z a b l e e n e r g y i n t a k e ( M J / d ) 

h e a t p r o d u c t i o n ( M J / d ) 

n e t e n e r g y i n t a k e ( M J / d ) . 
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2 . 5 M o d e L s i z e a n d p r o g r a m m i n g L a n g u a g e s 

T h e m o d e l c o n s i s t s of 77 s t a t e v a r i a b l e s and a t o t a l of m o r e t h a n 

1 5 0 0 e q u a t i o n s of w h i c h 341 are d i f f e r e n t i a l e q u a t i o n s . T h e c o m -

p u t e r p r o g r a m is w r i t t e n in the C S M P III s i m u l a t i o n l a n g u a g e 

( S p e c k h a r t 8 G r e e n 1 9 7 6 ) , but s o m e of t h e c o m p u t a t i o n s are p r o -

g r a m m e d in F O R T R A N s u b r o u t i n e s , b e c a u s e the s i z e of t h e m o d e l 

e x e e d s t h e m a x i m u m c a p a c i t y of C S M P I I I . B e c a u s e of its s p e c i a l 

f a c i l i t i e s S A S ( S t a t i s t i c a l A n a l y s i s S y s t e m ) is u s e d for s t a t i s t i -

cal t r e a t m e n t and p r e s e n t a t i o n of t h e o u t p u t v a r i a b l e s . 

A l l c o m p u t a t i o n s h a v e b e e n p e r f o r m e d at UN I - C , a c o m p u t i n g c e n t r e 

at t h e T e c h n i c a l U n i v e r s i t y of D e n m a r k . 
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3 D E T A I L E D D E S C R I P T I O N O F T H E M O D E L 

T h e o b j e c t i v e s of the m o d e l are 1) to d e s c r i b e q u a n t i t a t i v e l y the 

c o n t i n o u s p r o c e s s e s of n u t r i e n t m e t a b o l i s m and i n t e r a c t i o n s be-

t w e e n d i f f e r e n t n u t r i e n t s in i n d i v i d u a l t i s s u e s , a n d 2 ) to p r e d i c t 

t h e feed i n t a k e , m i l k p r o d u c t i o n and c h a n g e in live w e i g h t of cows 

in a s p e c i f i e d l a c t a t i o n a l s t a g e g i v e n a d i e t of a s p e c i f i e d che-

m i c a l c o m p o s i t i o n . 

3 , 1 T h e p r o c e d u r e f o r c o n s t r u c t i n g t h e m o d e l 

T h e e s s e n t i a l f e a t u r e of a d y n a m i c m o d e l is a set of d i f f e r e n t i a l 

e q u a t i o n s d e s c r i b i n g t h e r a t e s of flow of m a t t e r in t h e s y s t e m . 

W h e n the e q u a t i o n s are d e f i n e d , n u m e r i c a l v a l u e s m u s t be a s s i g n e d 

to t h e e q u a t i o n p a r a m e t e r s . T w o p r i n c i p i a l l y d i f f e r e n t m e t h o d s can 

be a p p l i e d for t h i s p r o c e s s . O n e is that all p a r a m e t e r s a r e t r e a -

t e d as u n k n o w n q u a n t i t i e s , t h e v a l u e s of w h i c h are f o u n d by c o m p u -

ter i t e r a t i o n s for g i v e n m o d e l i n p u t s a n d o u t p u t s . A n o t h e r m e t h o d 

is to a s s i g n e x p e r i m e n t a l or e s t i m a t e d v a l u e s to t h e p a r a m e t e r s in 

a d v a n c e and t h e n use t h e r e s u l t i n g o u t p u t as a t e s t of h o w w e l l 

t h e m o d e l is c o n s t r u c t e d . 

For the p r e s e n t m o d e l a c o m b i n a t i o n of t h e s e 2 m e t h o d s w a s u s e d . 

F i r s t l y , a s t a t i c m o d e l of a l a c t a t i n g d a i r y cow w a s m a d e . T h i s 

s t a t i c m o d e l d e s c r i b e s t h e d a i l y a m o u n t s of feed c o n s u m e d , n u t r i -

e n t f l o w t h r o u g h the b o d y , m i l k p r o d u c t i o n and live w e i g h t c h a n g e . 

S e c o n d l y , d i f f e r e n t i a l e q u a t i o n s and a u x i l i a r y e q u a t i o n s w e r e de-
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f i n e d , and t h i r d l y , s t a t e v a r i a b l e s and e q u a t i o n p a r a m e t e r s w e r e 

g i v e n n u m e r i c a l v a l u e s d e r i v e d from the l i t e r a t u r e or a s s u m e d as 

b i o l o g i c a l l y p r o b a b l e . F i n a l l y , t h e p a r a m e t e r s w e r e a d j u s t e d by 

m e a n s of r e p e a t e d s i m u l a t i o n s u n t i l the d y n a m i c m o d e l g a v e t h e 

s a m e s o l u t i o n s as t h e s t a t i c m o d e l w i t h r e g a r d to d a i l y f e e d in-

t a k e , n u t r i e n t f l u x e s , m i l k p r o d u c t i o n and live w e i g h t c h a n g e . 

T h e s t a t i c m o d e l is b a s e d on p u b l i c a t i o n s of H v e l p l u n d ( 1 9 8 3 ) and 

Danfae r (1 9 8 3 b ) a n d d e s c r i b e s t h e p r o c e s s e s of d i g e s t i o n a n d m e t a -

b o l i s m in a 6 0 0 kg cow in e a r l y l a c t a t i o n c o n s u m i n g 1 7 . 9 kg d r y 

m a t t e r , p r o d u c i n g 30 kg m i l k and l o o s i n g 0 . 5 kg b o d y w e i g h t per 

d a y . T h e r a t i o n c h o s e n had a f i x e d c o m p o s i t i o n of f o d d e r b e e t s 

( 3 7 % ) , g r a s s s i l a g e ( 1 5 % ) , b e e t top s i l a g e ( 1 2 % ) , b a r l e y s t r a w 

( 9 % ) and c o n c e n t r a t e s (27% of feed dry m a t t e r ) . C a l c u l a t i o n s of 

e n e r g y u t i l i z a t i o n (see f i g u r e 3 . 1 ) b a s e d on the a m o u n t s of m e t a -

b o l i z e d n u t r i e n t s s h o w t h a t the e n e r g y l o s s e s (in m e t h a n e , f a e c e s 

u r i n e and h e a t ) a r e in g o o d a g r e e m e n t w i t h c o r r e s p o n d i n g e x p e r i -

m e n t a l v a l u e s f r o m the l i t e r a t u r e ( C o p p o c k et a l . 1 9 6 4 , F l a t t et 

a l . 1 9 6 9 ) . 

T h e e n e r g y v a l u e of t h e feed r a t i o n c h o s e n for t h e m o d e l w a s 1 6 . 0 

S c a n d i n a v i a n Feed U n i t s ( S F U ) c a l c u l a t e d from t h e c h e m i c a l c o m p o -

s i t i o n of the f e e d , but o n l y 1 4 . 8 SFU w h e n e s t i m a t e d on t h e b a s i s 

of t h e p r o d u c t i o n and live w e i g h t of t h e m o d e l c o y . T h e lower va 

lue is an e x p r e s s i o n of the t r u e net e n e r g y c o n t e n t in t h e f e e d , 

a n d t h e r a t i o of the 2 v a l u e s , 1 4 . 8 / 1 6 . 0 = 0 . 9 2 is the s a m e as 

t h a t f o u n d b y D a n f æ r ( 1 9 8 3 a ) in an a n a l y s i s of r e s u l t s f r o m 2 lar 

ge D a n i s h f e e d i n g e x p e r i m e n t s ( Ø s t e r g a a r d 1 9 7 9 , K r i s t e n s e n 1 9 8 3 ) . 

T h i s a n a l y s i s s h o w e d t h a t t h e r a t i o is 1 at a f e e d i n g l e v e l of 

1 0 - 1 2 SFU per cow per d a y - the l e v e l of f e e d i n t a k e w h e r e m o s t 

f e e d i n g e x p e r i m e n t s u s e d to d e t e r m i n e the SFU v a l u e of f e e d s t u f f s 

h a v e b e e n p e r f o r m e d - but at h i g h e r f e e d i n g l e v e l s the r a t i o de-

c r e a s e s a c c o r d i n g to a s e c o n d d e g r e e p o l y n o m i a l ( D a n f æ r 1 9 8 3 a ) . 
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From t h e s e arid o t h e r c a l c u l a t i o n s it w a s c o n c l u d e d t h a t , for the 

c h o s e n r a t i o n , the s t a t i c m o d e l d e v e l o p e d by H v e Ip I und ( 1 9 8 3 ) and 

D a n f a r ( 1 9 8 3 b ) g a v e r e a l i s t i c p r e d i c t i o n s of t h e n u t r i e n t and 

e n e r g y m e t a b o l i s m in a h i g h - y i e l d i n g d a i r y cow in e a r l y l a c t a t i o n , 

and t h e r e f o r e c o u l d be u s e d as a b a s i s for the d y n a m i c m o d e l . 

G r o s s e n e r g y : 3 2 8 M J ( 1 0 0 % ) 

D i g e s t i b l e e n e r g y : 231 MJ ( 7 0 % ) 

- • E n e r g y in f a e c e s : 97 MJ ( 3 0 % ) 

-f» E n e r g y in m e t h a n e : 21 M J ( 6 . 4 % ) 

E n e r g y in u r i n e : 15 MJ ( 4 . 6 % ) 

M e t a b o I i z a b le e n e r g y : 1 9 5 MJ ( 5 9 % ) 

T o t a l heat p r o d u c t i o n : 1 1 3 MJ ( 3 4 % ) 

. • • T h e r m a l e n e r g y : 7 8 MJ ( 2 3 % ) 

Ne t e n e r g y for 

p r o d u c t i o n : 

82 MJ ( 2 5 % ) 

E n e r g y in m i l k : 

95 MJ 

N e t e n e r g y for 

mai n t e n a n c e : 

35 MJ ( 1 1 % ) 

= T o t a l net e n e r g y : 

1 1 7 MJ ( 3 6 % ) 

E n e r g y in b o d y g a i n 

-13 MJ 

F i g u r e 3 . 1 . E n e r g y u t i l i z a t i o n o f a l a c t a t i n g 6 0 0 kg COM c o n s u m i n g 

1 7 . 9 kg d r y m a t t e r a n d p r o d u c i n g 3 0 kg m i l k a c c o r d i n g 

to t h e s t a t i c m o d e l ( D a n f ® r 1 9 8 3 b ) 
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3 . 2 T h e c o m p u t e r p r o g r a m s 

T h i s s e c t i o n will d e s c r i b e b r i e f l y the c o n s t r u c t i o n and f u n c t i o n 

of the C S M P I I I , F O R T R A N and' SAS c o m p u t e r p r o g r a m s . T h e p r o g r a m s 

are s h o w n in full in the A p p e n d i c e s . 

3 . Z . I T h e B a i n p r o g r a a a n d t h e s u b r o u t i n e s 

T h e m a i n f r a m e w o r k of the m o d e l is f o r m u l a t e d in the C S M P 111 pro 

g ramm i ng l a n g u a g e ( S p e c k h a r t & G r e e n 1 9 7 6 ) and c o n s i s t s of 3 

p a r t s : the I N I T I A L , the D Y N A M I C , and the T E R M I N A L s e g m e n t s (see 

A p p e n d i x 1 ) . 

The I N I T I A L s e g m e n t c o n t a i n s t h o s e s t a t e m e n t s w h i c h are e x e c u t e d 

o n l y at the b e g i n n i n g of each run - a run b e i n g o n e s i m u l a t i o n pe 

riod t e r m i n a t e d w h e n the c h r o n o l o g i c a l v a r i a b l e T I M E r e a c h e s the 

n u m e r i c a l v a l u e of the s y m b o l F I N T I M . In this m o d e l F I N T I M is de-

fined as 24 h , and t h e r e f o r e a run r e p r e s e n t s the t i m e c o u r s e of 

d a y . 

The e q u a t i o n p a r a m e t e r s and s t a t e v a r i a b l e s which are g i v e n ini-

tial n u m e r i c a l v a l u e s are g r o u p e d u n d e r P A R A M , C O N S T A N T and INCON 

The i n i t i a l v a l u e s are t h o s e a s s i g n e d at the b e g i n n i n g of each 

r u n , w h e n T I M E = 0 h . In the P A R A M g r o u p are e q u a t i o n p a r a m e t e r s 

( e . g . K 1 0 6 1 , K 6 I ) w h o s e v a l u e s are r e g u l a t e d and t h e r e f o r e vari-

a b l e d u r i n g a r u n , and e q u a t i o n p a r a m e t e r s ( K C A , K A T P , Y A T P M ) 

w h i c h are n e c e s s a r y for c o m p u t a t ions in the I N I T I A L s e g m e n t . T h e 

s t a t e v a r i a b l e s ( e . g . C1 I , S U 2 I ) are listed in the C O N S T A N T g r o u p 
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a n d in the IN CON g r o u p t h e r e are 3 p a r a m e t e r s g i v i n g the live 

w e i g h t of t h e COM ( B y , k g ) , the r a t e of f e e d i n t a k e d u r i n g p e r i o d s 

of e a t i n g ( F T , kg d r y m a t t e r / h ) and a f a c t o r for e s t e r i f i c a t i o n of 

m i l k fat ( L 1 7 9 ) . 

T h e s e g m e n t is c o m p l e t e d w i t h a list of e q u a t i o n s , w h i c h t r a n s f e r 

t h e i n i t i a l v a l u e s of p a r a m e t e r s and s t a t e v a r i a b l e s to t h e i r p r o -

p e r n a m e s in t h e r e s p e c t i v e r a t e e q u a t i o n s ( e . g . K 1 0 6 = K 1 0 6 1 , C1 

= C 1 1 ) , t o g e t h e r w i t h s o m e p a r a m e t e r s w h i c h a r e d e r i v e d f r o m s t a t e 

v a r i a b l e s ( C 2 , C A 3 , Y A T P , X 1 , X 2 , X 3 , C A 2 0 ) . 

In t h e D Y N A M I C s e g m e n t F O R T R A N s u b r o u t i n e s (see A p p e n d i x 2 ) w i t h 

r a t e e q u a t i o n s and r e g u l a t o r y e q u a t i o n s a r e c a l l e d for e x e c u t i o n , 

a n d in b e t w e e n t h e e x e c u t i o n of s u b r o u t i n e s , i n t e g r a t i o n s of d i f -

f e r e n t i a l e q u a t i o n s are c a r r i e d out in t h e D Y N A M I C s e g m e n t . 

T h e first s u b r o u t i n e , R A T E 1 , c o n t a i ns t h e r a t e e q u a t i o n s of the 

r u m e n c o m p a r t m e n t ( e . g . R S U 1 0 0 = F T * K S U * L S U , R S T 1 0 0 = F T * K S T * L S T ) , 

and a f t e r the s u b r o u t i ne has b e e n c a l l e d a n d e x e c u t e d , the m a i n 

p r o g r a m c o n t i n u e s with the i n t e g r a t i o n of r a t e e q u a t i o n s f r o m the 

r u m e n c o m p a r t m e n t in o r d e r to find new v a l u e s for its s t a t e v a r i -

a b l e s ( e . g . CI = C11 + I N T G R L ( 0 . 0 , DC 1 ) , w h e r e DC 1 = R 1 0 1 - R 1 0 3 ). T h e 

s a m e p r o c e d u r e is t h e n u s e d for the o t h e r c o m p a r t m e n t s : i n t e s t i n a l 

l u m e n and i n t e s t i n a l w a l l ( s u b r o u t i ne R A T E 2 ) , liver and e x t r a c e l -

l u l a r f l u i d ( s u b r o u t i n e RAT E 3 ) , and m a m m a r y g l a n d , m us cIe t i s s u e , 

a d i p o s e t i s s u e and o t h e r t i s s u e s ( s u b r o u t i n e R A T E 4 ) . 

T h e D Y N A M I C s e g m e n t cont i n u e s w i t h the i n t e g r a t i o n of i n d i v i d u a l 

f l o w r a t e s ( e . g . R 1 0 0 , R 1 0 3 , mo I C / h) c a l c u l a t e d in the s u b r o u t i -

n e s , l e a d i n g to d a i l y f l u x e s of m a t t e r ( e . g . F100 = I N T G R L 

( 0 . 0 , R 1 0 0 ) , F 1 0 3 = I N T G R L ( 0 . 0 , R 1 0 3 ) , mo I C / d ) . 
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A f t e r t h e s e i n t e g r a t i o n s o t h e r F O R T R A N s u b r o u t i n e s a r e c a l l e d . 

S u b r o u t i n e s P O O L 1 , P O O L 2 , P 0 0 L 3 and P 0 0 L 4 p r e v e n t n u m e r i c a l v a l u e 

of t h e s t a t e v a r i a b l e s b e c o m i n g z e r o or n e g a t i v e 

( e . g . I F C S U 2 . L T . 0 . 0 1 ) SU2 = 0 . 0 1 ) , w h i l e s u b r o u t i n e s R E G U L 1 , 

R E G U L 2 and' R E 6 U L 3 r e g u l a t e t h e n u m e r i c a l v a l u e s of v a r i a b l e 

p a r a m e t e r s and p r e v e n t t h e s e p a r a m e t e r v a l u e s b e c o m i n g z e r o or 

n e g a t i v e ( e . g . 1 F ( K 1 0 6 . L T . 0 . 0 0 0 0 1 ) K 1 0 6 = 0 . 0 0 0 0 1 ) . T h e v a r i a b l e 

p a r a m e t e r s a r e t h o s e g i v e n i n i t i a l v a l u e s in t h e I N I T I A L s e g m e n t 

a n d t h e p r i n c i p l e b e h i n d t h e i r r e g u l a t i o n d u r i n g a run is as 

i l l u s t r a t e d by the e x a m p l e in s e c t i o n 2 . 3 . T h e f o l l o w i n g s e q u e n c e 

s h o w s t h e F O R T R A N f o r m u l a t i o n : 

R 106 = R 1 0 6 M * C 2 / ( K 1 0 6 + C 2 ) 

I F ( C 2 . L T . C 2 M X ) GO TO 1 

K 1 0 6 = K 1 0 6 - 0 . 1 

G O TO 2 

1 I F C C 2 . 6 T . C 2 H N ) GO TO 2 

K 1 0 6 = « 1 0 6 + 0 . 1 

G O TO 2 

2 C O N T I N U E 

T h e v a r i a b l e p a r a m e t e r K 1 0 6 is t h u s d e c r e a s e d by 0.1 w h e n t h e sta 

te v a r i a b l e C 2 b e c o m e s e q u a l to or g r e a t e r t h a n C 2 M X , and K 1 0 6 is 

i n c r e a s e d by 0.1 w h e n C 2 b e c o m e s e q u a l to or less t h a n C 2 M N . A s a 

c o n s e q u e n c e of t h i s the r a t e R 1 0 6 w i l l i n c r e a s e or d e c r e a s e re-

s p e c t i v e l y . 

T h e s u b r o u t i n e R E G U L 1 a l s o r e g u l a t e s w h e n and how m u c h t h e cow 

w i l l e a t : 

I F C N I G H T . E Q . 0 . ) GO TO 11 

FT = 0 . 0 

GO TO 13 

11 I F C U N F E R M . L T . M A X ) GO TO 12 
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FT = 0 . 0 

G O TO 13 

12 I F ( U N F E R M . G T . M I N ) GO TO 13 

FT = 3 . 3 

GO TO 13 

13 C O N T I N U E 

T h e v a r i a b l e N I G H T = S T E P (1 . ) - S T E P ( 5 . ) is d e f i n e d in t h e D Y N A M I C 

s e g m e n t a n d w i l l h a v e t h e v a l u e 1 w h e n T I M E is b e t w e e n 1 and 5 h , 

and t h e v a l u e 0 at all o t h e r t i m e s . W h e n N I G H T = 1 t h e cow w i l l 

not eat b e c a u s e FT = 0 . W h e n N I G H T = 0 t h e v a l u e of FT w i l l be 

3 . 3 , if t h e v a r i a b l e UN F E RM is e q u a l to or less t h a n M I N , and FT 

w i l l be 0 w h e n U N F E R M b e c o m e s e q u a l to or g r e a t e r t h a n M A X . T h i s 

m e a n s t h a t e x c e p t for a p e r i o d b e t w e e n 1 and 5 h t h e cow w i l l e a t 

at a r a t e of 3 . 3 kg d r y m a t t e r p e r h w h e n the a m o u n t of u n f e r m e n -

ted o r g a n i c m a t t e r in t h e r u m e n ( U N F E R M = A 1 + A * A 2 + C1+C *C 2 ) d e c r e a -

ses to or b e l o w a t o w e r limit ( M I N ) . B u t the cow w i l l s t o p e a t i n g 

w h e n t h e u n f e r m e n t e d m a t t e r i n c r e a s e s to or a b o v e an u p p e r l i m i t 

( M A X ) . 

All s t a t e m e n t s in the D Y N A M I C s e g m e n t a n d in the s u b r o u t i n e s c a l -

led f r o m it are e x e c u t e d at each i n t e g r a t i o n step u n t i l the end of 

a r u n , w h e n the var i a b l e T I M E e q u a I s t h e p r e s e t v a l u e of F I N T I M . 

The T E R M I N A L s e g m e n t c o n t a i n s s t a t e m e n t s that are o n l y e x e c u t e d at 

the end of e a c h r u n . T h e f i r s t 4 of t h e s e s t a t e m e n t s are s p e c i fi-

c a t i o n s a b o u t the i n t e g r a t i o n m e t h o d , n u m b e r of r u n s , and o u t p u t 

p r e s e n t a t i o n . F I N T I M = 24 m e a n s t h a t e a c h run r e p r e s e n t s 24 h; 

P R D E L = 24 m e a n s that r e s u l t s can be p r i n t e d for e a c h run at T I M E 

= 0 and T I M E = 24 h in the C S M P III p r o g r a m o u t p u t ; O U T D E L = 0 . 0 5 

m e a n s t h a t r e s u l t s at 0 . 0 5 h i n t e r v a l s can be p r i n t e d or p l o t t e d 

a s o u t p u t f r o m a SA S d a t a set g e n e r a t e d from the C S M P III p r o g r a m ; 

and D E L T = 0 . 0 5 m e a n s t h a t the i n t e g r a t i o n t i m e i nte rva I is 0 . 0 5 h 
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or 3 m i n . M E T H O D A D A M S d e f i n e s a s e c o n d o r d e r i n t e g r a t i o n m e t h o d : 

Y t + dt = Y t + d t / 2 * C 3 * C d Y / d t ) t - ( d Y / d t ) t - c j t ) , 

and 1 F ( R U N . S T . 3 5 . ) GO TO 50 m e a n s t h a t t h e s i m u l a t i o n s s t o p w h e n 

35 r u n s h a v e b e e n p e r f o r m e d . 

T h e F O R T R A N s u b r o u t i n e s n a m e d END1 , E N D 2 , E N D S and E N D 4 c a l l e d 

f r o m t h e T E R M I N A L s e g m e n t a l l o w t h e s t a t e v a r i a b l e s and the r e g u -

l a t e d p a r a m e t e r s to k e e p t h e i r n u m e r i c a l v a l u e s o b t a i n e d at t h e 

e n d of a run as i n i t i a l v a l u e s for t h e s u b s e q u e n t r u n , w h e n t h e 

s t a t e m e n t C A L L R E R U N i n i t i a t e s a n e w run ( e . g . C 1 1 = C 1 , K 1 0 6 1 = 

K 1 0 6 ) . 

T h e v a r i a b l e s l i s t e d a f t e r P R E P A R E in t h e m a i n p r o g r a m ( e . g . R U N , 

F 1 0 0 ) a r e t r a n s f e r r e d to and p r e s e n t e d as o u t p u t f r o m a SAS d a t a 

s e t . T h e s t a t e m e n t R A N G E w i l l g i v e t h e m i n i m u m and m a x i m u m v a l u e s 

in e a c h run of the l i s t e d v a r i a b l e s ( e . g . C 1 , S U 2 ) as an o u t p u t 

f r o m t h e C S M P III p r o g r a m . 

3 . 2 . 2 A u x i l i a r y p r o g r a m s 

T h e S A S p r o g r a m s h o w n in A p p e n d i x 3 is c o n n e c t e d to the C S M P 1 1 1 

p r o g r a m and c r e a t e s a d a t a set c o n t a i n i n g the o u t p u t v a r i a b l e s li 

s t e d a f t e r t h e P R E P A R E s t a t e m e n t in t h e T E R M I N A L s e g m e n t of the 

m a i n p r o g r a m , from t h i s d a t a set a n o t h e r SAS p r o g r a m (see A p p e n d i 

4 ) can p e r f o r m s t a t i s t i c a l t r e a t m e n t s , f u r t h e r c a l c u l a t i o n s , a n d 

g r a p h i c a l p r e s e n t a t i o n s of the o u t p u t v a r i a b l e s . 
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3 . 3 T h e i n d i v i d u a l e q u a t i o n s , s t a t e v a r i a b l e s a n d p a r a m e t e r s 

In t h i s s e c t i o n t h e c o m p a r t m e n t s of the m o d e l w i l l be d e s c r i b e d in 

d e t a i l by the d e f i n i t i o n of e q u a t i o n s a n d the a s s i g n m e n t of n u m e -

r i c a l v a l u e s to s t a t e v a r i a b l e s a n d e q u a t i o n p a r a m e t e r s . T h e o r i -

g i n a l v a l u e s e s t i m a t e d f r o m t h e l i t e r a t u r e or o t h e r w i s e a s s u m e d 

a r e g i v e n as w e l l as t h e v a l u e s f i n a l l y a d o p t e d a f t e r r e p e a t e d si-

m u l a t i o n s . T h e i n d i v i d u a l r a t e s of n u t r i e n t m e t a b o l i s m a r e d e r i v e d 

p r i m a r i l y from t h e s t a t i c m o d e l of H v e Ip lund ( 1 9 8 3 ) and D a n f s r 

( 1 9 8 3 b ) . It is a s s u m e d t h a t a l l n u t r i e n t p o o l s are in a s t e a d y 

s t a t e . 

3 . 3 . 1 T h e r u a e n c o m p a r t m e n t 

D i a g r a m s of s t a t e v a r i a b l e s a n d f l o w s of n u t r i e n t s in t h e r u m e n 

c o m p a r t m e n t are s h o w n in f i g u r e s 2.1 and 2.2® N u m e r i c a l v a l u e s and 

d i m e n s i o n s of t h e s t a t e v a r i a b l e s and e q u a t i o n p a r a m e t e r s a r e 

s h o w n in A p p e n d i x 5 . 

T h e c h e m i c a l c o m p o s i t i o n of t h e f e e d - a c o m p l e t e d i e t o f f e r e d ad 

l i b i t u m - is c a l c u l a t e d on t h e b a s i s of the i n d i v i d u a l f e e d s t u f f s 

( s e e s e c t i o n 3 . 1 ) a c c o r d i n g to H v e Ip lund ( 1 9 8 3 ) : 

S u g a r 

S t a r c h 

C e l l w a l l c a r b o h y d r a t e s 

G l y c e ro I 

F a t t y a c i d s 

P e r c e n t of f e e d d r y m a t t e r 

2 2 . 3 5 

3 . 1 3 

4 2 . 6 8 

0 . 4 7 

4 . 0 0 

5 
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P r o t e i n ( N * 6 . 2 5 ) 1 7 . 8 8 

A s h e s 9 . 4 9 

T o t a l 1 0 0 . 0 0 

C a r b o n t r a n s a c t i o n s 

T h e e q u a t i o n s d e s c r i b i n g t h e i n t a k e o f c a r b o h y d r a t e s a n d L i p i d s 

a r e : 

R S U 1 0 0 = F T * K S U * L S U ( i n t a k e of s u g a r , mo I C / h ) 

R ST 100 = F T * K S T * L S T ( i n t a k e of s t a r c h , mo I C / h ) 

R C E 1 0 0 = FT*K C E *L C E ( i n t a k e of c e l l w a l l c a r b o h y d r a t e s , 

mo I C / h ) 

R 6 L 1 0 0 = F T * K G L * L G L ( i n t a k e of g l y c e r o l , mo I C / h ) 

R L 1 1 0 0 = FT *K L I * L L I ( i n t a k e of f a t t y a c i d s , mo I C / h ) 

R 100 = R S U 1 0 0 + R S T 1 0 0 + R C E 1 0 0 + R G L 1 0 0 + R L I 1 0 0 

( i n t a k e of c a r b o h y d r a t e s and 

l i p i d s , mo I C / h ) 

T h e a s s u m e d r a t e of f e e d i n t a k e d u r i n g p e r i o d s o f e a t i n g (FT) is 

b a s e d on t h e w o r k of T i b o r ( 1 9 8 0 ) , who f o u n d r a t e s of e a t i n g v a r y -

ing f r o m 3 . 1 5 to 3 . 3 8 kg DM per h o u r in l a c t a t i ng c o w s c o n s u m i n g 

f r o m 1 6 . 0 to 1 8 . 1 kg DM per d a y : 

FT = 3 . 3 kg D M / h . 

T h e c o n t e n t s o f n u t r i e n t s in t h e f e e d a r e d e s c r i b e d as f r a c t i o n s 

of the d r y m a t t e r a c c o r d i n g to the c h e m i c a l c o m p o s i t i o n of the 

d i e t : 

KSU = 0 . 2 2 3 5 kg s u g a r / k g DM 

KST = 0 . 0 3 1 3 kg s t a r c h / k g DM 
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K C E = 0 . 4 2 6 8 kg c e l l w a l l c a r b o h y d r a t e s / k g DM 

K G L = 0 . 0 0 4 7 kg g I y c e r o I / k g DM 

K L I = 0 . 0 4 0 0 kg f a t t y a c i d s / k g D M . 

T h e c a r b o n c o n t e n t in t h e d i e t a r y n u t r i e n t s is c a l c u l a t e d as the 

n u m b e r of c a r b o n a t o m s p e r m o l e d i v i d e d by the r e s p e c t i v e m o l e -

c u l a r w e i g h t s : 

LSU = 1 0 0 0 * 1 2 / 3 4 2 = 3 5 . .087 mo I C / k g s u g a r 

L ST = 1 0 0 0 * 6 / 1 6 2 = 3 7 . .037 mo 1 C/ kg s t a r c h 

LCE = 1 0 0 0 * 6 / 1 6 2 = 3 7 . .037 mo I C / k g c e l l w a l l c a r b o h y d r a t e s 

LGL = 1 0 0 0 * 3 / 9 2 . 1 = 3 2 . .573 mo I C / k g g l y c e r o l 

L LI = 1 0 0 0 * 1 6 / 2 5 6 . 4 = 6 2 . .402 mo I C / k g f a t t y a c i d s . 

A s t h e d r y m a t t e r i n t a k e is 1 7 . 9 kg/d a c c o r d i n g to t h e s t a t i c 

m o d e l (see s e c t i o n 3 . 1 ) , t h e s i m u l a t e d r a t e of c a r b o h y d r a t e a n d 

l i p i d i n t a k e i s : 

R 1 0 0 = 1 7 . 9 * ( 0 . 2 2 3 5 * 3 5 . 0 8 7 + ( 0 . 0 3 1 3 + 0 . 4 2 6 8 ) * 3 7 . 0 3 7 + 

0 . 0 0 4 7 * 3 2 . 5 7 3 + 0 . 0 4 0 0 * 6 2 . 4 0 2 ) = 

4 9 1 .49 mo I C / d = 2 0 . 4 7 9 mot C / h . 

T h e t i m e u s e d to c o n s u m e t h i s a m o u n t of f o o d i s : 1 7 . 9 / 3 . 3 = 5 . 4 2 

h . 

T h e i n d i v i d u a l g r o u p s of n u t r i e n t s a r e d i v i d e d i n t o u n f e r « e n t a b l e 

a n d f e r m e n t a b l e f r a c t i o n s by the p a r a m e t e r s MS U , M S T , M C E and ML I 

( u n f e r m e n t a b l e s u g a r , mo I C / h ) 

( u n f e r m e n t a b l e s t a r c h , mo I C / h ) 

( u n f e r m e n t a b l e c e l l w a l l 

c a r b o h y d r a t e s , mo I C / h ) 

( u n f e r m e n t a b le g l y c e r o l , mo I C / h ) 

R S U 1 0 1 = MS U *R S U 1 0 0 

R S T 1 0 1 = M S T * R S T 1 0 0 

R C E 1 0 1 = MC E *R C E 1 0 0 

R G L 1 0 1 = M S U * R G I 1 0 0 



84 

R L 1 1 0 1 = ML I*R L 1 1 0 0 ( u n f e r m e n t a b l e f a t t y a c i d s , m o l c / h ) 

R 1 0 1 = RSU1 0 1 + R S T 1 0 1 + R C E 1 0 1 + R G L 1 0 1 + R L I 1 0 1 

( u n f e r m e n t a b l e c a r b o h y d r a t e s a n d 

l i p i d s , mo I C / h ) 

R S U 1 0 2 = ( 1 - M S U ) * ( R S U 1 0 0 + R G L 1 0 0 ) 

( f e r m e n t a b l e s u g a r a n d g l y c e r o l , 

m o l C / h ) 

RST 1 02 = (1-M S T ) * R S T 1 0 0 ( f e r m e n t a b l e s t a r c h , m o l C / h ) 

R C E 1 0 2 = ( 1 - M C E ) * R C E 1 0 0 ( f e r m e n t a b l e c e l l w a l l 

c a r b o h y d r a t e s , m o l C / h ) 

R L 1 1 0 2 = ( 1 - M L I ) * R L 1 1 0 0 ( f e r m e n t a b l e f a t t y a c i d s , m o l C / h ) 

R 1 0 2 = R S U 1 0 2 + R S T 1 0 2 + R C E 1 0 2 + R L I 1 0 2 

( f e r m e n t a b l e c a r b o h y d r a t e s and 

l i p i d s , mol C / h ) 

S u g a r , s t a r c h a n d g l y c e r o l a r e a s s u m e d to be t o t a l l y f e r m e n t a b l e : 

M S U = MST = 0 . 

C e l l w a l l c o n s t i t u e n t s are 6 0 * f e r m e n t a b l e ( M e r t e n s 8 E l y 1 9 7 9 ) , 

and f a t t y a c i d s a r e 1 O Z f e r m e n t a b l e ( H v e l p l u n d 1 9 8 3 ) : 

MCE = 0 . 4 0 

M L I = 0 . 9 0 . 

T h e p o o l of u n f e n e n t a b le c a r b o h y d r a t e s a n d l i p i d s is r e p r e s e n t e d 

b y the s t a t e v a r i a b l e C 1 , and the r a t e of n u t r i e n t o u t f low ( R 1 0 3 ) 

f r o m t h i s p o o l to t h e i n t e s t i n a l c o m p a r t m e n t is d e s c r i b e d as a 

f i r s t o r d e r m a s s a c t i o n p r o c e s s . O u t f l o w r a t e s o f t h e i n d i v i d u a l 

n u t r i e n t s in t h e p o o l are c a l c u l a t e d in p r o p o r t i o n to t h e i r o c c u r -

r e n c e in the f e e d : 
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R 103 = K 1 0 3 *C1 ( o u t f l o w of u n f e r m e n t a b l e c a r b o h y -

d r a t e s and l i p i d s , mo I C / h ) 

R S U 1 0 3 = R 1 0 3 * R S U 1 0 1 / R 101 ( o u t f l o w of u n f e r m e n t a b I e s u g a r , 

mo I C / h ) 

R ST 103 = R 1 0 3 * R S T 1 0 1 / R 101 ( o u t f l o w of u n f e r m e n t a b I e s t a r c h , 

mo I C / h ) 

R C E 1 0 3 = R 1 0 3 * R C E 1 0 1 / R101 ( o u t f l o w of u n f e r m e n t a b le cell w a l l 

c a r b o h y d r a t e s , mo I C / h ) 

R G L 1 0 3 = R 1 0 3 * R G L 1 0 1 / R 101 ( o u t f l o w of u n f e r m e n t a b le g l y c e r o l , 

mo 1 C / h ) 

R L J 1 0 3 = R 1 0 3 * R L I 1 0 1 / R 1 0 1 ( o u t f l o w of u n f e r m e n t a b le f a t t y 

a c i d s , mo I C / h ) 

In t h e F O R T R A N s u b r o u t i n e (see A p p e n d i x 2) t h e s e r a t e s are e x p r e s -

sed b y the p a r a m e t e r s K S U , L S U , M S U e t c . , b e c a u s e t h e rate R101 

w i l l be z e r o in p e r i o d s w i t h no f e e d i n t a k e . T h e o u t f Low r a t e o f 

u n f e r a e n t a b L e c a r b o h y d r a t e s a n d L i p i d s is c a l c u l a t e d on t h e b a s i s 

of t h e s t a t i c m o d e l (Hve Ip lund 1 9 8 3 ) : 

R 1 0 3 = 6 . 3 9 mo I C / h . 

T h e f r a c t i o n a l t u r n o v e r r a t e c o n s t a n t ( K 1 0 3 ) is a s s u m e d to be 2 . 5 % 

per h - a v a l u e e s t i m a t e d by Li n d b e r g (1981 ) and u s e d by Kri s t e n -

sen ( 1 9 8 4 ) in a d y n a m i c s i m u l a t i o n of feed i n t a k e of c o w s on 

p a s t u r e : 

K 1 0 3 = 0 . 0 2 5 h " 1 . 

T h e s i z e o f t h e p o o l is t h e n d e r i v e d a s : 

C1 = R 1 0 3 / K 1 0 3 = 6 . 3 9 / 0 . 0 2 5 = 2 5 5 . 6 m o l C . 
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T h e p o o l s of f e r a e n t a b Le (but not n e c e s s a r i l y f e r m e n t e d ) s u g a r , 

s t a r c h and c e l l w a l l c a r b o h y d r a t e s are r e p r e s e n t e d by the s t a t e 

v a r i a b l e s SU2 , ST 2 and C E 2. N u t r i e n t s from these p o o l s a r e e i t h e r 

i n c o r p o r a t e d i n t o m i c r o b i a l c a r b o h y d r a t e s and l i p i d s (R105 ) , f e r -

m e n t e d to v o l a t i l e f a t t y a c i d s , « e t h a n e and c a r b o n d i o x i d e (R 106 ), 

or t r a n s p o r t e d out of t h e rumen in t h e l i q u i d p h a s e C R 1 0 7 ) : 

R S U 1 0 5 = K105 *SU2 ( m i c r o b i a l u p t a k e of s u g a r , mo I C / h ) 

R ST 105 = K105 *ST2 ( m i c r o b i a l u p t a k e of s t a r c h , mo I C / h ) 

R C E 1 0 5 = K105 *C E 2 ( m i c r o b i a l u p t a k e of cell w a l l 

R L I 1 0 5 = R L I 1 0 2 

c a r b o h y d r a t e s , mo I C / h ) 

( m i c r o b i a l u p t a k e of f a t t y a c i d s 

mo I C / h ) 

/ 

R105 = R S U 1 0 5 + R S T 1 0 5 + R C E 1 0 5 + R L 1 1 0 5 

( m i c r o b i a l u p t a k e of c a r b o h y d r a t e s 

and l i p i d s , mo I C/h) 

R S T 1 0 7 = K107 *S T 2 

R S U 1 0 7 = K 1 0 7 *SU2 ( o u t f l o w of f e r m e n t a b l e s u g a r , 

mo I C / h ) 

( o u t f l o w of f e r m e n t a b l e s t a r c h r 

R C E 1 0 7 = K 1 0 7 * C E 2 

mo I C / h ) 

( o u t f l o w of f e r m e n t a b l e c e l l w a l l 

c a r b o h y d r a t e s , mo I C / h ) 

R 107 = R S U 1 0 7 + R S T 1 0 7 + R C E 1 0 7 

C 2 = SU2 + S T 2 + C E 2 

( o u t f l o w of f e r m e n t a b l e c a r b o h y -

d r a t e s , mo I C / h ) 

(pool of f e r m e n t a b l e c a r b o h y d r a t e s 

mo I C ) 

T h e e s t i m a t i o n of p o o l s i z e s in t h e r u m e n is b a s e d on the f o l l o w -

i ng a s s u m p t i o n s : 



87 

1) T h e m a s s of t o t a l r u m e n c o n t e n t s is 8 5 . 0 kg of w h i c h 1 1 . 0 kg i 

d r y m a t t e r , and 1 0 . 0 kg is o r g a n i c m a t t e r ( M e i s s n e r et a t . 

1 9 7 9 , E g a n et al . 1 9 8 3 , H v e l p l u n d 1 9 8 4 a ) . 

2 ) T o t a l r u m e n N is 0 . 2 7 8 kg ( I b r a h i m 8 I n g a l l s 1 9 7 2 , H o l t e r et 

a l . 1 9 8 2 ) of w h i c h 0 . 0 1 3 kg is N H 3 - N ( A r m s t r o n g 1 9 7 6 ) , and 

0 . 2 6 5 kg is n o n - a m m o n i a N . 

3 ) M i c r o b i a l N m a s s is 0 . 1 4 3 kg ( H u n g a t e 1 9 6 6 , M a e n g 8 B a l d w i n 
1 9 7 6 a ) , a n d m i c r o b i a l o r g a n i c m a t t e r is 1.5 kg of w h i c h 4 0 % 

(= 0 , 6 k g ) is c a r b o h y d r a t e s and l i p i d s ( H v e l p l u n d 1 9 8 3 , H v e l p -

lund 1 9 8 4 a , N ø r g a a r d 1 9 8 4 ) . 

4 ) T h e a m o u n t of c a r b o h y d r a t e s and l i p i d s in the r u m e n is d e r i v e d 

as o r g a n i c m a t t e r less p r o t e i n , a m i n o a c i d s and n u c l e i c a c i d s : 

1 0 . 0 - 0 . 2 6 5 * 6 . 2 5 = 8 , 3 k g . 

5 ) T o t a l v o l a t i l e f a t t y a c i d s in r u m e n l i q u o r are 0 . 5 kg ( H v e l p -

lund 1 9 8 3 ) . 

6 ) U n f e r m e n t e d c a r b o h y d r a t e s and l i p i d s ( s t a t e v a r i a b l e s C1 and 

C 2 ) a r e t h e r e f o r e : 8 . 3 - ( 0 . 6 + 0 . 5 ) = 7 . 2 k g . 

7 ) U n f e r m e n t e d p r o t e i n , a m i n o a c i d s a n d n u c l e i c a c i d s ( s t a t e v a r i 

a b l e s A1 and A 2 ) a r e : ( 0 . 2 6 5 - 0 . 1 43 ) * 6 . 25 = 0.8 k g . 

T h e d a i ly f e e d i n t a k e in t h e s t a t i c m o d e l is 1 7 . 9 kg d r y m a t t e r o 

w h i c h 1 3 . 0 kg is c a r b o h y d r a t e s and t i p i d s (R100 ). C a r b o h y d r a t e s 

and l i p i d s t a k e n t o g e t h e r are 6 3 . 9 % d i g e s t e d in the r u m e n ( H v e l p -

lund 1 9 8 3 ) a n d the u n f e r a e n t e d p a r t is t h e r e f o r e : 

R 1 0 3 + R 107 = 1 3 . 0 * 0 . 3 6 1 = 4 . 6 9 kg/d e q u i v a l e n t to 7 . 9 1 mo L C / h . 

T h e o u t f l o w r a t e of u n f e r m e n t a b l e c a r b o h y d r a t e s and l i p i d s ( R 1 0 3 ) 
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is 6 . 3 9 root, C / h e q u i v a l e n t to 3 . 7 0 k g / d , a n d t h e o u t f l o w r a t e o f 

f e r m e n t a b l e c a r b o h y d r a t e s is e s t i m a t e d a s : 

R 1 0 7 = 4 . 6 9 - 3 . 7 0 = 0 . 9 9 kg/d e q u i v a l e n t to 

7 . 9 1 - 6 . 3 9 = 1 .52 mo I C / h . 

T h e n a s s of t h e u n f e r a e n t a b l e p o o l o f c a r b o h y d r a t e s a n d l i p i d s 

(€1) an d the « a s s of t h e f e r m e n t a b l e c a r b o h y d r a t e p o o l ( C 2 ) a r e : 

C1 = R 1 0 3 / K 1 0 3 = ( 3 . 7 0 / 2 4 ) / 0 . 0 2 5 = 6 . 2 kg 

C 2 = 7 . 2 - 6 . 2 = 1 . 0 k g . 

T h e r a t e c o n s t a n t f o r f e r a e n t a b le c a r b o h y d r a t e o u t f l o w is t h e n 

d e r i v e d a s : 

K 1 0 7 = R 1 0 7 / C 2 = ( 0 . 9 9 / 2 4 ) / 1 .0 = 0 . 0 4 1 h - 1 . 

T h e f r a c t i o n of s u g a r and s t a r c h d i g e s t e d in t h e r u m e n is t a k e n 

0 . 9 8 ( A r m s t r o n g & S m i t h a r d 1 9 7 9 ) , a n d t h e o u t f l o w r a t e s o f t h e 

i n d i v i d u a l g r o u p s of f e r a e n t a b Le c a r b o h y d r a t e s a r e e s t i m a t e d a s : 

R S U 1 0 7 = ( 1 - 0 . 9 8 ) * R S U 1 0 2 = 0 . 0 2 * 5 . 9 6 = 0 . 1 2 m o l C/h 

R ST 107 = (1-0 . 9 8 ) *R ST 102 = 0 . 0 2 * 0 . 8 6 = 0 . 0 2 m o l C/h 

R C E 1 0 7 = 1 . 5 2 - ( 0 . 1 2 + 0 . 0 2 ) = 1 . 3 8 m o l C / h . 

T h e p o o l s i z e s o f t h e i n d i v i d u a l g r o u p s o f f e r m e n t a b l e c a r b o h y -

d r a t e s a r e t h e n d e r i v e d a s : 

S U 2 = R S U 1 0 7 / K 1 0 7 = 0 

S T 2 = R S T 1 0 7 / K 1 0 7 = 0 

C E 2 = R C E 1 0 7 / K 1 0 7 = 1 

C 2 = 2 . 9 3 + 0 . 4 9 + 3 3 . 6 6 

. 1 2 / 0 . 0 4 1 = 2 . 9 3 m o l C 

. 0 2 / 0 . 0 4 1 = 0 . 4 9 m o l C 

. 3 8 / 0 . 0 4 1 = 3 3 . 6 6 m o l C 

3 7 . 0 8 m o l C . 

T h e r a t e s of c a r b o h y d r a t e u t i l i z a t i o n in m i c r o b i a l s y n t h e s e s a n d 

f e r m e n t a t i o n s a r e : 
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R 1 0 5 - R L I 1 0 5 + R 1 0 6 = R S U 1 0 2 + RST 102 + R C E 1 0 2 - R 1 0 7 = 

1 3 . 9 0 - 1 . 5 2 = 1 2 . 3 8 m o l C / h . 

T h e m i c r o b i a l i n c o r p o r a t i o n of c a r b o h y d r a t e s is 2 1 % of t h e t o t a l 

u t i l i z a t i o n ( C z e r k a w s k i 1 9 7 8 , D a n f a r 1 9 7 9 ) : 

R 1 0 5 - R L I 1 0 5 = R S U 1 0 5 + R S T 1 0 5 + R C E 1 0 5 = 1 2 . 3 8 * 0 . 2 1 = 

2 . 6 0 mol C / h , 

and the r a t e c o n s t a n t f o r m i c r o b i a l u p t a k e o f c a r b o h y d r a t e s is 

d e r i v e d a s : 

K1 05 = ( R S U 1 0 5 + R S T 1 0 5 + R C E 1 0 5 )/C2 = 2 . 6 0 / 3 7 . 0 8 = 0 . 0 7 0 h"1 . 

T h e s i m u l a t e d r a t e of c a r b o h y d r a t e f e r m e n t a t i o n C R 1 0 6 ) is e x p r e s -

sed as an e n z y m a t i c p r o c e s s , w h e r e t h e m a x i m a l r a t e ( R 1 0 6 M ) 

d e p e n d s on t h e m a s s of t h e m i c r o b i a l p o p u l a t i o n ( A 4 ) : 

R 1 0 6 = R 1 0 6 M * C 2 / ( K 1 0 6 + C 2 ) 

R 1 0 6 M = L 1 0 6 * A 4 

R S U 1 0 6 = R 1 0 6 * X 1 * E X P ( - G * X 3 ) 

R ST 106 = R 1 0 6 * X 2 * E X P ( - G * X 3 ) 

R C E 1 0 6 = R 1 0 6 * ( 1 - E X P ( - G * X 3 ) ) 

X1 = S U 2 / ( S U 2 + S T 2 ) 

X2 = S T 2 / ( S U 2 + S T 2 ) 

X3 = C E 2 / ( S U 2 + S T 2 ) 

( f e r m e n t a t i o n of c a r b o h y d r a t e s , 

m o l C / h ) 

( f e r m e n t a t i o n of s u g a r , m o l C / h ) 

( f e r m e n t a t i o n of s t a r c h , m o l C / h ) 

( f e r m e n t a t i o n of c e l l w a l l 

c a r b o h y d r a t e s mo I C / h ) 

T h e r a t e s of f e r m e n t a t i o n of t h e i n d i v i d u a l g r o u p s of c a r b o h y d r a -

t e s d e p e n d on t h e p r o p o r t i o n s of s u g a r + s t a r c h and c e l l w a l l c a r -

b o h y d r a t e s in t h e r u m e n so t h a t the d i g e s t i o n of c e l l w a l l s is re-
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d u c e d w h e n the L e v e l of s u g a r + s t a r c h is i n c r e a s e d ( T h o m s e n 8 N ø r -

g a a r d 1 9 8 3 , T e r n r u d 8 N e e r g a a r d 1 9 8 6 ) . In the a b o v e m a t h e m a t i c a l 

f o r m u l a t i o n t h e r a t i o ( X 3 ) of c e l l w a l l c a r b o h y d r a t e s ( C E 2 ) and 

e a s i l y f e r m e n t a b l e c a r b o h y d r a t e s ( S U 2 + S T 2 ) w i l l a f f e c t the r e l a -

t i v e f e r m e n t a t i o n r a t e s of t h e s e g r o u p s . If t h e a m o u n t of s u g a r 

a n d / o r s t a r c h is i n c r e a s e d , the r a t i o X3 d e c r e a s e s , and t h e c e l l 

w a l l f e r m e n t a t i o n r a t e w i l l d e c r e a s e e x p o n e n t i a l l y , r e a c h i n g z e r o 

w h e n X3 = 0 . 

T h e c a r b o h y d r a t e f e r m e n t a t i o n rate is d e r i v e d as t h e t o t a l u t i l i -

z a t i o n rate less t h e r a t e of m i c r o b i a l i n c o r p o r a t i o n : 

R 1 0 6 = 1 2 . 3 8 - 2 . 6 0 = 9 . 7 8 mo I C / h . 

T h i s rate is a s s u m e d to be 80% of the m a x i m a l r a t e ; 

R 1 0 6 M = 9 . 7 8 / 0 . 8 0 = 1 2 . 2 3 mo I C / h , 

and as the m a s s of t h e m i c r o b i a l p r o t e i n p o o l ( A 4 ) is e s t i m a t e d to 

be 1 0 . 0 4 mo I N ( s e e l a t e r ) , the M a x i m a l f e r m e n t a t i o n r a t e f a c t o r 

i s : 

L 1 0 6 = R 1 0 6 M / A 4 = 1 2 . 2 3 / 1 0 . 0 4 = 1 . 2 1 8 mo I C / ( m o l N * h ) . 

T h e a f f i n i t y c o n s t a n t f o r c a r b o h y d r a t e f e r m e n t a t i o n is t h e n c a l c u -

l a t e d : 

K 1 0 6 = ( R 1 0 6 M / R 1 0 6 - 1 )*C2 = ( 1 2 . 2 3 / 9 . 7 8 - 1 ) * 3 7 . 0 8 = 9 . 2 7 0 m o l C . 

T h e r a t e s of f e r m e n t a t i o n of t h e i n d i v i d u a l c a r b o h y d r a t e g r o u p s 

a r e e s t i m a t e d a s : 

R S U 1 0 6 = R S 0 1 0 2 - ( R S U 1 0 5 + R S U 1 0 7 ) = 5 . 6 4 m o l C / h 

R S T 106 = R S T 1 0 2 - ( R S T 1 0 5 + R S T 1 0 7 ) = 0.81 m o l C / h 
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R C E 1 Q 6 = R C E 1 0 2 - ( R C E 1 0 5 + R C E 1 0 7 ) = 3 . 3 3 mo L C / h . 

F r o m t h e s e v a l u e s a p r e l i m i n a r y e s t i m a t e of t h e p a r a m e t e r 6 i s : 

0 . 0 4 , 

T h e s i m u l a t e d f r a c t i o n of c e l l w a l l c a r b o h y d r a t e s d i g e s t e d in the 

r u m e n i s : ( R C E 1 0 5 + RCE 106 ) / R C E 1 0 0 = ( 2 . 3 6 + 3 . 3 3 )/1 1 .79 = 0 . 4 8 - as 

r e p o r t e d by T horn sen ( 1 9 8 0 ) . 

T h e r a t e s of f o r m a t i o n of f e r m e n t a t i o n p r o d u c t s : v o l a t i l e f a t t y 

a c i d s , m e t h a n e , c a r b o n d i o x i d e and A T P , f r o m e a c h c l a s s of c a r b o -

h y d r a t e s are d e f i n e d as f o l l o w s : 

S U A C 1 = A C S U * R S U 1 0 6 

S U P R 1 = P R S U * R S U 1 0 6 

S U B U 1 = B U S U * R S U 1 0 6 

S U C H 1 = C H S U * R S U 1 0 6 

S U C 0 1 = C 0 S U * R S U 1 0 6 

S U A T P 1 = A T P S U * R S U 1 0 6 

S T A C 1 = A C S T * R S T 1 0 6 

S T P R 1 = P R S T * R S T 1 0 6 

S T B U 1 = B U S T * R S T 1 0 6 

( f o r m a t i o n of a c e t a t e from s u g a r , 

mo I C / h ) 

( f o r m a t i o n of p r o p i o n a t e f r o m 

s u g a r , mo I C / h ) 

( f o r m a t i o n of b u t y r a t e from s u g a r , 

mo I C / h ) 

( f o r m a t i o n of C H 4 f r o m s u g a r , 

mo I C / h ) 

( f o r m a t i o n of C O 2 f r o m s u g a r , 

mo I C / h ) 

( f o r m a t i o n of A T P f r o m s u g a r , 

mo I A T P / h ) 

( f o r m a t i o n of a c e t a t e from s t a r c h , 

mo I C / h ) 

( f o r m a t i o n of p r o p i o n a t e from 

s t a r c h , mo I C / h ) 

( f o r m a t i o n of b u t y r a t e from 

s t a r c h , mo I C / h ) 
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STCH1 = C H S T * R S T 1 0 6 

S T C 0 1 = C O S T * R S T 1 0 6 

S T A T P 1 = A T P S T * R S T 1 0 6 

( f o r m a t i o n of CH4 from s t a r c h , 

mot C / h ) 

( f o r m a t i o n of CO2 from s t a r c h , 

mo I C / h ) 

( f o r m a t i o n of ATP from s t a r c h , 

m o I A T P / h ) 

C E A C 1 = A C C E * R C E 1 0 6 

C E P R 1 = PR C E *R C E106 

CEBU1 = B U C E * R C E 1 0 6 

CECH1 = C H C E * R C E 1 0 6 

C E C 0 1 = C 0 C E * R C E 1 Q 6 

C E A T P 1 = ATPC E*RC E 1 0 6 

( f o r m a t i o n of a c e t a t e f r o m cell 

w a l l c a r b o h y d r a t e s , mo I C / h ) 

( f o r m a t i o n of p r o p i o n a t e from cell 

w a l l c a r b o h y d r a t e s , no I C / h ) 

( f o r m a t i o n of b u t y r a t e from cell 

w a l l c a r b o h y d r a t e s , mo I C / h ) 

( f o r m a t i o n of CH4 from c e l l wall 

c a r b o h y d r a t e s , mo I C / h ) 

( f o r m a t i o n of CO2 from c e l l wall 

c a r b o h y d r a t e s , mo I C / h ) 

( f o r m a t i o n of ATP from c e l l w a l l 

c a r b o h y d r a t e s , mo I A T P / h ) 

N u m e r i c a l v a l u e s of the p a r a m e t e r s ( A C S U , P R S U , . . . . , A T P C E ) are 

deri ved from f e r m e n t a t i o n e q u a t i o n s g i v e n by B a l d w i n et a I . ( 1 9 7 0 ) 

(see A p p e n d i x 5 ). 

T h e s i m u l a t e d rate of p r o t e i n f e r m e n t a t i o n is d e f i n e d as an en-

z y m a t i c p r o c e s s ( R 1 1 2 ) , and the s u b s t r a t e poo I is the c a r b o n of 

m i c r o b i a l ami no a c i d s and p e p t ides (CA3 = K C A * A 3 ) : 

R 1 1 2 = R 1 1 2 M * C A 3 / ( K 1 1 2 + C A 3 ) 

In e s t i m a t i n g the M a s s e s of m i c r o b i a l p o o Is the f o l l o w i n g as sump-
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t i o n s a r e m a d e : 

1 ) M a s s of m i c r o b i a l n i t r o g e n p o o l s ( A 3 , N 1 B and A 4 > is 0 . 1 4 3 

kg N e q u i v a l e n t to 1 0 . 2 1 mo I N . 

2 ) P r o t e i n c o n c e n t r a t i o n in m i c r o b i a l d r y m a t t e r is 51% 

( H v e Ip lund 1983 ) . 

3 ) T h e c o n c e n t r a t i o n of i n t r a c e l l u l a r f r e e a m i n o a c i d N and 

p e p t i d e N ( A 3 ) is 8 0 mmo I per kg m i c r o b i a l dry m a t t e r ( B l a k e 

et a l . 1 9 8 3 ) . 

4 ) T h e c o n c e n t r a t i o n of i n t r a c e l l u l a r a m m o n i a N ( N 1 B ) is 15 

m m o I p e r kg m i c r o b i a l d r y m a t t e r ( B l a k e et a l . 1 9 8 3 ) . 

5 ) T h e m o l a r r a t i o (K C A ) of c a r b o n a n d n i t r o g e n in p r o t e i n s is 

t a k e n as 3 . 8 mo I C / m o I N ( R e i c b l 8 B a l d w i n 1 9 7 5 , D a n f a r 

H e n c e p o o l s i z e s of A 3 , N 1 B , A 4 and C A 3 can be d e r i v e d a s : 

A3 ( a m i n o a c i d s and p e p t i d e s ) = 0 . 1 4 3 * 6 . 2 5 * 8 0 / ( 0 . 5 1 * 1 0 0 0 ) 

= 0 . 1 4 0 mo I N 

N 1 B ( N H 3 / N H 4 + ) = 0 . 1 4 3 * 6 . 2 5 * 1 5 / ( 0 . 5 1 * 1 0 0 0 ) = 0 . 0 2 6 m o l N 

T h e o v e r a l l f e r m e n t a t i o n of c a r b o n f r o m c a r b o h y d r a t e s a n d p r o t e i n 

i n t o V F A , CH 4 and C 0 2 ( R 1 0 6 + R 1 1 4 ) is 2 8 1 . 5 m o l C/d or 1 1 . 7 3 m o l 

C / h in t h e s t a t i c m o d e l ( H v e l p l u n d 1 9 8 3 ) . T h e c o n t r i b u t i o n to t h i s 

f r o m p r o t e i n C R 1 1 4 ) i s : 11 . 7 3 - 9 . 7 8 = 1 .95 m o l C / h , but t h e t o t a l 

f e r m e n t a t i o n of p r o t e i n ( R 1 1 2 ) is h i g h e r , b e c a u s e it is a s s u m e d 

1 9 7 9 ) 

A4 ( p r o t e i n ) = 10.21 - ( 0 . 1 4 + 0 . 0 3 ) 

C A 3 ( c a r b o n in a m i n o a c i d s and p e p t i d e s ) 

1 0 . 0 4 m o l N 

3 . 8 * 0 . 1 4 0 

0 . 5 3 2 m o l C . 
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that s o m e of the p r o t e i n is f e r m e n t e d to bran c h e d - c ha in f a t t y 

a c i d s ( B C F A ) w h i c h are taken up and u s e d in m i c r o b i a l s y n t h e t i c 

p r o c e s s e s (R 113 ). 

T h e c o n t e n t of c a r b o n in p r o t e i n is: 3 . 8 / ( 6 . 2 5 * 1 4 . 0 1 ) = 0 . 0 4 3 mol 

C / g , and the f o r m a t i o n of V F A , CH 4 and C 0 2 by p r o t e i n f e r m e n t a t i o n 

is 0 . 0 3 7 mol €/g p r o t e i n ( B a l d w i n et a l . 1 9 7 0 ) . T h e s i m u l a t e d rate 

of t o t a l p r o t e i n f o m e n t a t i o n can t h e r e f o r e be e s t i m a t e d a s : 

R 1 1 2 = 1 . 9 5 * 0 . 0 4 3 / 0 . 0 3 7 = 2 . 2 6 mol C / h , 

w h i c h is a s s u m e d to be 85% of the m a x i m a l p o s s i b l e r a t e : 

R 1 1 2 M = 2 . 2 6 / 0 . 8 5 = 2 . 6 6 m o l C / h . 

T h e a f f i n i t y c o n s t a n t for p r o t e i n f e r m e n t a t i o n is then c a l c u l a t e d : 

K11 2 = 0 . 0 9 3 9 mo I C . 

T h e r a t e s of f o r m a t i o n of V F A , BC F A , C H 4 , C O 2 a n d A T P f r o « p r o t e i n 

f e r m e n t a t i o n are d e f i n e d as f o l l o w s : 

P R A C 1 = AC*R 112 ( f o r m a t ion of a c e t a t e , mot C / h ) 

PRPR 1 = PR*R 112 ( f o r m a t i o n of p r o p i o n a t e , mol C / h ) 

P R B U 1 = BU*R 112 ( f o r m a t i o n of b u t y r a t e , mo I C / h ) 

P R B C 1 = BC *R 112 ( f o r m a t i o n of B C F A , mot C / h ) 

P R C H 1 = CH*R 112 ( f o r m a t i on of C H 4 , mot C / h ) 

P R C 0 1 = C0*R 112 ( f o r m a t i o n of C O 2 , mot C / h ) 

P R A T P 1 = A T P P R * R 112 ( f o r m a t i on of A T P , mot A T P / h ) 

N u m e r i c a l v a l u e s of the f e r m e n t a t i o n p a r a m e t e r s ( A C , P R , . . . . , 
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A T P P R ) are d e r i v e d from B a l d w i n et a l . ( 1 9 7 0 ) (see A p p e n d i x 5 ) . 

T h e rates of f o r m a t i o n of t h e i n d i v i d u a l V F A , B C F A , C H 4 , C O 2 and 

ATP f r o « t h e o v e r a 11 f e r m e n t a t i o n of c a r b o h y d r a t e s a n d p r o t e i n are 

found by s u m m a t i o n s : 

RAC = S U A C 1 + S T A C 1 + C E A C 1 + P R A C 1 ( f o r m a t i o n of a c e t a t e , mo I C / h ) 

RPR = S U P R 1 + S T P R 1 + C E P R 1 + P R P R 1 ( f o r m a t i o n of p r o p i o n a t e , 

mo I C / h ) 

RBU = S U B U 1 + S T B U 1 + C E B U 1 + P R B U 1 ( f o r m a t i o n of b u t y r a t e , mo I C / h ) 

RCH = ( S U C H 1 + S T C H 1 + C E C H 1 + P R C H 1 ) * K 

( f o r m a t i o n of C H 4 , mo I C / h ) 

RCO = S U C 0 1 + S T C 0 1 + C E C 0 1 + P R C 0 1 - R C H * ( 1 - 1 / K ) 

( f o r m a t i o n of CO;?, mo I C / h ) 

R108 = S U A T P 1 + S T A T P 1 + C E A T P 1 ( f o r m a t i o n of A T P f r o m c a r b o h y -

The a m o u n t of C H 4 p r o d u c e d a c c o r d i n g to the f e r m e n t a t i o n e q u a t i o n s 

is r e d u c e d by 25% (K = 0 . 7 5 ) , and the a m o u n t of C O 2 p r o d u c e d ac-

c o r d i n g to the f e r m e n t a t i o n e q u a t i o n s is c o r r e s p o n d i n g l y i n c r e a -

s e d , b e c a u s e some h y d r o g e n is used for r e d u c t i o n of c o e n z y m e s and 

h y d r o g é n a t i o n of u n s a t u r a t e d fatty a c i d s rather t h a n for m e t h a n e 

f o r m a t i o n (Hve lp lund 1 9 8 3 ) . 

R113 = PRBC 1 

R114 = R 1 1 2 - R 1 1 3 

R115 = PRATP1 

d r a t e s , mol A T P / h ) 

( f o r m a t i o n of B C F A from p r o t e i n 

m o l C / h ) 

( f o r m a t i o n of V F A , C H 4 and COg 

from p r o t e i n , m o l C / h ) 

( f o r m a t i o n of ATP from p r o t e i n , 

m o l A T P / h ) 

T h e net f e r m e n t a t i o n o f c a r b o n (R112-R 1 0 9 ) from the p o o l of amino 
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a c i d s a n d p e p t i d e s ( A 3 ) is e q u a l to t h e a m o u n t of c a r b o n f r o m t h e 

n e t d e a n ! n a t i o n o f a a i n o a c i d s ( R 1 1 - R 1 7 ) : 

R 1 0 9 = R 1 1 2 - K C A * ( R 1 1 - R 1 7 ) ( u s e of m i c r o b i a l c a r b o h y d r a t e s 

a n d l i p i d s for a m i n o a c i d 

s y n t h e s i s , mo I C / h ) 

A s t h e n e t f e r m e n t a t i o n r a t e of a m i n o a c i d s to N H 3-N ( R 1 1 - R 1 7 ) is 

0 . 1 4 7 m o l N / h (see l a t e r ) , t h e r a t e of c o n v e r s i o n o f ai c r o b i a L 

n o n - p r o t e i n c a r b o n i n t o a m i n o a c i d s w i l l b e : 

R 1 0 9 = 2 . 2 6 - 3 . 8 * 0 . 1 4 7 = 1 .70 m o l C / h . 

T h e o u t f l o w r a t e o f m i c r o b i a l c a r b o h y d r a t e s a n d l i p i d s ( R 1 1 0 ) is 

p r o p o r t i o n a l to t h e p o o l s i z e ( C 3 ) : 

R 1 1 0 = K 1 1 0 * C 3 

R S T 1 1 0 = L 1 1 0 *R 11 0 

R C E 1 1 0 = M 1 1 0 * R 1 1 0 

R L I 1 1 0 = N11 0 *R 11 0 

( o u t f l o w of m i c r o b i a l c a r b o h y -

d r a t e s a n d l i p i d s , mo I C / h ) 

( o u t f l o w of m i c r o b i a l s t a r c h , 

m o I C / h ) 

( o u t f l o w of m i c r o b i a l c e l l w a l l 

c a r b o h y d r a t e s , mo I C / h ) 

( o u t f l o w of m i c r o b i a l l i p i d s , 

m o I C / h ) 

T h e s i m u l a t e d o u t f l o w r a t e of m i c r o b i a l c a r b o h y d r a t e s a n d l i p i d s 

f r o m t h e r u m e n is f o u n d b y b a l a n c i n g t h e p o o l ( C 3 ) : 

R 1 1 0 = R 105 + R 1 1 3 - R 109 = 2 . 7 9 + 0.1 6 4 7 6 * 2 . 2 6 - 1 . 7 0 = 1 .46 m o l C / h . 



9 7 

T h e r a t e c o n s t a n t is (see l a t e r ) : 

K 1 1 0 = 0 . 0 8 2 8 h ~ 1 , 

and t h e p o o l s i z e o f m i c r o b i a l c a r b o h y d r a t e s a n d l i p i d s can be 

c a l c u l a t e d a s : 

C3 = R 1 1 0 / K 1 1 0 = 1 . 4 6 / 0 . 0 8 2 8 = 1 7 . 5 9 m o l C . 

T h e p r o p o r t i o n s of s t a r c h <L110 = 0 . 0 8 ) , c e l l w a l l c a r b o h y d r a t e s 

( M 1 1 0 = 0 . 4 4 ) , a n d l i p i d s (N110 = 0 . 4 8 ) in t h e m i c r o b e s are e s t i -

m a t e d f r o m the w o r k of H v e l p l u n d ( 1 9 8 3 ) . 

T h e r a t e s of V F A a b s o r p t i o n a n d d i s a p p e a r a n c e o f f e r m e n t a t i o n 

g a s e s f r o m the r u m e n a r e d e f i n e d a s : 

R A C 1 1 1 = = K A C 1 1 1 * A C 4 (out f l o w of a c e t a t e , mol C / h ) 

RPR 1 1 1 : = K P R 1 1 1 * P R 4 (out f low of p r o p i o n a t e , m o l C / h ) 

R B U 1 1 1 = = KBU1 1 1 *B I) 4 ( o u t f low of b u t y r a t e , mo I C / h ) 

R C H 1 1 1 = = K C H 1 1 1 * C H 4 (out f low of C H 4 , m o l C / h ) 

R C 0 1 1 1 = = K C 0 1 1 1 * C 0 4 ( o u t f l o w of C O 2 , mo I C / h ) 

R111 = R A C 1 1 1 + R P R 1 1 1 + R B D 1 1 1 + R C H 1 1 1 + R C 0 1 1 1 

( o u t f l o w of V F A , C H 4 and C O 2 , 

m o l C / h ) 

T h e V F A a b s o r p t i o n c o n s t a n t s a r e a s s u m e d to be p r o p o r t i o n a l to the 

p K a v a l u e s of t h e i n d i v i d u a l a c i d s b e c a u s e it is s u g g e s t e d t h a t 

t h e u n d i ssoc i a t e d a c i d s are a b s o r b e d m o r e e a s i l y t h a n t h e i r a n i o n s 

(Phi l l i p s o n 1 9 7 0 ) : 

K A C 1 1 1 = 0 . 4 5 0 4 h"1 

KPR 11 1 = 0 . 4 6 2 7 h~1 

5 
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K B U 1 1 1 = 0 . 4 5 6 1 h ~ 1 . 

T h e a b s o r p t i o n r a t e s o f WFft a r e p r e s u m e d to be e q u a l to t h e i r p r o -

d u c t ion r a t e s : 

R A C 1 1 1 = RAC = 4 . 2 3 m o l C / h 

RPR 111 = RPR = 2 . 5 0 m o t C / h 

R B U 1 1 1 = RBU = 1.71 m o l C / h . 

f r o m t h e s e f i g u r e s the V F A p o o l s i z e s can be c a l c u l a t e d : 

A C 4 = R A C 1 1 1 / K A C 1 1 1 = 4 . 2 3 / 0 . 4 5 0 4 = 9 . 3 9 mol C 

P R 4 = RPR 1 1 1 / K P R 1 1 1 = 2 . 5 0 / 0 . 4 6 2 7 = 5 . 4 0 mot C 

B U 4 = R B U 1 1 1 / K B U 1 1 1 = 1 . 7 1 / 0 . 4 5 6 1 = 3 . 7 6 mot C . 

C o n s e q u e n t l y , t h e t o t a l a m o u n t of VFA ( A C 4 + P R 4 + B U 4 ) in t h e rumen 

is 7.4 m o l e s of a c i d s e q u i v a l e n t t o : 7 . 4 / 7 4 = 0.1 m o l e s per I 

r u m e n l i q u o r as f o u n d in m a n y e x p e r i m e n t s ( H u n g a t e 1 9 6 6 , B a u m a n et 

a l . 1 9 7 1 , C h a m b e r l a i n et a l . 1 9 8 3 , C o u n o t t e et a l . 1 9 8 3 ) . 

T h e a m o u n t of m e t h a n e f o r m s 3 0 - 4 0 1 of t h e t o t a l g a s p r e s e n t in the 

r u m e n (Phi LI i p s o n 1 9 7 0 ) , and it is s u g g e s t e d h e r e t h a t C H 4 = 

0 . 5 * C 0 4 . A s the d i s a p p e a r a n c e r a t e s o f f e r m e n t a t i o n g a s e s a r e 

e q u a l to t h e i r p r o d u c t i o n r a t e s : 

R C H 1 1 1 = RCH = 0 . 9 2 mo I C/h 

R C 0 1 1 1 = R CO = 2 . 3 2 mo I C / h , 

it can be d e d u c e d t h a t K C 0 1 1 1 = 1 . 2 6 3 * K C H 1 1 1 . It is a s s u m e d t h a t 

t h e v a l u e of K C H 1 1 1 is h i g h e r t h a n t h e VFA a b s o r p t i o n c o n s t a n t s 

a n d is a s s e s s e d at 1 . 0 h " 1 . T h e n the r a t e c o n s t a n t s f o r f e r m e n t a -

t i o n g a s d i s a p p e a r a n c e a r e : 

K C H 1 1 1 = 1 . 0 0 0 h~1 
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K C 0 1 1 1 = 1 . 2 6 3 h - 1 , 

a n d the f e r m e n t a t i o n g a s p o o l s i z e s a r e : 

C H 4 = R C H 1 1 1 / K C H 1 1 1 = 0 . 9 2 / 1 . 0 0 0 = 0 . 9 2 m o l C/h 

C 0 4 = R C 0 1 1 1 / K C 0 1 1 1 = 2 . 3 2 / 1 .263 = 1 .84 m o l C / h . 

N i t r o g e n t r a n s a c t i o n s 

T h e r a t e of c r u d e p r o t e i n i n t a k e is d e f i n e d a s : 

R0 = R C 0 + R R 0 

R C 0 = FT*K C * L C 

R R0 = F T * K R * L R 

( i n t a k e of c r u d e p r o t e i n , m o l N / h ) 

( i n t a k e of c r u d e p r o t e i n in 

c o n c e n t r a t e s , m o l N / h ) 

( i n t a k e of c r u d e p r o t e i n in 

r o u g h a g e s , m o l N / h ) 

T h e p a r a m e t e r s KC and KR g i v e t h e c o n c e n t r a t i o n in r a t i o n d r y n a t 

t e r o f c r u d e p r o t e i n in c o n c e n t r a t e s a n d r o u g h a g e s , r e s p e c t i v e l y , 

w h i l e LC and LR a r e the n i t r o g e n c o n t e n t in p r o t e i n f r o m c o n c e n -

t r a t e s and r o u g h a g e s , r e s p e c t i v e l y . A c c o r d i n g to the s t a t i c m o d e l 

KC = 0 . 1 0 0 0 kg c r u d e p r o t e i n in con c e n t r a t e s / k g r a t i o n DM 

KR = 0 . 0 7 8 8 kg c r u d e p r o t e i n in r o u g h a g e s / k g r a t i o n D M , and 

LC = LR = 1 1 . 4 2 3 mol N / k g c r u d e p r o t e i n . 

H e n c e , the s i m u l a t e d r a t e of p r o t e i n i n t a k e i s : 

R0 = 1 7 . 9 * ( 0 . 1 0 0 + 0 . 0 7 8 8 ) * 1 1 . 4 2 3 = 3 6 . 5 6 m o l N / d = 

1 . 5 2 3 mo I N / h . 

5* 
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T h e d i e t a r y c r u d e p r o t e i n is d i v i d e d i n t o u n f e r m e m t a b l e ( R 1 ) a n d 

f e r m e n t a b l e p r o t e i n (R 2 ) , a a a o n i u « - N ( R 3 ) , a n d u r e a - H ( R 4 ) : 

B a s e d on the c o m p o s i t i o n of t h e f e e d and f a c t o r s of p r o t e i n d e g r a -

d a b i l i t y g i v e n by A r m s t r o n g ( 1 9 7 9 ) , the d i e t a r y p r o t e i n is a s s u m e d 

t o be 8 0 % f e r m e n t a b l e . As t h e r a t i o n c o n t a i n s no a m m o n i u m s a l t s or 

u r e a , M3 = M4 = 0 , and R3 = R4 = 0 mol N / h . H e n c e , the f l o w s of 

f e r m e n t a b l e a n d u n f e r « e n t a b l e p r o t e i n a r e : 

R2 = 0 . 8 0 *R 0 = 0 . 8 0 * 1 . 5 2 3 = 1 . 2 1 8 m o l N / h 

R1 = R 0 - R 2 = 1 . 5 2 3 - 1 . 2 1 8 = 0 . 3 0 5 m o l N / h . 

T h e u n f e r a e n t a b l e f r a c t i o n o f r o u g h a g e p r o t e i n is a s s u m e d to b e : 

MR = 0 . 1 0 , 

a n d t h e u n f e r a e n t a b l e f r a c t i o n of c o n c e n t r a t e p r o t e i n can t h e n be 

c a l c u l a t e d a s : 

MC = ( R 1 - M R * R R 0 ) / R C 0 = ( 0 . 3 0 5 - 0 . 1 0 * 0 . 6 7 1 ) / 0 . 8 5 2 = 0 . 2 7 8 8 . 

T h e s t a t e v a r i a b l e s A1 and A 2 r e p r e s e n t the u n f e r m e n t a b l e a n d f e r -

m e n t a b l e p r o t e i n p o o l s , r e s p e c t i v e l y . T h e p r o t e i n e s c a p i n g d e g r a -

d a t i o n in t h e r u m e n is r e m o v e d at a r a t e , R 5 + R 7 , w h i c h is 3 5 % of 

t h e p r o t e i n i n t a k e ( H v e l p l u n d 1 9 8 3 ) : 

R1 = M C * R C 0 + M R * R R 0 

R 3 = M3 *R 0 

R 4 = M4 *R 0 

R 2 = R 0 - R 1 - R 3 - R 4 

( u n f e r m e n t a b l e p r o t e i n , m o l N / h ) 

( a m m o n i u m , mol i / h ) 

( u r e a , m o l N / h ) 

( f e r m e n t a b le p r o t e i n , m o l N / h ) 
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R 5 = K5 *A 1 

R 7 = K7 *A 2 

( o u t f l o w of u n f e r m e n t a b le p r o t e i n , 

m o l N / h ) 

( o u t f l o w of f e r m e n t a b l e p r o t e i n , 

m o l N / h ) 

T h e s i m u l a t e d o u t f l o w r a t e of u n f e r a e n t a b le p r o t e i n is f o u n d by 

b a l a n c i n g the pool ( A 1 ) : 

R 5 = R1 = 0 . 3 0 5 mo I N / h , and 

the o u t f l o w rate of f e r m e n t a b l e p r o t e i n is f o u n d by d i f f e r e n c e : 

R 7 = ( 0 . 3 5 * R 0 ) - R 5 = (0.35*1 . 523 ) - 0 . 3 0 5 = 0 . 2 2 8 mot N / h . 

T h e t u r n o v e r rate c o n s t a n t for the l i q u i d p h a s e in the rumen has 

b e e n e s t i m a t e d at 11% per hour ( H a r t n e l l & S a t t e r 1 9 7 9 , Tammi nga 

1 9 7 9 ) . T h e o u t f l o w rate of f e r m e n t a b l e p r o t e i n is b e l i e v e d to 

f o l l o w c l o s e l y the o u t f l o w rate of r u m e n l i q u o r , and the r a t e c o n -

s t a n t for f e r m e n t a b l e p r o t e i n o u t f l o w is t h e r e f o r e : 

K 7 = 0.11 h-1 . 

T h e p o o l s i z e of f e r m e n t a b l e p r o t e i n is d e r i v e d a s : 

A2 = R 7 / K 7 = 0 . 2 2 8 / 0 . 1 1 = 2 . 0 7 7 mo I N . 

As s t a t e d p r e v i o u s l y the mass of u n f e r m e n t e d p r o t e i n in the rumen 

( A 1 + A 2 ) is 0 . 8 0 kg or 9 . 1 3 8 mot N . H e n c e , the p o o l s i z e of u n f e r -

• e n t a b l e p r o t e i n i s : 

A1 = 9 . 1 3 8 - 2 . 0 7 7 = 7 . 0 6 1 mot N , and 

the r a t e c o n s t a n t for u n f e r a e n t a b l e p r o t e i n o u t f l o w w i l l b e : 
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K5 = R5/A1 = 0 . 3 0 5 / 7 . 0 6 1 = 0 . 0 4 3
 h _ 1

 . 

The r a t e s d e s c r i b i n g M i c r o b i a l N n e t a b o L i SBI in t h e r u m e n are as 

fol lows : 

R6 = R6M* A 2 / (K6 + A 2 ) 

R8 = R 8 M * A 3 / ( K 8 + A 3 ) 

R9 = R 9 M * A 3 / (K9 + A 3 ) 

R9M = Y A T P * M 9 * ( R 1 0 8 + R 1 1 5 ) 

R 1 0 = K1 0 * A 3 

R11 = R 1 1 M * A 3 / ( K 1 1 + A 3 ) 

R12 = K 1 2 * A 4 

R13 = K 1 3 * A 4 

R15 = R 1 5 M * N 1 A / ( K 1 5 + N 1 A ) 

R17 = R 1 7 M * N 1 B / ( K 1 7 + N 1 B ) 

R 1 8 = K 1 8 *N1B 

R19 = R 1 0 + R 1 3 + R 1 8 

R 20 = R 2 0 M * N 1 B / ( K 2 0 + N 1 B ) 

( m i c r o b i a l u p t a k e of a m i n o a c i d s 

and p e p t i d e s , mo I N / h ) 

( m i c r o b i a l e x c r e t i o n of a m i n o 

a c i d s , mo I N / h ) 

( m i c r o b i a l p r o t e i n s y n t h e s i s , 

mo I N / h ) 

(mo I N / h ) 

( o u t f l o w of m i c r o b i a l a m i n o a c i d s 

and p e p t i d e s , mo I N / h ) 

( d e g r a d a t i o n of m i c r o b i a l amino 

a c i d s , mo I N / h ) 

( d e g r a d a t i o n of m i c r o b i a l p r o t e i n , 

mo I N / h ) 

( o u t f l o w of m i c r o b i a l p r o t e i n , 

mo I N / h ) 

( m i c r o b i a l u p t a k e of N l ^ / N H ^ , 

mo I N / h ) 

( m i c r o b i a l a m i n o a c i d s y n t h e s i s , 

mo I N / h ) 

( o u t f l o w of m i c r o b i a l NH3/NH4" 1", 

mo I N / h ) 

( o u t f l o w of m i c r o b i a l t o t a l 

n i t r o g e n , mo I N / h ) 

( m i c r o b i a l e x c r e t i o n of N H 3 / N H 4 + , 

mo I N / h ) 

The m a s s e s of t h e n i t r o g e n p o o l s are as e s t i m a t e d p r e v i o u s l y : 
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A3 ( m i c r o b i a l a m i n o a c i d s and p e p t i d e s ) 

A4 ( m i c r o b i a l p r o t e i n and n u c l e i c a c i d s ) 1 0 . 0 4 mol N 

0 . 1 4 0 mol N 

N 1 B ( m i c r o b i a l N H 3 / N H 4
+
) = 0 . 0 2 6 mol N 

N1A ( e x t r a c e l l u l a r rumen N H 3 / N H 4
+
) = 0 . 0 1 3 kg N = 0 . 9 2 8 mol N . 

Free a m i n o a c i d s w h i c h are not u t i l i s e d for p r o t e i n s y n t h e s i s in 

p r o t o z o a are e x c r e t e d to the r u m e n liquor ( T a m m i n g a 1 9 7 9 ) . The 

rate of this p r o c è s (R8 in the m o d e l ) is e s t i m a t e d from C o l e m a n 

(1975 ) to be 10% of the rate of a i e robi a L u p t a k e of a m i n o a c i d s 

and p e p t i d e s (R6 in the m o d e l ) . B a l a n c i n g the p o o l of f e r m e n t a b l e 

p r o t e i n and a m i n o a c i d s in the r u m e n liquor ( A 2 ) g i v e s : 

R 6 - R 8 = R 2 - R 7 = 0 . 9 9 0 mol N / h , and 

R6 = 0 . 9 9 0 / ( 1 - 0 . 1 0 ) = 1 .100 m o l N / h . 

T h e r a t e of a a i n o a c i d e x c r e t i o n is then d e r i v e d a s : 

R8 = R 6 * 0 . 1 0 = 1 . 1 0 0 * 0 . 1 0 = 0 . 1 1 0 mol N / h . 

T h e t r a n s p o r t of N - c o m p o u n d s t h r o u g h m i c r o b i a l c e l l w a l l s and m e m -

b r a n e s is a s s u m e d to be by c a r r i e r - m e d i a t e d p r o c e s s e s f o l l o w i n g 

M i c h a e l i s - M e n t e n ( s a t u r a t i o n ) k i n e t i c s ( E c k e r t 8 R a n d a l l 1 9 7 8 , 

R u s s e l & H e s p e l l 1 9 8 1 ) . The m i c r o b i a l a m i n o a c i d t r a n s p o r t m e c h a -

n i s m s are a s s u m e d to be 70% s a t u r a t e d , w h i c h m e a n s that the «ax i -

m a l r a t e s of m i c r o b i a l u p t a k e and e x c r e t i o n of aai no a c i d s a n d 

p e p t i d e s a r e : 

R6M = 1 . 1 0 0 / 0 . 7 0 = 1 . 5 7 2 mol N/h 

R8H = 0 . 1 1 0 / 0 . 7 0 = 0 . 1 5 7 mo I N / h . 

T h e a f f i n i t y c o n s t a n t s for m i c r o b i a l aai no a c i d e x c h a n g e are 

f i n a l l y c a l c u l a t e d : 

K6 = 0 . 8 9 0 mol N 
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K8 = 0 . 0 6 0 mo I N . 

T h e t o t a l y i e l d of M i c r o b i a l 1 f r o « t h e r u m e n has b e e n e s t i m a t e d 

by D a n f a r ( 1 9 7 9 ) , H v e l p l u n d ( 1 9 8 3 ) and R o b i n s o n 8 Sni f f e n (1985 ). 

T h e f o l l o w i n g v a l u e for t h i s rate has been a d o p t e d in t h e m o d e l : 

R19 = 0 . 8 4 5 mo I N / h . 

T h e m i c r o b i a l N pools ( A 3 + A4 + N 1 B ) are 1 0 . 2 0 6 mo I N , and the r a t e 

c o n s t a n t for Mi crobi a I o u t f l o w f r o « t h e r u m e n is c o n s e q u e n t l y : 

K 1 0 = K13 = K18 = K 1 1 0 = 0 . 8 4 5 / 1 0 . 2 0 6 = 0 . 0 8 2 8 h " 1 . 

H e n c e , the s i m u l a t e d o u t f low r a t e s of m i c r o b i a l ant i no a c i d s and 

p e p t i d e s ( R 1 0 ) , p r o t e i n ( R 1 3 ) , and N H 3 / N H 4
+ (R18) a r e : 

R 1 0 = 0 . 0 8 2 8 * 0 . 1 4 0 = 0 . 0 1 2 mot N / h 

R13 = 0 . 0 8 2 8 * 1 0 . 0 4 = 0 . 8 3 1 mot N/h 

R 1 8 = 0 . 0 8 2 8 * 0 . 0 2 6 = 0 . 0 0 2 mo I N / h . 

E i g h t y per cent of the s y n t h e s i z e d m i c r o b i a l p r o t e i n p a s s e s from 

t h e r u m e n to the i n t e s t i n e s , and. 20 per cent is t u r n e d o v e r w i t h i n 

t h e rumen ( A r m s t r o n g 1 9 7 6 ) . T h e s i m u l a t e d rate of p r o t e i n s y n t h e -

s i s can t h e r e f o r e be c a l c u l a t e d a s : 

R9 = R 1 3 / 0 . 8 0 = 0 . 8 3 1 / 0 . 8 0 = 1 . 0 3 9 mol N / h . 

T h e m a x i m a l rate (R9H) is a s s u m e d to d e p e n d on ATP a v a i l a b i l i t y 

(R108 + R115 ) and on the e f f i c i e n c y of ATP u t i l i z a t i o n ( Y A T P * M 9 ) . 

Y A T P d e p e n d s in turn on the c o n c e n t r a t i o n s of a m i n o a c i d s (A2) and 

N H 3/N H ( N 1 A ) in the r u m e n fluid (Maeng 8 B a l d w i n 1 9 7 6 b & c , 

M e h r e z et a t . 1 9 7 7 , O w e n s 8 B e r g e n 1 9 8 3 ) : 
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Y ATP = Y A T P M * A 2 * N 1 A / ( K A T P + A 2 * N 1 A ) . 

As s t a t e d , A2 = 2 . 0 7 ? moI N and N1A = 0 . 9 2 8 mo I N . Y A T P i s , on 

a v e r a g e , 26 g cell D M / m o l ATP for m i x e d r u m e n m i c r o b i a l p o p u l a -

t i o n s , and Y A T P M is a p p r o x i m a t e l y 8% h i g h e r : 28 g cell D M / m o I ATP 

( H e s p e l l 8 B r y a n t 1 9 7 9 ) . T h e a f f i n i t y c o n s t a n t can then be e s t i m a -

ted a s : K A T P = 0 . 1 4 8 3 (mo I N ) 2 . The c o n c e n t r a t i o n of c r u d e p r o t e i n 

in cell DM is 50% (Hve Ip lund 1 9 8 3 ) , and the n i t r o g e n c o n t e n t in 

m i c r o b e s is a c c o r d i n g l y : 

M9 = 0 . 5 0 / ( 6 . 2 5 * 1 4 . 0 ) = 5 . 7 4 2 * 1 0 " 3 m o I p r o t e i n - N / g cell D M . 

T h e s i m u l a t e d r a t e of ATP f o r m a t i o n ( R 1 0 8 + R 1 1 5 ) is 7 . 2 9 4 mo I 

A T P / h , and the a a x i *aI r a t e of p r o t e i n s y n t h e s i s is d e r i v e d a s : 

R9M = 2 6 * 5 . 7 4 2 * 7 . 2 9 4 / 1 0 0 0 = 1 .089 mo I N / h . 

H e n c e , the a f f i n i t y c o n s t a n t is c a l c u l a t e d a s : 

K9 = 0 . 0 0 6 8 mo I N . 

T h i s v a l u e is low c o m p a r e d to the s u b s t r a t e pool size ( A 3 ) , w h i c h 

is also the c a s e for the a f f i n i t y c o n s t a n t s of most r u m e n b a c t e r i a 

( R u s s e 11 & H e s p e I I 1981 ) . 

T h e rate of • i c r o b i a l p r o t e i n d e g r a d a t i o n in the m o d e l i s : 

R12 = R9-R 13 = 1 . 0 3 9 - 0 . 8 3 1 = 0 . 2 0 8 mol N / h , 

and the r a t e c o n s t a n t for the p r o c e s s w i l l b e : 

K 1 2 = R 1 2 / A 4 = 0 . 2 0 8 / 1 0 . 0 4 = 0 . 0 2 0 7 h"1 . 
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C o n t r a r y to p r o t o z o a r u m e n b a c t e r i a a r e n o t a b l e to t r a n s p o r t f r e e 

a m i n o a c i d s t h r o u g h t h e i r c e l l w a l l s i n t o t h e r u m e n f l u i d . E x c e s s 

a m i n o a c i d s a r e t h e r e f o r e d e g r a d e d i n t r a c e l l u l a r l y a n d t h e n i t r o -

g e n is e x c r e t e d to t h e m e d i u m as N H 3 / N H 4 4 " ( T a m m i n g a 1 9 7 9 ) . In 

o r d e r t o s i m u l a t e t h i s s i t u a t i o n t h e m o d e l r e q u i r e s b o t h an e x t r a -

c e l l u l a r ( N 1 A ) as w e l l a s an i n t r a c e l l u l a r (N1 B ) p o o l of N H 3 / N H 4 + . 

T h e r a t e o f n e t i n c o r p o r a t i o n of amnion i u m - N i n t o m i c r o b i a l p r o t e i n 

is 2 3 0 g / d e q u i v a l e n t to 0 . 6 8 4 m o I / h ( H v e Ip I u n d 1 9 8 3 ) . T h i s is 

a s s u m e d to be 8 0 % of t h e g r o s s r a t e of m i c r o b i a l a m i n o a c i d s y n -

t h e s i s f r o m i n t r a c e l l u l a r N H 3 / N H 4 + ( A r m s t r o n g 1 9 7 6 , T a m m i n g a 

1 9 7 9 ) : 

R 1 7 = 0 . 6 8 4 / 0 . 8 0 = 0 . 8 5 5 m o l N / h . 

K m v a l u e s of t h e t w o k n o w n e n z y m e s f o r u t i l i z a t i o n of a m m o n i u m - N 

b y r u m e n m i c r o b e s : g l u t a m a t e d e h y d r o g e n a s e a n d g l u t a m i n a s y n t h e -

t a s e , a r e 5 mM a n d 0 . 2 mM , r e s p e c t i v e l y ( B a l d w i n & D e n h a m 1 9 7 9 ) . 

U s i n g an a v e r a g e v a l u e ( 2 . 6 m M ) t h e a f f i n i t y c o n s t a n t f o r m i c r o -

b i a l a a i n o a c i d s y n t h e s i s c a n be e s t i m a t e d a s : 

K 1 7 = 2 . 6 * 1 . 7 5 * 0 . 8 / ( 0 . 2 * 1 0 0 0 ) = 0 . 0 1 8 2 m o l N , 

w h e n m i c r o b i a l c e l l DM is 1 . 7 5 kg ( H v e Ip l u n d 1 9 8 3 ) , a n d m i c r o b i a l 

m e t a b o l i c w a t e r is 8 0 % of t h e t o t a l c e l l m a s s ( B l a k e et a I . 1 9 8 3 ) . 

T h e m a x i m a l r a t e o f m i c r o b i a l a m i n o a c i d s y n t h e s i s is t h e n d e r i v e d 

f r o m t h e r a t e e q u a t i o n : 

R 1 7 M = 1 . 4 5 4 mo I N / h . 

N o w , t h e s i m u l a t e d r a t e of «i c r o b i a 1 a m i n o a c i d d e g r a d a t i o n is 

c a l c u l a t e d by b a l a n c i n g t h e p o o l A 3 : 

R 11 = R6 + R 1 2 + R 1 7 - ( R 8 + R9 + R 10 ) = 1 . 0 0 2 m o l N / h . 
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T h i s is a s s u m e d to be 7 0 % of the « a x i ma I r a t e : 

R 1 1 M = R 1 1 / 0 . 7 0 = 1 „ 0 0 2 / 0 . 7 0 = 1 . 4 3 2 moL N / h , 

a n d the a f f i n i t y c o n s t a n t f o r d e g r a d a t i o n o f ai c r o b i a L a m i n o a c i d s 

i s c o n s e q u e n t I y : 

K11 = 0 . 0 6 mo I N . 

P r o c e s s e s of u r e a u p t a k e and a a a o n i a a b s o r p t i o n are d e f i n e d as 

f o l l o w s : 

R 14 = K 1 4 *N1 A 

R 16 = K 1 6 * ( N 1 A / V 1 ) 

R21 = R 2 1 M * U 1 / C K 2 1 + U 1 ) 

R 5 5 = K 5 5 * ( U 4 / V 4 - U 1 / V 1 ) 

( o u t f l o w of N H 3 / N H 4
+ , mo I N / h ) 

( a b s o r p t i o n of N H 3 / N H 4 + , mo I N / h ) 

( h y d r o l y s i s of u r e a , mo I N / h ) 

( u p t a k e of u r e a , mo I N / h ) 

T h e r u m e n a m m o n i a flux r a t e (R14 + R15 + R 1 6 = R 20 + R 2 1 ) is 2 7 6 g N/d 

e q u i v a l e n t to 0 . 8 2 1 mo I N / h ( O l d h a m et a l . 1 9 8 0 ) . T h e r a t e of u r e a 

h y d r o l y s i s (R 21 ) e q u a l s t h e r a t e of u r e a u p t a k e (R55 ) , w h i c h is 

t a k e n from Hve Ip lund ( 1 9 8 3 ) as 62 g N / d : 

R 21 = R 5 5 = 6 2 / ( 1 4 . 0 1 * 2 4 ) = 0 . 1 8 4 mo I N / h . 

T h e s i m u l a t e d r a t e of ai c r o b i a I N H 3 / N H 4 + e x c r e t i o n to the r u m e n 

f l u i d is t h e n : 

R 20 = 0 . 8 2 1 - 0 . 1 8 4 = 0 . 6 3 7 m o l N / h , 

w h i c h is a s s u m e d to be 8 5 % of the a a x i aa L r a t e : 

R 20m = R 2 0 / 0 . 8 5 = 0 . 6 3 7 / 0 . 8 5 = 0 . 7 4 9 m o l N / h . 
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From this the a f f i n i t y c o n s t a n t for e x c r e t i o n of i n t r a c e l l u l a r 

N H 5 / N H 4
+
 is d e r i v e d a s : 

K 2 0 = 0 . 0 0 4 6 mo I N . 

T h e s i m u l a t e d rate of m i c r o b i a l i H j / i H ^ u p t a k e from the r u m e n 

f l u i d is found by b a l a n c i n g the i n t r a c e l l u l a r N H 3 / N B 4 * p o o l C N 1 B ) 

R15 = R 17 + R 1 8 + R 20-R11 = 0 . 4 9 2 mo I N / h . 

A f f i n i t i e s of r u m i n a l b a c t e r i a for ammon i um-N r a n g e from 

p M ( R u s s e l l & H e s p e l l 1 9 8 1 ) . An a v e r a g e v a l u e (25 p M ) is 

the m o d e l for e s t i m a t i o n of the a f f i n i t y c o n s t a n t (rumen 

V1 = 8 5 - 1 1 = 74 k g ) : 

K15 = 2 5 * 1 0 - 6 * 7 4 = 0 . 0 0 2 mo I N , 

and the m a x i m a l r a t e of M i c r o b i a l N H 3 / N H 4 + u p t a k e is c a l c u l a t e d 

a s : 

R15M = 0 . 4 9 3 mo I N / h . 

T h e o u t f l o w of N H 3 / N H 4 + from the rumen ( R 1 4 ) f o l l o w s the l i q u i d 

t u r n o v e r r a t e ( K 7 ) : 

K14 = K7 = 0.11 h"1 

R14 = 0 . 1 1 * 0 . 9 2 8 = 0 . 1 0 2 mol N / h . 

A m m o n i u m is a b s o r b e d from the r u m e n by d i f f u s i o n and d e p e n d s 

t h e r e f o r e on the r u m i n a l c o n c e n t r a t i o n , i . e . N 1 A / V 1 (Houpt 1 9 7 0 , 

H u n t i n g t o n 1 9 8 6 ) . The s i m u l a t e d rate of NHj/iH^" 1" a b s o r p t i o n is 

f o u n d by b a l a n c i n g the p o o l N1 A: 

5 to 45 

u s e d in 

w a t e r : 
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R16 = R20 + R 2 1 - ( R 14 + R 15 ) = 0 , 2 2 7 m o l N / h , 

and the r a t e c o n s t a n t f o r a b s o r p t i o n w i l t b e : 

K1 ó = R 1 Ó / Í N 1 A / V 1 ) = 0 . 2 2 7 / 0 . 0 1 2 5 = 1 8 . 154 L / h . 

R u m i n a l u r e a - N c o n c e n t r a t i o n is a b o u t 3 mM (Houpt 1 9 7 0 ) , and the 

urea p o o l in t h e r u m e n is t h e n : 

U1 = 3 * 7 4 / 1 0 0 0 = 0 . 2 2 2 mol N . 

T h e m a x i m a l c a p a c i t y of r u m i n a l b a c t e r i a for u r e a d e g r a d a t i o n is 1 

g per I per h ( J o n e s 1 9 6 7 , c . f . O w e n s 8 B e r g e n 1 9 8 3 ) . From this 

i n f o r m a t i o n the l a x i i a l r a t e of u r e a h y d r o l y s i s can be e s t i m a t e d 

a s : 

R 21 M = 1 * 7 4 * 2 / 6 0 . 1 = 2 . 4 6 3 mot N / h , 

and the a f f i n i t y c o n s t a n t for u r e a h y d r o l y s i s is a c c o r d i n g l y : 

K21 = 2 . 7 4 3 mot N . 

The high u r e o l y t i c a c t i v i t y of rumen w a l l b a c t e r i a is i n v e r s e l y 

r e l a t e d to the level of a m m o n i a in the rumen f l u i d ( W a l l a c e et a t . 

1 9 7 9 ) , and a c c o r d i n g to this the a f f i n i t y c o n s t a n t K21 is r e g u l a -

ted by the size of N1A (see s u b r o u t i n e R E G U L 1 , A p p e n d i x 2 ) . 

Urea t r a n s p o r t from the b l o o d into the rumen is p r o p o r t i o n a l to 

the c o n c e n t r a t i o n g r a d i e n t (Houpt 1 9 7 0 ) , and in t h e m o d e l f o r m u l a -

tion t h i s is a s s u m e d to be valid for t r a n s p o r t via s a l i v a as well 
as d i r e c t l y t h r o u g h the rumen watt ( R 5 5 ) . T h e u r e a - N c o n c e n t r a t i o n 

in the b l o o d is 14 mM ( M ø l l e r 1 9 7 3 , H a r m e y e r & M a r t e n s 1 9 8 0 , 

H o l t e r et a l . 1 9 8 2 , O l t n e r 8 Wi k t o r s s o n 1 9 8 3 ) . T h e v o l u m e of t h e 
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e x t r a c e l l u l a r f l u i d c o m p a r t m e n t is a s s u m e d to be 2 5 % of the Live 

w e i g h t (600 k g ) : 

¥ 4 = 0 . 2 5 * 6 0 0 = 1 5 0 I , 

a n d , h e n c e , the u r e a p o o l in t h e e x t r a c e l l u l a r f l u i d i s : 

U 4 = 1 5 0 * 1 4 / 1 0 0 0 = 2 . 1 0 0 m o l N . 

T h e r a t e of u r e a u p t a k e i n t o the r u m e n ( R 5 5 ) is e s t i m a t e d 

p r e v i o u s l y as 0 . 1 8 4 m o l N / h , and t h e di f f u s i o n c o n s t a n t is f i n a l l y 

c a l c u l a t e d : 

K 5 5 = R55 / ( U 4 / V 4 - U 1 / V 1 ) = 0 . 1 8 4 / ( 0 . 0 1 4 - 0 . 0 0 3 ) = 1 6 . 7 6 5 l / h . 

F e e d e n e r g y c o n t e n t 

T h e g r o s s e n e r g y c o n t e n t in t h e f e e d is c a l c u l a t e d by t h e last 

e q u a t i o n s of the r u m e n c o m p a r t m e n t s u b r o u t i n e : 

E S U 1 Q 0 = ( R S U 1 0 0 / L S U ) * C S U ( e n e r g y i n t a k e in s u g a r , M J / h ) 

EST 100 = ( R S T 1 0 0 / L S T ) * C S T ( e n e r g y i n t a k e in s t a r c h , M J / h ) 

E C E 1 0 0 = ( R C E 1 0 0 / L C E ) * C C E ( e n e r g y i n t a k e in c e l l w a l l s , 

M J / h ) 

E L I 1 0 0 = ( R G L 1 0 0 * ( 1 / L G L - 1 8 . 0 2 / 1 0 0 0 ) + R L I / L L I ) * C L I 

( e n e r g y i n t a k e in l i p i d s , M J / h ) 

E P R O = ((R1 + R 2 ) / L C ) * C P R ( e n e r g y i n t a k e in p r o t e i n , M J / h ) 

RGE = E S U 1 0 0 + E S T 1 0 0 + E C E 1 0 0 + E L I 1 0 0 + E P R 0 

( g r o s s e n e r g y i n t a k e , M J / h ) 

T h e p a r a m e t e r s C S U , C S T , C C E , CLI and CPR are f a c t o r s d e s c r i b i n g 

h e a t s of c o m b u s t i o n of t h e i n d i v i d u a l n u t r i e n t s : CSU = 1 6 . 6 M J / k g 

s u g a r , CST = 1 7 . 6 M J / k g s t a r c h (Bach K n u d s e n 1 9 8 6 ) , CCE = 1 8 . 8 
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M J / k g eel I w a l l c a r b o h y d r a t e s , CLI = 3 9 . 7 5 M J / k g fat and CPR = 

2 3 . 9 3 M J / k g p r o t e i n ( S c h i e m a n n et a l . 1 9 7 2 ) . A c c o r d i n g to t h e 

a b o v e e q u a t i o n s the r a t e of g r o s s e n e r g y i n t a k e can be c a l c u l a t e d : 

R G E = 1 3 . 5 9 6 M J / h = 3 2 6 . 3 0 M J / d . 

3 . 3 . 2 T h e i n t e s t i n a l c o m p a r t m e n t s 

D i a g r a m s of s t a t e v a r i a b l e s and t h e f l o w of n u t r i e n t s in t h e i n t e -

s t i n a l c o m p a r t m e n t s are s h o w n in f i g u r e s 2.3 and 2 . 4 . N u m e r i c a l 

v a l u e s and d i m e n s i o n s of t h e s t a t e v a r i a b l e s and e q u a t i o n p a r a m e -

t e r s a r e s h o w n in A p p e n d i x 6 . 

C a r b o n t r a n s a c t i o n s 

T h e n u t r i e n t s p a s s i n g f r o m the r u m e n i n t o the i n t e s t i n e s a r e un-

f e r m e n t e d feed c a r b o h y d r a t e s and f a t t y a c i d s ( R 1 0 3 + R 1 0 7 ) , m i c r o -

b i a l c a r b o h y d r a t e s and l i p i d s ( R 11 0 ) , u n f e r m e n t e d f e e d p r o t e i n 

( R 5 + R 7 ) , m i c r o b i a l c r u d e p r o t e i n (R 19 ) , and r u m i n a i N H 3 / N H 4 + 

( R 14 ) . 

T h e r a t e s of d i g e s t i o n a n d h i n d g u t f e r m e n t a t i o n o f c a r b o h y d r a t e s 

a n d l i p i d s are d e f i n e d as f o l l o w s : 

R 11 6 = R C E 1 0 3 + R C E 1 0 7 + R C E 1 1 0 + K 1 1 6 * ( R L I 1 0 3 + R L I 1 1 0 * 4 8 / 5 1 ) 

( i n d i g e s t i b l e c e l l w a l l c a r b o h y d r a t e s 

a n d f a t t y a c i d s , mo I C / h ) 

R 1 1 7 = R S U 1 0 3 + R S T 1 0 3 + R G L 1 0 3 + R S U 1 0 7 + RST 107 + RST 110 + R L 1 1 1 0 * 3 / 5 1 

( d i g e s t i b l e s u g a r , s t a r c h and 

g l y c e r o l , mo I C / h ) 
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R 11 8 = C 1—K 1 1 6 ) * t R L I 1 0 3 + R L I l 1 0 * 4 8 / 5 1 ) 

R 1 2 0 = K 1 2 0 * C 8 

R 11 9 = K11 9 *€ 7 

R 11 9 F = L11 9 *R 11 9 

( d i g e s t i b l e f a t t y a c i d s , mo I C / h ) 

( i n t e s t i n a l f l o w of i n d i g e s t i b l e c e l l 

w a l l c a r b o h y d r a t e s a n d f a t t y a c i d s , 

mo I C / h ) 

(hind gut f e r m e n t a t i o n of c e l l M a l l 

c a r b o h y d r a t e s and f a t t y a c i d s , 

mol C / h ) 

( i n t e s t i n a l f l o w of d i g e s t i b l e s u g a r , 

s t a r c h a n d g l y c e r o l , m o l C / h ) 

R 1 2 0 F = L 1 2 0 *R 120 (hind g u t f e r m e n t a t i o n of s u g a r 

s t a r c h and g l y c e r o l , m o l C / h ) 

R121 = R 1 2 1 M * C 8 / ( K 1 2 1 + C 8 ) ( u p t a k e f r o m t h e lumen of g l u c o s e , 

mol C / h ) 

T h e v a l u e s of the s t a t e v a r i a b l e s , C7 ( i n d i g e s t i b l e c e l l w a l l c a r -

b o h y d r a t e s and f a t t y a c i d s ) , C8 ( d i g e s t i b l e s u g a r , s t a r c h and g l y -

c e r o l ) , a n d C9 ( d i g e s t i b l e f a t t y a c i d s ) a r e e s t i m a t e d as f o l l o w s : 

1 ) T h e v o l u m e of d i g e s t a f l u i d in t h e s m a l l i n t e s t i n e is a s s u m -

ed to be 2 1 . 3 I ( P h i l l i p s o n 1 9 7 0 , C r a m p t o n 8 L l o y d 1 9 5 9 c . f . 

Nei m a n n - S 0 r e n s e n 1 9 8 3 ): V2A = 2 1 . 3 I. 

2 ) D i g e s t a in the s m a l l i n t e s t i n e c o n t a i n s 4 . 4 % d r y m a t t e r 

( H v e l p l u n d et a I . 1 9 7 6 , Hve Ip lund 1 9 8 4 b ) a n d 9 5 . 6 % w a t e r 

( e q u i v a l e n t to V2A = 2 1 . 3 I ) . 

3 ) H e n c e , the v o l u m e of d i g e s t a in t h e s m a l l i n t e s t i n e is c a I -

R 122 = K12 2 *C9 ( i n t e s t i n a l f l o w of d i g e s t i b l e f a t t y 

a c i d s , m o l C / h ) 

( u p t a k e f r o m t h e lumen of f a t t y 

a c i d s , mo I C / h ) 

R 1 2 3 = K 1 2 3 *C9 
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c u l a t e d a s : 2 1 . 3 / 0 . 9 5 6 = 2 2 . 3 I , and d i g e s t a d r y m a t t e r i s : 

2 2 . 3 - 2 1 . 3 = 1 . 0 k g . 

4 ) D i g e s t a o r g a n i c m a t t e r is a s s u m e d to be - as in t h e r u m e n -

9 0 % of t h e d r y m a t t e r , i . e . 0 . 9 0 kg o r g a n i c m a t t e r in the 

s m a l l i n t e s t i n e . 

5 ) P r o t e i n c o n t e n t in t h e d i g e s t a is 2 5 % of d r y m a t t e r 

( A g e r g a a r d et a l . 1 9 8 4 ) , i . e . 0 . 2 5 kg p r o t e i n in t h e s m a l l 

i n t e s t i ne . 

6 ) C o n s e q u e n t l y , the a m o u n t of c a r b o h y d r a t e s and l i p i d s in the 

s m a l l i n t e s t i n e i s : C 7 + C 8 + C 9 = 0 . 9 0 - 0 . 2 5 = 0 . 6 5 k g , e q u i -

v a l e n t to 2 9 . 8 m o l C . 

A c c o r d i n g to t h e s t a t i c m o d e l C H v e l p l u n d 1 9 8 3 ) f a t t y a c i d s a r e 

d i g e s t e d in t h e s m a l l i n t e s t i n e at a r a t e ( R 1 2 3 ) of 4 6 . 6 m o l C/d 

e q u i v a l e n t to 1 . 9 4 2 m o l C / h , r e p r e s e n t i n g 9 0 % of t h e e n t r y r a t e of 

t h e d i g e s t i b l e (but not d i g e s t e d ) f a t t y a c i d s ( R 1 1 8 ) f r o m t h e 

r u m e n ( B r u m b y et a l . 1 9 7 9 ) . T h e s i m u l a t e d t o t a l e n t r y r a t e of 

f a t t y a c i d s ( i n d i g e s t i b l e a n d d i g e s t i b l e ) into t h e s m a l l i n t e s t i n e 

( R L I 1 0 3 + R L I 1 1 0 * 4 8 / 5 1 ) is 2 . 3 3 2 m o l C / h , and t h e r e f o r e t h e f r a c t i o n 

o f i n d i g e s t i b l e f a t t y a c i d s can be c a l c u l a t e d a s : 

K 1 1 6 = ( 2 . 3 3 2 - 1 . 9 4 2 / 0 . 9 0 ) / 2 . 3 3 2 = 0 . 0 7 4 5 . 

T h e e n t r y r a t e s of i n d i g e s t i b l e a n d d i g e s t i b l e c a r b o h y d r a t e s a n d 

l i p i d s a r e t h e n e s t i m a t e d : 

R 116 = 6 . 7 3 8 (i nd i g . ca r b o h y d r a t e s ) + 

0 . 0 7 4 5 * 2 . 3 3 2 ( i n d i g . f a t t y a c i d s ) = 

R 117 = 0 . 1 1 9 (di g . s u g a r ) + 0 . 1 3 4 ( d i g . s t a r c h ) + 

0 . 0 4 1 ( d i g . g l y c e r o l ) = 

R 1 18 = ( 1 - 0 . 0 7 4 5 ) * 2 . 3 3 2 = 

6 . 9 1 2 m o t C / h 

0 . 2 9 4 m o l C/h 

2 . 1 5 8 m o l C / h . 

5 
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N i n e t y per cent of the d i g e s t i b l e c a r b o h y d r a t e s are a c t u a l l y dige-

sted in the s m a l l i n t e s t i n e (Pe h rson 8 K n u t son 1 9 8 0 , H v e l p l u n d 

1 9 8 3 ) , and t h e r e f o r e the rate of g l u c o s e u p t a k e f r o « t h e I n t e -

s t i n a l luaen w i l l b e : 

R121 = 0 . 9 0 *R 117 = 0 . 9 0 * 0 . 2 9 4 = 0 . 2 6 5 mo I C/ h , 

and the r e m a i n i n g 10% are t r a n s p o r t e d to the h i n d g u t , i . e . the 
i n t e s t i n a l f l o w of d i g e s t i b l e c a r b o h y d r a t e s i s : 

R 1 2 0 = R 1 1 7 - R 1 2 1 = 0 . 2 9 4 - 0 . 2 6 5 = 0 . 0 2 9 m o l C / h . 

T h e s i m u l a t e d rate of f a t t y a c i d u p t a k e f r o m t h e i n t e s t i n a l lumen 

i s : 

R 123 = 0 . 9 0 * R 1 1 8 = 0 . 9 0 * 2 . 1 5 8 = 1 .942 m o l C / h , 

and the i n t e s t i n a l f l o w of d i g e s t i b l e f a t t y a c i d s to the hind gut 

is t h e n : 

R 1 2 2 = R 1 1 8 - R 1 2 3 = 2.1 58-1 .942 = 0 . 2 1 6 mol C / h . 

T h e rate of i n t e s t i n a l f low of i n d i g e s t i b l e c a r b o h y d r a t e s a n d fat-

ty a c i d s to the hind gut is: 

R 119 = R116 = 6 . 9 1 2 mol C / h , 

and the r a t e c o n s t a n t for d i g e s t a flow in t h e s m a l l i n t e s t i n e is 

c a l c u l a t e d a s : 

K 1 1 9 = K 1 2 0 = K 1 2 2 = (R 119 + R 120 + R 1 2 2 ) / C C 7 + C8 + C 9 ) = 

( 6 . 9 1 2 + 0 . 0 2 9 + 0 . 2 1 6 ) / 2 9 . 8 = 0 . 2 4 h " 1 . 

N o w , the p o o l s in the s m a l l i n t e s t i n e of i n d i g e s t i b l e c a r b o h y d r a -
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tes a n d f a t t y a c i d s ( C 7 ) , d i g e s t i b l e c a r b o h y d r a t e s a n d g l y c e r o l 

( C 8 ) , and d i g e s t i b l e f a t t y a c i d s (C9) can be e s t i m a t e d : 

C7 = R 1 1 9 / K 1 1 9 = 6 . 9 1 2 / 0 . 2 4 = 2 8 . 8 0 0 mol € 

C8 = R 1 2 0 / K 1 2 0 = 0 . 0 2 9 / 0 . 2 4 = 0.1 23 mol C 

C9 = R 1 2 2 / K 1 22 = 0 . 2 1 6 / 0 . 2 4 = 0 . 8 9 9 mol C . 

T w e n t y - t w o per cent of the cell w a l l c a r b o h y d r a t e s and 100% of the 

sugar and s t a r c h p r e s e n t in the hind gut are f e r m e n t e d (Hve Ip I und 

1 9 8 3 ) . H e n c e , the v a l u e s used in the m o d e l for the f e m e n t e d 

f r a c t i o n s of c e l l « a l l c a r b o h y d r a t e s a n d of s t a r c h a r e , r e s p e c t -

i v e l y : 

L 1 1 9 = 0 . 2 2 

L 1 2 0 = 1 . 0 0 . 

C o n s e q u e n t l y , the s i m u l a t e d f e r m e n t a t i o n r a t e s o f c a r b o h y d r a t e s 

and f a t t y a c i d s in the h i n d gut a r e : 

R 1 1 9 F = 0 . 2 2 * 6 . 9 1 2 = 1.521 mot C/h 

R 1 2 0 F = 1 . 0 0 * 0 . 0 2 9 = 0 . 0 2 9 mol C / h . 

The m a x i m a l c a p a c i t y for c a r b o h y d r a t e d i g e s t i o n is e s t i m a t e d by 

P e h r s o n 8 K n u t s s o n ( 1 9 8 0 ) as 1200 g g l u c o s e per d . T h e t r a n s p o r t 

of g l u c o s e from the lumen into the i n t e s t i n a l e p i t h e l i u m is an 

a c t i v e p r o c e s s m e d i a t e d by a c a r r i e r p r o t e i n ( S t r y e r 1 9 8 1 , Chri-

s t e n s e n 1 9 8 4 ) L e a d i n g to s a t u r a t i o n ( M i c h a e l i s - M e n t e n ) k i n e t i c s . 

T h e M a x i m a l r a t e of g l u c o s e u p t a k e f r o « t h e l u m e n is t h e n : 

R 1 2 1 M = 1 2 0 0 * 6 / ( 1 8 0 * 2 4 ) = 1 . 6 6 7 mol C / h , 

and the a f f i n i t y c o n s t a n t can be c a l c u l a t e d a s : 

K121 = 0 . 6 5 1 5 m o l C . 

5* 
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T h e r a t e c o n s t a n t f o r f a t t y a c i d u p t a k e from t h e l u m e n is f i n a l l y 

d e r i v e d : 

K 1 2 3 = R 1 2 3 / C 9 = 1 . 9 4 2 / 0 . 8 9 9 = 2 . 1 6 0 h _ 1 . 

T h e f o r m a t i o n of f e r n e n t a t ion p r o d u c t s fro« h i n d g u t f e r a e n t a t i o n s 

of s t a r c h and cell w a l l c a r b o h y d r a t e s is d e s c r i b e d by the f o l l o w i n g 

e q u a t i o n s : 

S T A C 2 = A C S T * R 1 2 0 F 

S TP R 2 = P R S T * R 1 2 0 F 

S T B U 2 = B U S T * R 1 2 0 F 

S T C H 2 = CHST*R 120F 

S T C 0 2 = C 0 S T * R 1 2 0 F 

S T A T P 2 = A T P S T * R 120F 

C E A C 2 = A C C E * R 1 1 9 F 

C E P R 2 = P R C E * R 1 1 9 F 

C E B U 2 = B U C E * R 1 1 9 F 

C E C H 2 = C H C E * R 1 1 9 F 

C E CO 2 = C 0 C E * R 1 1 9 F 

C E A T P 2 = A T P C E * R 1 1 9 F 

( f o r m a t i o n of a c e t a t e from s t a r c h , 

mo I C / h ) 

( f o r m a t i o n of p r o p i o n a t e from 

s t a r c h , mo I C / h ) 

( f o r m a t i o n of b u t y r a t e from 

s t a r c h , mo I C / h ) 

( f o r m a t i o n of CH4 from s t a r c h , 

mo I C / h ) 

( f o r m a t i o n of CO2 from s t a r c h , 

mo I C / h ) 

( f o r m a t i o n of ATP from s t a r c h , 

mo I A T P / h ) 

( f o r m a t i o n of a c e t a t e from cell 

w a l l c a r b o h y d r a t e s , mo I C / h ) 

( f o r m a t i o n of p r o p i o n a t e from 

c e l l w a l l c a r b o h y d r a t e s , mo I C / h ) 

( f o r m a t i o n of b u t y r a t e from cell 

w a l l c a r b o h y d r a t e s , mo I C / h ) 

( f o r m a t i o n of CH4 from cell w a l l 

c a r b o h y d r a t e s , mo I C / h ) 

( f o r m a t i o n of CO2 from cell wall 

c a r b o h y d r a t e s , mo I C / h ) 

( f o r m a t i o n of ATP f r o m cell w a l l 

c a r b o h y d r a t e s , mo I A T P / h ) 
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R 1 2 5 = S T A T P 2 + C E A T P 2 ( f o r m a t i o n of A T P from s t a r c h and 

c e l l w a l l c a r b o h y d r a t e s , mo I A T P / h ) 

N u m e r i c a l v a l u e s of the p a r a m e t e r s ( A C S T , P R S T , , A T P C E ) a r e 

d e r i v e d from f e r m e n t a t i o n e q u a t i o n s g i v e n by B a l d w i n et a l . ( 1 9 7 0 ) 

( s e e A p p e n d i x 5 ) . 

T h e r a t e of f a e c a l e x c r e t i o n o f c a r b o h y d r a t e s a n d l i p i d s is d e f i n e d 

a s : 

R 126 = K 1 2 6 * C 1 0 B ( e x c r e t i o n of u n d i g e s t e d 

c a r b o h y d r a t e s a n d l i p i d s , m o l C / h ) 

T h e r a t e c o n s t a n t and the p o o l s i z e a r e , r e s p e c t i v e l y , ( s e e l a t e r ) : 

K 1 2 6 = 0 . 1 1 4 h~1 

C 1 0 B = 55 . 7 5 6 m o l C . 

T h e f o l l o w i n g e q u a t i o n s are c o n c e r n e d w i t h i n t e s t i n a I « a l l m e t a -

b o I i s a , a n d a b s o r p t i o n of g l u c o s e a n d f a t t y a c i d s : 

R 1 28 = R 1 2 8 M * C 1 1 / ( K 1 2 8 + C 1 1 ) 

R 1 29 = R 1 2 9 M * C 1 2 / ( K 1 2 9 + C 1 2 ) 

R 1 30 = R 1 3 0 M * C 1 2 / (K130 + C 1 2 ) 

R 131 = K 1 3 1 * R 1 23 

R 132 = R 123 + R 131 

( o x i d a t i o n of a c e t a t e a n d 

k e t o n e b o d i e s , mo I C / h ) 

( o x i d a t i o n of g l u c o s e , mo I C / h ) 

( a b s o r p t i o n of g l u c o s e , mo I C / h ) 

( f o r m a t i on of g l y c e r o l for 

e s t e r i f i c a t i o n of f a t t y a c i d s , 

m o I C / h ) 

( a b s o r p t i o n of l i p i d s , mo I C / h ) 
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R 155 = K15 5 * < C 2 3 / V 4 ) ( u p t a k e of a c e t a t e a n d k e t o n e 

b o d i e s f r o m the b l o o d , mo I t / h ) 

T h e r a t e of a c e t a t e and k e t o n e b o d y o x i d a t i o n ( R 1 2 8 ) is a s s u m e d to 

be e q u i v a l e n t to the b a s a l m e t a b o l i s m in t h e d i g e s t i v e t r a c t , w h i c h 

a c c o r d i n g to W e b s t e r et a l . ( 1 9 7 5 ) can be e s t i m a t e d as 

0 . 0 6 2 * C Q . 9 0 * 6 0 0 ) 0 . 7 5 = 7 . 0 M J / d in a 6 0 0 kg c o w . T h e a m o u n t of s u b -

s t r a t e w h i c h m u s t be o x i d i z e d to p r o d u c e t h i s q u a n t i t y of h e a t is 

c a l c u l a t e d by u s i n g heat c o m b u s t i o n v a l u e s for a c e t a t e a n d 3 - O H - b u -

t y r a t e , and t h e r e l a t i v e a m o u n t s of t h e s e n u t r i e n t s a v a i l a b l e f r o m 

a b s o r p t i o n as w e l l as f r o m e n d o g e n o u s p r o d u c t i o n (see s e c t i o n 

3 . 3 . 3 ) . In t h i s w a y the o x i d a t i o n r a t e of a c e t a t e a n d k e t o n e b o d i e s 

is c a l c u l a t e d a s : 

R 1 2 8 = 0 . 6 4 2 mo I C / h , 

w h i c h is a s s u m e d to be 9 0 % of t h e m a x i m a l r a t e of o x i d a t i o n : 

R 1 2 8 M = 0 . 6 4 2 / 0 . 9 0 = 0 . 7 1 3 mo I C / h . 

T h e i n t r a c e l l u l a r c o n c e n t r a t i o n of a c e t a t e and k e t o n e b o d i e s 

( C 1 1 / V D ) in t h e i n t e s t i n a l w a l l is a s s u m e d to be o n l y 2 0 % of the 

c o n c e n t r a t i o n in t h e e x t r a c e l l u l a r f l u i d ( C 2 3 / V 4 ) , w h i c h is t a k e n to 

be 5 . 8 m m o I C / l (Bi c k e r s t a f f e et a l . 1 9 7 4 , A n n i s o n et a l . 1 9 7 4 , 

L o m a x 8 B a i r d 1 9 8 3 , Ray et a l . 1 9 8 3 , R u l q u i n 1 9 8 3 ) . T h e i n t r a c e l l u -

lar c o n c e n t r a t i o n is t h e r e f o r e : 

C 1 1 / V D = 5 . 8 * 0 . 2 0 = 1 . 1 6 m m o I C / l . 

T h e v o l u m e of t h e i n t r a c e l l u l a r f l u i d ( V D ) is d e r i v e d f r o m t h e t i s -

s u e w e i g h t = 1 4 . 5 kg ( L o b l e y et a l . 1 9 8 0 , C r a m p t o n 8 L l o y d 1 9 5 9 c . f . 

N e i m a n n - S 0 r e n s e n 1 9 8 3 ) , and f r o m the t i s s u e d r y m a t t e r c o n t e n t = 1 5 0 

g / k g ( R o t h s c h i l d & R e i c h l 1 9 8 3 ) . H e n c e , 
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VD = 1 4 . 5 * 0 . 8 5 = 1 2 . 3 I . 

C o n s e q u e n t l y , t h e i n t r a c e l l u l a r p o o l s i z e o f a c e t a t e a n d k e t o n e 

b o d i e s is c a l c u l a t e d a s : 

C11 = 1 . 1 6 * V D = 1 . 1 6 * 1 2 . 3 / 1 0 0 0 = 0 . 0 1 4 m o l C , 

a n d t h e a f f i n i t y c o n s t a n t i s : 

K 1 2 8 = 0 . 0 0 1 5 6 m o l C . 

F a t t y a c i d s are e s t e r i f i e d w i t h g l y c e r o l d u r i n g t h e i r a b s o r p t i o n 

t h r o u g h the i n t e s t i n a l w a l l . T h e g l y c e r o l m o i e t i e s a r e s y n t h e s i z e d 

f r o m g l u c o s e w i t h a r a t e (R131 ) p r o p o r t i o n a l to t h e r a t e of f a t t y 

a c i d u p t a k e ( R 1 2 3 ) . T h e p r o p o r t i o n a l i t y f a c t o r i s : 

K 1 3 1 = 3 / ( 3 * 1 6 ) = 0 . 0 6 2 5 , 

a n d t h e f o r m a t i o n r a t e of g l y c e r o l is t h e r e f o r e : 

R131 = 0 . 0 6 2 5 * 1 . 9 4 2 = 0 . 1 2 1 m o l C / h . 

T h e a m o u n t of g l u c o s e not u s e d in g l y c e r o l s y n t h e s i s i s : R 1 2 9 + R 1 3 0 

R 1 2 1 - R 1 3 1 = 0 . 2 6 5 - 0 . 1 2 1 = 0 . 1 4 4 m o t C / h , a n d t h e r a t e of g l u c o s e 

o x i d a t i o n is a s s u m e d to be 5% of t h i s : 

R 1 2 9 = 0 . 1 4 4 * 0 . 0 5 = 0 . 0 0 7 2 m o l C / h , 

w h i c h in t u r n is a s s u m e d to be 50% of the m a x i m a l g l u c o s e o x i d a t i o n 

r a t e : 

R 1 2 9 M = 0 . 0 0 7 2 / 0 . 5 0 = 0 . 0 1 4 4 mol C / h . 
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T h e i n t r a c e l l u l a r g l u c o s e c o n c e n t r a t i o n in the i n t e s t i n a l w a l l 

(C12 / V D) is f u r t h e r a s s u m e d to be a l i t t l e h i g h e r than the g l u c o s e 

c o n c e n t r a t i o n in the d i g e s t a ( C 8 / V 2 A ) , w h i c h i s : 0 . 1 2 3 / 2 1 . 3 = 0 . 0 0 5 8 

m o l C / l . A c c o r d i n g to this the i n t r a c e l l u l a r g l u c o s e c o n c e n t r a t i o n 

i s t a k e n to b e : 

C 1 2 / V D = 0 . 0 0 ? mol C / l , 

a n d the p o o l s i z e o f i n t r a c e l l u l a r g l u c o s e is t h e r e f o r e : 

C12 = 0 . 0 0 7 * V D = 0 . 0 0 7 * 1 2 . 3 = 0 . 0 8 6 m o l C . 

T h e a f f i n i t y c o n s t a n t for g l u c o s e o x i d a t i o n is then c a l c u l a t e d a s : 

K 1 2 9 = 0 . 0 8 6 mol C . 

H e n c e , the s i m u l a t e d rate of g l u c o s e a b s o r p t i o n i s : 

R 1 3 0 = R 1 2 1 - R 1 3 1 - R 1 2 9 = 0 . 1 4 4 - 0 . 0 0 7 2 = 0 . 1 3 7 mol C / h . 

T h e n a x i a a l r a t e o f g l u c o s e t r a n s p o r t a c r o s s the i n t e s t i n a l e p i t h e -

l u i ra i s : 

R 1 3 0 M = R 1 2 1 M = 1 . 6 6 7 mol C / h , 

and the a f f i n i t y c o n s t a n t can then be d e r i v e d a s : 

K 1 3 0 = 0 . 9 6 6 5 mol C . 

T h e m e m b r a n e t r a n s p o r t of a c e t a t e and k e t o n e b o d i e s is i n d e p e n d e n t 

of c a r r i e r s ( G i e s e c k e 1 9 8 3 ) , and is a s s u m e d to be p r o p o r t i o n a l to 

t h e i r c o n c e n t r a t i o n s in the b l o o d (King et a l . 1 9 8 5 ) . T h e rate of 

a c e t a t e and k e t o n e b o d y u p t a k e f r o « t h e b l o o d e q u a l s the rate of 

o x i d a t i o n : 
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R 1 55 = R128 = 0 . 6 4 2 mo I C/ h, 

and the r a t e c o n s t a n t i s : 

K1 5 5 = R 1 5 5 / ( C 2 3 / V 4 ) = 0 . 6 4 2 / 0 . 0 0 5 8 = 1 1 0 . 6 0 l / h . 

T h e v o l u m e of the e x t r a c e l l u l a r fluid (V4) is 150 I (see s e c t i o n 

3 . 3 . 1 ) , and the p o o l s i z e of a c e t a t e a n d k e t o n e b o d i e s is c o n s e -

q u e n t I y: 

C23 = 0 . 0 0 5 8 * V 4 = 0 . 0 0 5 8 * 1 50 = 0 . 8 7 mol C . 

N i t r o g e n t r a n s a c t i o n s 

T h e d i g e s t i o n a n d h i n d g u t f e r a e n t a t i o n s of n i t r o g e n o u s c o a p o u n d s 

are d e s c r i b e d as f o l l o w s : 

R22 = ( 1 - K 2 3 * L 2 3 ) * ( R 5 + R 7 ) + ( 1 - M 2 3 * L 2 3 ) * ( R 1 0 + R 1 3 ) 

( i n d i g e s t i b l e d i e t a r y and m i c r o b i a l 

p r o t e i n , mol N / h ) 

R 23 = K 2 3 * L 2 3 * ( R 5 + R 7 ) + M 2 3 * N 2 3 * ( R 1 0 + R 1 3 ) 

( d i g e s t i b l e d i e t a r y and m i c rob i a I 

p rote i n , mo I N / h) 

R24 = R14 + R18 ( N H 3 / N H 4
+ from rumen l i q u o r and 

R 27 = R 2 7 M * A 7 / ( K 2 7 + A 7 ) 

R 26 = K26 *A7 

R 25 = K25 *A6 

from rumen m i c r o b e s , mo I N / h ) 

( i n t e s t i n a l flow of i n d i g e s t i b l e 

d i e t a r y and m i c r o b i a l p r o t e i n , 

mol N / h ) 

( i n t e s t i n a l flow of d i g e s t i b l e 

d i e t a r y and mi c robi a I p r o t e i n , 

m o l N / h ) 

( u p t a k e from the lumen of d i e t a r y 

and m i c r o b i a l a m i n o a c i d s , mo I N / h ) 
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R 28 = R 2 8 M * A 8 / ( K 2 8 + A 8 ) 

R 29 = K29 *A8 

R 32 = K 3 2 * A 1 0 

R 33 = K 3 3 * A 1 1 

R 34 = R 3 4 M * A 1 1 / ( K 3 4 + A 1 1 ) 

R 35 = K 3 5 * ( N 2 A / V 2 A ) 

R 36 = R 3 6 M * N 2 B / ( K 3 6 + N 2 B ) 

R36M = L36 *R125 

R 1 2 7 = KCA* (R 28-R 36 ) 

R 1 2 7 A = K 1 2 7 A * R 1 27 

( p r o t e i n d e g r a d a t i o n i n the hind 

g u t , mol N / h ) 

( f a e c a l e x c r e t i o n of u n d i g e s t e d 

p r o t e i n , mol N / H ) 

( i n t e s t i n a l flow of i n d i g e s t i b l e 

e n d o g e n o u s p r o t e i n , mol N / h ) 

( i n t e s t i n a l flow of d i g e s t i b l e 

e n d o g e n o u s p r o t e i n , mol N / h ) 

( u p t a k e from the lumen of e n d o g e n o u s 

a m i n o a c i d s , m o l N / h ) 

( a b s o r p t i o n of N H 3 / N H 4 + from the 

s m a l l i n t e s t i n e , mol N / h ) 

( m i c r o b i a l a m i n o a c i d s y n t h e s i s in 

the hind g u t , mol N / h ) 

(mol N / h ) 

(net p r o t e i n d e g r a d a t i o n in the 

hind g u t , mol C / h ) 

( f e r m e n t a t i o n of p r o t e i n-C in the 

h i n d g u t , mol C / h ) 

T h e p r o p o r t i o n s of a m i n o a c i d s in u n d e g r a d e d d i e t a r y p r o t e i n and in 

m i c r o b i a l p r o t e i n are t a k e n to be 0 . 8 0 and 0 . 7 0 , r e s p e c t i v e l y 

(Hve Iplund 1 9 8 3 ) : 

K 23 = 0.80 

M23 = 0 . 7 0 . 

B o t h d i e t a r y and m i c r o b i a l a m i n o a c i d s are a s s u m e d to be 100% d i g e -

s t i b l e ( a l t h o u g h not 100% d i g e s t e d ) : 

L23 = N23 = 1 . 0 . 

A c c o r d i n g to t h e s e v a l u e s and the rate of N i n f l o w from the r u m e n , 

the f l o w rates of i n d i g e s t i b l e p r o t e i n , d i g e s t i b l e p r o t e i n , and 



1 23 

N H 3 / N H 4
+
 c a n b e c a l c u l a t e d : 

R 22 = 0 . 2 0 * 0 . 5 3 3 + 0 . 3 0 * 0 . 8 4 3 

R 23 = 0 . 8 0 * 0 . 5 3 3 + 0 . 7 0 * 0 . 8 4 3 

R 24 = 0 . 1 0 2 + 0 . 0 0 2 = 

0 . 3 6 0 m o l N / h 

1 . 0 1 6 m o l N / h 

0 . 1 0 4 m o l N / h 

T h e t o t a l a m o u n t of c r u d e p r o t e i n in t h e d i g e s t a of t h e s m a l l i n t e -

s t i n e is 2 4 5 g ( A g e r g a a r d et a L . 1 9 8 4 ) . T h i s a m o u n t is e q u i v a l e n t to 

t h e p o o l s o f d i e t a r y a n d m i c r o b i a l p r o t e i n ( A 6 + A 7 ) , e n d o g e n o u s p r o -

t e i n ( A 1 0 + A 1 1 ) , a n d N H 3 / N H 4
+ ( N 2 A ) : 

A 6 + A 7 + A 1 0 + A 1 1 + N 2 A = 2 4 5 g p r o t e i n = 2 . 7 9 m o l N . 

T h e c o n t e n t o f N H 3 / N H 4 + is t a k e n as 2 . 4 % of t o t a l d i g e s t a n i t r o g e n 

( T e l l e r et a l . 1 9 7 9 , B r a n d t 8 R o h r 1 9 8 1 , B r a n d t et a l . 1 9 8 1 ) , w h i c h 

m e a n s t h a t 

N 2 A = 2 . 7 9 * 0 . 0 2 4 = 0 . 0 6 7 m o l N . 

T h e i n d i g e s t i b l e p r o t e i n of d i e t a r y a n d m i c r o b i a l o r i g i n is t r a n s -

p o r t e d d o w n t h e s m a l l i n t e s t i n e at t h e r a t e , R 2 5 = R 2 2 = 0 . 3 6 0 

m o l N / h . T h e r a t e c o n s t a n t f o r t h i s i n t e s t i n a l f l o w h a s b e e n 

e s t i m a t e d p r e v i o u s l y : 

K 25 = K 2 6 = K 3 2 = K 3 3 = K 1 1 9 = 0 . 2 4 h " 1 , 

a n d t h e p o o l s i z e o f i n d i g e s t i b l e p r o t e i n c a n be d e r i v e d a s : 

A 6 = R 2 5 / K 2 5 = 0 . 3 6 0 / 0 . 2 4 = 1 . 5 0 m o l N . 

U n d e g r a d e d d i e t a r y a m i n o a c i d s a n d m i c r o b i a l a m i n o a c i d s a r e d i g e -

s t e d w i t h a n e f f i c i e n c y of 8 6 % a n d 7 5 % , r e s p e c t i v e l y ( H v e I p l u n d 

1 9 8 3 ) . T h e r a t e of a m i n o a c i d u p t a k e f r o « t h e l u m e n a c r o s s t h e 
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m u c o u s a l m e m b r a n e can t h e r e f o r e be e x p r e s s e d a s : 

R 27 = 0 . 8 6 * K 2 3 * ( R 5 + R 7 ) + 0 . 7 5 * B 2 3 * ( R 1 0 + R 1 3 ) = 0 . 8 0 9 mo I N / h . 

T h e f l o M r a t e of d i g e s t i b l e p r o t e i n t o t i e h i n d g u t can t h e n be 

c a l c u l a t e d by d i f f e r e n c e : 

R 26 = R 2 3 - R 2 7 = 1 . 0 1 6 - 0 . 8 0 9 = 0 . 2 0 7 mo I N / h , 

a n d t h e p o o l s i z e o f d i g e s t i b l e p r o t e i n f r o m the r u m e n w i l l b e : 

A 7 = R 2 6 / K 2 6 = 0 . 2 0 7 / 0 . 2 4 = 0 . 8 6 3 mo I N . 

A m i n o a c i d s a r e t a k e n up i n t o c e l l s by f a c i l i t a t e d t r a n s p o r t m e c h a -

n i s m s s h o w i n g Mi c h a e I i s - M e n t e n k i n e t i c s ( M u n c k 1 9 7 6 , B e r g e n 1 9 7 8 , 

E c k e r t & R a n d a l l 1 9 7 8 , Chri s t e n s e n 1 9 8 2 ) . R o t h s c h i l d & R e i c h l ( 1 9 8 3 ) 

h a v e i n v e s t i g a t e d t h e k i n e t i c s of a m i n o a c i d u p t a k e in i n t e s t i n a l 

t i s s u e f r o m c a t t l e , a n d t h e y f o u n d V m a x v a l u e s for i n d i v i d u a l a m i n o 

a c i d s r a n g i n g from 36 to 2 0 6 jumol/h per g t i s s u e d r y m a t t e r . U s i n g 

an a v e r a g e v a l u e of 1 2 0 jumol/h, t h e p r e v i o u s l y e s t i m a t e d i n t e s t i n a l 

t i s s u e w e i g h t ( 1 4 . 5 k g ) and i t s d r y m a t t e r c o n t e n t (150 g / k g ) , a 

m a x i m a l r a t e o f u p t a k e ( V m a x ) for 20 a m i n o a c i d s can be c a l c u l a t e d : 

R 2 7 M = 20*1 2 0 * 1 4 . 5 * 1 5 0 * 1 0 - 6 = 5 . 2 2 mo I a m i n o a c i d s / h 

= 6 . 9 8 mo I N / h . 

T h e a f f i n i t y c o n s t a n t for a m i n o a c i d u p t a k e is t h e n d e r i v e d a s : 

K 2 7 = 6 . 5 8 1 mo I N , 

w h i c h for a s i n g l e a m i n o a c i d is e q u i v a l e n t t o : 6 . 5 8 1 * 1 0 0 0 / ( 2 0 * 2 1 . 3 ) 

= 1 5 , 4 m m o I N / I = 1 1 . 6 m m o I a m i n o a c i d s / l . T h i s l a t t e r v a l u e f a l l s 

in t h e m i d d l e of t h e r a n g e of K m v a l u e s for 13 i n d i v i d u a l a m i n o 

a c i d s e x p e r i m e n t a l l y d e t e r m i n e d by R o t h s c h i l d & R e i c h l ( 1 9 8 3 ) : 

0 . 7 - 2 2 . 1 mmo 1/ I . 
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T h e r a t e of p r o t e i n d e g r a d a t i o n in t h e hind gut (R 2 8 ) is e s t i m a t e d 

as 0 . 3 6 4 mol N / h ( s e e l a t e r ) , a n d t h e r a t i o R 2 8 / R 2 8 M is a s s u m e d to 

b e t h e s a m e as t h e r a t i o R 1 1 / R 1 1 M for the c o r r e s p o n d i n g p r o c e s s in 

t h e r u m e n (see s e c t i o n 3 . 3 . 1 ) . T h e m a x i a a l r a t e o f p r o t e i n d e g r a d a -

t i o n in t h e h i n d g u t (R 2 8 M ) is t h e r e f o r e : 

R 2 8 M = R 2 8 * R 1 1 M / R 1 1 = 0 . 3 6 4 * 1 . 4 3 2 / 1 .002 = 0 . 5 2 0 5 mo I N / h . 

T h e d i g e s t a v o l u m e in t h e h i n d g u t is 14.1 I (Phi I L i p s o n 1 9 7 0 , 

C ram p t o n 8 L l o y d 1 9 5 9 c . f . Ne i m a n n - S ø r e n s e n 1 9 8 3 ) , and t h e n i t r o g e n 

c o n t e n t is 4 g/l d i g e s t a (Phi Ili p s o n 1 9 7 0 , H v e I p l u n d 1 9 8 4 b ) . C o n s e -

q u e n t l y , the t o t a l a m o u n t of n i t r o g e n in t h e h i n d g u t i s : 

A 8 + N 2 B = 1 4 . 1 * 4 / 1 4 . 0 1 = 4 . 0 3 m o l N . 

A s 6 . 5 % of t h i s is m a d e up of N H 3 / N H 4 + ( B e n - G h e d a I i a et a l . 1 9 7 4 ) 

t h e p o o l s i z e of N H 3 / M H 4 + in t h e h i n d g u t i s : 

N 28 = 4 . 0 3 * 0 . 0 6 5 = 0 . 2 6 2 m o l N , 

a n d t h e p o o l s i z e o f u n d i g e s t e d p r o t e i n in t h e h i n d g u t i s : 

A 8 = 4 . 0 3 - 0 . 2 6 2 = 3 . 7 7 m o l N . 

T h e a f f i n i t y c o n s t a n t f o r p r o t e i n d e g r a d a t i o n in t h e h i n d g u t is 

t h e n e s t i m a t e d : 

K 2 8 = 1 .616 mot N . 

T h e a p p a r a n t p r o t e i n d i g e s t i b i l i t y is 7 1 . 7 % in t h e s t a t i c m o d e l 

( H v e l p Lund 1 9 8 3 ) , and a c c o r d i n g to t h i s the rate of n i t r o g e n e x c r e -

t i o n in t h e f a e c e s i s : 

R 29 = R 0 * ( 1 - 0 . 7 1 7 ) = 1 . 5 2 3 * 0 . 2 8 3 = 0 . 4 3 1 m o l N / h . 



H e n c e , t h e f a e c a l e x c r e t i o n r a t e c o n s t a n t is c a l c u l a t e d a s : 

K 2 9 = K 1 2 6 = R 2 9 /A8 = 0 . 4 3 1 / 3 . 7 ? = 0 . 1 1 4 h _ 1 . 

T h e p o o l s of e n d o g e n o u s p r o t e i n in t h e s m a l l i n t e s t i n e ( A 1 0 + A 1 1 ) is 

f o u n d by s u b t r a c t i o n from the t o t a l a m o u n t of c r u d e p r o t e i n : A 1 0 + A 1 1 

= 2 . 7 9 - ( A 6 + A 7 ) - N 2 A = 2 . 7 9 - 2 . 3 6 - 0 . 0 6 7 = 0 . 3 6 3 m o l N . A s K 3 2 = K 3 3 = 

0 . 2 4 h " 1 , the f l o w r a t e of u n d i g e s t e d e n d o g e n o u s p r o t e i n can be 

der i ved a s : 

R 3 2 + R 3 3 = ( A 1 0 + A 1 1 ) * 0 . 2 4 = 0 . 3 6 3 * 0 . 2 4 = 0 . 0 8 7 m o l N / h . 

T h e a m o u n t of e n d o g e n o u s p r o t e i n a c t u a l l y d i g e s t e d (R 3 4 ) is e s t i m a -

ted by Danfaer ( 1 9 7 9 ) as 77% of the e n d o g e n o u s p r o t e i n s e c r e t e d 

{R 4 1 ) : R34 = 0 . 7 7 *R 4 1 , and (R32 + R33 ) = ( 1 - 0 . 7 7 ) * R 4 1 . S o l u t i o n of 

t h e s e e q u a t i o n s g i v e s the rate of s e c r e t i o n o f e n d o g e n o u s p r o t e i n : 

R41 = 0 . 0 8 7 / 0 . 2 3 = 0 . 3 7 9 mol N / h , 

and the r a t e of u p t a k e of e n d o g e n o u s a m i n o a c i d s : 

R34 = 0 . 7 7 * 0 . 3 7 9 = 0 . 2 9 2 m o l N / h . 

T h e m a x i m a l r a t e and t h e a f f i n i t y c o n s t a n t for a m i n o a c i d u p t a k e 

f r o a t h e i n t e s t i n a l l u a e n h a v e b e e n e s t i m a t e d p r e v i o u s l y : 

R 3 4 M = R 2 7 M = 6 . 9 8 m o l N / h , and 

K 3 4 = K27 = 6 . 5 8 1 m o l N . 

T h e p o o l s i z e o f d i g e s t i b l e e n d o g e n o u s p r o t e i n is t h e n d e r i v e d a s : 

A11 = 0 . 2 8 7 m o l N , 

and t h e p o o l s i z e of i n d i g e s t i b l e e n d o g e n o u s p r o t e i n is f o u n d by 
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d i f f e r e n c e : 

A 1 0 = 0 . 3 6 3 - 0 . 2 8 7 = 0 . 0 7 6 m o I N . 

T h e i n t e s t i n a l f l o w r a t e s of u n d i g e s t e d ( i n d i g e s t i b l e ( R 3 2 ) as w e l l 

as d i g e s t i b l e ( R 3 3 ) ) e n d o g e n o u s p r o t e i n a r e f i n a l l y c a l c u l a t e d : 

R 3 2 = 0 . 0 7 6 * 0 . 2 4 = 0 . 0 1 8 mo I N / h 

R 3 3 = 0 . 2 8 7 * 0 . 2 4 = 0 . 0 6 9 mo I N / h . 

T h e r a t e of N H 3 / N H 4 + a b s o r p t i o n f r o « t h e s n a i l i n t e s t i n e e q u a l s t h e 

r a t e of i n f l o w f r o m the r u m e n : 

R 3 5 = R24 = 0 . 1 0 4 mo I N / h , 

a n d the a b s o r p t i o n r a t e c o n s t a n t is d e r i v e d a s : 

K 3 5 = R 3 5 / ( N 2 A / V 2 A ) = 0 . 1 0 4 / ( 0 . 0 6 7 / 2 1 . 3 ) = 3 3 . 1 4 2 l / h . 

T h e a e t a b o li sn o f m i c r o b i a l i in t h e h i n d g u t is q u a n t i f i e d as f o l -

l o w s : 

1 ) T h e di ffe r e n c e b e t w e e n r a t e s of p r o t e i n d e g r a d a t i o n a n d a m i n o 

a c i d s y n t h e s i s in the h i n d gut is f o u n d b y b a l a n c i n g t h e p o o l 

of u n d i g e s t e d p r o t e i n ( A 8 ) : R 2 8 - R 3 6 = R25 + R 2 6 + R 3 2 + R 3 3 - R 2 9 = 

0 . 222 mo I N / h . 

2 ) T h e mi c rob i a I a m i n o a c i d s s y n t h e s i z e d in the hind gut c a n n o t 

be a b s o r b e d to the b l o o d ( U l y a t t et a l . 1 9 7 5 ) , and are s u p p o -

sed to be e x c r e t e d in the f a e c e s . 

3 ) Of the f a e c a l n i t r o g e n a b o u t 50% is of m i c r o b i a l o r i g i n ( M a s o n 
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et a l . 1 9 7 7 ) : R 2 9 / 2 = 0 . 4 3 1 /2 = 0 . 2 1 6 mo I N / h . 

4 ) T h e f l o w r a t e of u n d i g e s t e d m i c r o b i a l p r o t e i n f r o m t h e r u m e n 

i s : ( R 1 0 + R 1 3 ) * M 2 3 * ( 1 ~ 0 . 7 5 ) = 0 . 8 4 3 * 0 . 7 0 * 0 . 2 5 = 0 . 1 4 8 mo I N / h , 

a n d 50% of t h i s is a s s u m e d to a v o i d d e g r a d a t i o n to N H j / N H ^ * 

and to be e x c r e t e d in the f a e c e s : 0 . 1 4 8 / 2 = 0 . 0 7 4 mo I N / h . 

T h e r a t e of ai c r o b i a I aai no a c i d s y n t h e s i s ( R 3 6 ) is t h e r e f o r e the 

t o t a l m i c r o b i a l f a e c a l n i t r o g e n less the u n d i g e s t e d m i c r o b i a l ni-

t r o g e n f r o m the r u m e n e x c r e t e d in t h e f a e c e s : 

R 3 6 = 0 . 2 1 6 - 0 . 0 7 4 = 0 . 1 4 2 m o l N / h . 

An a r g u m e n t for the a s s u m p t i o n t h a t m i c r o b i a l p r o t e i n f r o m the r u m e n 

is m o r e d e g r a d a b l e t h a n m i c r o b i a l p r o t e i n s y n t h e s i z e d in t h e h i n d 

g u t i s , t h a t t h e r u m e n m i c r o b e s h a v e b e e n e x p o s e d to a c i d d i g e s t i o n 

in t h e a b o m a s u m . T h e d e g r a d a t i o n r a t e o f p r o t e i n a n d o t h e r N - c o a -

p o u n d s to N H 3 / N H 4 + is f o u n d a s : 

R 28 = (R 28-R 3 6 ) + R 36 = 0 . 2 2 2 + 0 . 1 4 2 = 0 . 3 6 4 mol N / h . 

T h e a v a i l a b i l i t y of ATP f r o m h i n d g u t f e r m e n t a t i o n s a f f e c t s the m a x -

i m a l r a t e of m i c r o b i a l p r o t e i n s y n t h e s i s : R 3 6 M = L 3 6 * R 1 2 5 , w h e r e the 

p r o p o r t i o n a l i t y f a c t o r (L 36 = Y A T P M * M 9 ) e x p r e s s e s t h e a m o u n t of m i -

c r o b i a l p r o t e i n-N s y n t h e s i z e d per m o l A T P m a d e a v a i l a b l e f r o m fer-

m e n t a t i o n . T h e m a x i m a l m i c r o b i a l c e l l y i e l d ( Y A T P M ) is 28 g c e l l 

D M / m o I A T P , the n i t r o g e n c o n c e n t r a t i o n in c e l l dry m a t t e r ( M 9 ) is 

5 . 7 4 2 * 1 0 ~ 3 m o l N/g c e l l DM (see s e c t i o n 3 . 3 . 1 ) , and R12 5 = 1 .092 m o l 

A T P / h . C o n s e q u e n t l y , t h e a a x i aa I r a t e of m i c r o b i a l p r o t e i n s y n t h e s i s 

in t h e hi rid g u t i s : 

R 3 6 M = 2 8 * 5 . 7 4 2 * 1 0 - 3 * 1 . 0 9 2 = 0 . 1 7 5 6 m o l N / h . 

T h e p o o l s i z e o f N H 3 / N H 4 + in t h e h i n d g u t has b e e n e s t i m a t e d p r e -
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v i o u s I y: 

N 2 B = 0 . 2 6 2 mo L N , 

a n d the a f f i n i t y c o n s t a n t f o r «i c r o b i a I p r o t e i n s y n t h e s i s can f i n a l -

ly be d e r i v e d : 

K 3 6 = 0 . 0 6 2 1 2 mo I N . 

C a r b o n t r a n s a c t i o n s 

T h e s i m u l a t e d r a t e of n e t p r o t e i n d e g r a d a t i o n in t h e h i n d g u t ( R 1 2 7 ) 

is c a l c u l a t e d as K C A * ( R 2 8 - R 3 6 ) , w h e r e K CA = 3 . 8 mo I C / m o l N : 

R 1 2 7 = 3 . 8 * 0 . 2 2 2 = 0 . 8 4 5 mo I C / h . 

T h e r a t e of p r o t e i n - C f e r m e n t a t i o n ( R 1 2 7 A = K 1 2 7 A * R 1 2 7 ) is d e r i v e d 

f r o m t h e f e r m e n t a t i o n e q u a t i o n s (see l a t e r ) : 

R 1 27A = 0 . 1 1 5 mo I C / h , 

a n d t h e f r a c t i o n o f p r o t e i n - C f e r m e n t e d w i l l b e : 

K 1 2 7 A = R 1 2 7 A / R 1 2 7 = 0 . 1 3 6 1 . 

R a t e s of f o r m a t i o n o f f e r « e n t a t ion p r o d u c t s f r o « p r o t e i n f e r « e n t a -

t i o n in t h e h i n d g u t are d e f i n e d b e l o w : 

P R A C 2 = A C * R 1 2 7 A 

P R P R 2 = PR * R 1 2 7 A 

P R B U 2 = B U * R 1 2 7 A 

P R B C 2 = B C * R 1 2 7 A 

( f o r m a t i o n of a c e t a t e , mo I C / h ) 

( f o r m a t i o n of p r o p i o n a t e , mo I C / h ) 

( f o r m a t i o n of b u t y r a t e , mo I C / h ) 

( f o r m a t i o n of BC F A , mo I C / h ) 

12 
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P R C H 2 = C H * R 1 27A ( f o r m a t i o n of C H 4 , mo I C / h) 

P R C 0 2 = C 0 * R 1 2 7 A ( f o r m a t i o n of C O g , mot C / h ) 

N u m e r i c a l v a l u e s of t h e f e r m e n t a t i o n p a r a m e t e r s ( A C , P R , , C O ) 

a r e d e r i v e d f r o m B a l d w i n et a l , ( 1 9 7 0 ) (see A p p e n d i x 5 ) . 

f V F A a n d d i s a p p e a r a n c e o f f e r m e n t a t i o n g a s e s f r o » t h e 

c a l c u l a t e d by s u m m a t i o n s : 

RAC 124 = S T A C 2 + C E A C 2 + P R A C 2 ( o u t f l o w of a c e t a t e , mot C / h ) 

R P R 124 = S T P R 2 + C E P R 2 + P R P R 2 ( o u t f l o w of p r o p i o n a t e , mo I C / h ) 

R B U 1 2 4 = S T B U 2 + C E B U 2 + P R B U 2 ( o u t f l o w of b u t y r a t e , mo I C / h ) 

R C H 1 2 4 = ( S T C H 2 + C E C H 2 + P R C H 2 ) * K 

( o u t f l o w of C H 4 , mo I C / h ) 

R C 0 1 2 4 = S T C 0 2 + C E C 0 2 + P R C 0 2 - R C H 1 2 4 * ( 1 - 1 / K ) 

(out f tow of C O 2 , mo t C / h ) 

R 1 2 4 = R A C 1 2 4 + R P R 1 2 4 + R B U 1 2 4 + R C H 1 2 4 + R C 0 1 2 4 

( o u t f l o w of V F A , C H 4 and C O g , 

m o t C / h ) 

T h e a m o u n t of CH4 p r o d u c e d a c c o r d i n g to the f e r m e n t a t i o n e q u a t i o n s 

( B a l d w i n et a I. 1 9 7 0 ) is r e d u c e d by 25% (K = 0 . 7 5 ) , and the a m o u n t 

of C O 2 p r o d u c e d is c o r r e s p o n d i n g l y i n c r e a s e d as in the r u m e n c o m -

p a r t m e n t ( s e c t i o n 3 . 3 . 1 ) . 

F r o m t h e s t a t i c m o d e l ( H v e l p l u n d 1 9 8 3 ) it can be e s t i m a t e d t h a t 23% 

of t h e c a r b o n in c a r b o h y d r a t e s a n d l i p i d s is f e r m e n t e d in t h e h i n d 

g u t , so t h a t R 1 2 4 = ( R 1 1 9 + R 1 2 0 + R 1 2 2 ) * 0 . 2 3 = 7 . 1 5 7 * 0 . 2 3 = 1 . 6 4 6 mo t 

C / h . In the p r e s e n t d y n a m i c m o d e l c a r b o n f r o m f e r m e n t e d p r o t e i n is 

a l s o c o n t r i b u t i n g to the hind g u t p r o d u c t i o n of V F A and f e r m e n t a t i o n 
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g a s e s . F r o m the a b o v e e q u a t i o n s for t h e f o r m a t i o n and o u t f l o w of 

V F A , CH4 and COj», t h e t o t a l o u t f l o w r a t e of f e r m e n t a t i o n p r o d u c t s 

can be e x p r e s s e d a s : 

R 1 2 4 = S T A C 2 + C E A C 2 + S T P R 2 + C E P R 2 + S T B U 2 + C E B U 2 + 

S T C H 2 + C E C H 2 + S T C 0 2 + C E C 0 2 + ( 1 - B C ) * R 1 2 7 A = 

1 . 5 5 0 + 0 . 8 3 5 2 4 * R 1 2 7 A = 1 . 6 4 6 mol C / h . 

T h i s e q u a t i o n m a k e s it p o s s i b l e to e s t i m a t e the s i m u l a t e d r a t e of 

p r o t e i n - C f e r a e n t a t i o n : 

R 1 2 7 A = ( 1 . 6 4 6 - 1 . 5 5 0 ) 7 0 . 8 3 5 2 4 = 0 . 1 1 5 m o l C / h . 

T h e r a t e of i n c o r p o r a t i o n o f b r a n c h e d - c h a i n f a t t y a c i d s ( B C F A ) i n t o 

• i c r o b i a I c e l l s (see f i g u r e 2 . 4 ) i s : 

P R B C 2 = 0 . 1 6 4 7 6 * 0 . 1 1 5 = 0 . 0 1 9 m o l C / h , 

and t h e r a t e of c a r b o h y d r a t e a n d l i p i d f a e c a l e x c r e t i o n can n o w be 

c a l c u l a t e d by b a l a n c i n g the p o o l of u n d i g e s t e d c a r b o n ( C 1 0 B ) : 

R 1 26 = K 1 2 6 * C 1 0 B = ( R 1 1 9 - R 1 1 9 F ) + (R 1 20-R 1 2 0 F ) + R 1 2 2 + 

( R 1 2 7 - R 1 2 7 A ) + P R B C 2 = 6 . 3 5 6 mol C / h . 

T h e r a t e c o n s t a n t f o r f a e c a l e x c r e t i o n has b e e n e s t i m a t e d p r e v i o u s -

ly: 

K 1 2 6 = K29 = 0 . 1 1 4 h ~ 1 , 

and h e n c e , the p o o I s i z e o f u n d i g e s t e d c a r b o h y d r a t e s a n d l i p i d s i s : 

C 1 0 B = R 1 2 6 / K 1 2 6 = 6 . 3 5 6 / 0 . 1 1 4 = 55 .756 mo I C . 



1 32 

N i t r o g e n t r a n s a c t i o n s b e t w e e n g u t arid b o d y t i s s u e s 

T h e e x c h a n g e o f n i t r o g e n b e t w e e n t h e h i n d g u t a n d t h e b l o o d , t h e N -

• e t a b o l i s * in t h e i n t e s t i n a l w a l l , a n d t h e e n d o g e n o u s p r o t e i n secre-
t i o n a r e d e s c r i b e d in t h e f o l l o w i n g e q u a t i o n s : 

R 37 = K 3 7 * ( N 2 B / V 2 B ) ( a b s o r p t i o n of N H 3 / N H 4 4 ,
 from t h e 

h i n d g u t , m o l N / h ) 

( h y d r o l y s i s of u r e a in t h e h i n d g u t , 

m o l N / h ) 

( i n t e s t i n a l p r o t e i n s y n t h e s i s , 

m o l N / h ) 

( a b s o r p t i o n of a m i n o a c i d s , m o l N / h ) 

( s e c r e t i o n of e n d o g e n o u s p r o t e i n , 

m o l N / h ) 

= L 4 1 * ( R 1 1 6 + R 1 1 7 + R 1 1 8 + K C A * ( R 2 2 + R 2 3 ) ) 

(mo I N / h ) 

( i n d i g e s t i b l e e n d o g e n o u s p r o t e i n , 

m o l N / h ) 

( d i g e s t i b l e e n d o g e n o u s p r o t e i n , 

mo I N / h ) 

( d e g r a d a t i o n of i n t e s t i n a l p r o t e i n , 

mo I N / h ) 

( u p t a k e of a m i n o a c i d s f r o m the 

b l o o d , mo I N / h ) 

( u p t a k e of u r e a f r o m the b l o o d , 

m o l N / h ) 

R 3 8 = R 3 8 M * U 2 / ( K 3 8 + U 2 ) 

R 39 = R 3 9 M * A 1 2 / ( K 3 9 + A 1 2 ) 

R 40 = R 4 0 M * A 1 2 / ( K 4 0 + A 1 2 ) 

R 41 = R 4 1 M * A 1 3 / ( K 4 1 + A 1 3 ) 

R 41 M 

R 30 = ( 1 - K 3 1 * L 3 1 ) * R 41 

R 31 = K 3 1 * L 3 1 * R 41 

R 42 = K 4 2 * A 1 3 

R 5 0 = R 5 0 M * A 1 6 / ( K 5 0 + A 1 6 ) 

R 5 6 = K 5 6 * ( U 4 / V 4 - U 2 / V 2 B ) 

11 is a s s u m e d t h a t the r a t e c o n s t a n t f o r N H 3 / N H ^ + a b s o r p t i o n f r o a 

t h e h i n d g u t ( K 3 7 ) is e q u a l to t h e r a t e c o n s t a n t for t h e c o r r e s -

p o n d i n g p r o c e s s in t h e r u m e n (R 16 ): 

K 37 = K 1 Ó = 1 8 . 1 5 4 l / h . 
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T h e v o l u m e of d i g e s t a in t h e hind gut is 14.1 I as s t a t e d p r e v i o u s -

l y , and its d r y m a t t e r c o n t e n t is e s t i m a t e d as 14% (Phi I I i p s o n 1 9 7 0 , 

H v e l p l u n d 1 9 8 4 b ) . T h e f l u i d v o l u m e in t h e h i n d g u t is t h e r e f o r e ; 

V 2 B = 1 4 . 1 * 0 . 8 6 = 1 2 . 1 I , 

a n d the s i m u l a t e d r a t e of a b s o r p t i o n o f N H 3 / N H 4 4 " f r o m t h e h i n d g u t 

is c a l c u l a t e d a s : 

R 3 7 = 1 8 . 1 5 4 * ( 0 . 2 6 2 / 1 2 . 1 ) = 0 . 3 9 3 mo I N / h . 

T h e r a t e of u r e a h y d r o l y s i s is f o u n d by b a l a n c i n g t h e p o o l of 

N H 3 / N H 4 4 " in the h i n d g u t ( N 2 B ) : 

R 3 8 = R36 + R 37-R 28 = 0 . 1 4 2 + 0 . 3 9 3 - 0 . 3 6 4 = 0 . 1 7 1 m o l N / h , 

a n d the m a x i m a l c a p a c i t y o f u r e a h y d r o l y s i s is a s s u m e d to be - as in 

the r u m e n - 1 g per I p e r b ( J o n e s 1 9 6 7 c . f . O w e n s 8 B e r g e n 1 9 8 3 ) : 

R 3 8 M = 1 * 1 2 , 1 * 2 / 6 0 . 1 = 0 . 4 0 3 m o l N / h . 

T h e r a t e of u r e a u p t a k e f r o m t h e b l o o d e q u a l s the r a t e of u r e a hy-

d r o l y s i s : 

R 5 6 = R 3 8 = 0 . 1 7 1 m o l N / h , 

a n d t h e r a t e c o n s t a n t f o r u r e a u p t a k e in t h e i n t e s t i n e s is a s s u m e d 

to be e q u a l to the rate c o n s t a n t for u r e a u p t a k e in t h e r u m e n : 

K 56 = K5 5 = 1 6 . 765 1 / h . 

H e n c e , the p o o l s i z e o f u r e a in t h e i n t e s t i n a l d i g e s t a can be cal-

c u l a t e d a s : 
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U2 = ( U 4 / V 4 - R 5 6 / K 5 6 ) * V 2 B = (2 . 1 /1 5 0 - 0 . 1 71 /1 6 . 7 6 5 )*1 2 .1 = 

0 . 0 4 6 2 mo I N , 

and f i n a l l y t h e a f f i n i t y c o n s t a n t for u r e a h y d r o l y s i s is d e r i v e d as 

K 3 8 = 0 . 0 6 2 9 mo I N» 

L o b l e y et a l . ( 1 9 8 0 ) h a v e m e a s u r e d the r a t e s of p r o t e i n s y n t h e s i s i 

i n d i v i d u a l t i s s u e s of a d r y c o w . in c a l c u l a t i n g t h e f r a c t i o n a l rate 

of s y n t h e s i s t h e y c o n s i d e r e d e i t h e r the e x t r a c e l l u l a r or t h e i n t r a -

c e l l u l a r free a m i n o a c i d p o o l as the p r e c u r s o r p o o l for t i s s u e p r o -

t e i n s y n t h e s i s . T h i s r e s u l t e d in two e s t i m a t e s of p r o t e i n s y n t h e s i s 

r a t e for each t i s s u e . For the g a s t r o - i n t e s t i n a I t r a c t t h e e s t i m a t e s 

w e r e 7 1 4 g p r o t e i n/d a n d 1421 g p r o t e i n/d . In the p r e s e n t m o d e l the 

s i m u l a t e d rate of p r o t e i n s y n t h e s i s in t h e i n t e s t i n a l w a l l ( R 3 9 ) is 

t a k e n as the m e a n of t h e s e two e s t i m a t e s : 

R 3 9 = 1 0 6 8 g p r o t e i n/d = 0 . 5 0 8 mo I N/ h , 

a n d t h e itaximal r a t e o f p r o t e i n s y n t h e s i s is t a k e n as the l a r g e s t 

e s t i m a t e d v a l u e : 

r 3 9 M = 1421 g p r o t e i n / d = 0 . 6 7 6 mo I N / h . 

T h e p o o l s i z e of f r e e i n t r a c e l l u l a r a m i n o a c i d s in the i n t e s t i n a l 

w a l l ( A 1 2 ) can be e s t i m a t e d from the c o n c e n t r a t i o n g r a d i e n t . Kg = 

( i n t e s t i n a l w a l l a m i n o a c i d c o n c . ) / ( i n t e s t i n a I l u m e n a m i n o a c i d 

c o n c . ) = 1.4 ( R o t h s c h i l d & R e i c h l 1 9 8 3 ) . T h e a m i n o a c i d c o n c e n t r a -

t i o n in t h e l u m e n can be e x p r e s s e d a s : 

(A7 + A 1 1 ) / V 2 A = ( 0 . 8 6 3 + 0 . 2 8 7 )/21 .3 = 0 . 0 5 4 mo I N / l , 

a n d t h e i n t r a c e l l u l a r a m i n o a c i d c o n c e n t r a t i o n i s : 
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A 1 2 /¥ D = A 1 2 / 1 2 . 3 m o l N/ I . 

H e n c e , t h e i n t r a c e l l u l a r p o o l s i z e o f a a i n o a c i d s in t h e i n t e s t i n a l 

t i s s u e is c a l c u l a t e d a s : 

A 1 2 = 1 . 4 * 0 . 0 5 4 * 1 2 . 3 = 0 . 9 3 0 m o l N , 

and t h e a f f i n i t y c o n s t a n t for i n t e s t i n a l p r o t e i n s y n t h e s i s w i l l b e : 

K 3 9 = 0 . 3 0 7 6 m o l N . 

T h e s i m u l a t e d r a t e of e n d o g e n o u s p r o t e i n s e c r e t i o n to the i n t e s t i n a l 

lumen (R41 ) has b e e n e s t i m a t e d e a r l i e r as 0 . 3 7 9 m o l N / h . T h e m a x i m a l 

r a t e (R 41 M ) is a s s u m e d to be p r o p o r t i o n a l to t h e a m o u n t of o r g a n i c 

m a t t e r e n t e r i n g t h e s m a l l i n t e s t i n e , w h i c h i s : 

R 1 1 6 + R 1 1 7 + R 1 1 8 + K C A * ( R 2 2 + R 2 3 ) = 1 4 . 5 9 2 mol C / h . T h e a c t u a l v a l u e of 

the m a x i m a l p r o t e i n s e c r e t i o n r a t e is t a k e n f r o m Danfser ( 1 9 7 9 ) : 

R 4 1 M = 188 g N / d = 0 . 5 5 9 mol N / h , 

and the p r o p o r t i o n a l i t y f a c t o r is a c c o r d i n g l y : 

L41 = R41 / 1 4 . 5 9 2 = 0 . 5 5 9 / 1 4 . 5 9 2 = 0 . 0 3 8 3 m o l N / m o I C . 

T h e p r o t e i n m a s s in t h e i n t e s t i n a l w a l l is e s t i m a t e d by Lob ley et 

a l . ( 1 9 8 0 ) : 

A 1 3 = 4 9 0 0 g p r o t e i n = 5 6 . 0 m o l N , 

and t h e a f f i n i t y c o n s t a n t for e n d o g e n o u s p r o t e i n s e c r e t i o n w i l l b e : 

K41 = 2 6 . 6 2 2 m o l N . 
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T h e p a r t i t i o n of i n d i g e s t i b l e ( R 3 0 ) a n d d i g e s t i b l e (R31 ) e n d o g e n o u s 

p r o t e i n can now be m a d e : 

R 3 0 = R32 = 0 . 0 1 8 mot N / h 

R31 = R 4 1 - R 3 0 = 0 . 3 7 9 - 0 . 0 1 8 = 0 . 3 6 1 m o l N / h . 

T h e p r o p o r t i o n of d i g e s t i b l e a m i n o a c i d s in the e n d o g e n o u s p r o t e i n 

s e c r e t e d i s : 

K 3 1 * L 3 1 = R 31/R 41 = 0 . 3 6 1 / 0 . 3 7 9 = 0 . 9 5 1 3 , 

a n d t h e f r a c t i o n of a m i n o a c i d s (K31 ) is a s s u m e d to be e q u a l to the 

d i g e s t i b i l i t y ( L 3 1 ) of t h e s e a m i n o a c i d s : 

K31 = L31 = 0 . 9 7 5 6 . 

A c c o r d i n g to W a t e r low et a I . ( 1 9 7 8 a ) b r e a k d o w n of t i s s u e p r o t e i n is 

m o s t l i k e l y a c o n s t a n t f r a c t i o n a l r a t e p r o c e s s . T h e r e f o r e the r a t e 

of p r o t e i n d e g r a d a t i o n in the i n t e s t i n a l w a l l is q u a l i t a t i v e l y d e f i -

n e d as s u c h : R 4 2 = K 4 2 * A 1 3 . Q u a n t i t a t i v e l y , the r a t e of i n t e s t i n a l 

p r o t e i n b r e a k d o w n is e q u a l to the r a t e of p r o t e i n s y n t h e s i s less the 

r a t e of p r o t e i n s e c r e t i o n : 

R 4 2 = R 3 9 - R 4 1 = 0 . 5 0 8 - 0 . 3 7 9 = 0 . 1 2 9 mol N / h . 

H e n c e , the r a t e c o n s t a n t f o r i n t e s t i n a l p r o t e i n d e g r a d a t i o n is c a l -

c u l a t e d a s : 

K 4 2 = R 4 2 / A 1 3 = 0.1 2 9 / 5 6 . 0 = 0 . 0 0 2 3 h"1 . 

T h e s i m u l a t e d rate of a m i n o a c i d a b s o r p t i o n ( R 4 0 ) is a s s u m e d to be 

e q u a l to the r a t e s of a m i n o a c i d u p t a k e f r o m the l u m e n : 
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R 4 0 = R 2 7 + R 3 4 = 0 . 8 0 9 + 0 . 2 9 2 = 1 .101 m o l N / h . 

T h e m a x i m a l r a t e of a b s o r p t i o n e q u a l s t h e m a x i m a l rate of i n t e s t i n a l 

a m i n o a c i d u p t a k e : 

R 4 0 M = R 2 7 M = 6 . 9 8 mol N / h , 

a n d the a f f i n i t y c o n s t a n t f o r a n i n o a c i d a b s o r p t i o n is t h e n e s t i m a -

t e d as : 

K 4 0 = 4 . 9 6 6 6 m o l N . 

T h e s i m u l a t e d r a t e of a n i ñ o a c i d u p t a k e in t h e i n t e s t i n a l t i s s u e 

f r o m t h e b l o o d (R 5 0 ) is d e r i v e d by b a l a n c i n g the i n t r a c e l l u l a r p o o l 

of f r e e a m i n o a c i d s ( A 1 2 ) : 

R 5 0 = R 3 9 + R 4 0 - (R27 + R 3 4 + R 4 2 ) = 1 . 6 0 9 - 1 . 2 3 0 = 0 . 3 7 9 m o l N / h . 

T h e c o n c e n t r a t i o n of a m i n o a c i d s in t h e e x t r a c e l l u l a r f l u i d is t a k e n 

a s 2 . 4 m m o l / l w h i c h is e q u i v a l e n t to 3 . 3 6 m m o l N / I ( B i c k e r s t a f f e et 

a l . 1 9 7 4 , M i d i r o g l o u & V e i r a 1 9 8 2 , R u l q u i n 1 9 8 3 ). T h e e x t r a c e l l u l a r 

p o o l s i z e o f a n i ñ o a c i d s is t h e r e f o r e : 

A 1 6 = V 4 * 3 . 3 6 / 1 000 = 1 5 0 * 0 . 0 0 3 3 6 = 0 . 5 0 4 m o l N . 

T h e iaax i na 1 c a p a c i t y for a m i n o a c i d t r a n s a e a b r a n e p a s s a g e is p r e -

v i o u s l y e s t i m a t e d : 

R 5 0 M = R 2 7 M = R 3 4 M = R 4 0 M = 6 . 9 8 m o l N / h , 

a n d the a f f i n i t y c o n s t a n t f o r a m i n o a c i d u p t a k e f r o m t h e b l o o d can 

f i n a l l y be d e r i v e d a s : 
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K 5 O = 8 . 7 8 3 2 m o l N . 

F a e c a l e n e r g y c o n t e n t 

At the end of t h e i n t e s t i n a l c o m p a r t m e n t s s u b r o u t i n e the e n e r g y c o n -

t e n t in t h e f a e c e s is c a l c u l a t e d by the f o l l o w i n g e q u a t i o n s (see 

f i g u r e 2 . 4 ) : 

CE = R 1 1 9 * C ( R C E 1 0 3 + R C E 1 0 7 + R C E 1 1 0 ) / R 1 1 6 - L 1 1 9 ) 

( u n d i g e s t e d cell M a l l c a r b o h y d r a t e s , 

m o l C / h ) 

E C E 1 2 6 = ( C E / L C E ) * C C E ( e n e r g y in f a e c a l cell w a l l 

c a r b o h y d r a t e s , M J / h ) 

E L I 1 2 6 = ( R 1 1 9 * ( 1 - L 1 1 9 ) - C E + R 1 2 2 ) * C F A / 1 6 

( e n e r g y in f a e c a l f a t t y a c i d s , M J / h ) 

E S U 1 2 6 = ( R l 2 0 * ( 1 - L . 1 2 0 ) ) * C G L U / 6 

( e n e r g y in f a e c a l g l u c o s e , M J / h ) 

E K A 1 2 6 = ( R 1 2 7 * ( 1 - K 1 2 7 A ) / K C A ) * C K A / L C 

( e n e r g y in f a e c a l keto a c i d s , M J / h ) 

E B C 1 2 6 = P R B C 2 * C B C / 6 ( e n e r g y in f a e c a l BC F A , M J / h ) 

EPR 29 = R 2 9 * C A A / L C ( e n e r g y in f a e c a l p r o t e i n , M J / h ) 

R F E = E C E 1 2 6 + E L I 1 2 6 + E S U 1 2 6 + E K A 1 2 6 + E B C 1 2 6 + E P R 2 9 

( f a e c a l e n e r g y , M J / h ) 

T h e p a r a m e t e r s , LCE = 3 7 . 0 3 7 m o l C / k g c e l l w a l l c a r b o h y d r a t e s a n d 

LC = 1 1 . 4 2 3 m o l N / k g p r o t e i n , a r e g i v e n in the p r e v i o u s s e c t i o n 

( 3 . 3 . 1 ) t o g e t h e r w i t h the v a l u e for h e a t of c o m b u s t i o n of c e l l w a l l 

c a r b o h y d r a t e s , CCE = 1 8 . 8 M J / k g . T h e o t h e r v a l u e s for heat of c o m -

b u s t i o n are t a k e n f r o m Li v e s e y ( 1 9 8 4 ) : C FA = 1 0 . 0 2 7 M J / m o I f a t t y 

a c i d (C16 ) , CGLU = 2 . 805 MJ /mo I g l u c o s e , C KA = 1 9 . 4 M J / k g m e t a b o -

l i z e d p r o t e i n , CBC = 3 . 4 9 7 M J / m o I b r a n c h e d - c h a i n f a t t y a c i d ( C 6 ) , 

a n d CAA = 2 3 . 4 M J / k g p r o t e i n . 
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By m e a n s of t h e s e e q u a t i o n s t h e o u t f l o w r a t e of f a e c a l e n e r g y is 

c a l c u l a t e d a s : 

R F E = 4 . 1 1 4 M J / h = 9 8 . 7 2 4 M J / d . 

3 . 3 . 3 T h e l i v e r a n d e x t r a c e l l u l a r f l u i d c o m p a r t m e n t s 

T h e d i a g r a m in f i g u r e 2.5 s h o w s t h e s t a t e v a r i a b l e s and f l o w of n u -

t r i e n t s in the l i v e r a n d the e x t r a c e l l u l a r f l u i d . N u m e r i c a l v a l u e s 

a n d d i m e n s i o n s of s t a t e v a r i a b l e s and e q u a t i o n p a r a m e t e r s a r e g i v e n 

in A p p e n d i x 7 . 

I n p u t s of n u t r i e n t s to the l i v e r a n d e x t r a c e l l u l a r f l u i d c o m p a r t -

m e n t s f r o m the d i g e s t i v e t r a c t c o m p a r t m e n t s are g l u c o s e (R 130 ) , t r i -

g l y c e r i d e s in c h y l o m i c r o n s (R 1 3 2 ) , p r o p i o n a t e (R 1 33 ) , b u t y r a t e 

( R 1 3 4 ) , a c e t a t e and 3 - 0 H - b u t y r a t e (R 135 ), N H j / N H ^ (R 16 +R 35+ R 37 ) a n d 

a m i n o a c i d s (R 4 0 ) . N u t r i e n t i n p u t s to the e x t r a c e l l u l a r f l u i d c o m -

p a r t m e n t f r o m the p e r i p h e r a l t i s s u e c o m p a r t m e n t s a r e l a c t a t e ( R 1 8 9 ) , 

f r e e f a t t y a c i d s ( R 1 9 4 ) , g l y c e r o l ( R 1 9 9 ) , and a m i n o a c i d s 

( R 5 8 + R 6 1 + R 6 4 ) . 

C a r b o n t r a n s a c t i o n s 

T h e p a r t i t i o n i n g of n u t r i e n t s b e t w e e n d i f f e r e n t t i s s u e s and t h e me-

t a b o l i s m of n u t r i e n t s w i t h i n t h e t i s s u e s are l a r g e l y a f f e c t e d by t h e 

m e t a b o l i c h o r m o n e s : i n s u l i n , g l u c a g o n , g r o w t h h o r m o n e , and t h y r o x i n e 

( H a r t et a l . 1 9 7 8 , H a r t et a l . 1 9 7 9 , T h i l s t e d 1 9 8 5 a S b ) . In o r d e r to 

i n c l u d e h o r m o n a l r e g u l a t i o n in t h e m o d e l s i m u l a t i o n the c o n c e n t r a -

t i o n s of g r o w t h h o r m o n e , g l u c a g o n a n d i n s u l i n in the b l o o d p l a s m a 

a r e d e f i n e d in the f o l l o w i n g e q u a t i o n s t a k e n f r o m H e r b e i n et a l . 

<1 9 8 5 ): 
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GH = 1 6 . 7 + 0 . 0 4 6 0 7 * M - 0 . 0 0 9 6 4 * 6 - 0 . 0 0 5 6 7 * D 

( c o n c . of g r o w t h h o r m o n e , n g / m l ) 

G L U C A = A L P H A + 0 . 0 0 5 1 4 * M - 0 . 0 0 1 7 3 * 8 + 1 , 7 E - 6 * B * * 2 

+ 6 . 6 E - 4 * D - 1 . 2 E - 6 *D **2 ( c o n c . of g l u c a g o n , n g / m l ) 

I N S U L = B E T A - 0 . 0 1 1 0 6 * M + 6 . 7 E - 4 * B + 0 . 0 0 1 3 4 * D - 3 . 0 E - 6 * D * * 2 

( c o n c . of i n s u l i n , n g / m l ) 

R A T I O = G L U C A / I N S U L 

T h e p a r a m e t e r s A L P H A and B E T A h a v e the n u m e r i c a l v a l u e s 0 . 9 1 0 and 

0 . 4 1 9 , r e s p e c t i v e l y , in t h e data of H e r b e i n et a l . ( 1 9 8 5 ) . M is t h e 

d a i l y m i l k p r o d u c t i o n ( k g ) , B is t h e b o d y w e i g h t of t h e cow ( k g ) , 

and D is d a y s (d) a f t e r p a r t u r i t i o n . In t h e p r e s e n t m o d e l A L P H A and 

B E T A a r e not c o n s t a n t s , b u t are d e p e n d e n t on a b s o r p t i o n r a t e s of 

p r o p i o n a t e ( R 1 3 3 ) and a m i n o a c i d s (R 4 0 ) , and on the m a s s of the e x -

t r a c e l l u l a r g l u c o s e p o o l (C 2 4 ) ( B a s s e t t 1 9 7 5 , B r o c k m a n 1 9 7 8 b , 

T r e n k l e 1 9 7 8 , L o m a x et a l . ( 1 9 7 9 ) : 

A L P H A = 0 . 7 9 3 * R 1 3 3 / ( 2 . 2 3 5 5 + R 1 3 3 ) + 0 . 4 5 ( n g / m l ) 

B E T A = 0 . 8 6 8 7 1 * ( R 1 3 3 + K C A * R 4 0 ) / ( 1 5 . 0 + R 1 3 3 + K C A * R 4 0 ) + 0 . 0 5 * C 2 4 

( n g / m l ) 

R 1 3 3 = RPR 1 1 1 + R P R 1 2 4 ( a b s o r p t i o n of p r o p i o n a t e , 

m o I C / h ) 

T h e e s t i m a t e s of the c o n s t a n t v a l u e s ( 0 . 7 9 3 , 2 . 2 3 5 5 e t c . ) in t h e s e 

e q u a t i o n s are d e r i v e d to g i v e A L P H A = 0 . 9 1 0 and B E T A = 0 . 4 1 9 for 

a v e r a g e v a l u e s of R 1 3 3 , R 4 0 and C24 d u r i n g the s i m u l a t i o n . K C A , t h e 

r a t i o b e t w e e n C and N in a m i n o a c i d s , is 3 . 8 mo I C / m o l N as pre-

v i o u s l y e s t i m a t e d . In o r d e r to h a v e i n d e p e n d e n t i n p u t to the m o d e l , 

t h e v a l u e s of M (kg m i l k ) and B (kg b o d y w e i g h t ) are t h o s e from H e r -

b e i n et a l . ( 1 9 8 5 ) c o h e r e n t w i t h the a c t u a l v a l u e of D ( d a y s a f t e r 

p a r t u r i t i o n ) w h i c h can be v a r i e d f r o m 16 to 2 8 6 . 
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N i n e t y per cent ( K 1 3 4 = 0 . 1 0 ) of t h e b u t y r a t e p r o d u c e d in r u m e n and 

h i n d g u t f e r m e n t a t i o n s is a s s u m e d to be o x i d i z e d to 3 - O H - b u t y r a t e 

d u r i n g a b s o r p t i o n ( K r o n f e l d S V a n S o e s t 1 9 7 6 ) . T h e r e m a i n i n g b u t y -

r ate is t a k e n up by t h e L i v e r , w h e r e it is o x i d i z e d to CO 2 . T h e ab-

s o r b e d a c e t a t e and 3 - O H - b u t y r a t e a r e not m e t a b o l i z e d in the l i v e r , 

bu t p a s s to the p e r i p h e r a l c i r c u l a t i o n ( A n n i s o n 1 9 7 6 , Bai rd 1 9 8 1 , 

B e l l 1 9 8 1 , G i e s e c k e 1 9 8 3 ) : 

R 1 34 = K 1 3 4 * ( R B U 1 1 1 + R B U 1 2 4 ) ( u p t a k e of b u t y r a t e , mol C / h ) 

R 135 = ( 1 - K 1 3 4 ) * ( R B U 1 1 1 + R B U 1 2 4 ) + R A C 1 1 1 + R A C 1 2 4 

( p a s s a g e of a c e t a t e and 

3 - O H - b u t y r a t e , mo I C / h ) 

R 138 = R 1 3 4 (ox i dat i on of b u t y r a t e , mo I C / h ) 

T h e p r o d u c t i o n o f g l u c o s e a n d t h e ox i d a t i o n s of p r o p i o n a t e a n d k e t o 

a c i d s are d e s c r i bed in the f o l l o w i n g e q u a t i o n s : 

R 1 3 6 = R 1 3 6 M * C 1 4 / ( K 1 3 6 + C 1 4 ) 

R 1 3 6 M = L 1 3 6 + M 1 3 6 *R AT 10 

R 1 3 7 = R 1 3 7 M * C 1 4 / ( K 1 3 7 + C 1 4 ) 

R 1 3 9 = R 1 3 9 M * C 1 6 / ( K 1 3 9 + C 1 6 ) 

R 1 42 = R 1 4 2 M * C 1 7 / ( K 1 4 2 + C 1 7 ) 

R 1 4 2 M = L 1 4 2 + M 1 4 2 * R A T I 0 

R 1 4 3 = R 1 4 3 M * C 1 7 / ( K 1 4 3 + C 1 7 ) 

R 1 4 4 = R 1 4 4 M * C 1 8 / ( K 1 4 4 + C 1 8 ) 

R 1 4 4 M = L 1 4 4 + M 1 4 4 * R A T I 0 

(g I u c o n e o g e n e s i s f r o m 

p r o p i o n a t e , mo I C / h ) 

(mo I C / h ) 

( o x i d a t i o n of p r o p i o n a t e , 

m o l C / h ) 

( o u t f l o w of g l u c o s e , mo I C / h ) 

( g l u c o n e o g e n e s i s f r o m keto a c i d s , 

m o l C / h ) 

(mol C / h ) 

( o x i d a t i o n of k e t o a c i d s , mo I C / h ) 

(g I u c o n e o g e n e s i s from g l y c e r o l and 

l a c t a t e , mo I C / h ) 

(mo I C / h ) 
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T h e r a t e s of g l u c o s e s y n t h e s i s ( R 1 3 6 + R 1 4 2 + R 1 4 4 ) and g l u c o s e s e c r e -

t i o n f r o m t h e liver ( R 1 3 9 ) a r e s u p p r e s s e d by a high p l a s m a g l u c o s e 

c o n c e n t r a t i o n ( T h o m p s o n et a l . 1 9 7 5 , B a i r d 1 9 8 1 ) . In t h e m o d e l t h e 

a f f i n i t y c o n s t a n t for g l u c o s e s e c r e t i o n ( K 1 3 9 ) is r e g u l a t e d by the 

s i z e of the e x t r a c e l l u l a r g l u c o s e p o o l (€24), so t h a t an i n c r e a s e or 

d e c r e a s e , r e s p e c t i v e l y , in C24 to and b e y o n d a c e r t a i n l i m i t ( C 2 4 M X 

o r C 2 4 M N ) w i l l i n c r e a s e or d e c r e a s e K 1 3 9 . An i n c r e a s e in K 1 3 9 w i l l 

d e c r e a s e R 1 3 9 and in t u r n i n c r e a s e the i n t r a c e l l u l a r g l u c o s e p o o l in 

t h e liver (€16). In t h e m o d e l C 1 6 w i l l r e g u l a t e the a f f i n i t y c o n -

s t a n t s for g l u c o n e o g e n e s i s ( K 1 3 6 , K 1 4 2 , K 1 4 4 ) , so t h a t an i n c r e a s e 

o r d e c r e a s e , r e s p e c t i v e l y , in C 1 6 to and b e y o n d a c e r t a i n limit 

( C 1 6 M X or C 1 6 M N ) w i l l i n c r e a s e or d e c r e a s e the a f f i n i t y c o n s t a n t s . 

T h i s w i l l in t u r n d e c r e a s e or i n c r e a s e t h e rate of g l u c o n e o g e n e s i s . 

In t h i s w a y a high p l a s m a g l u c o s e c o n c e n t r a t i o n ( C 2 4 _ > C 2 4 M X ) w i l l 

i n h i b i t the r a t e s of g l u c o n e o g e n e s i s ( R 1 3 6 , R 1 4 2 and R 1 4 4 ) . 

In o r d e r to m a i n t a i n the liver p o o l s i z e s of p r o p i o n a t e ( C 1 4 ) and 

k e t o a c i d s ( C 1 7 ) w i t h o u t too m u c h f l u c t u a t i o n d u r i n g t h e m o d e l l i n g 

p e r i o d , t h e a f f i n i t y c o n s t a n t s of p r o p i o n a t e o x i d a t i o n ( K 1 3 7 ) and of 

k e t o a c i d o x i d a t i o n ( K 1 4 3 ) a r e r e g u l a t e d by the c u r r e n t v a l u e s of 

€14 an d C 1 7 , r e s p e c t i v e l y . T h e m a t h e m a t i c a l f o r m u l a t i o n s of all 

t h e s e r e g u l a t i o n s are s h o w n in A p p e n d i x 2 ( s u b r o u t i n e R E G U L 3 ) . 

T h e p a r a m e t e r v a l u e s g o v e r n i n g the r a t e of g l u c o n e o g e n e s i s f r o m 

p r o p i o n a t e a r e d e r i v e d as f o l l o w s : 

1) T h e t o t a l g l u c o s e f l u x rate i s : R 1 3 0 + R 1 3 9 = 3 . 5 6 8 m o l C/h 

(Danfaer 1 9 8 3 b ) 

2 ) T h e rate of g l u c o s e o u t p u t from the liver is t h e n : R 1 3 9 = 

3 . 5 6 8 - R 1 3 0 = 3 . 5 6 8 - 0 . 1 3 7 = 3 . 4 3 1 m o l C/h 
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3 ) T h e c o n t r i b u t i o n f r o m p r o p i o n a t e is 6 5 . 7 % ( D a n f a r 1 9 8 3 b ) : 

R 1 3 6 = 3 . 4 3 1 * 0 . 6 5 7 = 2 . 2 5 3 m o t C / h 

4 ) T h e i n t r a c e l l u l a r c o n c e n t r a t i o n of p r o p i o n a t e is 1 . 1 5 

m m o l / l ( R i c k s 8 C o o k 1 9 8 1 ) 

5 ) T h e liver w e i g h t is 8 . 6 kg ( S m i t h 8 B a l d w i n 1 9 7 4 , L o b l e y et 

a l . 1 9 8 0 , S m i t h et a l . 1 9 8 2 , B u t l e r - H o g g et a l . 1 9 8 5 ) , a n d 

t h e w a t e r c o n t e n t is 70% ( H u b e r et a l . 1 9 8 4 ) . T h e v o l u m e of 

l i v e r f l u i d is t h e n : V3 = 8 . 6 * 0 . 7 0 = 6 . 0 I 

6 ) H e n c e , the i n t r a c e l l u l a r p r o p i o n a t e p o o l i s : €14 = 

1 . 1 5 * 3 * 6 . 0 / 1 0 0 0 = 0 . 0 2 1 mo I C 

7 ) T h e a f f i n i t y c o n s t a n t of t h e p r o c e s s is 1 . 8 m m o l / l ( M e s b a h 8 

B a l d w i n 1 9 8 3 ) : K 1 3 6 = 1 . 8 * 3 * 6 . 0 / 1 0 0 0 = 0 . 0 3 2 mo I € 

8 ) From t h i s t h e m a x i m a l r a t e is c a l c u l a t e d : R 1 3 6 M = 5 . 6 8 7 mo I 

C / h 

9 ) T h e m a x i m a l c a p a c i t y ( R 1 3 6 M ) i n c r e a s e s w i t h an i n c r e a s e d 

r a t i o of g l u c a g o n to i n s u l i n (B roc kman 1 9 7 8 a , K r a u s -

F r i e d m a n n 1 9 8 4 ) 

1 0 ) T h e e x t r a c e l l u l a r c o n c e n t r a t i o n of g l u c o s e is 

( M a n n s 1 9 7 2 , P a I m q u i st 8 C o n r a d 1 9 7 8 , D a l e et 

H o r b e r et a l . 1 9 8 0 , H a n s t o n et a l . 1 9 8 1 , K u n z 

C 2 4 = 3 . 0 * 6 * 1 5 0 / 1 0 0 0 = 2 . 70 m o t C 

1 1 ) T h e a c t u a l s t a g e of l a c t a t i o n (D) is e s t i m a t e d as 44 d a y s 

p o s t p a r t u m on t h e b a s i s of t h e e n e r g y c o n c e n t r a t i o n of t h e 

r a t i o n and t h e feed i n t a k e of the m o d e l cow ( K r i s t e n s e n 

1 9 8 3 b ) . T h e c o r r e s p o n d i n g v a l u e s of M ( m i l k y i e l d ) , and B 

( b o d y w e i g h t ) are 2 9 . 7 kg a n d 561 k g , r e s p e c t i v e l y (He rbe i n 

et a l . 1 9 8 5 ) 

3 . 0 m m o l / l 

a l . 1 9 7 9 , 

& B l u m 1 9 8 1 ) : 
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1 2 ) T h e c o n c e n t r a t i o n s of g l u c a g o n a n d i n s u l i n c a n n o w be 

c a l c u l a t e d : G L U C A = 0 . 9 1 0 - 0 . 2 5 6 = 0 . 6 5 4 n g / m I , a n d I N S U L = 

0 . 4 1 9 + 0 . 1 0 1 = 0 . 5 2 0 n g / m l . R A T I O is t h e n : 0 . 6 5 4 / 0 . 5 2 0 = 1 . 2 5 8 

1 3 ) T h e i " - lent p a r t ( L 1 3 6 ) of R 1 3 6 M is a s s u m e d to m a k e up 7 0 

% of t h e m a x i m a l r a t e : L 1 3 6 = 5 . 6 8 7 * 0 . 7 0 = 3 . 9 8 1 m o l C / h . T h e 

d e p e n d e n t p a r t ( M 1 3 6 * R A T I 0 ) is t h e n : R 1 3 6 M - L 1 3 6 = 1 . 7 0 6 m o l 

C / h , a n d M 1 3 6 = 1 . 7 0 6 / 1 . 2 5 8 = 1 . 3 5 6 m o l C / h . 

P r o p i o n a t e is m e t a b o l i z e d in t h e l i v e r b y 2 p a t h w a y s : g l u c o n e o g e -

n e s i s a n d o x i d a t i o n ( W i l s o n et a l . 1 9 8 3 ) . T h e r a t e of o x i d a t i o n is 

t h e r e f o r e : 

R 1 3 7 = R 1 3 3 - R 1 3 6 = 3 . 0 7 4 - 2 . 2 5 3 = 0 . 8 2 1 m o l C / h . 

D a t a f r o m A i e l l o et a l . ( 1 9 8 4 ) i n d i c a t e t h a t t h e a f f i n i t y c o n s t a n t 

f o r p r o p i o n a t e o x i d a t i o n ( K 1 3 7 ) is l o w e r t h a n t h e a f f i n i t y c o n s t a n t 

f o r p r o p i o n a t e c o n v e r s i o n i n t o g l u c o s e ( K 1 3 6 ) : 

K 1 3 7 = K 1 3 6 * 0 . 2 5 = 0 . 0 3 2 * 0 . 2 5 = 0 . 0 0 8 m o l C . 

T h e m a x i m a l r a t e o f o x i d a t i o n is t h e n c a l c u l a t e d : 

R 1 3 7 M = 1 . 1 3 3 m o l C / h . 

T h e p r o c e s s of g l u c o s e o u t f low f r o « t h e l i v e r ( R 1 3 9 ) is a s s u m e d to 

b e p e r f o r m e d at 6 0 % of i t s m a x i m a l c a p a c i t y : 

R 1 3 9 M = R 1 3 9 / 0 . 6 0 = 3 . 4 3 1 / 0 . 6 0 = 5 . 7 1 8 m o l C / h . 

T h e i n t r a c e l l u l a r p o o l o f f r e e g l u c o s e ( e x c l u s i v e g l y c o g e n ) in t h e 

l i v e r c a n be e s t i m a t e d as 26 g ( B e r g m a n 1 9 7 1 , R e id et a l . 1 9 8 0 , 

B a i rd 1 9 8 1 ) : 
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C 1 6 = 2 6 * 6 / 1 8 0 . 2 = 0 . 8 6 6 mo I C . 

T h e a f f i n i t y c o n s t a n t ( K 1 3 9 ) is t h e n d e r i v e d : 

K 1 3 9 = 0 . 5 7 7 2 m o l C . 

T h e r a t e of g I u c o n e o g e n e s is f r o m g l y c e r o l and l a c t a t e ( R 1 4 4 ) is 

0 . 5 0 0 mol C / h ( D a n f a r 1 9 8 3 b ) . T h e rate of g l u c o n e o g e n e s i s f r o « ani n o 

a c i d s is t h e n f o u n d by d i f f e r e n c e : 

R 142 = R 1 3 9 - (R136 + R 1 4 4 ) = 3 . 4 3 1 - 2 . 7 5 3 = 0 . 6 7 8 m o l C / h . 

T h e s u b s t r a t e p o o l of k e t o a c i d s ( C 1 7 ) is e s t i m a t e d as 2 . 3 m m o I C 

p e r kg liver w e i g h t ( B a i r d 1 9 8 1 , K o l b 1 9 8 1 ) : 

C 1 7 = 2 . 3 * 8 . 6 / 1 0 0 0 = 0 . 0 2 m o l C . 

T h e a a x i aa I r a t e o f g l u c o n e o g e n e s i s f r o « a « i no a c i d s ( R 1 4 2 M ) is de-

r i v e d from t h e h i g h e s t c o n t r i b u t i o n of a m i n o a c i d - C to g l u c o s e - C 

r e p o r t e d in t h e l i t e r a t u r e ( B l a c k et a l . 1 9 6 8 ) : 

R 1 4 2 M = 2 . 2 6 0 mol C / h . 

It f o l l o w s f r o m t h i s , t h a t t h e v a l u e of R 1 4 2 is o n l y 3 0 % of the 

m a x i m a l c a p a c i t y ( R 1 4 2 M ) . T h e a f f i n i t y c o n s t a n t is t h e n c a l c u l a t e d : 

K 1 4 2 = 0 . 0 4 6 7 m o l C . 

T h e m a x i m a l c a p a c i t y of g l u c o n e o g e n e s i s f r o m a m i n o a c i d s ( R 1 4 2 M ) is 

i n c r e a s e d by an i n c r e a s e in t h e r a t i o of g l u c a g o n to i n s u l i n 

c o n c e n t r a t i o n s ( R A T I O ) , a n d it is i n c r e a s e d e v e n m o r e t h a n is the 

c a p a c i t y of g I u c o n e o g e n e s i s f r o m p r o p i o n a t e , i . e . M 1 4 2 > M 1 3 6 

( B r o c k m a n 1 9 7 8 a , B r o c k m a n 1 9 7 9 , B r o c k m a n 8 G r e e r 1 9 8 0 ) . T h e i n d e -

p e n d e n t p a r t of R 1 4 2 M is a s s u m e d to b e : 

10 
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L1 42 = 0.1 50 mo I C / h , 

and the d e p e n d e n t p a r t is d e r i v e d a s : 

M 1 4 2 = ( R 1 4 2 M - L 1 4 2 ) / R A T I 0 = (2 . 2 6 0 - 0 .1 50 )/1 . 2 5 8 

= 1 .677 mo I C / h . 

T h e r a t e of k e t o a c i d o x i d a t i o n ( R 1 4 3 ) is f o u n d by b a l a n c i n g t h e 

p o o l of k e t o a c i d s (€17): R 1 4 3 = R 1 4 0 - ( R 1 4 1 + R 1 4 2 ) . T h e rate of net 

d e a m i n a t i o n of a m i n o a c i d s ( R 1 4 0 - R 1 4 1 ) is 1 . 1 0 8 mo I C / h (see l a t e r ) 

a n d 

R 1 4 3 = 1 . 1 0 8 - 0 . 6 7 8 = 0 . 4 3 0 mo I C / h , 

w h i c h is s u p p o s e d to be 50% of the a a x i a a I r a t e ; 

R 1 4 3 M = 0 . 8 6 0 mo I C / h . 

T h e a f f i n i t y c o n s t a n t is t h e n : 

K 1 4 3 = 0 . 0 2 mo I C . 

T h e p a r a m e t e r s u s e d to d e s c r i b e t h e r a t e of g l u c o s e s y n t h e s i s f r o « 

g l y c e r o l a n d l a c t a t e ( R 1 4 4 ) a r e e s t i m a t e d as f o l l o w s : 

1 ) R 1 4 4 = 0 . 5 0 0 mo I C / h ( D a n f s r 1 9 8 3 b ) 

2 ) T h e s u b s t r a t e p o o l ( C 1 8 ) c o n s i s t s of 2 . 6 g g l y c e r o l and 6 . 2 

m m o I l a c t a t e ( R e i d et a l . 1 9 8 0 , B a i r d 1 9 8 1 ) : 

C 1 8 = 2 . 6 * 3 / 9 2 . 1 + 6 . 2 * 3 / 1 0 0 0 = 0 . 0 8 5 + 0 . 0 1 8 = 0 . 1 0 3 mo I C 

3 ) T h e a f f i n i t y c o n s t a n t for l a c t a t e is 2 m m o I /1 ( M e s b a h S 

B a l d w i n 1 9 8 3 ) : 2 * 3 * 6 . 0 / 1 0 0 0 = 0 . 0 3 6 m o l C 
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4 ) T h e rate of l a c t a t e c o n v e r s i o n i n t o g l u c o s e is e s t i m a t e d as 

0 . 1 2 5 mo I G / h (Danfae r 1 9 8 3 b ) , and the m a x i m a l r a t e is c a l -

c u l a t e d to be 0 . 3 7 5 mo I C / h 

5 ) T h e r a t i o R 1 4 4 / R 1 4 4 M is a s s u m e d to be e q u a l to t h e c o r r e -

s p o n d i n g r a t i o for l a c t a t e c o n v e r s i o n a l o n e : R 1 4 4 / R 1 4 4 M = 

0 . 1 2 5 / 0 . 3 7 5 = 0 . 3 3 3 . R 1 4 4 M is t h e n : 0 . 5 0 0 * 3 = 1 . 5 0 0 mol C / h 

6 ) L 1 4 4 is a s s u m e d to be 0 . 1 5 m o t C / h , and M 1 4 4 is d e r i v e d a s : 

(1 . 5 0 0 - 0 . 1 5 ) /R A TI 0 = 1 . 3 5 0 / 1 . 2 5 8 = 1 . 0 7 3 m o l C/h 

7 ) T h e a f f i n i t y c o n s t a n t ( K 1 4 4 ) is f i n a l l y e s t i m a t e d as 0 . 2 0 6 

m o l C . 

T h e f o l l o w i n g e q u a t i o n s d e s c r i b e t h e l i p i d m e t a b o l i s n in t h e l i v e r 

R 1 4 7 = R 1 4 7 M * C 1 9 / ( K 1 4 7 + C 1 9 ) 

R 1 4 8 = R 1 4 8 M * C 1 9 / ( K 1 4 8 + C 1 9 ) 

R 1 4 5 = K 1 4 5 * R 1 4 7 

R 1 4 6 = K 1 4 6 * R 1 4 8 

R 1 4 9 = R 1 4 9 M * C 1 9 / ( K 1 4 9 + C 1 9 ) 

R 1 4 9 M = L 1 4 9 + M 1 4 9 * R A T I 0 

R 1 5 0 = R 1 5 0 M * C 1 9 / C K 1 5 0 + C 1 9 ) 

R 1 5 0 M = L 1 5 0 - M 1 5 0 *R AT 10 

R 1 5 2 = R 1 5 2 M * C 2 0 / ( K 1 5 2 + C 2 0 ) 

R1 51 = K 1 5 1 * R 1 5 2 

R 1 5 3 = R 1 5 3 M * C 2 1 / ( K 1 5 3 + C 2 1 ) 

R 1 5 4 = K 1 5 4 * C 2 2 

( l i v e r fat s y n t h e s i s , mot C / h ) 

( l i p o p r o t e i n s y n t h e s i s , mot C / h ) 

( e s t e r i f i c a t i o n of L i v e r f a t , 

m o t C / h ) 

( e s t e r i f i c a t i o n of L i p o p r o t e i n s , 

m o l C / h ) 

( a c e t a t e and k e t o n e b o d y 

s y n t h e s i s , m o l C / h ) 

( m o l C / h ) 

( f a t t y a c i d o x i d a t i o n , mol C / h ) 

(mo I C / h ) 

( l i v e r fat b r e a k d o w n into f a t t y 

a c i d s , mol C / h ) 

( l i v e r fat b r e a k d o w n into 

g l y c e r o l , mo I C / h ) 

( o u t f l o w of l i p o p r o t e i n s , m o l C / h ) 

( o u t f l o w of a c e t a t e and k e t o n e 

b o d i e s , m o l C / h ) 

10' 
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T h e p a r a m e t e r v a l u e s c o n c e r n e d w i t h l i p i d s y n t h e s i s in t h e l i v e r a r e 

e s t i m a t e d as s h o w n b e l o w : 

1 ) T h e e x t r a c e l l u l a r c o n c e n t r a t i o n of free f a t t y a c i d s is 0 . 4 7 

m m o l / l (Dale et a l . 1 9 7 9 , K o s a k 1 9 8 0 , B l u m et a l . 1 9 8 3 , 

D o r e a u 1 9 8 3 , G i b s o n 1 9 8 3 , R e i d & T r e a c h e r 1 9 8 3 ) e q u i v a l e n t to 

8 . 2 7 m m o I C/I as t h e a v e r a g e c h a i n length of f r e e f a t t y a c i d s 

in the b l o o d is 1 7 . 6 c a r b o n a t o m s ( H u s v e t h et a l . 1 9 8 2 ) 

2 ) T h e i n t r a c e l l u l a r c o n c e n t r a t i o n of free f a t t y a c i d s is 

p r e s u m e d to be l o w e r t h a n the e x t r a c e l l u l a r c o n c e n t r a t i o n as 

f a t t y a c i d s a r e t a k e n up by the liver a l o n g a c o n c e n t r a t i o n 

g r a d i e n t (Bell 1 9 8 1 , M a d s e n 1 9 8 3 b , Z a m m i t 1 9 8 4 ) . A c c o r d i n g l y , 

t h e i n t r a c e l l u l a r c o n c e n t r a t i o n ( C 1 9 / V 3 ) is a s s u m e d to be 5 . 0 

m m o I C / I , and t h e poo I s i z e of f r e e f a t t y a c i d s in the liver 

i s : C19 = 5 * 6 . 0 / 1 0 0 0 = 0 . 0 3 0 m o l C 

3 ) A c c o r d i n g to R e i d 8 R o b e r t s ( 1 9 8 3 ) the c o n t e n t of liver fat 

is d e c r e a s e d f r o m 14% to 2 . 5 % of t h e liver w e i g h t d u r i n g the 

p e r i o d 4 to 8 w e e k s a f t e r c a l v i n g . T h i s w i l l r e s u l t in an 

a v e r a g e d e c r e a s e in t h e p o o l of liver fat of 35 g / d e q u i v a -

lent to 0 . 0 4 3 m o l t r i g l y c e r i d e / d ( t r i p a l m i t i n ) = 2 . 2 1 1 

m o l C/d 

4 ) T h e rate of d e c r e a s e in l i v e r fat on a f a t t y a c i d b a s i s 

( R 1 5 2 - R 1 4 7 ) can be c a l c u l a t e d a s : 2 . 2 1 1 * 4 8 / ( 5 1 * 2 4 ) = 0 . 0 8 6 7 

m o l C / h . T h e r a t e of l i p o l y s i s ( R 1 5 2 ) is a s s u m e d to be 4 

t i m e s h i g h e r t h a n the r a t e of fat s y n t h e s i s ( R 1 4 7 ) : R 1 4 7 = 

0 . 0 8 6 7 / 3 = 0 . 0 2 8 9 m o l C / h , a n d R 1 5 2 = 0 . 0 2 8 9 * 4 = 0 . 1 1 6 m o l 

C / h 

55 T h e m a x i m a l r a t e of fat s y n t h e s i s ( R 1 4 7 M ) is a s s u m e d to be 

o n e o r d e r of m a g n i t u d e h i g h e r t h a n R 1 4 7 , i . e . R 1 4 7 M = 

0 . 0 2 8 9 * 1 0 = 0 . 2 8 9 m o l C / h . R e i d 8 R o b e r t s ( 1 9 8 3 ) h a v e re-
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p o r t e d a r a t e of l i v e r fat s y n t h e s i s e q u i v a l e n t to 0 . 2 1 3 m o l 

C / h a r o u n d p a r t u r i t i o n ( - 1 to +1 w e e k s p o s t p a r t u m ) 

6 ) T h e a f f i n i t y c o n s t a n t is t h e n e s t i m a t e d : K 1 4 7 = 0 . 2 7 0 m o l C 

7 ) T h e r a t e of l i p o p r o t e i n s y n t h e s i s is 1 . 3 mol f a t t y a c i d s 

<C-| 6) p e r day (Danfaer 1 9 8 3 b ) : R 1 4 8 = 1 .3*1 6 / 2 4 = 0 . 8 6 7 mo I 

C / h 

8 ) A c c o r d i n g to Zarami t ( 1 9 8 4 ) t h e a f f i n i t y c o n s t a n t ( K 1 4 8 ) 

s h o u l d be l o w e r t h a n the s u b s t r a t e p o o l ( C 1 9 ) , a n d is a s s u m e d 

h e r e to be 25% of C 1 9 : K 1 4 8 = 0 . 0 3 * 0 . 2 5 = 0 . 0 0 7 5 m o l C 

9 ) T h e m a x i m a l rate of l i p o p r o t e i n s y n t h e s i s is t h e n e s t i m a t e d : 

R 1 4 8 M = 1 .084 m o l C / h 

1 0 ) T h e f a c t o r for e s t e r i f i c a t i o n of f a t t y a c i d s i s : K 1 4 5 = K 1 4 6 

= K 1 5 1 = 3 / ( 3 * 1 6 ) = 0 . 0 6 2 5 m o l C/raol C . 

P a r a m e t e r s in t h e e q u a t i o n s of a c e t a t e a n d k e t o n e b o d y s y n t h e s e s , 

f a t t y a c i d o x i d a t i o n , a n d l i p o l y s i s a r e e s t i m a t e d as f o l l o w s : 

1 ) T h e r a t e of k e t o g e n e s i s is 2 . 0 m o I k e t o n e b o d i e s / d in the 

s t a t i c m o d e l ( D a n f a r 1 9 8 3 b ) . T h e m a g n i t u d e of e n d o g e n o u s 

a c e t a t e p r o d u c t i o n in the l i v e r can be e s t i m a t e d as 5% of 

the a b s o r b e d a c e t a t e ( B e r g m a n 8 W o l f 1971 c . f . B roc k m a n & 

La a rve Id 1 9 8 5 ): 0 . 0 5 * ( R A C 1 1 1 + R A C 124 ) = 0 . 0 5 * 4 . 8 2 4 = 0 . 2 4 1 

mo I C / h . T h e n : R 1 4 9 = ( 2 . 0 * 4 ) / 2 4 + 0 . 2 4 1 = 0 . 5 7 5 m o l C/h 

2 ) A c c o r d i n g to Z a m m i t ( 1 9 8 4 ) t h e a f f i n i t y c o n s t a n t ( K 1 4 9 ) is 

l a r g e r t h a n the s u b s t r a t e p o o l s i z e (C19 = 0 . 0 3 0 m o l C ) : 

K 1 4 9 = 0 . 1 0 mol C 
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3 ) T h e m a x i m a l r a t e , w h i c h is i n c r e a s e d by g l u c a g o n and 

d e c r e a s e d by i n s u l i n ( B r o c k m a n 1 9 7 9 , B roc k m a n 8 L a a r v e l d 

1 9 8 5 ) , is t h e n c a l c u l a t e d : R 1 4 9 M = 2 . 4 9 2 mo I €/h 

4 ) T h e d e p e n d e n t p a r t of R 1 4 9 M (M1 4 9 ) is a r b i t r a r i l y e s t i m a t e d 

as 1 . 0 mo I C / h , and the i n d e p e n d e n t p a r t ( 1 1 4 9 ) is c o n s e -

q u e n t l y : 2 . 4 9 2 - 1 . 0 * 1 . 2 5 8 = 1 . 2 3 4 mol C / h 

5 ) T h e rate of f a t t y acid o x i d a t i o n ( R 1 5 0 ) is a s s u m e d to be 

i n v e r s e l y r e l a t e d to t h e r a t e of g l u c o n e o g e n e s i s b e c a u s e of 

t h e c o n s u m p t i o n of o x a l o a c e t a t e in the g l u c o n e o g e n i c p a t h w a y 

( B a i r d 1 9 7 7 , A i e l l o et a l . 1 9 8 4 ) . T h e m a x i m a l rate ( R 1 5 0 M ) is 

t h e r e f o r e r e d u c e d w h e n t h e g l u c a g o n / i n s u l i n r a t i o is h i g h 

6 ) R 1 5 0 M is a s s u m e d to be 0 . 0 mol C / h w h e n R A T I O = 1 . 3 5 , a n d 

0 . 6 7 mol C / h w h e n R A T I O = 0 . 8 5 . S o l v i n g t h e s e two e q u a t i o n s 

g i v e s : M 1 5 0 = 1 . 3 4 mol C / h , and 1 1 5 0 = 1 . 8 0 9 m o l C / h . For t h e 

a c t u a l v a l u e of R A T I O (= 1 . 2 5 8 ) , R 1 5 0 M = 0 . 1 2 3 mol C / h 

7 ) A c c o r d i n g to Zamrnit ( 1 9 8 4 ) the h e p a t i c p r i o r i t y for f a t t y 

a c i d o x i d a t i o n is lower t h a n for l i p o p r o t e i n s y n t h e s i s , but 

h i g h e r t h a n for k e t o g e n e s i s : K 1 4 8 < K 1 5 0 < K 1 4 9 . T h e v a l u e of 

t h e a f f i n i t y c o n s t a n t for f a t t y a c i d o x i d a t i o n is c h o s e n a s : 

K 1 5 0 = 0 . 0 2 m o l C , and t h e r a t e of o x i d a t i o n can t h e n be 

c a l c u l a t e d : R 1 5 0 = 0 . 0 7 4 m o l C/h 

8 ) T h e c o n t e n t of t o t a l l i p i d in t h e liver 6 w e e k s p o s t p a r t u m 

c a n be e s t i m a t e d as 8% of t h e l i v e r w e i g h t ( R e i d 8 R o b e r t s 

1 9 8 3 ) , i . e . 8 . 6 * 0 . 0 8 = 0 . 7 kg 

9 ) T h e liver c o n t e n t of t r i g l y c e r i d e is 4 5 % of t o t a l lipid 

( G a a l et a l . 1 9 8 3 a S b , H e r d t et a l . 1 9 8 3 ) , i . e . C 2 0 + C 2 1 = 

0 . 4 5 * 7 0 0 = 315 g t r i g l y c e r i d e . T h e p o o l of f r e e f a t t y a c i d s 

(€19) i s : 0 . 0 3 * 2 5 6 . 4 / 1 6 = 0 . 5 g , and t h e m a s s of c h o l e s t e -

r o l , p h o s p h o l i p i d s e t c . in l i p o p r o t e i n s i s : 7 0 0 - 3 1 5 - 0 . 5 = 

3 8 5 g 
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1 0 ) From t h e a m o u n t and c o m p o s i t i o n of s e r u m l i p o p r o t e i n s (VLDL 

and L D L ) in cows it can be c a l c u l a t e d t h a t t r i g l y c e r i d e s m a k e 

up 1 7 . 3 % of t o t a l l i p i d in l i p o p r o t e i n s ( P a l m q u i s t 1 9 7 6 ) . 

H e n c e , t h e p o o l of t r i g l y c e r i d e s in l i p o p r o t e i n s i s : €21 = 

( 3 8 5 / ( 1 - 0 . 1 7 3 ) ) * 0 . 1 7 3 = 8 0 . 5 g, e q u i v a l e n t to 5.1 m o l C , and 

t h e p o o l of t r i g l y c e r i d e s in d e p o t fat i s : €20 = 3 1 5 - 8 0 . 5 = 

2 3 4 . 5 g , e q u i v a l e n t to 1 4 . 8 mol C 

1 1 ) T h e r a t e of l i p o l y s i s i n t o f a t t y a c i d s ( R 1 5 2 ) h a s b e e n 

e s t i m a t e d e a r l i e r as 0 . 1 1 6 mol C / h , w h i c h is a s s u m e d to be 

9 0 % of t h e m a x i m a l r a t e : R 1 5 2 M = 0 . 1 1 6 / 0 . 9 0 = 0 . 1 2 9 m o l C/h 

1 2 ) T h e a f f i n i t y c o n s t a n t is t h e n e s t i m a t e d : K1 52 = 1 . 6 5 9 mo I C 

1 3 ) T h e r a t e of g l y c e r o l r e l e a s e in l i p o l y s i s i s : R 1 5 1 = 

0 . 1 1 6 * 0 . 0 6 2 5 = 0 . 0 0 7 3 m o l C / h . 

T h e r a t e of L i p o p r o t e i n s e c r e t i o n ( R 1 5 3 ) is e q u a l to t h e r a t e of 

l i p o p r o t e i n f o r m a t i o n (R 146 + R 148 ) : 

R 1 5 3 = R 1 4 8 * ( 1 + K 1 4 6 ) = 0 . 8 6 7 * 1 . 0 6 2 5 = 0 . 9 2 1 m o l C / h . 

T h e m a x i m a l r a t e of L i p o p r o t e i n s e c r e t i o n is e q u a l to t h e m a x i m a l 

r a t e of l i p o p r o t e i n f o r m a t i o n : 

R 1 5 3 M = R 1 4 8 M * 1 . 0 6 2 5 = 1 . 0 8 4 * 1 . 0 6 2 5 = 1 . 1 5 2 m o l C / h . 

T h e a f f i n i t y c o n s t a n t is t h e n e s t i m a t e d : 

K 1 5 3 = 1 . 2 7 9 m o l C . 

T h e r a t e of a c e t a t e a n d k e t o n e b o d y s e c r e t i o n is e q u a l to the rate 

o f a c e t a t e and k e t o n e b o d y s y n t h e s i s : 
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R 1 5 4 = R 1 4 9 = 0 . 5 7 5 m o l C / h . 

T h e c o n c e n t r a t i o n of k e t o n e b o d i e s in t h e l i v e r is 0 . 6 m m o l / k g 

C B a i r d 1 9 8 1 ) , a n d t h e p o o l s i z e of k e t o n e b o d i e s is t h e r e f o r e : 

0 . 6 * 8 . 6 * 4 / 1 0 0 0 = 0 . 0 2 1 m o l C . It is a s s u m e d t h a t t h e p o o l s i z e s of 

k e t o n e b o d i e s a n d e n d o g e n o u s a c e t a t e in t h e l i v e r are in p r o p o r t i o n 

to t h e i r r e s p e c t i v e r a t e s of f o r m a t i o n . T h e p o o l o f k e t o n e b o d i e s 

p l u s a c e t a t e is c a l c u l a t e d a c c o r d i n g l y : 

€22 = ( 0 . 0 2 1 / ( 2 . 0 * 4 ) ) * ( 2 . 0 * 4 + 2 . 9 * 2 ) = 0 . 0 3 6 m o l C . 

F i n a l l y , the d i f f u s i o n c o n s t a n t is d e r i v e d : 

K 1 5 4 = R 1 5 4 / C 2 2 = 0 . 5 7 5 / 0 . 0 3 6 = 1 5 . 9 7 h"1 . 

T h e r a t e s of c e l l u l a r u p t a k e of a c e t a t e p l u s k e t o n e b o d i e s a n d g l u -

c o s e in p e r i p h e r a l t i s s u e s a r e d e s c r i b e d by t h e f o l l o w i n g e q u a t i o n s 

R 156 = K 1 5 6 * ( C 2 3 / V 4 ) 

K 1 5 6 = L 1 5 6 + M 1 5 6 *GH 

R 1 5 7 = K15 7 *(C 23 / V4 ) 

R 1 58 = K 1 5 8 * ( C 2 3 / V 4 ) 

K 1 5 8 = L 1 5 8 + M 1 5 8 * I N S U L 

R 1 59 = K 1 5 9 * ( C 2 3 / V 4 ) 

R 1 6 0 = R 1 6 0 M * C 2 4 / ( K 1 6 0 + C 2 4 ) 

R 1 6 0 M = L16 0 + M 1 6 0 *G H 

( u p t a k e of 

b o d i e s in 

m o l C / h ) 

( 1/ h) 

( u p t a k e of 

b o d ies in 

( u p t a k e of 

b o d i e s in 

m o l C / h ) 

( l/h) 

( u p t a k e of 

b o d i e s in 

( u p t a k e of 

g l a n d , mo 

(mol C / h ) 

a c e t a t e and k e t o n e 

t h e m a m m a r y g l a n d , 

a c e t a t e and k e t o n e 

m u s c l e t i s s u e , m o l C / h ) 

a c e t a t e and k e t o n e 

a d i p o s e t i s s u e . 

a c e t a t e and k e t o n e 

o t h e r t i s s u e s , m o l C / h ) 

g l u c o s e in the m a m m a r y 

I C / h ) 
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R 161 = R 1 6 1 M * C 2 4 / C K 1 6 1 + C 2 4 ) 

R 161 M = L 1 6 1 + M 1 6 1 * I N S U L 

R 162 = R 1 6 2 M * C 2 4 / ( K 1 6 2 + C 2 4 ) 

R 1 6 2 M = L 1 6 2 + M 1 6 2 * I N S U L 

R 1 6 3 = R 1 6 3 M * C 2 4 / ( K 1 6 3 + C 2 4 ) 

( u p t a k e of g l u c o s e in m u s c l e 

t i s s u e , mo I C / h ) 

(mo I C / h ) 

( u p t a k e of g l u c o s e in a d i p o s e 

t i s s u e , mo I C / h ) 

( m o l C / h ) 

( u p t a k e of g l u c o s e in o t h e r 

t i s s ue s , mo I C / h ) 

D a i l y i n j e c t i o n s of g r o w t h h o r m o n e in d a i r y c o w s for a b o u t 10 d a y s 

r e s u l t in i n c r e a s e d m i l k y i e l d , u n c h a n g e d or s l i g h t l y d e c r e a s e d 

f e e d i n t a k e , and d e c r e a s e d e n e r g y b a l a n c e in b o d y t i s s u e s ( P e e l et 

a l . 1981 a S b , T y r r e l l et a l . 1 9 8 2 ) . T h i s s t r o n g l y i n d i c a t e s that 

g r o w t h h o r m o n e d i r e c t l y or i n d i r e c t l y a l t e r s t h e p a r t i t i o n i n g of 

n u t r i e n t s in f a v o u r of t h e m a m m a ry g l a n d - m a y b e b y i n c r e a s i n g t h e 

r a t e of m a m m a r y b l o o d f l o w (Hart et a l . 1 9 8 0 , M e p h a m et a l . 1 9 8 4 , 

D a v i s et a l . 1 9 8 8 ) . I n s u l i n d o e s not a f f e c t t h e r a t e of n u t r i e n t 

u p t a k e in the m a m m a r y g l a n d ( L a a r v e l d et a l . 1 9 8 5 ) . H o w e v e r , i n s u l i n 

d o e s i n c r e a s e the u p t a k e and u t i l i z a t i o n of a c e t a t e and g l u c o s e in 

a d i p o s e t i s s u e ( K h a c h a d u r i a n et a l . 1 9 6 6 , Y a n g & B a l d w i n 1 9 7 3 b , J a r-

rett et a l . 1 9 7 4 , V e r n o n 1 9 8 6 ) . G l u c o s e u p t a k e in m u s c l e t i s s u e is 

a l s o s t i m u l a t e d by i n s u l i n ( J a r r e t t et a I . 1 9 7 4 , M a d s e n 1 9 8 3 a , V e r -

non 1 9 8 6 ) . T h e e f f e c t on g l u c o s e u p t a k e is a c c o m p l i s h e d by an in-

c r e a s e in V m a x for g l u c o s e t r a n s p o r t w i t h o u t a c h a n g e in the K m 

v a l u e ( C o n o v e r et a l . 1 9 7 5 , C z e c h 1 9 7 5 ) . 

In t h e m o d e l the r a t e s of n u t r i e n t u p t a k e into t h e m a m m a r y g l a n d are 

t h e r e f o r e r e l a t e d to t h e p l a s m a c o n c e n t r a t i o n of g r o w t h h o r m o n e 

( G H ) . T h e c o n c e n t r a t i o n of i n s u l i n ( I N S U L ) a f f e c t s t h e r a t e c o n s t a n t 

for a c e t a t e and k e t o n e b o d y u p t a k e in ad i p o s e t i s s u e ( K 1 5 8 ) , and 

a l s o t h e m a x i m a I r a t e s of g l u c o s e u p t a k e in m u s c l e ( R 1 6 1 M ) and 

a d i p o s e t i s s u e ( R 1 6 2 M ) . 
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T h e p a r a m e t e r v a l u e s of t h e e q u a t i o n s d e s c r i b i n g t i s s u e u p t a k e of 

a c e t a t e a n d k e t o n e b o d i e s a r e e s t i m a t e d as s h o w n b e l o w : 

1 ) T h e p a r t i t i o n of n u t r i e n t s b e t w e e n the m a m m a r y g l a n d , m u s c l e 

t i s s u e , a d i p o s e t i s s u e , and o t h e r t i s s u e s is a d o p t e d from the 

s t a t i c m o d e l (Danf ae r 1 9 8 3 b ) . T h e r a t e of a c e t a t e and k e t o n e 

b o d y u p t a k e in t h e m a m m a r y g l a n d is a c c o r d i n g l y : R 1 5 6 = 

(R135 + R 1 5 4 ) * 7 7 . 0 4 / 1 5 8 . 4 4 = 7 . 0 3 7 * 0 . 4 8 6 = 3 . 4 2 2 m o l C / h 

2 ) T h e e x t r a c e l l u l a r c o n c e n t r a t i o n of a c e t a t e a n d k e t o n e b o d i e s 

( C 2 3 / V 4 ) is 0 . 0 0 5 8 m o l C/l (see s u b s e c t i o n 3 . 3 . 2 ) , and the 

rate c o n s t a n t is f o u n d a s : K 1 5 6 = 3 . 4 2 2 / 0 . 0 0 5 8 = 5 9 0 . 0 l/h 

3 ) T h e c o n c e n t r a t i o n of g r o w t h h o r m o n e is: 

GH = 1 6 . 7 + 0 . 0 4 6 0 7 * 2 9 . 7 - 0 . 0 0 9 6 4 * 5 6 1 - 0 . 0 0 5 6 7 * 4 4 = 1 2 . 4 1 1 

ng/m I 

4 ) T h e i n d e p e n d e n t p a r t C L 1 5 6 ) of the rate c o n s t a n t is a s s u m e d 

to be 0 . 0 l / h , a n d t h e p a r t d e p e n d e n t on g r o w t h h o r m o n e 

c o n c e n t r a t i o n is t h e n : M 1 5 6 = K 1 5 6 / G H = 5 9 0 . 0 / 1 2 . 4 1 1 = 4 7 . 5 3 8 

l 2 / ( h * j j g ) 

5 ) T h e rate of a c e t a t e and k e t o n e b o d y u p t a k e in m u s c l e t i s s u e 

i s : R15 7 = ( R 1 3 5 + R 1 5 4 ) * 1 3 . 0 / 1 5 8 . 4 4 = 7 . 0 3 7 * 0 . 0 8 2 = 0 . 5 7 7 

m o l C / h , and t h e r a t e c o n s t a n t w i l l b e : K1 57 = 0 . 5 7 7 / 0 . 0 0 5 8 = 

9 9 . 4 8 l/h 

6 ) T h e rate of a c e t a t e and k e t o n e b o d y u p t a k e in a d i p o s e t i s s u e 

is c a l c u l a t e d a s : R 1 5 8 = ( R 1 35+ R 1 5 4 ) *31 .0/1 5 8 . 4 4 = 

7 . 0 3 7 * 0 . 1 9 6 = 1 . 3 7 7 m o l C / h , and K 1 5 8 = 1 . 3 7 7 / 0 . 0 0 5 8 = 

2 3 7 . 4 l/h 

7 ) T h e i n d e p e n d e n t p a r t CL15 8 ) of the rate c o n s t a n t is a s s u m e d 

to be 0 . 0 l / h , and the p a r t d e p e n d e n t on i n s u l i n c o n c e n t r a -
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t i o n is c a l c u l a t e d a s : M 1 3 8 = K 1 5 8 / I N S U L = 2 3 7 . 4 / 0 . 5 2 0 = 

4 5 6 . 5 l 2 / ( h * p g ) 

8 ) T h e r a t e of a c e t a t e and k e t o n e b o d y u p t a k e in o t h e r t i s s u e s 

i s : R 1 5 9 = ( R 1 3 5 + R 1 5 4 ) * 3 7 . 4 0 / 1 5 8 . 4 4 - R 1 5 5 = 7 . 0 3 7 * 0 . 2 3 6 - 0 . 6 4 2 

= 1 . 0 1 9 m o l C / h , and the r a t e c o n s t a n t is d e r i v e d a s : K 1 5 9 = 

1 . 0 1 9 / 0 . 0 0 5 8 = 1 7 5 . 7 l / h . 

T h e p a r a m e t e r s c o n c e r n e d with the t i s s u e u p t a k e of g l u c o s e a r e 

p a r t l y e s t i m a t e d on the a s s u m p t i o n t h a t the p a r t i t i o n b e t w e e n 

t i s s u e s is as in t h e s t a t i c m o d e l : 

1 ) T h e r a t e of g l u c o s e u p t a k e in the m a m m a ry g l a n d i s : R 1 6 0 = 

( R 1 3 0 + R 1 3 9 ) * 1 1 . 4 2 / 1 4 . 2 6 = 3 . 5 6 7 5 * 0 . 8 0 1 = 2 . 8 5 7 m o l €/h 

2 ) T h e r a t e of g l u c o s e u p t a k e is a s s u m e d to be p e r f o r m e d at 7 0 % 

of the m a x i m a l r a t e : R 1 6 0 M = 2 . 8 5 7 / 0 . 7 0 = 4 . 0 8 1 m o l C / h 

3 ) T h e i n d e p e n d e n t p a r t ( L 1 6 0 ) of the m a x i m a l r a t e is a s s u m e d 

to be 0 . 0 m o l C / h , and t h e p a r t d e p e n d e n t on g r o w t h h o r m o n e 

c o n c e n t r a t i o n i s : M 1 6 0 = R 1 6 0 M / G H = 4 . 0 8 1 / 1 2 . 4 1 1 = 0 . 3 2 8 8 

m o l C * I / ( h * p g ) 

4 ) T h e e x t r a c e l l u l a r g l u c o s e p o o l s i z e (C 2 4 ) is e s t i m a t e d e a r -

lier as 2 . 7 0 mol C , and t h e a f f i n i t y c o n s t a n t can be c a l c u -

l a t e d : K 1 6 0 = 1 . 1 5 6 7 m o l C 

5 ) T h e r a t e of g l u c o s e u p t a k e in o t h e r t i s s u e s : R 1 6 3 = 

( R 1 3 0 + R 1 3 9 ) * 0 . 3 4 / 1 4 . 2 6 = 3 . 5 6 7 5 * 0 . 0 2 4 = 0 . 0 8 6 mol C / h . T h i s 

is a s s u m e d to be 65% of the m a x i m a l r a t e : R 1 6 3 M = 0 . 0 8 6 / 0 . 6 5 

= 0 . 1 3 2 m o l C / h 

6 ) T h e a f f i n i t y c o n s t a n t is t h e n : K 1 6 3 = 1 . 4 4 4 mol C 
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7 ) T h e rate of g l u c o s e u p t a k e in m u s c l e t i s s u e is e s t i m a t e d in 

t h e f o l l o w i n g s u b s e c t i o n 3 . 3 . 4 : R161 = 0 . 4 3 4 mo I C / h , and it 

is a s s u m e d to o c c u r at 6 0 % of its m a x i m a l r a t e : R 1 6 1 M = 

0 . 4 3 4 / 0 . 6 0 = 0 . 7 2 4 m o l C / h 

8 ) 1 1 6 1 , the i n d e p e n d e n t p a r t of R 1 6 1 M , is a s s u m e d to be 0 . 0 

m o l C / h , and the p a r t d e p e n d e n t on i n s u l i n c o n c e n t r a t i o n i s : 

M161 = R 1 6 1 M / I N S U L = 0 . 7 2 4 / 0 . 5 2 0 = 1 . 3 9 2 m o l C*l/Ch*jjg> 

9 ) T h e a f f i n i t y c o n s t a n t is t h e n : K 1 6 1 = 1 . 7 9 9 m o l C 

1 0 ) T h e r a t e of g l u c o s e u p t a k e in a d i p o s e t i s s u e is c a l c u l a t e d by 

d i f f e r e n c e : R 1 6 2 = ( R 1 3 0 + R 1 3 9 ) - (R 1 60 + R 1 6 1 + R 1 6 3 ) = 3 . 5 6 8 - 3 . 3 7 7 

= 0 . 1 9 1 m o l C / h , a n d t h e m a x i m a l r a t e is a s s u m e d to be 2 

t i m e s as h i g h : R 1 6 2 M = 0 . 3 8 2 m o l C/h 

1 1 ) T h e i n d e p e n d e n t p a r t of R 1 6 2 M ( L 1 6 2 ) is a s s u m e d to be 0 . 0 

m o l C / h , and M 1 6 2 is c o n s e q u e n t l y : R 1 6 2 M / I N S U L = 0 . 3 8 2 / 0 . 5 2 0 

- 0 . 7 3 4 6 mo I C*l/(h*^ig) 

1 2 ) T h e a f f i n i t y c o n s t a n t is e q u a l to t h e s u b s t r a t e p o o l s i z e : 

K 1 6 2 = 2 . 7 0 mol C . 

T h e r a t e s of g l y c e r o l p l u s l a c t a t e a n d l i p i d u p t a k e in t h e l i v e r 

f r o « t h e p e r i p h e r a l b l o o d a r e d e s c r i b e d in the f o l l o w i n g e q u a t i o n s : 

R 1 6 4 = R 1 6 4 M * C 2 5 / (K164 + C 2 5 ) 

R 1 6 5 = K 1 6 5 *C 2 6 / V 4 

K 1 6 5 = L 1 6 5 - M 1 6 5 * I N S U L 

R 1 6 9 = R 1 6 9 M * C 2 7 / ( K 1 6 9 + C 2 7 ) 

( u p t a k e of g l y c e r o l and l a c t a t e , 

m o l C / h ) 

( u p t a k e of f r e e f a t t y a c i d s , 

m o l C / h ) 

( 1/ h) 

( u p t a k e of f a t t y a c i d s f r o m 

c h y l o m i c r o n s , mol C / h ) 
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R 1 6 8 = K 1 6 8 * R 1 6 9 ( u p t a k e of g l y c e r o l f r o m 

c h y l o m i c r o n s , mo I C / h ) 

T h e l i v e r t a k e s up 2 5 % of a b s o r b e d f a t t y a c i d s f r o a c h y loai c r o n s 

( D a n f s r 1 9 8 3 b ) , and t h i s u p t a k e is a s s u m e d to be p e r f o r m e d at 7 5 % 

of its m a x i m a l r a t e : 

R 1 6 9 = R 1 2 3 * 0 . 2 5 = 1 . 9 4 2 * 0 . 2 5 = 0 . 4 8 5 mol C / h , 

R 1 6 9 M = R 1 6 9 / 0 . 7 5 = 0 . 4 8 5 / 0 . 7 5 = 0 . 6 4 7 mol C / h . 

D a t a f r o m P a l m q u i s t ( 1 9 7 6 ) , Ho Iter et a l . ( 1 9 8 2 ) , and H e r d t et a l . 

( 1 9 8 3 ) h a v e b e e n u s e d to e s t i m a t e t h e p l a s m a c o n c e n t r a t i o n s of 

t r i g l y c e r i d e s in c h y l o a i c r o n s ( C 2 7 / V 4 = 0 . 0 4 8 m m o l / l ) and in l i p o -

p r o t e i n s ( C 2 8 / V 4 = 0 . 0 9 5 m m o l / l ) . T h e r e s p e c t i v e p l a s a a p o o l s i z e s 

a r e c a l c u l a t e d as f o l l o w s : 

€27 = 0 . 0 4 8 * 5 1 * 1 5 0 / 1 0 0 0 = 0 . 3 6 7 m o l C , 

C 28 = 0 . 0 9 5 * 5 1 * 1 5 0 / 1 0 0 0 = 0 . 7 2 7 m o l C . 

T h e a f f i n i t y c o n s t a n t f o r u p t a k e o f f a t t y a c i d s f r o » c h y l o a i c r o n s 

(by I i p o p r o t e i n l i p a s e ) is d e r i v e d : 

K 1 6 9 = 0 . 1 2 3 mol C . 

T h e r a t e of g l y c e r o l u p t a k e f r o « t r i g l y c e r i d e s in c h y loai c r o n s i s : 

R 1 6 8 = K 1 6 8 * R 1 6 9 = 0 . 0 6 2 5 * 0 . 4 8 5 = 0 . 0 3 0 mol C / h . 

T h e r a t e of u p t a k e o f f r e e g l y c e r o l a n d l a c t a t e ( R 1 6 4 ) can be 

c a l c u l a t e d by b a l a n c i n g the p o o l of g l y c e r o l and l a c t a t e in t h e 

l i v e r ( C 1 8 ) : 
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R 1 6 4 = R 1 4 4 + R 1 4 5 + R 1 4 6 - ( R 1 5 1 + R 1 6 8 ) 

= 0 . 5 0 0 + 0 . 0 0 1 8 + 0 . 0 5 4 - ( 0 . 0 0 7 3 + 0 . 0 3 0 ) = 0 . 5 1 8 m o L C / h . 

T h e p l a s m a c o n c e n t r a t i o n s o f g l y c e r o l a n d l a c t a t e a r e e s t i m a t e d as 

0 . 0 3 5 m m o l / L a n d 0 . 5 5 m m o I / I , r e s p e c t i v e l y ( T r e a c h e r et a l . 1 9 7 6 , 

B i n e s et a l . 1 9 8 3 , L o m a x & B a i r d 1 9 8 3 , R u l q u i n 1 9 8 3 ) : 

C 25 = ( 0 . 0 3 5 + 0 . 55 )*3*1 50/1 0 0 0 = 0 . 2 6 3 mo I C . 

T h e m a x i m a I r a t e ( R 1 6 4 M ) a n d t h e a f f i n i t y c o n s t a n t C K 1 6 4 ) can n o w 

b e c a l c u l a t e d u n d e r t h e a s s u m p t i o n t h a t t h e a c t u a l r a t e of u p t a k e 

( r 1 6 4 ) is p e r f o r m e d at 6 0 % of t h e m a x i m a l c a p a c i t y : 

R 1 6 4 M = R 1 6 4 / 0 . 6 0 = 0 . 5 1 8 / 0 . 6 0 = 0 . 8 6 4 mo I C / h , 

K 1 6 4 = 0 . 1 7 5 mo I C . 

In t h e s a m e w a y t h e r a t e of u p t a k e o f f r e e f a t t y a c i d s ( R 1 6 5 ) c a n 

f o u n d by b a l a n c i n g t h e p o o l of f r e e f a t t y a c i d s in t h e l i v e r ( C 1 9 ) 

R 1 6 5 = R 1 4 7 + R 1 4 8 + R 1 4 9 + R 1 5 0 - ( R 1 5 2 + R 1 6 9 ) = 

0 . 0 2 8 9 + 0 . 8 6 7 + 0 . 5 7 5 + 0 . 0 7 4 - ( 0 . 1 1 6 + 0 . 4 8 5 ) = 0 . 9 4 3 m o l C / h . 

T h e p l a s m a c o n c e n t r a t i o n o f f r e e f a t t y a c i d s ( C 2 6 / V 4 ) is 0 . 0 0 8 2 7 

m o l C / I as p r e v i o u s l y e s t i m a t e d : 

C 26 = 0 . 0 0 8 2 7 *V 4 = 0 . 0 0 8 2 7 * 1 5 0 = 1 . 2 4 1 m o l C . 

T h e u p t a k e of f r e e f a t t y a c i d s in t h e l i v e r is d e c r e a s e d b y i n s u l i 

( B r o c k m a n & L a a r v e l d 1 9 8 5 ) . H e n c e , t h e v a l u e of t h e r a t e c o n s t a n t 

( K 1 6 5 ) d e p e n d s on t h e c o n c e n t r a t i o n of i n s u l i n ( I N S U L ) . T h e r a t e 

c o n s t a n t can be c a l c u l a t e d from t h e r a t e of u p t a k e a n d t h e p l a s m a 

c o n c e n t r a t i o n : 

K 1 6 5 = R 1 6 5 / ( C 2 6 / V 4 ) = 0 . 9 4 3 / 0 . 0 0 8 2 7 = 1 1 4 . 0 8 2 l / h . 
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T h e i n d e p e n d e n t p a r t of the rate c o n s t a n t C L 1 6 5 ) is a s s u m e d to be 

1 5 0 . 0 I / n , and c o n s e q u e n t l y the d e p e n d e n t p a r t w i l l b e : 

M 1 6 5 = ( L 1 6 5 - K 1 6 5 ) / I N S U L = 35 . 9 1 8 / 0 . 5 2 0 = 6 9 . 0 7 3 l 2 / ( h * / j g ) . 

T h e r a t e s of l i p i d u p t a k e in t h e p e r i p h e r a l t i s s u e s a r e d e s c r i b e d 

t h e e q u a t i o n s l i s t e d b e l o w : 

R 1 6 6 = K 1 6 6 *C 2 6 / V 4 

R 1 6 7 = K 1 6 7 * C 2 6 / V 4 

R 1 7 0 A = R 1 7 0 A M * C 2 7 / C K 1 7 0 A + C 2 7 ) 

R 1 7 0 A M = L 1 7 0 A - M 1 7 0 A * I N S U L 

R 1 7 0 B = R 1 7 0 B M * C 2 7 / ( K 1 7 0 B + C 2 7 ) 

R 1 7 0 B M = E X P ( M 1 7 0 B * I N S U L ) - L 1 7 0 B 

R171 A = R 1 7 1 A M * C 28 / ( K 1 7 1 A + C 2 8 ) 

R171 AH = L 1 7 1 A - M 1 7 1 A * I N S U L 

R 1 7 1 B = R 1 7 1 B M * C 2 8 / ( K 1 7 1 B + C 2 8 ) 

R 1 7 1 B M = E X P ( M 1 7 1 B * I N S U L ) - L 1 7 1 B 

R 1 7 2 = R 1 7 0 A + R 1 7 1 A 

R17 2 A = R 1 7 2 / C 1 + K 1 7 2 ) 

( u p t a k e of f r e e f a t t y a c i d s in 

m u s c l e t i s s u e , mo I C / h ) 

( u p t a k e of f r e e f a t t y a c i d s in 

o t h e r t i s s u e s , mo I C / h ) 

( u p t a k e of f a t t y a c i d s + 

g l y c e r o l f r o m c h y l o m i c r o n s in 

t h e m a m m a r y g l a n d , mo I C / h ) 

(mo I C / h ) 

( u p t a k e of f a t t y a c i d s + 

g l y c e r o l f r o m c h y l o m i c r o n s 

in a d i p o s e t i s s u e , mo I C / h ) 

(mo I C / h ) 

( u p t a k e of f a t t y a c i d s + 

g l y c e r o l f r o m l i p o p r o t e i n s 

in t h e m a m m a r y g l a n d , mo I C / h ) 

(mo I C / h ) 

( u p t a k e of f a t t y a c i d s + 

g l y c e r o l f r o m l i p o p r o t e i n s 

in a d i p o s e t i s s u e , mot C / h ) 

(mo I C / h ) 

( u p t a k e of f a t t y a c i d s + 

g l y c e r o l in t h e m a m m a r y g l a n d , 

mot C / h ) 

( u p t a k e of f a t t y a c i d s in the 

m a m m a r y g l a n d , mo I C / h ) 
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R 1 7 2 B = K1 7 2 * R 1 7 2 A 

R 1 7 3 = R 1 7 0 B + R 1 7 1 B 

R 1 7 3 B = K 1 7 3 * R 1 7 3 A 

R 1 7 3 A = R 1 7 3 / ( 1 + K 1 7 3 ) 

( u p t a k e of g l y c e r o l in the 

m a m m a r y g l a n d , mo I C / h ) 

( u p t a k e of f a t t y a c i d s + 

g l y c e r o l in a d i p o s e t i s s u e , 

m o I C / h ) 

( u p t a k e of f a t t y a c i d s in 

a d i p o s e t i s s u e , mo I C / h ) 

( u p t a k e of g l y c e r o l in a d i p o s e 

t i s s u e , mo I C / h ) 

In t h e s t a t i c m o d e l t h e u p t a k e of f r e e f a t t y a c i d s in e x t r a - h e p a t i c 

t i s s u e s is 1 6 . 0 mol C / d . It is a s s u m e d h e r e that 7 5 % of t h i s a m o u n t 

is t a k e n up by m u s c l e t i s s u e s , and t h a t the rest is t a k e n up by 

t i s s u e s o t h e r t h a n a d i p o s e t i s s u e and the m a m m a r y g l a n d : 

R 1 6 6 = 0 . 7 5 * 1 6 . 0 / 2 4 = 0 . 5 0 0 m o l C / h , and 

R 1 6 7 = 0 . 2 5 * 1 6 . 0 / 2 4 = 0 . 1 6 7 m o l C / h . 

T h e r a t e c o n s t a n t s a r e : 

K 1 6 6 = R 1 6 6 / ( C 2 6 / V 4 ) = 0 . 5 0 0 / 0 . 0 0 8 2 7 = 6 0 . 4 5 9 l / h , a n d 

K 1 6 7 = R 1 6 7 / ( C 2 6 / V 4 ) = 0 . 1 6 7 / 0 . 0 0 8 2 7 = 2 0 . 1 5 3 l / h . 

T h e a m o u n t of t r i g l y c e r i d e s in c h y l o m i c r o n s a v a i l a b l e f o r e x t r a -

h e p a t i c t i s s u e s is d e r i v e d by b a l a n c i n g the p l a s m a p o o l (€27): 

R 1 7 0 A + R 1 7 0 B = R 1 3 2 - ( R 168 + R 169 ) = 

T h e a m o u n t of t r i g l y c e r i d e s in l i p o p r o t e i n s a v a i l a b l e f o r e x t r a -

h e p a t i c t i s s u e s is e q u a l to that s y n t h e s i z e d in t h e l i v e r : 

R 1 7 1 A + R 1 7 1 B = R15 3 = 0 . 9 2 1 mo I C / h . 

2 . 0 6 3 - ( 0 . 0 3 0 + 0 . 4 8 5 ) = 1 . 5 4 8 mol C / h . 
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In e a r l y l a c t a t i o n the a c t i v i t y of l i p o p r o t e i n l i p a s e ( L P L ) in t h e 

m a m m a r y g l a n d is a p p r o x i m a t e l y six t i m e s h i g h e r t h a n the a c t i v i t y 

of L P L in a d i p o s e t i s s u e from fi r s t - c a l v i n g h e i f e r s ( S h i r l e y et a l . 

1 9 7 3 ) . T h i s d i f f e r e n c e in a c t i v i t y of the t w o t y p e s of L P L is p r o b -

a b l y g r e a t e r in m a t u r e mult i p a r o u s c o w s , and it is a s s u m e d h e r e t h a t 

t h e r a t e of f a t t y a c i d u p t a k e in t h e m a m m a r y g l a n d is s e v e n t i m e s 

h i g h e r t h a n t h e r a t e of a d i p o s e t i s s u e u p t a k e : 

R 1 7 0 B = ( R 1 7 0 A + R 1 7 0 B ) / 8 = 

R 1 7 0 A = R 1 7 0 B * 7 = 0 . 1 9 3 * 7 

R 1 7 1 B = ( R 1 7 1 Å + R 1 7 1 B ) / 8 = 

R 1 7 1 A = R 1 7 1 B * 7 = 0 . 1 1 5 * 7 

1 . 5 4 8 / 8 = 0 . 1 9 3 m o l C/ h , 

1 . 3 5 4 m o l C / h , 

0 . 9 2 1 / 8 = 0 . 1 1 5 m o l C / h , and 

0 . 8 0 6 m o l C / h . 

B e f o r e p a r t u r i t i o n the a c t i v i t y of a d i p o s e t i s s u e L P L is m u c h h i g h e r 

t h a n t h a t of m a m m a r y LPL ( S h i r l e y et a l . 1 9 7 3 ) . f r o m p a r t u r i t i o n un-

t i l a r o u n d p e a k l a c t a t i o n the a c t i v i t y of a d i p o s e L P L d e c r e a s e s and 

t h e r e a f t e r i n c r e a s e s w i t h p r o g r e s s i n g l a c t a t i o n ( S h i r l e y et a l . 

1 9 7 3 , V e r n o n 1 9 8 0 , M c N a m a r a et a l . 1 9 8 7 ) . T h e s e c h a n g e s in a d i p o s e 

L P L a c t i v i t y can be e x p l a i n e d by t h e a l m o s t p a r a l l e l c h a n g e s in 

p l a s m a i n s u l i n c o n c e n t r a t i o n ( H a r t et a l . 1 9 7 8 , H e r b e i n et a l . 1 9 8 5 , 

Th i I s t e d 1 9 8 5 b ) , as the a c t i v i t y of a d i p o s e L P L is s t i m u l a t e d by in-

s u l i n ( S h i r l e y et a l . 1 9 7 2 , E m e r y 1 9 7 9 , V e r n o n 1 9 8 0 , V e r n o n 1 9 8 6 ) . 

M a m m a r y LPL is n o t s t i m u l a t e d ( S h i r l e y et a l . 1 9 7 2 ) , but on the c o n -

t r a r y s e e m s to be i n h i b i t e d by i n s u l i n . T h i s is i n d i c a t e d by t h e 

f i n d i n g s that t h e a c t i v i t y of m a m m a r y LPL is l o w e r on low r o u g h a g e -

h i g h g r a i n r a t i o n s c o m p a r e d to n o r m a l r a t i o n s , w h e r e a s t h e o p p o s i t e 

is the case for t h e a c t i v i t y of a d i p o s e L P L ( B e n s o n et a l . 1 9 7 2 , 

E m e r y 1 9 7 3 , T a n a k a 8 Oh t an i 1 9 8 6 ) . F e e d i n g low r o u g h a g e - h i g h g r a i n 

r a t i o n s to d a i r y c o w s w i l l n o r m a l l y i n c r e a s e t h e p l a s m a i n s u l i n c o n -

c e n t r a t i o n ( J e n n y et a l . 1 9 7 4 , S u t t o n et a l . 1 9 8 3 , A g e r g a a r d et a l . 

1 9 8 8 ) . 

B a s e d on t h e s e c o n s i d e r a t i o n s t h e m a x i m a l r a t e s of f a t t y a c i d and 

11 
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g l y c e r o l u p t a k e in the m a m m a r y g l a n d C R 1 7 0 A M and R 1 7 1 A M ) a r e d e c r e a -

s e d , and the m a x i m a l r a t e s of a d i p o s e t i s s u e u p t a k e ( R 1 7 0 B M and 

R 1 7 1 B M ) a r e i n c r e a s e d by an i n c r e a s e in i n s u l i n c o n c e n t r a t i o n 

( I N S U L ) . 

T h e r a t e s of a a a i a r y u p t a k e a r e a s s u m e d to be p e r f o r m e d at 7 5 % of 

t h e fsaximaL c a p a c i t i e s : 

R 1 7 0 A M = R 1 7 0 A / 0 . 7 5 = 1 . 3 5 4 / 0 . 7 5 = 1 .805 mo I C / h , 

R 1 7 1 AM = R 1 7 1 A / 0 . 7 5 = 0 . 8 0 6 / 0 . 7 5 = 1 . 0 7 4 mo I C / h . 

T h e v a l u e of I N S U L w i l l be a p p r o x i m a t e l y 0 . 8 n g / m l in late l a c t a -

t i o n , w h e n m i l k fat p r o d u c t i o n is o n l y a b o u t 60% of t h a t in e a r l y 

l a c t a t i o n . A s s u m i n g t h e n t h a t R 1 7 0 A M = 1 . 8 0 5 * 0 . 6 0 = 1 .1 mo I C/h 

w h e n I N S U L = 0 . 8 n g / m l , and h a v i n g t h a t R 1 7 0 A M = 1 .805 mo I C / h w h e n 

I N S U L = 0 . 5 2 0 n g / m l , t h e r e m a i n i n g p a r a m e t e r s can be e s t i m a t e d : 

M1 70 A = (1 . 8 0 5 - 1 .1 ) / ( 0 . 8 - 0 . 520 ) = 2 . 5 1 8 mo I C * l / C h * j j g ) , 

L 1 7 0 A = 1 .805 + 2 . 5 1 8 * 0 . 5 2 0 = 3 . 1 1 4 m o l C / h . 

In t h e s a m e way it can be a r g u e d , t h a t R171 AM = 1 . 0 7 4 * 0 . 6 0 = 0 . 6 4 

m o l C / h w h e n I N S U L = 0 . 8 , and t h e p a r a m e t e r e s t i m a t i o n w i l l b e : 

M 1 7 1 A = (1 . 0 7 4 - 0 . 6 4 ) / ( 0 . 8 - 0 . 5 2 0 ) = 1 . 5 5 0 mol C * l / C h * u g ) , 

L 1 7 1 A = 1 .074 + 1 . 5 5 0 * 0 . 5 2 0 = 1 . 8 8 0 m o l C / h . 

T h e p l a s m a p o o l s i z e s of t r i g l y c e r i d e s are e s t i m a t e d p r e v i o u s l y 

C C 27 = 0 . 3 6 7 m o l C , €28 = 0 . 7 2 7 m o l C ) , and the a f f i n i t y c o n s t a n t s 

f o r a a a a a r y u p t a k e of f a t t y a c i d s a n d g l y c e r o l can be c a l c u l a t e d : 

K 1 7 0 A = 0 . 1 2 2 m o l C , and 

K 1 7 1 A = 0 . 2 4 2 m o l C . 
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he r a t e s of f a t t y a c i d a n d g l y c e r o l u p t a k e in a d i p o s e t i s s u e a r e 

s s u m e d to be p e r f o r m e d at 50% of t h e i r a a x i a a L c a p a c i t i e s : 

R 1 7 0 B M = R 1 7 0 6 / 0 . 5 0 = 0 . 1 9 3 / 0 . 5 0 = 0 . 3 8 7 mo I C / h , 

R 1 7 1 B M = R 1 7 1 B / 0 . 5 0 = 0.1 1 5 / 0 . 5 0 = 0 . 2 3 0 mo I C / h . 

t is f u r t h e r a s s u m e d that t h e m a x i m a l r a t e s of u p t a k e a r e i n c r e a s e d 

h ree t i m e s in late l a c t a t i o n . H e n c e , w h e n I N S U L = 0 . 8 , R 1 7 0 B M = 

. 3 8 7 * 3 = 1 .16 mo I C / h , and R 1 7 1 B M = 0 . 2 3 0 * 3 = 0 . 6 9 mo I C / h . T h e 

a r a m e t e r s d e s c r i b i n g the d e p e n d e n c e on i n s u l i n c o n c e n t r a t i o n is 

hen e s t i m a t e d by a g r a p h i c a l m e t h o d : 

(0.3 87 + L 1 7 0 B ) * * ( 0 . 8 / 0 . 5 2 0 ) - L 1 7 0B = 1 . 1 6 mo I C / h , 

L 1 7 0 B = 1 . 503 mo I C / h , 

M 1 7 0 8 = l n ( 0 . 3 8 7 + 1 . 5 0 3 ) / 0 . 5 2 0 = 1 . 2 2 4 m l / n g , 

( 0 . 2 3 0 + L1 71 B ) * * ( 0 . 8 / 0 . 520 )-L.1 71 B = 0 . 6 9 mo I C / h , 

L 1 7 1 B = 1 .369 mo I C / h , 

M 1 7 1 B = l n ( 0 . 2 3 0 + 1 . 3 6 9 ) / 0 . 5 2 0 = 0 . 9 0 3 m l / n g . 

i n a l l y , the a f f i n i t y c o n s t a n t s a r e d e r i v e d : 

K 1 7 0 B = 0 . 3 6 9 mo I C , and 

K 1 7 1 B = 0 . 7 2 7 mo I C . 

he r a t e s of f a t t y a c i d ( R 1 7 2 A ) and g l y c e r o l ( R 1 7 2 B ) u p t a k e in t h e 

a a a a r y g l a n d a r e e a s i l y c a l c u l a t e d : 

R 1 7 2 A = ( R 1 7 0 A + R 1 7 1 A ) / ( 1 + K 1 7 2 ) = 2 . 1 6 0 / 1 . 0 6 2 5 = 2 . 0 3 3 m o I C / h , 

R1 7 2 b = K 1 7 2 * R 1 7 2 A = 0 . 0 6 2 5 * 2 . 0 3 3 = 0 . 1 2 7 m o l C / h , 

nd in the a d i p o s e t i s s u e : 

R 1 7 3 A = ( R 1 7 0 B + R 1 7 1 B ) / ( 1 + K 1 7 3 ) = 0 . 3 0 8 / 1 . 0 6 2 5 = 0 . 2 9 0 m o t C / h , 

R 1 7 3 8 = K 1 7 3 * R 1 7 3 A = 0 . 0 6 2 5 * 0 . 2 9 0 = 0 . 0 1 8 m o t C / h . 

11* 
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T h e f l o w of N - f r e e n u t r i e n t s f r o « t h e p e r i p h e r a l t i s s u e s t o t h e 

e x t r a c e l l u l a r f l u i d c o m p a r t m e n t is d e s c r i b e d in t h e f o l l o w i n g 

e q u a t i o n s : 

T h e s e flow r a t e s can be e s t i m a t e d by b a l a n c i n g t h e e x t r a c e l l u l a r 

p o o l s of g l y c e r o l + l a c t a t e ( C 2 5 ) and f r e e f a t t y a c i d s ( C 2 6 ) : 

R 1 8 9 + R 1 9 9 = R 1 6 4 = 0 . 5 1 8 mo I C / h , 

R 1 9 4 = R165 + R 166 + R 1 6 7 = 0 . 9 4 3 + 0 . 5 0 0 + 0 . 1 6 7 = 1 . 6 1 0 mo I C / h . 

T h e r a t e of g l y c e r o l r e l e a s e f r o « a d i p o s e t i s s u e is e s t i m a t e d in 

s u b s e c t i o n 3 . 3 . 4 : 

R 1 9 9 = 0 . 1 0 9 mo I C / h , 

and the rate of l a c t a t e r e l e a s e f r o m m u s c l e t i s s u e is t h e r e f o r e : 

R 1 8 9 = 0 . 5 1 8 - 0 . 1 0 9 = 0 . 4 0 9 mol C / h . 

T h e s i z e s of the i n t r a c e l l u l a r n u t r i e n t p o o l s a r e e s t i m a t e d in the 

s u c c e e d i n g s u b s e c t i o n 3 . 3 . 4 : C 3 8 = 3 . 270 m o l C ( m u s c l e l a c t a t e ) , 

C41 = 3 . 0 4 mol C ( a d i p o s e f r e e f a t t y a c i d s ) , a n d C 4 4 = 0 . 0 4 6 m o l C 

( a d i p o s e g l y c e r o l ) . T h e r a t e c o n s t a n t s for the 3 p r o c e s s e s a r e , 

r e s p e c t i v e l y : 

R 1 8 9 = K 1 8 9 *C 38 ( o u t f l o w of l a c t a t e from m u s c l e 

t i s s u e , mo I C / h ) 

( o u t f l o w of f a t t y a c i d s f r o m 

a d i p o s e t i s s u e , m o l C / h ) 

( o u t f l o w of g l y c e r o l from a d i p o s e 

t i s s u e , m o l C / h ) 

R 1 9 4 = K 1 9 4 *C 41 

R 1 99 = K1 99 * C 4 4 

K 1 8 9 = R 1 8 9 / C 3 8 = 0 . 4 0 9 / 3 . 2 7 0 = 0.1 252 h"1 
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K 1 9 4 = R 1 9 4 / C 4 1 = 1 . 6 1 0 / 3 . 0 4 = 0 , 5 2 9 6 a n d 

K 1 9 9 = R 1 9 9 / C 4 4 = 0 . 1 0 9 / 0 . 0 4 6 = 2 . 3 7 0 h ~ 1 . 

N i t r o g e n t r a n s a c t i o n s 

T h e n e t a b o l i sm o f a m i n o a c i d s a n d p r o t e i n in t h e l i v e r is s i m u l a t e d 

a c c o r d i n g to t h e f o l l o w i n g rate e q u a t i o n s : 

R 43 = R 4 3 M * A 1 4 / ( K 4 3 + A 1 4 ) 

R 44 = R 4 4 M * A 1 4 / ( K 4 4 + A 1 4 ) 

R 45 = R 4 5 M * A 1 4 / ( K 4 5 + A 1 4 ) 

R 4 5 M = L 4 5 + M 4 5 * R A T I 0 

R 46 = K46 *A15 

K 46 = L 4 6 * E X P ( M 4 6 * R A T I 0 ) 

R 47 = R 4 7 M * N 3 / ( K 4 7 + N 3 ) 

R 1 4 0 = K C A * R 45 

R 1 4 1 = K CA*R 47 

( l i v e r p r o t e i n s y n t h e s i s , m o l N / h ) 

( o u t f l o w of ami no a c i d s , mo I N / h ) 

( a m i n o a c i d d e a m i n a t i o n , mo I N / h ) 

(mol N / h ) 

( l i v e r p r o t e i n b r e a k d o w n , m o l N / h ) 

(h~1 ) 

( a m i n o a c i d s y n t h e s i s , mo I N / h ) 

( k e t o a c i d s p r o d u c e d by a m i n o a c i d 

d e a m i n a t i o n , m o l C / h ) 

( k e t o a c i d s u s e d in a m i n o a c i d 

s y n t h e s i s , mo I C / h ) 

As an a v e r a g e d u r i n g the day t h e r a t e of li v e r p r o t e i n s y n t h e s i s is 

a s s u m e d to be e q u a l to the r a t e of l i v e r p r o t e i n b r e a k d o w n ( W a t e r low 

et a l . 1 9 7 8 d ) , i . e . R 4 3 = R 4 6 . A c c o r d i n g to t h e s t a t i c m o d e l the 

t u r n o v e r rate of t h e liver p r o t e i n p o o l is 2 0 % p e r d a y , and the m a s s 

of t h e p r o t e i n p o o l is 20% of t h e liver w e i g h t ( L o b l e y et a l . 1 9 8 0 ) : 

K 4 6 = 0 . 2 0 / 2 4 = 0 . 0 0 8 3 h " 1 , 

A 1 5 = 8 . 6 * 0 . 2 0 = 1 .72 kg p r o t e i n , 

A 1 5 = 1 . 7 2 * 1 0 0 0 / ( 6 . 2 5 * 1 4 . 0 1 ) = 1 9 . 6 4 3 m o l N , 

R 4 6 = 0 . 0 0 8 3 * 1 9 . 6 4 3 = 0 . 1 6 4 m o l N / h , and 

R 4 3 = 0 . 1 6 4 mo I N / h . 
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T h e i n t r a c e l l u l a r c o n c e n t r a t i o n s of 4 a m i n o a c i d s a r e d e t e r m i n e d in 

cow liver ( B a i r d 1 9 7 2 , c . f . K c l b 1 9 8 1 ) , but the t o t a I c o n c e n t r a t i o n 

of f r e e a m i n o a c i d s in t h e l i v e r is a s s u m e d here to be 26 rnrno I /1 as 

f o u n d in rats (Hater low et a l . 1 9 7 8 b ) : 

A 1 4 = 2 6 * 6 . 0 * 1 . 3 / 1 0 0 0 = 0 , 2 0 3 mo I N . 

T h e K m v a l u e s for a m i n o a c y l t - R N A s y n t h e t a s e s are v e r y low c o m p a r e d 

t o t h e i n t r a c e l l u l a r a m i n o a c i d c o n c e n t r a t i o n s , and t h e s e e n z y m e s 

w i l l t h e r e f o r e be a l m o s t s a t u r a t e d w i t h t h e i r s u b s t r a t e s u n d e r n o r -

m a l c o n d i t i o n s ( L i n d s a y 1 9 8 0 ) . T h i s m e a n s t h a t p r o t e i n s y n t h e s i s 

w i l l o c c u r at a rate n e a r t h e m a x i m a l c a p a c i t y : 

R 4 3 M = R 4 3 / 0 . 9 5 = 0 . 1 7 2 m o l N / h . 

T h e a f f i n i t y c o n s t a n t is t h e n c a l c u l a t e d : 

K 4 3 = 0 . 0 0 9 9 m o l N . 

A s s t a t e d in s u b s e c t i o n 3 . 3 . 2 p r o t e i n b r e a k d o w n is d e s c r i b e d as a 

p r o c e s s of c o n s t a n t f r a c t i o n a l r a t e ( W a t e r low et a I. 1 9 7 8 a ) . H o w -

e v e r , the rate of p r o t e i n b r e a k d o w n in the li ver is st i rr, u l a t e d by 

g l u c a g o n and i n h i b i t e d by i n s u l i n (Ba I lard & Gunn 1 9 8 2 ) , a n d the 

r a t e c o n s t a n t ( K 4 6 ) is t h e r e f o r e i n c r e a s e d with an i n c r e a s i n g r a t i o 

of g l u c a g o n to i n s u l i n ( R A T I O ) . 

T h e liver p r o t e i n m a s s is r e g u l a t e d b e t w e e n m e a l s by a c h a n g e in the 

r a t e of p r o t e i n b r e a k d o w n and not in the rate of p r o t e i n s y n t h e s i s 

( G a r l i c k et a I . 1 9 7 3 ). In o r d e r to s i m u l a t e t h i s kind of r e g u lat ion 

it is a s s u m e d t h a t the r a t e c o n s t a n t ( K 4 6 ) w i l l v a r y f r o m 10% per 

d a y to 40% per d a y , w h e n R A T I O v a r i e s from 0 . 8 5 to 1 . 3 5 ( B a l l a r d & 

G u n n 1 9 8 2 ) . B a s e d on t h i s a s s u m p t i o n the p a r a m e t e r s (L46 and M 4 6 ) 

can be e s t i m a t e d by l i n e a r r e g r e s s i o n : l n K 4 6 = lnL46 + M 4 6 * R A T I 0 : 
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L 46 = 0 . 0 0 0 5 h " 1 

M46 = ( L n K 4 6 - L n L 4 6 ) / R A T I 0 = 2.233. 

F r o m the w o r k of O l d h a m et a l . ( 1 9 8 0 b ) t h e t o t a l flux r a t e of a m i n o 

a c i d s ( a b s o r p t i o n + b o d y p r o t e i n t u r n o v e r ) can be e s t i m a t e d as 28 

m o t / d (Riis 1 9 8 3 a ) e q u i v a l e n t to 3 6 . 2 mo I N / d . T h e a b s o r p t i o n rate 

(R 4 0 ) is 1.101 mo I N / h = 2 6 . 4 mo I N / d (see s u b s e c t i o n 3 . 3 . 2 ) , and 

t h e c o n t r i b u t i o n from b o d y p r o t e i n d e g r a d a t i o n ( R 5 4 ) is c a l c u l a t e d 

b y d i f f e r e n c e : 

R 54 = t o t a l f l u x - a b s o r p t i o n = 3 6 . 2 - 2 6 . 4 = 9 . 8 mo I N / d . 

T h e r a t e of net p r o t e i n m o b i l i z a t i o n is t a k e n f r o m t h e s t a t i c m o d e l 

( D a n f a r 1 9 8 3 b ) : 0 . 5 3 mol a m i n o a c i d s / d e q u i v a l e n t to 0 . 7 mo I N / d , 

a n d the rate of p r o t e i n s y n t h e s i s in M u s c l e a n d o t h e r t i s s u e s 

( R 6 2 + R 6 5 ) is c a l c u l a t e d by d i f f e r e n c e : 

R 6 2 + R 6 5 = 9 . 8 - 0 . 7 = 9.1 m o l N / d . 

T h e rate of i n t e s t i n a l a m i n o a c i d u p t a k e (R 5 0 ) is 0 . 3 7 9 m o l N / h = 

9 . 1 m o l N/d (see s u b s e c t i o n 3 . 3 . 2 ) , and t h e r a t e of a m i n o a c i d 

u p t a k e in the m a m m a r y g l a n d ( R 5 1 ) is 1 1 . 0 mot N / d (see l a t e r ) . T h e 

u p t a k e in m u s c l e ( R 5 2 ) and o t h e r t i s s u e s ( R 5 3 ) is t a k e n to be 

e q u a l to the r a t e of p r o t e i n s y n t h e s i s in t h e s e t i s s u e s (R62 + R 6 5 ) . 

T h e a m i n o a c i d o u t p u t f r o « t h e l i v e r (R 4 4 ) is t h e n c a l c u l a t e d by 

s umma ti o n : 

R 4 4 = R50 + R 5 1 + R 5 2 + R 5 3 = 9 . 1 + 1 1 .0 + 9.1 = 2 9 . 2 mol N / d 

= 1 . 2 1 7 m o l N / h , 

a n d t h i s is a s s u m e d to be p e r f o r m e d at 25% of its m a x i m a l r a t e : 

R 4 4 M = R 4 4 / 0 . 2 5 = 1 . 2 1 7 / 0 . 2 5 = 4 . 8 6 7 m o l N / h . 
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T h e a f f i n i t y c o n s t a n t for a m i n o a c i d t r a n s p o r t o u t of the l i v e r 

c e l l s is t h e n d e r i v e d : 

K 4 4 = 0 . 6 0 9 m o l N . 

T h e net c a t a b o I i sm of a m i n o a c i d s is the d i f f e r e n c e b e t w e e n a m i n o 

a c i d d e a n i n a t i o n (R 45 ) and ami no a c i d s y n t h e s i s (R 47 ) , w h i c h is 

c a l c u l a t e d as the d i f f e r e n c e b e t w e e n t h e t o t a l a m i n o a c i d f l u x 

r a t e (36.2 mo I N / d ) and t h e r a t e of a m i n o a c i d o u t f l o w from the 

l i v e r (R 44 = 2 9 . 2 mo I N / d ) : 

R 4 5 - R 4 7 = 3 6 . 2 - 2 9 . 2 = 7 . 0 mo I N / d = 0 . 2 9 2 mo I N / h . 

It is a s s u m e d t h a t 15% of the c a t a b o l i z e d a m i n o a c i d - N is r e s y n -

t hes i zed i n t o new a m i n o a c i d s : R 47 = 0.1 5 *R 45 . S o l v i n g for R 45 and 

R 4 7 gi ves : 

R 4 5 = 0 . 2 9 2 / ( 1 - 0 . 1 5 ) = 0 . 3 4 3 m o l N/h 

R 47 = 0 . 1 5 * 0 . 3 4 3 = 0 . 0 5 1 m o l N / h . 

T h e M i c h a e l i s - M e n t e n c o n s t a n t s f o r e n z y m e s i n i t i a t i n g c a t a b o lis* 

o f a m i n o a c i d s a r e of the s a m e o r d e r a s the c o n c e n t r a t i o n of a m i n o 

a c i d s in b l o o d p l a s m a ( K r e b s 1 9 7 2 c . f . L i n d s a y 1 9 8 0 ) , w h i c h i s : 

A 1 6 / V 4 = 0 . 5 0 4 / 1 5 0 = 0 . 0 0 3 3 6 m o l N / l (see s u b s e c t i o n 3 . 3 . 2 ) . 

A c c o r d i n g to t h i s : K 4 5 / V 3 = A 1 6 / V 4 , and 

K 4 5 = V 3 * A 1 6 / V 4 = 6 . 0 * 0 . 0 0 3 3 6 = 0 . 0 2 0 2 m o l N . 

T h e * a x i a a I r a t e can now be c a l c u l a t e d : 

R 4 5 M = 0 . 3 7 7 mo I N / h . 

T h e c a p a c i t y of a m i n o a c i d c a t a b o l i s m i n c r e a s e s at t h e o n s e t of 

l a c t a t i o n (Riis 1 9 8 3 a ) , and t h i s i n c r e a s e c o u l d be r e l a t e d to the 
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i n c r e a s e d r a t i o of g l u c a g o n to i n s u l i n . T h e i n d e p e n d e n t p a r t ( 1 4 5 ) 

o f t h e m a x i m a l r a t e e q u a t i o n is a s s u m e d to be 0 . 0 m o I N / h , a n d 

c o n s e q u e n t l y t h e d e p e n d e n t p a r t w i l l b e : 

M 4 5 = ( R 4 5 M - L 4 5 ) / R A T I O = 0 . 3 7 7 / 1 . 2 5 8 = 0 . 3 0 0 m o I N / h . 

T h e m a x i m a l r a t e o f a m i n o a c i d s y n t h e s i s ( R 4 7 M ) is e s t i m a t e d a s : 

R 4 7 M = R 4 7 / 0 . 6 5 = 0 . 0 5 1 / 0 . 6 5 = 0 . 0 7 9 mo I N / h . 

T h e i n t r a c e l l u l a r c o n c e n t r a t i o n of NH3 / N H ^ + in t h e l i v e r is n o t 

h i g h e r t h a n t h e c o n c e n t r a t i o n in b l o o d p l a s m a , w h i c h is 0 . 0 0 0 1 5 

mo I N / 1 ( H o I t e r et a l . 1 9 8 2 ) . T h e r e f o r e , t h e m a s s o f t h e i H 3 / i « 4 + 

p o o l in t h e l i v e r is t a k e n to b e : 

N 3 = 0 . 0 0 0 1 * 6 . 0 = 0 . 0 0 0 6 m o l N , 

a n d t h e a f f i n i t y c o n s t a n t is in t u r n c a l c u l a t e d a s : 

K 4 7 = 0 . 0 0 0 3 2 m o l N . 

T h e r a t e s of k e t o a c i d p r o d u c t i o n ( R 1 4 0 ) a n d k e t o a c i d u t i l i z a t i o n 

in a m i n o a c i d s y n t h e s i s ( R 1 4 1 ) a r e c a l c u l a t e d in p r o p o r t i o n to R 4 5 

a n d R 4 7 : 

R 1 4 0 = 3 . 8 * 0 . 3 4 3 = 1 . 3 0 4 m o l C / h , a n d 

R 1 4 1 = 3 . 8 * 0 . 0 5 1 = 0 . 1 9 6 m o l C / h . 

T h e r a t e s o f u r e a s y n t h e s i s a n d e x c r e t i o n a r e d e s c r i b e d as 

f o l l o w s : 



1 7 0 

R 48 = R 4 8 M * N 3 / ( K 4 8 + N 3 ) 

R 49 = K 4 9 * ( U 3 / V 3 ) 

R 5 7 = K5 7 * ( U 4 / V 4 ) 

( u r e a s y n t h e s i s , m o l N / h ) 

( o u t f l o w of u r e a , m o l N / h ) 

( u r i n a r y e x c r e t i o n of u r e a , mol N / h) 

T h e r a t e of u r e a s y n t h e s i s is f o u n d by b a l a n c i n g t h e p o o l of liver 

N H 3 / N H 4
+ (N 3 ) : 

R 48 = R 1 6 + R35 + R 3 7 + R 4 5 - R 4 7 = 

0 . 2 2 8 + 0 . 1 0 4 + 0 . 3 9 3 + 0 . 3 4 3 - 0 . 0 5 1 = 1 . 0 1 7 mol N / h . 

T h e M a x i m a l h e p a t i c u t i l i z a t i o n of N H j / N H ^ * is e s t i m a t e d to be 2 . 6 

m m o l / m i n per kg wet l i v e r w e i g h t in n o n - 1 a c t a t i n g c o w s ( S y m o n d s et 

a l . 1 9 8 1 ) . It is a s s u m e d h e r e t h a t t h i s c a p a c i t y is i n c r e a s e d 10% 

d u r i ng la ctat i o n ; 

R 4 8 M = 1 . 1 0 * 2 . 6 * 6 0 * 8 . 6 / 1 0 0 0 = 1 . 4 7 6 mol N / h , 

and t h e a f f i n i t y c o n s t a n t is t h e n : 

K 4 8 = 0 . 0 0 0 2 7 mol N . 

In o r d e r to p r e v e n t the liver N H 3 / N H 4 + p o o l e x c e e d i n g s o m e t o x i c 

l e v e l t h e n u m e r i c a l v a l u e of the a f f i n i t y c o n s t a n t for u r e a syn-

t h e s i s ( K 4 8 ) is r e g u l a t e d by the c u r r e n t v a l u e of N 3 (see s u b r o u -

t i n e R E G U L 3 , A p p e n d i x 2 ) . 

T h e r a t e of u r e a d i f f u s i o n f r o « l i v e r c e l l s to b l o o d is e q u a l to 

t h e r a t e of urea s y n t h e s i s : 

R49 = R 4 8 = 1 . 0 1 7 m o l N / h , 

a n d the r a t e c o n s t a n t ( K 4 9 ) for t h e p r o c e s s is a s s u m e d to be e q u a l 

to t h e r a t e c o n s t a n t s for the d i f f u s i o n s of urea f r o m b l o o d into 
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t h e d i g e s t i v e t r a c t : 

K 49 = K 5 5 = K 5 6 = 1 6 . 7 6 5 L / h . 

T h e c o n c e n t r a t i o n of u r e a in t h e liver c e l l s can t h e n be c a l c u l a 

t e d a s : 

U 3 / V 3 = R 4 9 / K 4 9 = 0 . 0 6 0 6 mo I N / l , 

w h i c h t u r n s o u t to be h i g h e r t h a n the u r e a c o n c e n t r a t i o n in the 

b l o o d p l a s m a ( U 4 / V 4 = 0 . 0 1 4 mo I N / l , see s u b s e c t i o n 3 . 3 . 1 ) . T h e 

p o o l s i z e of l i v e r u r e a is n o w e a s i l y d e r i v e d : 

U 3 = 0 . 0 6 0 6 *V3 = 0 . 0 6 0 6 * 6 . 0 = 0 . 3 6 4 mo I N . 

T h e r a t e of u r e a e x c r e t i o n in t h e u r i n e ( R 5 7 ) is f o u n d as the di 

f e r e n c e b e t w e e n t o t a l u r e a f l u x rate ( R 4 9 ) and the r a t e of u r e a 

u p t a k e in t h e r u m e n (R 55 ) a n d in the lower gut ( R 5 6 ) : 

R 57 = R 4 9 - ( R 5 5 + R 5 6 ) = 1 . 0 1 7 - 0 . 3 5 5 = 0 . 6 6 2 mo I N / h . 

T h e r a t e c o n s t a n t is c a l c u l a t e d from t h e b l o o d p l a s m a c o n c e n t r a -

t i o n : 

• K 5 7 = R57 / ( U 4 / V 4 ) = 0 . 6 6 2 / 0 . 0 1 4 = 4 7 . 2 5 6 l / h . 

A m i n o a c i d u p t a k e s f r o « b L o o d i n t o p e r i p h e r a l t i s s u e s a n d l i v e r 

a r e d e s c r i b e d by the e q u a t i o n s listed b e l o w : 

R 51 = R51FI*A16/ ( K 5 1 + A 1 6 ) 

R 5 1 M = L 5 1 + M 5 1 * G H 

( u p t a k e of a m i n o a c i d s in t h e 

m a m m a r y g l a n d , mo I N / h ) 

(mo I N / h ) 
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R 5 2 = R 5 2 M * A 1 6 / ( K 5 2 + A 1 6 ) ( u p t a k e of a m i n o a c i d s in m u s c l e 

t i s s u e , mo I N / h ) 

(mo I N / h ) R 5 2 M = L 5 2 + M 5 2 * I N S U L 

R 53 = R 5 3 M * A 1 6 / ( K 5 3 + A 1 6 ) ( u p t a k e of a m i n o a c i d s in o t h e r 

t i s s u e s , mo I N / h ) 

( u p t a k e of a m i n o a c i d s in the 

l i v e r , mo I N / h ) 

(mo I N / h ) 

R 5 4 = R 5 4 M * A 1 7 / ( K 5 4 + A 1 7 ) 

R 5 4 M = L 5 4 + M 5 4 * R A T I 0 

T h e a a a i a r y u p t a k e o f a m i n o a c i d s in the s t a t i c m o d e l is 8 . 5 m o l / d 

e q u i v a l e n t to 1 1 . 0 mo I N/d ( D a n f a r 1 9 8 3 b ) . T h e r e f o r e : 

R51 = 11 . 0 / 2 4 = 0 . 4 5 8 mo I N / h . 

B a s e d on an a v e r a g e e x t r a c t i o n r a t e of a m i n o a c i d s from a r t e r i a l 

b l o o d into t h e m a m m a r y g l a n d of 30% ( M e p h a m et a l . 1 9 8 2 ) and v a r -

i a t i o n s in a m i n o a c i d c o n c e n t r a t i o n s in the m a m m a r y v e i n ( B i c k e r -

s t a f f e et a t . 1 9 7 4 , C l a r k et a l . 1 9 7 7 , P e e t e r s et a l . 1 9 7 9 ) t h e 

m a x i m a l r a t e of a m i n o a c i d u p t a k e is e s t i m a t e d a s : 

R 5 1 M = R 5 1 / 0 . 6 3 = 0 . 4 5 8 / 0 . 6 3 = 0 . 7 2 7 mot N / h . 

A s s t a t e d p r e v i o u s l y t h e r a t e s of n u t r i e n t u p t a k e in the m a m m a r y 

g l a n d are r e l a t e d to g r o w t h h o r m o n e c o n c e n t r a t i o n ( G H ) . T h e i n d e -

p e n d e n t part (L51 ) of the m a x i m a l r a t e is a s s i g n e d as 0 . 0 mo I N / h , 

a n d the d e p e n d e n t p a r t is c a l c u l a t e d a c c o r d i n g l y : 

M51 = ( R 5 1 M - L 5 1 )/GH = 0 . 7 2 7 / 1 2 . 4 1 1 = 0 . 0 5 9 mo I N * l / ( h * j u g ) . 

T h e a f f i n i t y c o n s t a n t is t h e n f o u n d a s : 

K51 = 0 . 2 9 5 4 mo I N . 
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T h e m a s s of t o t a l b o d y p r o t e i n can be e s t i m a t e d as 1 3 . 2 % of t h e 

live w e i g h t ( L o b l e y et a l . 1 9 8 0 , R i i s 1 9 8 3 b ) : 6 0 0 * 0 . 1 3 2 = 7 9 . 2 k g . 

T h e m a s s of m u s c l e t i s s u e p r o t e i n (A21 ) m a k e s up 5 0 - 6 0 % of t o t a l 

b o d y p r o t e i n (Riis 1 9 8 3 b ) : 

A21 = 7 9 . 2 * 0 . 5 5 = 4 3 . 6 kg p r o t e i n , e q u i v a l e n t to 

4 3 . 6 * 1 0 0 0 / ( 6 . 2 5 * 1 4 . 0 1 ) = 4 9 8 mol N . 

T h e r a t e of a m i n o a c i d u p t a k e in m u s c l e t i s s u e ( R 5 2 ) is t a k e n as 

e q u a l to the rate of m u s c l e p r o t e i n s y n t h e s i s (R 6 2 ) . T h i s r a t e is 

c a l c u l a t e d as t h e m u s c l e p r o t e i n m a s s ( A 2 1 ) m u l t i p l i e d by t h e 

f r a c t i o n a l rate of m u s c l e p r o t e i n s y n t h e s i s , w h i c h is in the o r d e r 

of 0 . 9 % per d in m a t u r e c o w s ( L o b l e y et a l . 1 9 8 0 ) : 

R 5 2 = R62 = 4 9 8 * 0 . 9 / ( 1 0 0 * 2 4 ) = 0 . 1 8 7 mol N / h . 

I n s u l i n s t i m u l a t e s a m i n o acid u p t a k e in m u s c l e t i s s u e (R i i s 1 9 8 3 a ) 

by i n c r e a s i n g the m a x i m a l rate of t r a n s p o r t ( R 5 2 M ) w i t h o u t a f f e c t -

ing the a f f i n i t y c o n s t a n t (Water low et a l . 1 9 7 8 b ) . T h e • a x i n a l 

r a t e of u p t a k e is e s t i m a t e d a s : 

R 5 2 M = R 5 2 / 0 . 5 5 = 0 . 1 8 7 / 0 . 5 5 = 0 . 3 4 0 mol N / h , 

and t h e i n s u l i n d e p e n d e n t p a r t of R 5 2 M i s : 

M 5 2 = ( R 5 2 M - L 5 2 ) / I N S U L = 0 . 3 4 0 / 0 . 5 2 0 = 0 . 6 5 3 mo I N * l / ( h * p g ) , 

as the i n d e p e n d e n t p a r t ( L 5 2 ) is a s s u m e d to be 0 . 0 m o l N / h . T h e 

a f f i n i t y c o n s t a n t is now d e r i v e d : 

K 5 2 = 0 . 4 1 2 4 m o l N . 

T h e t o t a l a m i n o a c i d u p t a k e in m u s c l e and o t h e r t i s s u e s has b e e n 

e s t i m a t e d p r e v i o u s l y (R52 + R 5 3 = 9.1 mol N / d ) , h e n c e : 
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R53 = 9.1 / 2 4 - R 5 2 = 0 . 3 7 9 - 0 . 1 8 7 = 0 . 1 9 2 m o l N / h , 

w h i c h is a s s u m e d to be 6 0 % of the m a x i m a l r a t e of u p t a k e : 

R S 3 M = 0 . 1 9 2 / 0 , 6 0 = 0 . 3 2 1 mol N / h , 

a n d t h e a f f i n i t y c o n s t a n t i s : 

K 53 = 0 . 3 3 6 mol N . 

T h e rate of a m i n o a c i d u p t a k e i n t o t h e l i v e r via t h e h e p a t i c a r t e -

ry ( R 5 4 ) is 9 . 8 m o l N / d (see a b o v e ) : 

R 5 4 = 9 . 8 / 2 4 = 0 . 4 0 8 m o l N / h . 

T h e s u b s t ra t e p o o l ( A 1 7 ) is in fact i d e n t i c a l to t h e p o o l of aai no 

a c i d s 'in t h e e x t r a c e l l u l a r f l u i d ( A 1 6 ) , but is g i v e n a s e p a r a t e 

l a b e l in the m o d e l to i n d i c a t e t h a t a m i n o a c i d s a r e r e l e a s e d from 

t h e l i v e r to v e n o u s b l o o d and t a k e n up by the liver f r o m a r t e r i a l 

b l o o d : 

A 1 7 = A 1 6 = 0 . 5 0 4 m o l N . 

G l u c a g o n s t i m u l a t e s w h i l e i n s u l i n , if a n y t h i n g , i n h i b i t s the a m i n o 

a c i d u p t a k e in the l i v e r ( B e r g m a n & He i t m a n n 1 9 7 8 , B r o c k m a n 1 9 7 8 b , 

R i i s 1 9 8 3 a , K r a u s - F r i e d m a n n 1 9 8 4 , B r o c k m a n 1 9 8 5 ) . T h e r e f o r e , in 

t h e m o d e l the r a t i o b e t w e e n t h e s e two h o r m o n e s a f f e c t s the m a x i m a I 

r a t e o f a n i ñ o a c i d u p t a k e (R 5 4 M ) , w h i c h is t a k e n as e q u a l to the 

m a x i m a l rate of a m i n o a c i d o u t f l o w ( R 4 4 M ) from the l i v e r (Wate r low 

et a l . 1 9 7 8 b ) : 

R 5 4 M = R44M = 4 . 8 6 7 m o l N / h . 

T h e i n d e p e n d e n t p a r t ( L 5 4 ) of t h e m a x i m a l rate is a s s u m e d to be 
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0 . 0 mo I N / h , a n d t h e d e p e n d e n t p a r t is t h e n f o u n d a s : 

M 5 4 = (R 5 4 M - L 5 4 ) / R A T I O = 4 . 8 6 7 / 1 .258 = 3 . 8 6 9 moL N / h . 

F i n a l l y the a f f i n i t y c o n s t a n t is c a l c u l a t e d : 

K 5 4 = 5 . 5 0 3 mo I N . 

T h e last t h r e e e q u a t i o n s in t h e liver and e x t r a c e l l u l a r f l u i d 

c o m p a r t m e n t d e s c r i b e t h e r e l e a s e of a m i n o a c i d s f r o « t h e 

p e r i p h e r a l t i s s u e c o m p a r t m e n t : 

R 5 8 = R 5 8 M * A 1 8 / ( K 5 8 + A 1 8 ) ( o u t f l o w of a m i n o a c i d s f r o m the 

m a m m a r y g l a n d , mo I N / h ) 

R61 = R 6 1 M * A 2 0 / ( K 6 1 + A 2 0 ) ( o u t f l o w of a m i n o a c i d s f r o m 

m u s c l e t i s s u e , mo I N / h ) 

R 64 = R 6 4 M * A 22 / (K64 + A 2 2 ) ( o u t f l o w of a m i n o a c i d s f r o m 

o t h e r t i s s u e s , mo I N / h ) 

T h e a m i n o a c i d f l o w f r o « t h e p e r i p h e r a l t i s s u e s is t a k e n up by the 

l i v e r ( b a l a n c i n g t h e A 1 7 p o o l ) : 

R 5 8 + R 6 1 + R 6 4 = R54 = 0 . 4 0 8 mo I N / h . 

T h e s e c r e t i o n of a m i n o a c i d c a r b o n and n i t r o g e n in m i l k p r o t e i n is 

c l o s e l y b a l a n c e d by the m a m m a r y u p t a k e of a m i n o a c i d c a r b o n a n d 

n i t r o g e n ( C l a r k et a l . 1 9 7 8 ) , w h i c h m e a n s t h a t the s p i l l o v e r or 

o u t f l o w from t h e m a m m a r y g l a n d is a l m o s t z e r o : 

R 5 8 = 0 . 0 mo I N / h , 

R 6 1 + R 6 4 = 0 . 4 0 8 mo I N / h . 
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T h e r a t e s of n e t m o b i l i z a t i o n of p r o t e i n f r o m t h e m u s c l e t i s s u e 

c o m p a r t m e n t ( R 6 3 - R 6 2 ) and f r o m the c o m p a r t m e n t of o t h e r t i s s u e s 

( R 6 6 - R 6 5 ) are r e l a t e d to the p r o t e i n m a s s e s in t h e s e c o m p a r t m e n t s . 

T o t a l p r o t e i n m a s s is e s t i m a t e d as 7 9 . 2 kg e q u i v a l e n t to 9 0 4 mo 1 

N . T h e m u s c l e p r o t e i n p o o l ( A 2 1 ) is 4 9 8 mo I N , a n d t h e p r o t e i n 

p o o l s i z e in o t h e r t i s s u e s (A 2 3 ) is c a l c u l a t e d by d i f f e r e n c e : 

A 2 3 = 9 0 4 - A 1 3 ( i n t e s t i n a I t i s s u e p r o t e i n ) - A 15 ( l i v e r p r o t e i n ) - A 2 1 

= 9 0 4 - 5 6 - 2 0 - 4 9 8 = 3 3 0 mol N . 

A s s t a t e d p r e v i o u s l y the t o t a l m o b i l i z a t i o n of b o d y p r o t e i n is 0.7 

m o l N / d : 

( R 6 3 - R 6 2 ) + ( R 6 6 - R 6 5 ) = 0 . 7 / 2 4 = 0 . 0 2 9 m o l N / h , 

a n d t h i s is e q u i v a l e n t to the d i f f e r e n c e b e t w e e n a m i n o a c i d 

o u t f l o w and a m i n o a c i d u p t a k e in the two c o m p a r t m e n t s : 

( R 6 1 - R 5 2 ) + ( R 6 4 - R 5 3 ) = R 6 1 + R 6 4 - ( R 5 2 + R 5 3 ) 

= 0 . 4 0 8 - ( 0 . 1 8 7 + 0 . 1 9 2 ) = 0 . 0 2 9 m o l N / h . 

R e l a t i n g the net m o b i l i z a t i o n to the p r o t e i n m a s s g i v e s : 

R 61 -R 52 = 4 9 8 * 0 . 0 2 9 / ( 4 9 8 + 3 3 0 ) = = 0. ,018 mo I N / h , 

R 64 - R 53 = 3 3 0 * 0 . 0 2 9 / ( 4 9 8 + 3 3 0 ) = = 0. ,011 mo I N / h , 

R61 = R 5 2 + 0 . 0 1 8 = 0 . 1 8 7 + 0 . 0 1 8 = = 0. ,205 mo 1 N / h , 

R 64 = R 5 3 + 0 . 0 1 1 = 0 . 1 9 2 + 0 . 0 1 1 = = 0. ,203 mo I N / h . 

T h e i n t r a c e l l u l a r c o n c e n t r a t i o n of free a m i n o a c i d s is h i g h e r t h a n 

t h e e x t r a c e l l u l a r c o n c e n t r a t i o n . In m u s c l e c e l l s the c o n c e n t r a t i o n 

is 21 m m o l / l ( W a t e r l o w et a l . 1 9 7 8 b ) or 15 m m o l / k g wet w e i g h t 

( R e i c h & S e l ' k o v 1 9 8 1 ) . As m u s c l e t i s s u e c o n t a i n s 20% p r o t e i n 

( H a r p e r 1 9 7 3 , R i i s 1 9 8 3 b ) the m u s c l e t i s s u e m a s s i s : 4 3 . 6 / 0 . 2 0 = 

2 1 8 k g , and the s i z e of the f r e e a m i n o a c i d p o o l i s : 
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A 20 = 2 1 8 * 1 5 / 1 0 0 0 = 3 . 2 7 mo I a m i n o a c i d s 

e q u i v a l e n t to 4 . 2 5 1 mo I N . 

T h e m a x i m a l r a t e o f ami n o a c i d o u t f l o w f r o m a u s c l e t i s s u e is e s t i -

m a t e d as : 

R 6 1 M = R61 / 0 . 6 0 = 0 . 2 0 5 / 0 . 6 0 = 0 . 3 4 2 mol N / h , 

and t h e a f f i n i t y c o n s t a n t is d e r i v e d a s : 

K61 = 2 . 8 3 4 mol N . 

T h e r a t i o b e t w e e n t h e p o o l s of i n t r a c e l l u l a r f r e e a a i n o a c i d s and 

p r o t e i n - b o u n d a m i n o a c i d s is a s s u m e d to be e q u a l in m u s c l e t i s s u e 

and in o t h e r t i s s u e s : 

A 2 2 = A 2 3 * A 2 0 / A 2 1 = 3 3 0 * 4 . 2 5 1 / 4 9 8 = 2 . 8 1 7 mol N . 

T h e m a x i m a l r a t e of a m i n o a c i d o u t f l o w f r o » o t h e r t i s s u e s is (as 

in m u s c l e t i s s u e ) : 

R 6 4 M = R 6 4 / 0 . 6 0 = 0 . 2 0 3 / 0 . 6 0 = 0 . 3 3 9 m o l N / h , 

a n d f i n a l l y the a f f i n i t y c o n s t a n t can be e s t i m a t e d : 

K 6 4 = 1 . 8 7 8 mol N . 

T h e r a t e s of p r o t e i n s y n t h e s i s in m u s c l e t i s s u e ( R 6 2 ) and in o t h e r 

t i s s u e s ( R 6 5 ) are as e s t i m a t e d p r e v i o u s l y : 

R 6 2 + R 6 5 = 9 . 1 / 2 4 = 0 . 3 7 9 mol N / h . 

T o t a l p r o t e i n s y n t h e s i s in the b o d y can be c a l c u l a t e d by s u m m a -

12 
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t i o n : R 3 9 ( i n t e s t i n a l t i s s u e > + R 4 3 ( I i v e r ) + R 6 2 + R 6 5 = 

0 . 5 0 8 + 0 . 1 6 4 + 0 . 3 7 9 = 1 . 0 5 1 m o l N / h e q u i v a l e n t to 2 . 2 1 kg p r o t e i n / d . 

In t h e s t u d y of L o b l e y et a l . ( 1 9 8 0 ) e s t i m a t e s of w h o l e b o d y 

p r o t e i n s y n t h e s i s in a m a t u r e cow r a n g e d from 2 . 0 to 2 . 9 kg 

p r o t e i n / d d e p e n d i n g on w h e t h e r l e u c i n e or t y r o s i n e , r e s p e c t i v e l y , 

w a s u s e d as a t r a c e r a m i n o a c i d . A s t h e t r u e v a l u e is p r o b a b l y 

l o w e r t h a n t h e a v e r a g e of t h e t w o e s t i m a t e s b e c a u s e of a s u b s t a n -

t i a l o x i d a t i o n of t y r o s i n e ( L o b l e y et a l . 1 9 8 0 ) t h e r a t e of t o t a l 

p r o t e i n s y n t h e s i s in t h e m o d e l s e e m s to be in g o o d a g r e e m e n t w i t h 

a n in v i v o s i t u a t i o n . 

3 . 3 . 4 T h e l a i a a r y g l a n d a n d b o d y t i s s u e c o « p a r t « e n t s 

T h e s t a t e v a r i a b l e s a n d f l o w of n u t r i e n t s in t h e m a m m a r y g l a n d , in 

m u s c l e t i s s u e , in a d i p o s e t i s s u e a n d in o t h e r t i s s u e s a r e d e p i c t e d 

in f i g u r e 2 . 6 . N u m e r i c a l v a l u e s a n d d i m e n s i o n s of t h e s t a t e v a r i -

a b l e s a n d e q u a t i o n p a r a m e t e r s a r e l i s t e d in A p p e n d i x 8 . 

T h e « a i i a r y g l a n d 

N u t r i e n t i n p u t s to t h e m a m m a r y g l a n d c o m p a r t m e n t f r o m t h e e x t r a -

c e l l u l a r f l u i d c o m p a r t m e n t a r e a c e t a t e and k e t o n e b o d i e s ( R 1 5 6 ) , 

g l u c o s e ( R 1 6 0 ) , f a t t y a c i d s ( R 1 7 2 A ) , g l y c e r o l C R 1 7 2 B ) , a n d a m i n o 

a c i d s (R 5 1 ) . 

T h e w e i g h t of t h e u d d e r is e s t i m a t e d as 22 kg ( S m i t h & B a l d w i n 

1 9 7 4 , H a r r i s o n et a l . 1 9 8 3 , B u t l e r - H o g g et a l . 1 9 8 5 ) . T h e m a m m a r y 

p a r e n c h y m a c o n s t i t u t e s a b o u t 907. of t h e o r g a n w e i g h t in e a r l y 

l a c t a t i o n (Sej r s e n 1 9 8 7 ) , a n d 7 5 X of t h e p a r a n c h y m a is w a t e r 

( S w a n s o n 8 P o f f e n b a r g e r 1 9 7 9 ) . T h e v o l u m e of " m e t a b o l i c " w a t e r in 

t h e n a a a a r y g l a n d is t h e r e f o r e : 



1 7 9 

V 5 = 2 2 * 0 . 9 0 * 0 . 7 5 = 1 4 . 8 5 L. 

In f a c t t h i s v o l u m e is an o v e r e s t i m a t i o n of t h e t r u e m e t a b o l i c 

w a t e r p o o l , as t h e i n t r a c e l l u l a r w a t e r is o n l y 3 0 % of t o t a l t i s s u e 

w a t e r ( B a u m r u c k e r 1 9 8 4 ) . 

C a r b o n t r a n s a c t i o n s 

T h e f o l l o i i n g e q u a t i o n s d e s c r i b e t h e a e t a b o L i s a of a c e t a t e a n d 

3 - O H - b u t y r a t e , g l u c o s e a n d l i p i d s : 

R 1 7 4 = R 1 7 4 M * C 2 9 / (K174 + C 2 9 ) 

R 175 = R 1 7 5 M * C 2 9 / ( K 1 7 5 + C 2 9 ) 

R 1 77 = R 1 7 7 M * C 3 0 / ( K 1 7 7 + C 3 0 ) 

R 1 78 = R 1 7 8 M * C 3 0 / ( K 1 7 8 + C 3 0 ) 

R 1 7 9 = R 1 7 9 M * C 3 1 / ( K 1 7 9 + C 3 1 ) 

R 1 8 0 = R 1 8 0 M * C 3 1 / ( K 1 8 0 + C 3 1 ) 

R 1 8 1 = L 1 7 9 * R 1 7 9 

R 1 7 6 = R 1 8 1 - R 1 7 2 B 

R 1 8 2 = K 1 8 2 *C 33 

R 1 8 3 = K 1 8 3 *C 34 

( f a t t y a c i d s y n t h e s i s from 

a c e t a t e and k e t o n e b o d i e s , 

m o l C / h ) 

( o x i d a t i o n of a c e t a t e and 

k e t o n e b o d i e s , mol C / h ) 

( m i l k l a c t o s e s y n t h e s i s , 

m o l C / h ) 

( o x i d a t i o n of g l u c o s e , m o l C / h ) 

( m i l k fat s y n t h e s i s , m o l C / h ) 

( o x i d a t i o n of f a t t y a c i d s , 

m o l C / h ) 

( e s t e r ifi cat i on of m i l k f a t , 

m o l C / h ) 

( g l y c e r o l s y n t h e s i s , m o l C / h ) 

( m i l k l a c t o s e s e c r e t i o n , 

m o l C / h ) 

( m i l k fat s e c r e t i o n , m o l C / h ) 

T h e r a t e of m i l k fat p r o d u c t i o n is 1 2 0 0 g / d in the s t a t i c m o d e l 

( D a n f s r 1 9 8 3 b ) . T h e c o m p o s i t i o n of t h i s m i l k fat is a s s u m e d to be 

as r e p o r t e d by P a l m q u i s t 8 C o n r a d ( 1 9 7 8 ) . T h e p r o p o r t i o n of f a t t y 
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a c i d s s y n t h e s i z e d in the m a m m a r y g l a n d is t a k e n to be t h e f a t t y 

a c i d s h a v i n g c a r b o n c h a i n s f r o m €4 to C -¡ 4 in a d d i t i o n to h a l f of 

t h e C 1 6 a c i d s ( B a u m a n 8 D a v i s 1 9 7 4 , K i n g et a l . 1 9 8 5 ), 

A c c o r d i n g to t h i s 1 2 0 0 g m i l k fat c o n t a i n 1 1 3 8 . 7 g f a t t y a c i d s of 

w h i c h 445 .3 g a r e s y n t h e s i z e d de n o v o C m o l . w . = 1 9 2 , 1 1 . 4 mo I 

C / m o I F A ) , and 6 9 3 . 4 g are t a k e n up from t h e b l o o d ( m o I . w . = 2 7 6 , 

1 7 . 5 mo I C/mo I F A ) , T h e r a t e s of s i l k f a t t y a c i d s y n t h e s i s ( R 1 7 4 ) 

a n d t o t a l « i l k f a t t y a c i d p r o d u c t i o n ( R 1 7 9 ) can now be e s t i m a t e d : 

R 1 7 4 = 4 4 5 . 3 * 1 1 . 4 / ( 1 9 2 * 2 4 ) = 1 . 102 mo I C/h 

R 1 7 9 = 6 9 3 . 4 * 1 7 . 5 / ( 2 7 6 * 2 4 )+ R 1 7 4 

= 1 . 8 3 2 + 1 . 102 = 2 . 9 3 4 mo I C / h . 

T h e p h y s i o l o g i c a l c o n c e n t r a t i o n s of a c e t a t e and 3 - O H - b u t y r a t e in 

t h e m a m m a r y g l a n d are t a k e n as 3 m M and 1 m M , r e s p e c t i v e l y ( F o r s b e r g 

et a l . 1 9 8 5 b ) . T h e K m v a l u e for a c e t a t e c o n v e r s i o n i n t o f a t t y 

a c i d s is e s t i m a t e d by F o r s b e r g et a l . ( 1 9 8 4 ) as 1 . 2 2 m M , a n d the 

a f f i n i t y c o n s t a n t for f a t t y a c i d s y n t h e s i s from a c e t a t e a n d k e t o n e 

b o d i e s is d e r i v e d a s : 

K 1 7 4 = 1 4 . 8 5 * 1 . 2 2 * ( 3 * 2 + 1 * 4 ) / ( 3 * 1 0 0 0 ) = 0 . 0 6 0 4 mol C . 

T h e i n t r a c e l l u l a r p o o l s i z e of a c e t a t e a n d k e t o n e b o d i e s is c a l c u -

l a t e d a s : 

C 29 = 1 4 . 8 5 * ( 3 * 2 + 1 *4)/1 0 0 0 = 0 . 1 4 8 5 mol C , 

w h i c h is a l i t t l e h i g h e r t h a n t h e 0 . 0 9 m o l C s t a t e d by W a g h o r n & 

B a l d w i n ( 1 9 8 4 ) . T h e m a x i m a l r a t e of f a t t y a c i d s y n t h e s i s is t h e n : 

R 1 7 4 M = 1 . 5 5 0 mo I C / h . 
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T h e rate of a c e t a t e a n d k e t o n e b o d y o x i d a t i o n Is f o u n d by b a l a n -

c i n g the s u b s t r a t e p o o l ( C 2 9 ) : 

R 1 7 5 = R 1 5 6 - R 1 7 4 = 3 . 4 2 2 - 1 .102 = 2 . 3 2 0 mo I C / h . 

T h e K m v a l u e for a c e t a t e o x i d a t i o n in m a m m a r y t i s s u e is e s t i m a t e d 

b y F o r s b e r g et a l . ( 1 9 8 4 ) as 1 . 7 9 m M . F r o m t h i s the a f f i n i t y c o n -

s t a n t f o r o x i d a t i o n o f a c e t a t e a n d k e t o n e b o d i e s can be c a l c u l a t e d 

a s : 

K1 75 = 1 4 . 8 5 * 1 . 7 9 * ( 3 * 2 + 1 * 4 ) / ( 3 * 1 0 0 0 ) = 0 . 0 8 8 6 mo I C , 

and the m a x i m a l r a t e o f o x i d a t i o n is f o u n d as : 

R 1 7 5 M = 3 . 7 0 4 mo I C / h . 

In the s t a t i c m o d e l the r a t e of l a c t o s e s y n t h e s i s is 1 4 4 0 g / d 

e q u i v a l e n t to 4 . 2 1 mo I /d : 

R 1 7 7 = 4 . 2 1 *1 2 / 2 4 = 2 . 105 mo I C / h . 

A s the i n t r a c e l l u l a r c o n c e n t r a t i o n of g l u c o s e is 2 mM a c c o r d i n g to 

F o r s b e r g et a I . (1 9 8 5 b ) , the m a s s of t h e g l u c o s e p o o I can be de-

r i v e d a s : 

C 3 0 = 1 4 . 8 5 * 2 * 6 / 1 000 = 0 . 1 7 8 2 mo I C , 

w h i c h is of the s a m e m a g n i t u d e as r e p o r t e d by B a l d w i n 8 Y a n g 

(1 9 7 4 ) and by W a g h o r n 8 B a l d w i n ( 1 9 8 4 ) . T h e a f f i n i t y c o n s t a n t f o r 

L a c t o s e s y n t h e s i s is d e r i v e d from a K m v a l u e of 3 . 4 5 mM e s t i m a t e d 

b y F o r s b e r g et a l . ( 1 9 8 5 a ) : 

K 1 7 7 = 1 4 . 8 5 * 3 . 4 5 * 6 / 1 0 0 0 = 0 . 3 0 7 4 mo I C , 
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a n d t h e m a x i a a L r a t e o f l a c t o s e s y n t h e s i s i s : 

R 1 7 7 M = 5 . 7 3 6 m o l C / h . 

T h e r a t e of f a t t y a c i d e s t e r i f i c a t i o n into m i l k fat is: 

4 4 5 . 3 / 1 9 2 + 6 9 3 . 4 / 2 7 6 = 4 . 8 3 2 m o l F A / d . H e n c e , the r a t e of g l y c e r o l 

i n c o r p o r a t i o n i n t o » i l k fat i s : 

R 1 8 1 = 4 . 8 3 2 / 3 = 1 . 6 1 1 mol g l y c e r o l / d , e q u i v a l e n t to 

1 . 6 1 1 * 3 / 2 4 = 0 . 2 0 1 m o l C / h , 

a n d t h e f a c t o r f o r e s t e r i f i c a t i o n : 

L 1 7 9 = R181 / R 1 7 9 = 0 . 2 0 1 / 2 . 9 3 4 = 0 . 0 6 8 6 3 mol C / m o l C . 

T h e i n t r a c e l l u l a r p o o l of g l y c e r o l ( C 3 2 ) o r i g i n a t e s p a r t l y f r o m 

g l y c e r o l t a k e n up f r o m b l o o d l i p i d s ( R 1 7 2 B ) and p a r t l y f r o m 

g l y c e r o l s y n t h e s i z e d f r o * g l u c o s e in t h e m a m m a r y t i s s u e ( R 1 7 6 ) 

( B a u m a n 8 D a v i s 1 9 7 4 ) : 

R 1 8 1 = R 1 7 2 B + R 1 7 6 , 

R 1 7 6 = 0 . 2 0 1 - 0 . 1 2 7 = 0 . 0 7 4 m o l C / h . 

T h e e s t i m a t e d rate of g l y c e r o l s y n t h e s i s ( R 1 7 6 ) is c l o s e to a 

v a l u e ( 0 . 0 7 mol C / h ) g i v e n by B a l d w i n 8 Y a n g ( 1 9 7 4 ) . 

T h e r a t e of g l u c o s e o x i d a t i o n ( R 1 7 8 ) is f o u n d by b a l a n c i n g t h e 

g l u c o s e p o o l ( C 3 0 ) : 

R 1 7 8 = R 1 6 0 - R 1 7 6 - R 1 7 7 = 2 . 8 5 7 - 0 . 0 7 4 - 2 . 1 0 5 = 0 . 6 7 8 mol C / h . 

T h e K n v a l u e f o r g l u c o s e o x i d a t i o n t h r o u g h the p e n t o s e - P p a t h w a y 
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is low ( 1 . 0 7 m M ) c o m p a r e d to the K m v a l u e for l a c t o s e s y n t h e s i s 

( F o r s b e r g et a l . 1 9 8 5 a ) : 

K 1 7 8 = 1 4 . 8 5 * 1 . 0 7 * 6 / 1 0 0 0 = 0 . 0 9 5 3 mo I C . 

T h e m a x i m a l r a t e of g l u c o s e o x i d a t i o n is t h e n d e r i v e d : 

R 1 7 8 M = 1 .040 mo I C / h . 

N o r m a l l y , t h e r e is no n e t u p t a k e of f r e e f a t t y a c i d s in the m a m -

m a r y t i s s u e ( B i c k e r s t a f f e et a l . 1 9 7 4 , S c h u l t z 1 9 7 4 ) . B u t in ke-

t o t i c and in f a s t e d c o w s h a v i n g v e r y h i g h c o n c e n t r a t i o n s of free 

f a t t y a c i d s in the b l o o d a s i g n i f i c a n t u p t a k e in t h e m a m m a r y g l a n d 

h a s b e e n o b s e r v e d (S c hw a I m et a l . 1 9 6 9 , A n n i s o n 1 9 8 3 , H a w k e 8 T a y -

lor 1 9 8 3 ) . A s f r e e f a t t y a c i d s are t a k e n up in o t h e r t i s s u e s a l o n g 

a c o n c e n t r a t i o n g r a d i e n t ( B e l l 1 9 8 1 , M a d s e n 1 9 8 3 c ) it can be s u g -

g e s t e d t h a t the i n t r a c e l l u l a r c o n c e n t r a t i o n of f r e e f a t t y a c i d s in 

m a m m a r y t i s s u e is a b o u t t h e s a m e as the c o n c e n t r a t i o n in b l o o d 

p l a s m a : 

C 3 1 / V 5 = C 2 6 / V 4 = 1 . 2 4 1 / 1 5 0 = 0 . 0 0 8 3 mol C / l . 

from t h i s the c a l c u l a t i o n of the i n t r a c e l l u l a r p o o l s i z e is 

s t r a i g h t f o r w a r d : 

C31 = 0 . 0 0 8 3 * 1 4 . 8 5 = 0 . 1 2 3 mol C . 

In the m o d e l it is a s s u m e d that- the f a t t y a c i d s s y n t h e s i z e d de 

n o v o and t h e p r e f o r m e d f a t t y a c i d s t a k e n up from b l o o d t r i g l y c e -

r i d e s s h a r e a c o m m o n i n t r a c e l l u l a r p o o l ( C 3 1 ) . T h e a v e r a g e f a t t y 

a c i d c h a i n l e n g t h in t h i s p o o l can be e s t i m a t e d as 14 c a r b o n 

a t o m s , and the p o o l s i z e w i l l t h e n b e : 1 0 0 0 * 0 . 1 2 3 / 1 4 = 8 . 8 m m o I 

f a t t y a c i d s , w h i c h is a b o u t 50% h i g h e r t h a n the i n t r a c e l l u l a r p o o l 

s i z e of long c h a i n f a t t y a c i d s g i v e n by W a g h o r n & B a l d w i n ( 1 9 8 4 ) . 
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E s t e r i f i c a t i o n of f a t t y a c i d s is p r o b a b l y a p r o c e s s c l o s e to equ i • 

L i b r i u m w i t h a r e l a t i v e l y high V r a a x ( B a l d w i n & Y a n g 1 9 7 4 ) . T h e 

r a t e of t r i g l y c e r i d e s y n t h e s i s ( R 1 7 9 ) is a s s u m e d h e r e to be p e r -

f o r m e d at 35% of its a a x i a a L r a t e : 

R 1 7 9 M = R 1 7 9 / 0 . 3 5 = 2 . 9 3 4 / 0 . 3 5 = 8 . 3 8 2 mo I C / h . 

T h e a f f i n i t y c o n s t a n t is t h e n f o u n d a s : 

K 1 7 9 = 0 . 2 2 8 4 mo I C . 

T h e r a t e of f a t t y a c i d o x i d a t i o n ( R 1 8 0 ) is f o u n d by b a l a n c i n g the 

f r e e f a t t y a c i d p o o L in the t i s s u e (C 31 ) : 

R 1 8 0 = R 1 7 2 A + R 1 7 4 - R 1 7 9 = 0 . 2 0 1 mo I C / h . 

A l t h o u g h the c a p a c i ty for f a t t y a c i d t r a n s p o r t a c r o s s the m i t o -

c h o n d r i a l m e m b r a n e and for f a t t y a c i d o x i d a t i o n s e e m s to be high 

in m a m m a r y t i s s u e ( C r a b t r e e et a L. 1 9 8 1 ) the u s a g e of f a t t y a c i d s 

for o x i d a t i o n has a low p r i o r i t y c o m p a r e d to fat s y n t h e s i s ( D a v i s 

8 B a u m a n 1974 ): K 1 8 0 > K 1 7 9 . C rabt ree et a I. (1981 ) h a s e s t i m a t e d 

the a c t i v i t y of c a r n i t i n e p a l m i t o y l t r a n s f e r a s e in cow m a m m a r y 

t i s s u e as 0 . 3 6 m m o I per m i n . per kg wet w e i g h t . T h i s v a l u e is 

a d a p t e d in the m o d e l for e s t i m a t i o n of the m a x i m a l r a t e of f a t t y 

a c i d o x i d a t i o n : 

R 1 8 0 M = 0 . 3 6 * 1 6 * 6 0 * 2 2 * 0 . 9 0 / 1 0 0 0 = 6 . 8 4 3 m o l C / h , 

and the c o r r e s p o n d i ng a f f i n i t y c o n s t a n t : 

K 1 8 0 = 4 . 0 6 5 mo I C 

is m u c h h i g h e r t h a n the a f f i n i t y c o n s t a n t for fat s y n t h e s i s 

( K 1 7 9 ) . 
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T h e r a t e of l a c t o s e s e c r e t i o n is e q u a l to the r a t e of l a c t o s e 

s y n t h e s i s : 

R 1 8 2 = R 1 7 7 = 2 . 1 0 5 m o l C / h . 

T h e c o n t e n t of l a c t o s e in G o l g i v a c u o l e s and s e c r e t o r y v e s i c l e s of 

the a l v e o l a r c e l l s is r e p r e s e n t e d by t h e s t a t e v a r i a b l e €33. T h e 

c o n c e n t r a t i o n of l a c t o s e in the s e c r e t o r y v e s i c l e s is c o n s i d e r e d 

to be t h e s a m e as the c o n c e n t r a t i o n in m i l k (Holt 1 9 8 3 ) , w h i c h ac-

c o r d i n g to the s t a t i c m o d e l is 48 g / k g , e q u i v a l e n t to 1 .7 mo I C / 1 . 

T h e f r a c t i o n a l v o l u m e of s e c r e t o r y v e s i c l e s in l a c t a t i n g m a m m a r y 

t i s s u e can be e s t i m a t e d as 2 - 5 % of t h e a l v e o l a r c e l l v o l u m e (Ho I l-

m a n n 1 9 7 4 , L a r s o n 1 9 7 9 ) . It is a s s u m e d h e r e t h a t t h e s e c r e t o r y 

v e s i c l e s m a k e up 3% of the p a r e n c h y m a : 

€33 = 2 2 * 0 . 9 0 * 0 . 0 3 * 1 . 7 = 1.01 m o l C . 

T h e r a t e c o n s t a n t f o r l a c t o s e s e c r e t i o n i s : 

K 1 8 2 = R 1 8 2 / C 3 3 = 2 . 1 0 5 / 1 .01 = 2 . 0 8 4 h " 1 . 

T h e r a t e of s i l k fat s e c r e t i o n is c a l c u l a t e d a s : 

R 1 8 3 = R 1 7 9 + R 1 8 1 = 2 . 9 3 4 + 0 . 2 0 1 = 3 . 1 3 5 mol C / h . 

T h e s t a t e v a r i a b l e C34 r e p r e s e n t s l i p i d d r o p l e t s in the s e c r e t o r y 

t i s s u e . It can be e s t i m a t e d t h a t t h e v o l u m e of t h e s e p a r t i c l e s 

a c c o u n t s for 7 - 1 0 % of t h e c e l l v o l u m e (Ho I Imann 1 9 7 4 , L a r s o n 

1 9 7 9 ) . It is a s s u m e d h e r e t h a t the l i p i d d r o p l e t s m a k e up 5% of 

t h e p a r e n c h y m a , and t h a t the d e n s i t y of m i l k fat is 0 . 9 g / m I 

( J e n s e n 1 9 6 4 ) : 

C34 = 2 2 * 0 . 9 * 0 . 0 5 * 0 . 9 * 1 0 0 0 = 891 g f a t , e q u i v a l e n t to 

8 9 1 * 3 . 1 3 5 * 2 4 / 1 2 0 0 = 5 5 . 8 6 6 m o l C . 
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T h e r a t e c o n s t a n t for M i l k fat s e c r e t i o n is f o u n d a s : 

K 1 8 3 = R 1 8 3 /C 34 = 3 . 1 3 5 / 5 5 . 8 6 6 = 0 . 0 5 6 h - 1 . 

N i t r o g e n t r a n s a c t i o n s 

T h e r a t e s of m i l k p r o t e i n s y n t h e s i s a n d s e c r e t i o n are d e s c r i b e d as 

f o l l o w s : 

r 59 = R 5 9 M * A 1 8 / (K59 + A 1 8 ) ( m i l k p r o t e i n s y n t h e s i s , mol N / h ) 

r 6 0 = K 6 0 * A 1 9 ( m i l k p r o t e i n s e c r e t i o n , mol N / h ) 

T h e r a t e of p r o t e i n s y n t h e s i s (R 5 9 ) is e q u a l to t h e rate of a m i n o 

a c i d u p t a k e (R51 ) as the o u t f l o w of a m i n o a c i d s f r o m the g l a n d 

(R 5 8 ) is c o n s i d e r e d to be n e g l i g i b l e ( C l a r k et a l . 1 9 7 8 ) : 

R 5 9 = R51 = 0 . 4 5 8 mol N / h . 

F r o m t h e p a p e r s of C l a r k et a l . ( 1 9 8 0 ) , B a u m r u c k e r ( 1 9 8 4 ) , and 

W a g h o r n & B a l d w i n ( 1 9 8 4 ) the i n t r a c e l l u l a r c o n c e n t r a t i o n of f r e e 

a m i n o a c i d s is e s t i m a t e d to be 30 m m o l / l . T h e a v e r a g e m o l e c u l a r 

w e i g h t of p r o t e i n b o u n d a m i n o a c i d s in m i l k p r o t e i n is 116 

( J e n n e s s 1 9 8 2 , S w a i s g o o d 1 9 8 2 ) , and t h e p r o t e i n : n i t r o g e n r a t i o is 

6 . 3 8 ( J e n n e s s 1 9 7 4 ) . From this t h e a m i n o a c i d p o o l s i z e can be 

c a l c u l a t e d : 

A 1 8 = 3 0 * 1 1 6 * 1 4 . 8 5 / ( 6 . 3 8 * 1 4 . 0 1 * 1 0 0 0 ) = 0 . 5 7 8 m o l N . 

A l t h o u g h the m e c h a n i s m of m i l k p r o t e i n s y n t h e s i s and s e c r e t i o n h a s 

b e e n d e s c r i b e d in d e t a i l in s e v e r a l r e v i e w s ( e . g . L a r s o n 1 9 7 9 , 

M e r c i e r & G a y e 1 9 8 2 ) , d a t a on the k i n e t i c a s p e c t s of t h e s e p r o -

c e s s e s are d i f f i c u l t to find in t h e l i t e r a t u r e . H o w e v e r , it is as-
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s u m e d h e r e that t h e a f f i n i t y c o n s t a n t for « i l k p r o t e i n s y n t h e s i s 

is of the s a m e o r d e r as t h e i n t r a c e l l u l a r a m i n o a c i d p o o l : 

K 5 9 = A18 = 0 . 5 7 8 mo I N . 

It f o l l o w s t h a t the m a x i m a l r a t e of p r o t e i n s y n t h e s i s i s : 

R 5 9 M = 0 . 9 1 7 mo I N / h . 

T h e r a t e of m i l k p r o t e i n s e c r e t i o n is e q u a l to t h e r a t e of m i l k 

p r o t e i n s y n t h e s i s : 

R 6 0 = R59 = 0 . 4 5 8 mo I N / h . 

T h e s t a t e v a r i a b l e A 19 r e p r e s e n t s the c o n t e n t of « i l k p r o t e i n in 

G o l g i v a c u o l e s and s e c r e t o r y v e s i c l e s , t h e v o l u m e of w h i c h is 

0 . 5 9 4 I as e s t i m a t e d p r e v i o u s l y . T h e c o n c e n t r a t i o n of p r o t e i n in 

t h e s e v e s i c l e s is a s s u m e d to be e q u a l to the c o n c e n t r a t i o n in 

m i l k , w h i c h is 34 g / k g ( D a n f a r 1 9 8 3 b ) e q u i v a l e n t to 0 . 3 9 mo 1 N / 1 

A 1 9 = 0 . 5 9 4 * 0 . 3 9 = 0 . 2 3 2 mo I N . 

F i n a l l y , the r a t e c o n s t a n t f o r « i l k p r o t e i n s e c r e t i o n is d e r i v e d 

K 6 0 = R 6 0 / A 1 9 = 0 . 4 5 8 / 0 . 2 3 2 = 1 . 9 7 6 h - 1 . 

T h e m u s c l e t i s s u e 

T h e n u t r i e n t s t a k e n up by t h e m u s c l e t i s s u e c o m p a r t m e n t f r o m t h e 

e x t r a c e l l u l a r f l u i d c o m p a r t m e n t are a c e t a t e and k e t o n e b o d i e s 

(R 1 57 ) , g l u c o s e (R 161 ) , f r e e f a t t y a c i d s (R 1 66 ) , and a m i n o a c i d s 

(R 5 2 ) . 
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C a r b o n t r a n s a c t i o n s 

T h e a e t a b o l i s« o f e n e r g y - y i e l d i n g n u t r i e n t s is s i m u l a t e d by the 

e q u a t i o n s b e l o w ; 

R 184 = R 1 8 4 M * C A 20/ ( K 1 8 4 + C A 2 0 ) ( k e t o n e s p r o d u c e d by a m i n o 

T h e t o t a l p r o d u c t i o n of ATP in m u s c l e t i s s u e is e s t i m a t e d as 

a p p r o x i m a t e l y 2 0 0 m o l A T P / d ( M a d s e n 1 9 8 3 c , D a n f œ r 1 9 8 3 b ) . From 

t h i s and from t h e o x i d a t i o n r a t e s of n u t r i e n t s t a k e n up into the 

t i s s u e the r a t e of a m i n o a c i d d e a a i n a t i o n can be c a l c u l a t e d : 

R 1 8 4 = 0 . 1 4 2 m o l C / h . 

T h e a f f i n i t y c o n s t a n t for a m i n o a c i d c a t a b o l i s m is of the s a m e 

o r d e r as the a m i n o a c i d c o n c e n t r a t i o n in b l o o d p l a s m a ( K r e b s 1 9 7 2 

c . f . L i n d s a y 1 9 8 0 ) : 

K 1 8 4 / V 6 = K C A * A 1 6 / V 4 = 3 . 8 * 0 . 5 0 4 / 1 5 0 = 0 . 0 1 2 8 m o l C / L . 

T h e m a s s of m u s c l e p r o t e i n (A21 ) is e s t i m a t e d as 4 3 . 6 kg (see sub-

s e c t i o n 3 . 3 . 3 ) , and the p r o t e i n c o n c e n t r a t i o n in the t i s s u e is 20% 

( H a r p e r 1 9 7 3 , R i i s 1 9 8 3 b ) . T h e w a t e r c o n t e n t in 'muscle t i s s u e is 

7 1 % ( S m i t h & B a l d w i n 1 9 7 4 ) , and t h e v o l u m e o f t i s s u e w a t e r is 

t h e r e f o r e : 

R 1 8 7 = R 1 8 7 M * C 3 6 / ( K 1 8 7 + C 3 6 ) 

R 1 8 8 = R 1 8 8 M * C 3 7 / ( K 1 8 8 + C 3 7 ) 

R 185 = R 1 8 5 M * C 3 5 / ( K 1 8 5 + C 3 5 ) 

R 186 = R 1 8 6 M * C 3 6 / ( K 1 8 6 + C 3 6 ) 

a c i d d e a m i n a t i o n , mo I C / h ) 

( o x i d a t i o n of a c e t a t e and 

k e t o n e bod i e s , mo I C / h ) 

( g l y c o l y s i s i n t o l a c t a t e , 

m o l C / h ) 

( o x i d a t i o n of g l u c o s e , m o l C / h ) 

( o x i d a t i o n of f a t t y a c i d s , 

m o l C / h ) 
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V 6 = 4 3 . 6 * 0 . 7 1 / 0 . 2 0 = 1 5 5 t . 

H e n c e , t h e a f f i n i t y c o n s t a n t for a a i n o a c i d c a t a b o I i sa i s : 

K1 84 = 0 . 0 1 2 8 * 1 5 5 = 1 . 9 8 4 mo I C . 

T h e i n t r a c e l l u l a r p o o l o f f r e e a a i n o a c i d s ( A 2 0 ) is e s t i m a t e d in 

s u b s e c t i o n 3 . 3 . 3 as 4 . 2 5 1 mo I N . C o n v e r t e d into c a r b o n t h i s i s : 

C A 2 0 = K C A * A 2 0 = 3 . 8 * 4 . 2 5 1 = 1 6 . 1 5 4 mo I C . 

T h e n , t h e m a x i m a l r a t e o f a a i n o a c i d d e a a i n a t i o n is o b t a i n e d : 

R 1 8 4 M = 0.1 594 mo I C / h . 

T h e r a t e of a c e t a t e a n d k e t o n e b o d y o x i d a t i o n ( R 1 8 5 ) is the sum of 

t i s s u e u p t a k e ( R 1 5 7 ) a n d e n d o g e n o u s p r o d u c t i o n ( R 1 8 4 ) : 

R 1 8 5 = R 1 5 7 + R 1 8 4 = 0 . 5 7 7 + 0 . 1 4 2 = 0 . 7 1 9 mo I C / h . 

T h e i n t r a c e l l u l a r c o n c e n t r a t i o n s of a c e t a t e and k e t o n e b o d i e s f a l l 

in the r a n g e of 1 - 2 m m o l / k g t i s s u e ( R e i c h & S e l ' k o v 1 9 8 1 ) , w h i c h 

is a b o u t the s a m e as t h e i n t r a c e l l u l a r c o n c e n t r a t i o n in m a m m a r y 

t i s s u e ( F o r s b e r g et a l . 1 9 8 5 b ) : 

C 3 5 / V 6 = C 2 9 / V 5 = 0 . 0 1 mo I C / l . 

H e n c e , t h e p o o l s i z e o f a c e t a t e a n d k e t o n e b o d i e s in m u s c l e t i s s u e 

i s : 

C35 = 0 . 0 1 * V 6 = 0 . 0 1 * 1 5 5 = 1.55 m o l C . 

T h e m a x i m a l c a p a c i t y of a c e t y l - C o A s y n t h e t a s e in m u s c l e t i s s u e is 

0.1 mmo I p e r mi n p e r kg f r e s h w e i g h t ( R e i c h & S e l ' k o v 1 9 8 1 ) . T h i s 
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v a l u e is used to e s t i m a t e the m a x i m a l r a t e of a c e t a t e a n d k e t o n e 

b o d y o x i d a t i o n ; 

R 1 8 5 M = 0 . 1 * 2 * 6 0 * 4 3 . 6 / ( 0 . 2 0 * 1 0 0 0 ) = 2 . 6 1 6 mo I C / h , 

a n d t h e a f f i n i t y c o n s t a n t is d e r i v e d a s : 

K 1 8 5 = 4 . 0 8 9 mo I C . 

T h e r a t e of l a c t a t e p r o d u c t i o n f r o « g L u c o s e (R186 ) is e q u a l to t h e 

r a t e of l a c t a t e o u t f l o w ( R 1 8 9 ) , w h i c h w a s e s t i m a t e d in the p r e -

v i o u s s u b s e c t i o n 3 . 3 . 3 : 

R 1 8 6 = R 1 8 9 = 0 . 4 0 9 mo I C / h . 

T h e i n t r a c e l l u l a r c o n c e n t r a t i o n of g l u c o s e is g e n e r a l l y in the 

mi I I i mo la r range ( R e i c h & S e l ' k o v 1 9 8 1 ) . In m u s c l e t i s s u e it has 

b e e n e s t i m a t e d as 2 m M like in t h e m a m m a r y g l a n d ( M c V e i g h 8 T a r r a n t 

1 9 8 2 , F o r s b e r g et a l . 1 9 8 5 b ) , and the m a s s of t h e g l u c o s e p o o l 

( C 3 6 ) is t h e r e f o r e : 

C 3 6 / V 6 = 2*6/1 0 0 0 = 0 . 0 1 2 mo I C/ I , 

€36 = 0 . 0 1 2 * 1 5 5 = 1 . 8 6 0 m o l C . 

A c c o r d i n g to R e i c h & S e l ' k o v ( 1 9 8 1 ) the m a x i m a l c a p a c i t y of lac-

t a t e d e h y d r o g e n a s e is v e r y h i g h in m u s c l e t i s s u e and t h e p r o d u c -

t i o n of l a c t a t e is a s s u m e d h e r e to o c c u r at 25% of its m a x i m a l 

r a t e : 

R 1 8 6 M = R 1 8 6 / 0 . 25 = 0 . 4 0 9 / 0 . 2 5 = 1 .639 mol C / h . 

T h e a f f i n i t y c o n s t a n t for the p r o c e s s in t h e n c a l c u l a t e d : 

K 1 8 6 = 5 . 5 8 2 m o l C . 
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C o m p a r e d to l a c t a t e d e h y d r o g e n a s e the m a x i m a l c a p a c i t y of p y r u v a t e 

d e h y d r o g e n a s e c o m p l e x is low ( R e i c h 8 S e l ' k o v 1 9 8 1 ) . It is t h e r e -

f o r e a s s u m e d t h a t t h e rate of g l u c o s e o x i d a t i o n t o C O g ( R 1 8 7 ) is 

c o r r e s p o n d i n g l y l o w , and that it is o c c u r r i n g n e a r its a a x i a a I 

r a t e : 

R 1 8 7 = 0 . 0 2 5 mo I C / h , 

R 1 8 7 M = R 1 8 7 / 0 . 9 0 = 0 . 0 2 8 mo I C / h . 

T h e a f f i n i t y c o n s t a n t is c a l c u l a t e d a s : 

K 1 8 7 = 0 . 2 2 3 2 m o l C . 

T h e r a t e of g l u c o s e u p t a k e in t h e m u s c l e t i s s u e c o m p a r t m e n t ( R 1 6 1 ) 

is t h e n c a l c u l a t e d : 

R 1 6 1 = R 1 8 6 + R 187 = 0 . 4 3 4 m o l C / h . 

T h e f r e e f a t t y a c i d s t a k e n up f r o m the e x t r a c e l l u l a r f l u i d ( R 1 6 6 ) , 

e s t i m a t e d in s u b s e c t i o n 3 . 3 . 3 , a r e e x c l u s i v e l y u s e d for o x i d a t i o n : 

R 1 8 8 = R 1 6 6 = 0 . 5 0 0 m o l C / h . 

T h e i n t r a c e l l u l a r c o n c e n t r a t i o n of f r e e f a t t y a c i d s is t a k e n as 
0.1 m m o l / k g t i s s u e ( R e i c h & S e l ' k o v 1 9 8 1 ) and t h e m a s s of t h e f r e e 

f a t t y a c i d p o o l i s , a c c o r d i n g l y : 

C 3 7 = 0 . 1 * 1 6 * 4 3 . 6 / ( 0 . 2 0 * 1 0 0 0 ) = 0 . 3 4 9 m o l C . 

T h e c a p a c i t y for f a t t y acid t r a n s p o r t a c r o s s t h e m i t o c h o n d r i a l 

m e m b r a n e ( c a r n i t i n e p a l m i t o y l t r a n s f e r a s e ) in m u s c l e t i s s u e is m u c h 

h i g h e r t h a n t h e m a x i m a l a c t i v i t y of a c y l - C o A s y n t h e t a s e , w h i c h is 

0.1 m m o I per m i n p e r kg fresh w e i g h t ( R e i c h 8 S e l ' k o v 1 9 8 1 ) . T h i s 
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v a l u e is u s e d in the m o d e l to c a l c u l a t e the n a x i na I r a t e o f f a t t y 

a c i d o x i d a t i o n : 

R 1 8 8 M = 0 . 1 * 1 6 * 6 0 * 4 3 . 6 / ( 0 . 2 0 * 1 0 0 0 ) = 2 0 . 9 2 8 mol C / h . 

T h e a f f i n i t y c o n s t a n t f o r f a t t y a c i d o x i d a t i o n can n o w be d e r i v e d 

K 1 8 8 = 1 4 , 2 5 9 mol C . 

W a l s h et a l . ( 1 9 8 1 ) h a v e m e a s u r e d the c o n c e n t r a t i o n of l a c t a t e in 

o v i n e m u s c l e t i s s u e as 5 m m o I / k g . A c c o r d i n g to t h i s t h e p o o l of 

• u s e le l a c t a t e ( C 3 8 ) is e s t i m a t e d a s : 

C 3 8 = 5 * 3 * 4 3 . 6 / ( 0 . 2 0 * 1 0 0 0 ) = 3 . 2 7 0 m o l C , 

a n d the r a t e c o n s t a n t f o r l a c t a t e o u t f l o w f r o m m u s c l e t i s s u e i s : 

K 1 8 9 = R 1 8 9 / C 3 8 = 0 . 4 0 9 / 3 . 2 7 0 = 0.1 2 5 2 h"1 

as p r e v i o u s l y g i v e n in s u b s e c t i o n 3 . 3 . 3 . 

N i t r o g e n t r a n s a c t i o n s 

T h e r a t e s of a a i n o a c i d a n d p r o t e i n m e t a b o l i s m are d e f i n e d as fol 

l o w s : 

R 6 2 = R 6 2 M * A 2 0 / ( K 6 2 + A 2 0 ) ( m u s c l e p r o t e i n s y n t h e s i s , 

m o l N / h ) 

R 6 2 M = L 6 2 + M 6 2 * I N S U L (mol N / h ) 

R 63 = K 6 3 * A 2 1 ( m u s c l e p r o t e i n b r e a k d o w n , 

m o l N / h ) 
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T h e r a t e of IUSC l e p r o t e i n s y n t h e s i s and t h e f r e e a m i n o a c i d p o o l 

s i z e ( A 2 0 ) a r e e s t i m a t e d in t h e p r e v i o u s s u b s e c t i o n 3 . 3 . 3 : 

R 6 2 = 0 . 1 8 7 mo I N / h , 

A 2 0 = 4 . 2 5 1 m o L N . 

T h e K m v a l u e s for t h e i n i t i a t i o n of p r o t e i n s y n t h e s i s a r e m u c h 

l o w e r t h a n t h e i n t r a c e l l u l a r c o n c e n t r a t i o n s of f r e e a m i n o a c i d s 

( L i n d s a y 1 9 8 0 ) . It f o l l o w s f r o m t h i s t h a t p r o t e i n s y n t h e s i s w i l l 

o c c u r at a r a t e n e a r t h e ntaxinal c a p a c i t y : 

R 6 2 M = R 6 2 / 0 . 9 0 = 0 . 1 8 7 / 0 . 9 0 = 0 . 2 0 8 mo I N / h . 

I n s u l i n s t i m u l a t e s m u s c l e p r o t e i n s y n t h e s i s m o s t l i k e l y b y i n c r e a -

s i n g V m a x ( B e r g m a n & He i t m a n n 1 9 7 8 , W a t e r l o w et a I . 1 9 7 8 c , B u t t e r y 

& V e r n o n 1 9 8 0 , Y o u n g 1 9 8 0 , R i i s 1 9 8 3 a ) . H e n c e , t h e m a x i m a l r a t e 

(R 6 2 M ) is d e p e n d e n t on t h e p l a s m a i n s u l i n c o n c e n t r a t i o n ( I N S U L ) in 

t h e m o d e l . T h e i n d e p e n d e n t p a r t of R 6 2 M is a s s u m e d to be z e r o , a n d 

t h e d e p e n d e n t p a r t is c a l c u l a t e d a c c o r d i n g l y : 

L 62 = 0 . 0 mo I N / h , 

M 6 2 = R 6 2 M / I N S U L = 0 . 2 0 8 / 0 . 5 2 0 = 0 . 3 9 9 mo 1 N * l / ( h * y g ) 

T h e a f f i n i ty c o n s t a n t f o r m u s e l e p r o t e i n s y n t h e s i s is t h e n o b t a i n -

e d : 

K 6 2 = 0 . 4 7 2 3 mo I N . 

N e t p r o t e i n m o b i I i z a t i on f r o m m u s c l e t i s s u e w a s c a l c u l a t e d in t h e 

p r e v i o u s s u b s e c t ion 3 . 3 . 3 as 0 . 0 1 8 m o I N / h . T h e r a t e of m u s e le 

p r o t e i n b r e a k d o w n is e s t i m a t e d as t h e sum of p r o t e i n s y n t h e s i s a n d 

m o b i I i z a t i o n : 

R 6 3 = 0 . 1 8 7 + 0 . 0 1 8 = 0 . 2 0 5 m o I N / h . 

13 
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T h e mass of m u s c l e p r o t e i n is p r e v i o u s l y e s t i m a t e d CA21 = 498 mo I 

N ) , and the r a t e c o n s t a n t for p r o t e i n b r e a k d o w n is d e r i v e d a s : 

K63 = R 6 3 / A 2 1 = 0 . 2 0 5 / 4 9 8 = 4 . 1 * 1 0 - 4 h _ 1 . 

T h e a d i p o s e t i s s u e 

N u t r i e n t s t a k e n up by the a d i p o s e t i s s u e c o m p a r t m e n t from the 

e x t r a c e l l u l a r f l u i d c o m p a r t m e n t are a c e t a t e and k e t o n e b o d i e s 

(R 158 ) , g l u c o s e (R162 ) , fatty a c i d s ( R 1 7 3 A ) , and g l y c e r o l C R 1 7 3 B ) . 

T h e i n t e r m e d i a r y m e t a b o l i s m in this c o m p a r t m e n t is m a i n l y c o n c e r -

ned with l i p i d s y n t h e s i s , I i p o l y s i s , a n d s u b s t r a t e o x i d a t i o n s : 

R 1 9 0 = R 1 9 0 M * C 3 9 / ( K 1 9 0 + C 3 9 ) ( f a t t y acid s y n t h e s i s from 

a c e t a t e and k e t o n e b o d i e s , 

mol C / h ) 

(mol C / h ) 

( o x i d a t i o n of a c e t a t e and 

k e t o n e b o d i e s , mo I C / h ) 

(ox i dat i on of g l u c o s e , mo I C / h ) 

(bod y fat s y n t h e s i s , mo I C / h ) 

(mo I C / h ) 

(esteri f i c a t i o n of b o d y f a t , 

mol C / h ) 

( g l y c e r o l s y n t h e s i s , mo I C/h) 

( b o d y fat b r e a k d o w n into fatty 

a c i d s , mo I C / h ) 

(mol C / h ) 

( b o d y fat b r e a k d o w n into 

g l y c e r o l , mol C / h ) 

R 1 9 0 M = L 1 9 0 + M 1 9 0 * I N S U L 

R 1 91 = R 1 9 1 M * C 3 9 / ( K 1 9 1 + C 3 9 ) 

R193 = R 1 9 3 M * C 4 0 / ( K 1 9 3 + C 4 0 ) 

R195 = R 1 9 5 M * C 4 1 /(K195 + C 4 1 ) 

R195M = L 1 9 5 + M 1 9 5 * I N S U L 

R 1 96 = K1 96 *R 195 

R 1 92 = R196 

R1 97 = R 1 9 7 M * C 4 3 / (K197 + C 4 3 ) 

R197M = L 1 9 7 - M 1 9 7 * I N S U L 

R1 98 = K1 98*R 197 
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A t p e a k l a c t a t i o n (5-6 w e e k s p o s t p a r t u m ) the t o t a l fat c o n t e n t in 

t h e cow is 80 g / k g b o d y w e i g h t ( B u t l e r - H o g g et a l . 1 9 8 5 ) : 

8 0 * 6 0 0 / 1 0 0 0 = 48 k g . T h e fat c o n t e n t in a d i p o s e t i s s u e is g i v e n as 

7 6 0 g / k g by R e i s e r ( 1 9 7 5 ) , a n d the t o t a l m a s s of a d i p o s e t i s s u e is 

c o n s e q u e n t l y c a l c u l a t e d a s : 4 8 / 0 . 7 6 = 6 3 . 2 k g . 

T h e c o n t e n t of w a t e r in a d i p o s e t i s s u e is e s t i m a t e d f r o m S m i t h 8 

B a l d w i n ( 1 9 7 4 ) and from C h r i s t i e ( 1 9 8 1 ) as 70 g / k g t i s s u e : 

V 7 = 6 3 . 2 * 7 0 / 1 0 0 0 = 4 . 4 2 I . 

T h e i n t r a c e l l u l a r c o n c e n t r a t i o n of a c e t a t e and k e t o n e b o d i e s is 

a s s u m e d to be 5 t i m e s h i g h e r t h a n in m u s c l e t i s s u e b e c a u s e of the 

low w a t e r c o n t e n t in a d i p o c y t e s ( R e i c h 8 S e l ' k o v 1 9 8 1 ) : 

C 3 9 / V 7 = 5 * C 3 5 / V 6 = 5 * 0 . 0 1 = 0 . 0 5 mo I C / I , 

a n d the p o o l s i z e of a c e t a t e a n d k e t o n e b o d i e s in a d i p o s e t i s s u e 

is t h e n : 

C 39 = 0 . 0 5 * V 7 = 0 . 0 5 * 4 . 4 2 = 0 . 2 2 1 inol C . 

T h e c o n s u m p t i o n of a c e t a t e a n d k e t o n e b o d i es in f a t t y a c i d s y n t h e -

s i s is 7 . 0 and 0 . 5 m o l / d , r e s p e c t i v e l y , in the s t a t i c m o d e l (Dan-

far 1 9 8 3 b ) : 

R 190 = ( 7 . 0 * 2 + 0 . 5 * 4 ) / 2 4 = 0 . 6 6 7 mol C / h . 

T h e a c t i v i t y of a c e t y l - C o A s y n t h e t a s e in a d i p o s e t i s s u e f r o m lac-

t a t i n g c o w s is 75 n m o l p e r mi n per g ( V e r n o n 1 9 8 1 ) . C o n v e r s i o n of 

t h i s v a l u e i n t o t e r m s u s e d in the m o d e l g i v e s : 75 * 2 * 6 0 * 6 3 . 2 / 1 06 = 

0 . 5 7 m o l a c e t a t e - C / h , w h i c h is a l m o s t the s a m e as t h e c o r r e s p o n d -

ing r a t e in the m o d e l ( 7 . 0 * 2 / 2 4 = 0 . 5 8 m o l a c e t a t e - C / h ) . 

13* 
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A c e t y L-CoA c a r b o x y l a s e is g e n e r a l l y c o n s i d e r e d to be the r a t e - I i-

m i t i n g e n z y m e in t h e f a t t y a c i d s y n t h e t i c p a t h w a y ( B a u n a n 1 9 7 6 , 

V e r n o n 1 9 8 1 ) . E s t i m a t e s of t h e a c t i v i t y of t h i s e n z y m e v a r y from 

10 to 90 n m o l per mi n per g t i s s u e ( V e r n o n 1 9 8 1 ) , and t h e h i g h e s t 

v a l u e is u s e d h e r e to c a l c u l a t e the m a x i n a t r a t e of f a t t y a c i d 

s y n t h e s i s : 

9 0 * 2 * 6 0 * 6 3 . 2 / 1 0 6 = 0 . 6 8 3 mo I a c e t a t e - C / h , 

R 1 9 0 M = 0 . 6 8 3 * ( 7 . 0 * 2 + 0 . 5 * 4 ) / ( 7 . 0 * 2 ) = 0 . 7 8 0 mo I C / h . 

I n s u l i n s t i m u l a t e s the a c t i v i t y of a c e t y 1 - C o A c a r b o x y l a s e by 

i n c r e a s i n g V m a x ( Y a n g 8 B a l d w i n 1 9 7 3 b , H a y s t e a d 8 H a r d i e 1 9 8 6 ) . 

T h e i n d e p e n d e n t p a r t of R 1 9 0 M is a s s u m e d to be z e r o ( L 1 9 0 = 0 . 0 

mo I C / h ) , and t h e d e p e n d e n t p a r t is c o n s e q u e n t l y ; 

M 1 9 0 = R 1 9 0 M / I N S U L = 0 . 7 8 0 / 0 . 5 2 0 = 1 . 5 0 0 mo I C * l / ( h * p g ) . 

E s t i m a t i o n of t h e a f f i n i t y c o n s t a n t for f a t t y a c i d s y n t h e s i s 

g i v e s : 

K 1 9 0 = 0 . 0 3 7 6 mo I C . 

T h e rate of a c e t a t e a n d k e t o n e b o d y o x i d a t i o n is f o u n d by b a l a n -

c i n g the s u b s t r a t e p o o l ( C 3 9 ) : 

R 1 9 1 = R 1 5 8 - R 1 9 0 = 1 . 3 7 7 - 0 . 6 6 7 = 0 . 7 1 0 m o l C / h . 

In i s o l a t e d b o v i n e a d i p o c y t e s t h e a p p a r e n t K m v a l u e for a c e t a t e 

o x i d a t i o n is h i g h e r t h a n t h a t for a c e t a t e c o n v e r s i o n i n t o fat 

( Y a n g 8 B a l d w i n 1 9 7 3 b ) . from the r e s u l t s of t h e s e a u t h o r s it can 

be r o u g h l y e s t i m a t e d t h a t the a f f i n i t y c o n s t a n t f o r a c e t a t e a n d 

k e t o n e b o d y o x i d a t i o n is 6 t i m e s h i g h e r t h a n for f a t t y a c i d s y n -

t h e s i s : 
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K 1 9 1 = K 1 9 0 * 6 = 0 . 0 3 7 6 * 6 = 0 . 2 2 5 6 mo L C . 

T h e m a x i m a I r a t e of o x i d a t i o n is t h e n c a l c u l a t e d a s : 

R 1 9 1 M = 1 . 4 3 5 mo I C / h . 

T h e e s t i m a t i o n of the r a t e of f a t t y a c i d e s t e r i fi c a t i o n C R 1 9 5 , 

R 1 9 6 ) is b a s e d on r e p o r t e d e n z y m a t i c a c t i v i t i e s in cow a d i p o s e 

t i s s u e ( Y o u s e f et a l . 1 9 6 9 , B a l d w i n 8 S m i t h 1 9 7 1 , B e n s o n & E m e r y 

1 9 7 1 , B e n s o n et a l . 1 9 7 2 , B a l d w i n et a l . 1 9 7 3 , S h i r l e y et a t . 

1 9 7 3 ) , w h i c h r a n g e from 0 . 2 to 2 8 . 8 n m o t f a t t y a c i d s per mi n per g 

t i s s u e . C o n s i d e r i n g the a c t u a l s t a g e of l a c t a t i o n of the m o d e l cow 

a v a l u e of 1 3 . 2 nmo I per m i n p e r g is c h o s e n : 

R 1 9 5 = 1 3 . 2 * 1 6 * 6 0 * 6 3 . 2 / 1 0 6 = 0 , 8 0 0 m o t C / h , 

R 1 9 6 = K 1 9 6 * R 195 = 0 . 0 6 2 5 * 0 . 8 0 0 = 0 . 0 5 0 m o l C / h . 

T h e c o n c e n t r a t i o n of i n t r a c e l l u l a r f r e e f a t t y a c i d s C C 4 1 / V 7 ) 

is e s t i m a t e d as 3 m m o I f a t t y a c i d s per kg t i s s u e ( V e r n o n 1 9 7 5 , 

S m i t h 8 W a l s h 1 9 8 4 , H c N a m a r a & H i t l e r s 1 9 8 6 b & c ) : 

C41 = 3 * 1 6 * 6 3 . 2 / 1 0 0 0 = 3 . 0 4 m o l C . 

It has b e e n q u e s t i o n e d if i n s u l i n is an i m p o r t a n t r e g u l a t o r of 

f a t t y acid e s t e r i f i c a t i o n in r u m i n a n t a d i p o s e t i s s u e ( V e r n o n 1 9 8 0 , 

P r i o r 8 S m i t h 1 9 8 2 ) . H o w e v e r , i n s u l i n s e e m s to d e c r e a s e the r e l e a -

se of f a t t y a c i d s from the t i s s u e (Yang & B a l d w i n 1 9 7 3 a , B a s s e t t 

1 9 7 8 ) , and it is a s s u m e d h e r e t h a t i n s u l i n s t i m u l a t e s t h e M a x i m a I 

r a t e o f f a t t y a c i d e s t e r i f i c a t i o n . T h i s p a r a m e t e r ( R 1 9 5 M ) is e s t i -

m a t e d from the h i g h e s t r e p o r t e d rate of e s t e r i f i c a t i o n , 29 nmo t 

f a t t y a c i d s per mi n per g t i s s u e ( B a l d w i n et a l . 1 9 7 3 ) : 

R 1 9 5 M = 2 9 * 1 6 * 6 0 * 6 3 . 2 / 1 0 6 = 1 . 7 5 9 mol C / h . 
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T h e i n d e p e n d e n t p a r t of the m a x i m a l rate is a s s u m e d to be z e r o 

(LI 95 = 0 . 0 mo I C / h) , and the d e p e n d e n t p a r t (Ml 95 ) is c a l c u l a t e d 

a s : 

M 1 9 5 = R 1 9 5 M / I N S U L = 1 . 7 5 9 / 0 . 5 2 0 = 5 . 3 8 3 mo I €*l/(h*jjg). 

F r o m t h e p a r a m e t e r s o b t a i n e d a b o v e t h e a f f i n i t y c o n s t a n t f o r f a t t y 

a c i d e s t e r i fi cat ion is f o u n d : 

K 1 9 5 = 3 . 6 4 4 2 m o l €. 

T h e r a t e of g l y c e r o l s y n t h e s i s f r o m g l u c o s e ( R 1 9 2 ) is e q u a l to t h e 

r a t e of g l y c e r o l u s e d for f a t t y a c i d e s t e r i fi cat ion (R 196 ) : 

R 1 9 2 = R 1 9 6 = 0 . 0 5 0 mol C / h . 

T h e a m o u n t of g l u c o s e not u s e d for g l y c e r o l s y n t h e s i s is a s s u m e d 

to be o x i d i z e d t o C O 2 via the p e n t o s e - P p a t h w a y t h u s s u p p l y i n g 

N A D P H for f a t t y a c i d s y n t h e s i s ( B a l d w i n et a l . 1 9 7 3 , Y a n g 8 B a l d -

w i n 1 9 7 3 b , B a l d w i n et a l . 1 9 7 6 ) : 

R 1 9 3 = R 1 6 2 - R 1 9 2 = 0 . 1 9 1 - 0 . 0 5 0 = 0 . 141 m o l C / h . 

T h i s r a t e is w i t h i n a r a n g e of in v i t r o v a l u e s of g l u c o s e c o n v e r -

s i o n i n t o CO2 in b o v i n e a d i p o s e t i s s u e ( B a l d w i n et a l . 1 9 7 3 , 

P o t h o v e n 8 B e i t z 1 9 7 3 , S m i t h & P r i o r 1 9 8 6 ) : 5 . 8 - 6 . 6 n m o I per mi n 

p e r g e q u i v a l e n t to 0 . 1 3 - 0 . 1 5 m o l C / h . 

T h e f r a c t i o n of a v a i l a b l e g l u c o s e u t i l i z e d in g l y c e r o l s y n t h e s i s 

i s : R 1 9 2 / R 1 6 2 = 0 . 0 5 0 / 0 . 1 9 1 = 0 . 2 6 as f o u n d by Y a n g and B a l d w i n 

( 1 9 7 3 b ) c . f . V e r n o n ( 1 9 8 1 ) . 
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T h e i n t r a c e l l u l a r c o n c e n t r a t i o n of g l u c o s e in a d i p o s e t i s s u e is 

a s s u m e d to be 0 . 0 6 m o l C/l ( E i c h n e r & A r n o l d 1 9 7 9 ) , w h i c h is 5 

t i m e s h i g h e r t h a n in t i s s u e s w i t h a h i g h m o i s t u r e c o n t e n t , i . e . 

m a m m a r y g l a n d and m u s c l e s ( C 3 0 / V 5 = C 3 6 / V 6 = 0 . 0 1 2 m o l C / l ) . 

H e n c e , the g l u c o s e p o o l s i z e in a d i p o s e t i s s u e i s : 

€40 = 0 . 0 6 *V7 = 0 . 0 6 * 4 . 4 2 = 0 . 2 6 5 m o l C . 

T h e m a x i m a l r a t e of g l u c o s e o x i d a t i o n is e s t i m a t e d f r o m the h i g h -

e s t v a l u e s of CO;? p r o d u c t i o n from g l u c o s e in s u b c u t a n e o u s a d i p o s e 

t i s s u e <62 n m o I per min per g) f o u n d by P o t h o v e n & B e i t z ( 1 9 7 3 ) : 

R 1 9 3 M = 6 2 * 6 0 * 6 3 . 2 / 1 0 6 = 0 . 2 3 5 mol C / h . 

T h e a f f i n i t y c o n s t a n t is t h e n o b t a i n e d : 

K 1 9 3 = 0 . 1 7 7 5 mol C . 

T h e r e l e a s e of f a t t y a c i d s f r o « t h e a d i p o s e t i s s u e is e s t i m a t e d i 

t h e p r e v i o u s s u b s e c t i o n 3 . 3 . 3 : 

R 1 94 = 1 . 6 1 0 mol C / h . 

T h i s v a l u e is in a g r e m e n t w i t h r e s u l t s f r o m in v i t r o s t u d i e s of 

M e t z & van den B e r g h ( 1 9 7 7 ) and M c N a m a r a & H i l l e r s ( 1 9 8 6 a ) . 

T h e r a t e c o n s t a n t f o r f a t t y a c i d r e l e a s e i s : 

K 1 9 4 = R 1 9 4 / C 4 1 = 1 . 6 1 0 / 3 . 0 4 = 0 . 5 2 9 6 h"1 . 

T h e r a t e o f I i po lysi s ( R 1 9 7 ) is c a l c u l a t e d by b a l a n c i n g the intra 

c e l l u l a r p o o l of f r e e f a t t y a c i d s ( C 4 1 ) : 
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R 1 9 7 = R 1 9 4 + R 195- ( R 1 7 3 A + R 190 ) 

= 1 . 6 1 0 + 0 . 8 0 0 - C 0 . 2 9 0 + 0 . 6 6 7 ) = 1 . 4 5 3 moL C / h , 

w h i c h is of the s a m e o r d e r as l i p o l y t i c r a t e s f o u n d in v i t r o by 

M e t z 8 van den B e r g h ( 1 9 7 7 ): 1 2 - 2 8 nmo I f a t t y a c i d s per mi n per g 

t i s s u e c o r r e s p o n d i n g to 0 . 7 - 1 . 7 mo I C / h . 

T h e a d i p o s e t i s s u e c o m p a r t m e n t c o n t a i n s 48 kg f a t . A s s u m i n g t h a t 

it is a l l t r i p a l m i t i n the p o o l s i z e o f b o d y f a t is o b t a i n e d a s : 

€43 = 4 8 * 5 1 / 0 . 8 0 7 = 3 0 3 0 mol C . 

T h e m a x i m a l r a t e of l i p o l y s i s is e s t i m a t e d from a n o r e p i n e p h r i n e 

s t i m u l a t e d f a t t y a c i d r e l e a s e of 3 . 5 mmo I per h p e r kg t i s s u e 

( M c N a m a r a 8 Hi llers 1 9 8 6 a ) : 

R 1 9 7 M = 3 . 5 * 1 6 * 6 3 . 2 / 1 0 0 0 = 3 . 5 3 9 m o l C / h . 

A s d i s c u s s e d by D a n f aer ( 1 9 8 3 b ) t h e "ant i mobi I i z i n g " e f f e c t of in-

s u l i n c o u l d be d u e to a s t i m u l a t e d e s t e r i f i c a t i o n , an i n h i b i t e d 

l i p o l y s i s , or b o t h . It is a s s u m e d h e r e t h a t i n s u l i n to s o m e e x t e n t 

d e c r e a s e s the m a x i m a l r a t e of l i p o l y s i s ( R 1 9 7 M ) . It is f u r t h e r 

a s s u m e d that in late l a c t a t i o n w h e n the i n s u l i n c o n c e n t r a t i o n is 

i n c r e a s e d ( I N S U L = 0 . 8 0 n g / m l ) , t h e m a x i m a l r a t e of l i p o l y s i s is 

o n l y 1 0 % of its v a l u e in e a r l y l a c t a t i o n ( I N S U L = 0 . 5 2 n g / m l ) : 

L 1 9 7 - M 1 9 7 * 0 . 5 2 = 3 . 5 3 9 mol C / h 

L 1 9 7 - M 1 9 7 * 0 . 8 0 = 0 . 3 5 4 mol C / h 

L 1 9 7 = ( 3 . 5 3 9 * 0 . 8 0 - 0 . 3 5 4 * 0 . 52 ) / ( 0 . 8 0 - 0 . 5 2 ) = 9 . 4 5 4 mol C/h 

M1 97 = ( 9 . 4 5 4 - 3 . 5 3 9 ) / 0 . 5 2 = 11 . 3 7 5 m o l C * l / ( h * j j g ) . 

T h e a f f i n i t y c o n s t a n t for l i p o l y s i s is now d e r i v e d : 

K 1 9 7 = 4 3 4 9 . 6 m o l C . 
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G l y c e r o l from d e g r a d e d b o d y fat is not reuti l i z e d in t h e a d i p o s e 

t i s s u e b e c a u s e of a v e r y low a c t i v i t y of g l y c e r o l k i n a s e ( K h a c h a -

d u r i an et a l . 1 9 6 7 , H o o d et a t . 1 9 7 2 , M a r t i n & W i l s o n 1 9 7 4 ) . T h e 

r a t e of g l y c e r o l r e l e a s e f r o m d e g r a d e d b o d y fat ( R 1 9 8 ) is o b t a i n e d 

f r o m the rate of I i p o I y s i s (R 197 ) : 

R 1 9 8 = 0 . 0 6 2 5 * 1 . 4 5 3 = 0 . 0 9 1 m o t C / h . 

T h e r a t e of t o t a l o u t f l o w of g l y c e r o l from the a d i p o s e t i s s u e 

( R 1 9 9 ) is t h e n c a l c u l a t e d by b a l a n c i n g the g l y c e r o l p o o l ( C 4 4 ) : 

R 1 9 9 = R 1 7 3 B + R 1 9 8 = 0 . 0 1 8 + 0 . 0 9 1 = 0 . 1 0 9 mot C / h . 

T h e c o n c e n t r a t i o n of g l y c e r o l in a d i p o s e t i s s u e is p r o b a b l y h i g h e r 

t h a n in t h e e x t r a c e l l u l a r f l u i d : C 4 4 / V 7 > 0 . 1 0 5 m m o I C / I (see s u b -

s e c t i o n 3 . 3 . 3 ) . T h e r a t i o b e t w e e n t h e c o n c e n t r a t i o n of f r e e f a t t y 

a c i d s in a d i p o s e t i s s u e and in t h e e x t r a c e l l u l a r f l u i d i s : 

( C 4 1 / V 7 ) / ( C 2 6 / V 4 ) = 8 3 , and the c o r r e s p o n d i n g r a t i o for g l y c e r o l 

is a s s u m e d to be 1 0 0 : ( C 4 4 / V 7 ) / ( 1 . 0 5 * 1 0 " ^ ) = 1 0 0 . H e n c e , t h e a a s s 

of f r e e g l y c e r o l in a d i p o s e t i s s u e is c a l c u l a t e d a s : 

C 4 4 = 1 0 0 * 4 . 4 2 * 1 . 0 5 / 1 0 ^ = 0 . 0 4 6 mo I C , 

and t h e r a t e c o n s t a n t f o r g l y c e r o l o u t f low from the a d i p o s e t i s s u e 

is f i n a l l y o b t a i n e d a s : 

K1 99 = R 1 9 9 / C 4 4 = 0 . 1 0 9 / 0 . 0 4 6 = 2 . 3 7 0 h " 1 . 

O t h e r t i s s u e s 

T h i s c o m p a r t m e n t c o m p r i s e s t i s s u e s w h i c h are not d e a l t w i t h in t h e 

f o r e g o i n g s u b s e c t i o n s , i . e . b o n e s , c o n n e c t i v e t i s s u e , n e r v e and 

b r a i n t i s s u e s , b l o o d c e l l s , l u n g s , h a i r , h o o f s e t c . N u t r i e n t s 
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t a k e n up f r o m the e x t r a c e l l u l a r f l u i d c o m p a r t m e n t are a c e t a t e and 

k e t o n e b o d i e s (R 1 59 ) , g l u c o s e (R 163 ) , f r e e f a t t y a c i d s (R 1 67 ) , and 

a m i n o a c i d s (R 5 3 ) . 

C a r b o n t r a n s a c t i o n s 

T h e f o l l o w i n g e q u a t i o n s d e s c r i b e t h e n u t r i e n t o x i d a t i o n s : 

R 200 = R 2 0 0 M * C 4 5 / ( K 2 0 0 + C 4 5 ) ( o x i d a t i o n of a c e t a t e and 

T h e r a t e of a c e t a t e a n d k e t o n e b o d y o x i d a t i o n is e q u a l to the r a t e 

of t i s s u e u p t a k e ( R 1 5 9 ) : 

R 2 0 0 = R 1 5 9 = 1 . 0 1 9 mo I C / h , 

and t h i s is a s s u m e d to o c c u r at 6 0 % of the m a x i Ha I r a t e : 

R 2 0 0 M = 1 . 0 1 9 / 0 . 6 0 = 1 .699 mo I C / h . 

T h e i n t r a c e l l u l a r c o n c e n t r a t i o n of a c e t a t e and k e t o n e b o d i e s is 

a s s u m e d to be t h e s a m e as in m a m m a r y and m u s c l e t i s s u e s : 

C 4 5 / V 8 = C 2 9 / V 5 = C 3 5 / V 6 = 0.01 m o l C / l . 

T h e v o l u m e of " « e t a b o l i e " w a t e r in t h e o t h e r t i s s u e c o m p a r t m e n t is 

e s t i m a t e d a s : 

R 201 = R 2 0 1 M * C 4 6 / ( K 2 0 1 + C 4 6 ) 

R 202 = R 2 0 2 M * C 4 7 / ( K 2 0 2 + C 4 7 ) 

k e t o n e b o d i e s , m o l C / h ) 

( o x i d a t i o n of g l u c o s e , mol C / h ) 

( o x i d a t i o n of f a t t y a c i d s , 

m o l C / h ) 

V 8 = 2 0 . 0 I , 
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a n d the m a s s of t h e a c e t a t e a n d k e t o n e b o d y p o o l is c o n s e q u e n t l y 

C45 = 0 . 0 1 * 2 0 . 0 = 0 . 2 0 0 mol C . 

T h e a f f i n i t y c o n s t a n t for a c e t a t e a n d k e t o n e b o d y o x i d a t i o n is 

c a l c u l a t e d a s : 

K 2 0 0 = 0 . 1 3 3 2 m o l C . 

T h e r a t e of g l u c o s e o x i d a t i o n (R 2 0 1 ) is e q u a l to the rate of glu 

c o s e u p t a k e (R 163 ) : 

R 201 = R 1 6 3 = 0 . 0 8 6 m o l C / h . 

T h e i n t r a c e l l u l a r c o n c e n t r a t i o n of g l u c o s e is a s s u m e d to be t h e 

s a m e as in the m a m m a r y g l a n d and m u s c l e t i s s u e : 

C 4 6 / V 8 = C 3 0 / V 5 = C 3 6 / V 6 = 0 . 0 1 2 mol C / l , 

a n d t h e g l u c o s e p o o l s i z e in o t h e r t i s s u e s is a c c o r d i n g l y : 

C 46 = 0 . 0 1 2 * V 8 = 0 . 0 1 2 * 2 0 . 0 = 0 . 2 4 0 m o l C . 

It is a s s u m e d t h a t g l u c o s e is o x i d i z e d at a r a t e n e a r the a a x i a a 

c a p a c i t y : 

R 201 M = R201 / 0 . 8 5 = 0 . 0 8 6 / 0 . 8 5 = 0 . 1 0 1 mol C / h , 

and the a f f i n i t y c o n s t a n t for g l u c o s e o x i d a t i o n can t h e n be 

o b t a i n e d a s : 

K 2 0 1 = 0 . 0 4 4 9 m o l C . 
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F a t t y a c i d s a r e o x i d i z e d (R 202 ) at the same rate as t h e y a r e t a k e n 

up (R 167 ): 

R 202 = R167 = 0 . 1 6 7 mol C / h . 

T h e i n t r a c e l l u l a r c o n c e n t r a t i o n of free fatty a c i d s is t a k e n to be 

e q u a l to that in m u s c l e t i s s u e : 

C 4 7 / V 8 = C 3 7 / V 6 = 0 . 0 0 2 2 5 mol C / l , 

and the free f a t t y a c i d p o o l s i z e is t h e r e f o r e : 

€47 = 0 . 0 0 2 2 5 *V8 = 0 . 0 0 2 2 5 * 2 0 . 0 = 0 . 0 4 5 mol C . 

As in m u s c l e t i s s u e , the a f f i n i t y c o n s t a n t for f a t t y a c i d o x i d a -

t i o n is s u p p o s e d to be high c o m p a r e d to the s u b s t r a t e p o o l s i z e : 

K 2 0 2 / C 4 7 = K 1 8 8 / C 3 7 = 1 4 . 2 5 9 / 0 . 3 4 9 , 

K 2 0 2 = 0 . 0 4 5 * 1 4 . 2 5 9 / 0 . 3 4 9 = 1 .839 mol C . 

H e n c e , the a a x i a a I r a t e is d e r i v e d a s : 

R 2 0 2 M = 6 . 9 7 8 mol C / h . 

jj j„.Lr„g„9„f_p „ i . a üs.a... c * j q n s 

T h e last two e q u a t i o n s d e f i n e the a m i n o a c i d and p r o t e i n a e t a b o -

li s u : 

R 65 = R 6 5 M * A 2 2 / ( K 6 5 + A 2 2 ) 

R 66 = K66 *A 23 

( p r o t e i n s y n t h e s i s , mol N / h) 

( p r o t e i n b r e a k d o w n , m o l N / h) 
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T h e p r o t e i n s y n t h e s i s r a t e is e q u a l to t h e rate of a m i n o a c i d up-

t a k e C R 5 3 ) : 

R65 = R 5 3 = 0 . 1 9 2 mo I N / h . 

T h e i n t r a c e l l u l a r p o o l o f f r e e a m i n o a c i d s is e s t i m a t e d in s u b -

s e c t i o n 3 . 3 . 3 : 

A 2 2 = 2 . 8 1 7 mo I N . 

A s in m u s c l e t i s s u e , p r o t e i n s y n t h e s i s is t a k e n to be o c c u r r i n g at 

a r a t e n e a r t h e m a x i m a l c a p a c i t y : 

R 6 5 M = R 6 5 / 0 . 9 0 = 0 . 1 9 2 / 0 . 9 0 = 0 . 2 1 4 m o l N / h . 

F r o m t h e s e p a r a m e t e r v a l u e s the a f f i n i t y c o n s t a n t f o r p r o t e i n s y n -

t h e s i s is o b t a i n e d : 

K65 = 0 . 3 1 3 m o l N . 

T h e rate of p r o t e i n b r e a k d o w n ( R 6 6 ) can be f o u n d by b a l a n c i n g t h e 

f r e e a m i n o a c i d p o o l (A 22 ) : 

R 6 6 = R 6 4 + R 6 5 - R 5 3 = R 6 4 = 0 . 2 0 3 m o l N / h , 

or from t h e p r o t e i n b a l a n c e (= - 0 . 7 m o l N / d ) in b o d y t i s s u e s e s t i -

m a t e d in t h e p r e v i o u s s u b s e c t i o n 3 . 3 . 3 : 

( R 6 3 - R 6 2 ) + ( R 6 6 - R 6 5 ) = 0 . 7 m o l N / d , 

R 6 6 = 0 . 7 / 2 4 + R 6 2 + R 6 5 - R 6 3 = 0 . 2 0 3 m o l N / h . 

T h e m a s s of t h e p r o t e i n p o o L (A 2 3 ) is © s t i m a t G d in t h e f o r e g o i n g 

s u b s e c t i o n 3 . 3 . 3 : 
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A 23 = 3 3 0 mo I N , 

a n d t h e r a t e c o n s t a n t for p r o t e i n b r e a k d o w n is f i n a l l y d e r i v e d : 

K 6 6 = R 6 6 / A 2 3 = 0 . 2 0 3 / 3 3 0 = 6 . 2 * 1 0 " ^ h _ 1 . 

3 . 3 . 5 W h o l e a n i m a l p e r f o r m a n c e 

In t h i s s u b s e c t i o n e q u a t i o n s w h i c h r e l a t e the a p p r o p r i a t e m e t a -

b o l i c r a t e s to w h o l e a n i m a l p e r f o r m a n c e are p r e s e n t e d and c o m m e n -

t e d on . 

T h i s p a r t of the c o m p u t e r p r o g r a m is f o r m u l a t e d in the SAS p r o -

g r a m m i n g l a n g u a g e (SAS U s e r ' s G u i d e 1 9 8 2 a & b ) and is s h o w n in 

A p p e n d i x 4 . T h e c a l c u l a t e d p a r a m e t e r s are feed i n t a k e , m i l k y i e l d 

a n d m i l k c o m p o s i t i o n , live w e i g h t g a i n , a n d a s p e c t s of e n e r g y 

m e t a b o l i s m . 

D a i l y f e e d i n t a k e a n d t h e p r o d u c t i o n of « i l k a n d » i l k c o n s t i t u e n t s 

a r e d e r i v e d by t h e f o l l o w i n g e q u a t i o n s : 

D H I = I N T G R L ( 0 . 0 , F T ) (dry m a t t e r i n t a k e , k g / d ) 

L A C T = F 1 8 2 * 2 8 . 5 2 5 ( m i l k l a c t o s e p r o d u c t i o n , g / d ) 

M I L K = L A C T / 4 8 . 0 ( m i l k p r o d u c t i o n , k g / d ) 

F A T = F 1 8 3 * ( 1 6 . 1 74 + L 1 7 9 * 1 2 . 6 8 2 ) / ( 1 + L 1 7 9 ) 

C FAT = F A T / M I L K 

P R O = F 6 0 * 8 9 . 3 8 4 

C PRO = P R O / M I L K 

( m i l k fat p r o d u c t i o n , g / d ) 

( m i l k fat c o n t e n t , g / k g ) 

( m i l k p r o t e i n p r o d u c t i o n , g / d ) 

( m i l k p r o t e i n c o n t e n t , g / k g ) 
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I n t a k e o f f e e d d r y M a t t e r is c a l c u l a t e d by i n t e g r a t i o n of the r a t e 

v a r i a b l e , F T , o v e r 24 h . FT is the r a t e of dry m a t t e r i n t a k e and 

h a s the n u m e r i c a l v a l u e 0 . 0 or 3 . 3 kg d r y m a t t e r p e r h d e p e n d i n g 

on w h e t h e r the cow is e a t i n g or not (see s u b s e c t i o n 3 . 2 . 1 and s u b -

r o u t i n e R E G U L 1 , A p p e n d i x 2 ) . 

T h e p r o d u c t i o n o f l a c t o s e is o b t a i n e d f r o m the r a t e of l a c t o s e 

s e c r e t i o n (R 182 ) : 

F182 = I N T G R L ( 0 . 0 , R 1 8 2 ) . 

At this s t a g e t h e n u t r i e n t f l u x e s ( m o l / d ) are c a l c u l a t e d by m u l t i -

p l y i n g t h e r a t e s (mo I / h ) e s t i m a t e d p r e v i o u s l y by 2 4 : 

f182 = R 1 8 2 * 2 4 = 2 . 1 0 5 * 2 4 = 5 0 . 5 2 0 mo I C / d . 

T h e c o n v e r s i o n f a c t o r is c a l c u l a t e d f r o m t h e m o l e c u l a r w e i g h t 

( 3 4 2 . 3 ) and the n u m b e r of c a r b o n a t o m s per m o l e ( 1 2 ) : 

L A C T = F 1 8 2 * 3 4 2 . 3 / 1 2 = 5 0 . 5 2 0 * 2 8 . 5 2 5 = 1441 g / d . 

T h e m i l k y i e l d is c a l c u l a t e d on the a s s u m p t i o n t h a t t h e m i l k lac-

t o s e c o n c e n t r a t i o n is c o n s t a n t ( D a v i e s et a l . 1 9 8 3 ) . T h e c o n t e n t 

of l a c t o s e in m i l k is t a k e n to be 48 g / k g as in t h e s t a t i c m o d e l 

( D a n f s r 1 9 8 3 b ) : 

M I L K = L A C T / 4 8 . 0 = 1 4 4 1 / 4 8 . 0 = 3 0 . 0 k g / d . 

T h e rate of m i l k fat s e c r e t i o n is d e r i v e d from t h e p r o d u c t i o n 

r a t e s of f a t t y a c i d s ( R 1 7 9 ) and g l y c e r o l in m i l k fat (R181 ) . T h e 

m a s s of m i l k f a t t y a c i d s p r o d u c e d is g i v e n in s u b s e c t i o n 3 . 3 . 4 as 

1 1 3 8 . 7 g / d , and the f l u x of m i l k f a t t y a c i d s i s : F 1 7 9 = R 1 7 9 * 2 4 = 
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7 0 . 4 0 5 mo I t / d . T h e m a s s of f a t t y a c i d s per mot C is t h e n : 

1 1 3 8 , 7 / 7 0 . 4 0 5 = 1 6 . 1 7 4 g / m o l C . 

T h e m o l e c u l a r w e i g h t s of g l y c e r o l and w a t e r are 9 2 . 0 9 4 and 1 8 . 0 1 6 , 

r e s p e c t i v e l y . H e n c e , the m a s s of g l y c e r o l per mo 1 € c o r r e c t e d for 

loss of H 2 O d u r i n g e s t e r i f i c a t i o n i s : 

9 2 . 0 9 4 / 3 - 1 8 . 0 1 6 = 1 2 . 6 8 2 g / m o l C . 

T h e r a t e of p r o d u c t i on o f m i l k fat can now be o b t a i n e d : 

FAT = F 1 7 9 * 1 6 . 1 7 4 + F 1 8 1 * 1 2 . 6 8 2 

FAT = F 1 7 9 * ( 1 6 . 1 7 4 + L 1 7 9 * 1 2 . 6 8 2 ) 

F 1 8 3 = F179 + F181 = F 1 7 9 * ( 1 + L 1 7 9 ) 

F 1 7 9 = F1 8 3 / ( 1 + L 1 7 9 ) 

F 1 8 3 = R183 *2 4 = 3 . 1 3 5 * 2 4 = 7 5 . 2 4 0 mo I C/d 

FAT = F 1 8 3 * ( 1 6 . 1 7 4 + L 1 7 9 * 1 2 . 6 8 2 ) / ( 1 + L 1 7 9 ) 

= 7 5 . 2 4 0 * ( 1 6 . 1 7 4 + 0 . 0 6 8 6 3 * 1 2 . 6 8 2 ) / 1 . 0 6 8 6 3 

C FAT = F A T / M I L K = 1 2 0 0 / 3 0 . 0 = 

= 1 2 0 0 g/d 

40 g / k g . 

T h e r a t e of B i l k p r o t e i n p r o d u c t i o n is c a l c u l a t e d f r o m the r a t e of 

p r o t e i n s e c r e t i o n ( R 6 0 ) . T h e m a s s of m i l k p r o t e i n p e r g m i l k N is 

6 . 3 8 g ( J e n n e s s 1 9 7 4 ) a n d the a t o m i c w e i g h t of N is 1 4 . 0 1 : 

F60 = R 6 0 * 2 4 = 0 . 4 5 8 * 2 4 = 1 0 . 9 9 2 m o l N/d 

P R O = F 6 0 * 1 4 . 0 1 * 6 . 3 8 = F 6 0 * 8 9 . 3 8 4 

= 1 0 . 9 9 2 * 8 9 . 3 8 4 = 9 8 3 g / d 

C PR 0 = P R 0 / M 1 L K = 9 8 3 / 3 0 . 0 = 33 g / k g . 

T h e t i s s u e e n e r g y b a l a n c e a n d t h e l i v e w e i g h t g a i n of the cow a r e 

c a l c u l a t e d as f o l l o w s : 
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E B A L = ( P 1 4 7 - F 1 5 2 + F 1 9 5 ~ F 1 9 7 ) * 1 Q . 0 2 7 / 1 6 + 

( F 1 4 5 - F 1 5 1 + F 1 9 6 - F 1 9 8 ) * 1 . 6 6 / 3 + 

( F 4 3 - F 4 6 + F 6 2 - F 6 3 + F 6 5 - F 6 6 ) * 2 . 0 6 5 ( e n e r g y b a l a n c e , M J / d ) 

G A I N = E B A L / 2 5 . 0 ( l i v e w e i g h t g a i n , k g / d ) 

T h e c a l c u l a t i o n of t i s s u e e n e r g y b a l a n c e is b a s e d on the r e t e n -

t i o n of fat ( f a t t y a c i d s and g l y c e r o l ) and p r o t e i n in the l i v e r 

and b o d y t i s s u e s . T h e v a l u e s for h e a t of c o m b u s t i o n a r e : 1 0 . 0 2 7 

MJ /mo I f a t t y a c i d (C-j^. q ) , 1 . 6 6 MJ /mo I g l y c e r o l , a n d 2 . 0 6 5 M J / m o l 

N ( L i v e s e y 1 9 8 4 ) . T h e t o t a l e n e r g y b a l a n c e is c o m p o s e d of e n e r g y 

b a l a n c e s in t h e p o o l s of liver fat (€20), a d i p o s e t i s s u e fat 

(C43 ) , liver p r o t e i n (A15 ) , m u s c l e p r o t e i n ( A 2 1 ) , and p r o t e i n in 

o t h e r t i s s u e s ( A 2 3 ) . T h e r e l e v a n t n u t r i e n t f l u x e s a r e : 

F1 47 = R 1 4 7 *24 = 

F 1 5 2 = R 1 5 2 *24 = 

F 1 4 5 = R145 *24 = 

F151 = R 1 5 1 * 2 4 = 

0 . 0 2 8 9 * 2 4 = 0 . 6 9 4 mol C/d 

0 . 1 1 6 * 2 4 = 2 . 7 8 4 

0 . 0 0 1 8 * 2 4 = 0 . 0 4 3 

0 . 0 0 7 2 * 2 4 = 0 . 1 7 3 

F 1 9 5 = R19 5 *2 4 = 0 . 8 0 0 * 2 4 = 1 9 . 2 0 0 

F 1 9 7 = R 1 9 7 *24 = 1 . 4 5 3 * 2 4 = 3 4 . 8 7 2 

F 1 9 6 = R 1 9 6 *24 = 0 . 0 5 0 * 2 4 = 1 . 2 0 0 

F 1 9 8 = R 1 9 8 *24 = 0 . 0 9 1 * 2 4 = 2 . 1 8 4 

F43 = R 4 3 * 2 4 = 0 . 1 6 4 * 2 4 = 3 . 9 3 6 m o l N / d 

F 46 = R 4 6 * 2 4 = 0 . 1 6 4 * 2 4 = 3 . 9 3 6 

F62 = R 6 2 * 2 4 = 0 . 1 8 7 * 2 4 = 4 . 4 8 8 

F63 = R 6 3 * 2 4 = 0 . 2 0 5 * 2 4 = 4 . 9 2 0 

F65 = R 6 5 * 2 4 = 0 . 1 9 2 * 2 4 = 4 . 6 0 8 

F 66 = R66 *24 = 0 . 2 0 3 * 2 4 = 4 . 8 7 2 

E B A L = ( ~ 1 7 . 7 6 2 ) * 1 0 . 0 2 7 / 1 6 + ( - 1 . 1 1 4 ) * 1 . 6 6 / 3 + ( - 0 . 6 9 6 ) * 2 . 0 6 5 

= - 1 3 . 1 8 M J / d . 

14 
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T h e heat of c o m b u s t i o n of l i v e w e i g h t g a i n is a s s i g n e d a v a l u e of 

2 5 . 0 H J / k g ( V e r m o r e I 1 9 7 8 ) : 

G A I N = E B A L / 2 5 . 0 = - 1 3 . 1 8 / 2 5 . 0 = - 0 . 5 2 7 k g / d . 

E n e r g y a e t a b o I i su on a w h o l e a n i m a l b a s i s is e x p r e s s e d in t e r m s 

c o m p a r a b l e to r e s u l t s f r o m t r a d i t i o n a l r e s p i r a t i o n e x p e r i m e n t s : 

M A I N = 0 . 5 3 * ( 0 . 9 0 * ( B W + G A I N / 2 ) ) * * 0 . 6 7 

(net e n e r g y r e q u i r e m e n t for 

m a i n t e n a n c e , M J / d ) 

M I L K E = ( L A C T * 1 6 . 5 2 7 + F A T * 3 8 . 1 1 6 + P R O * 2 4 . 5 1 8 ) / 1 0 0 0 

( e n e r g y in m i l k , M J / d ) 

G E = F G E ( g r o s s e n e r g y i n t a k e , M J / d ) 

FE = FFE ( f a e c a l e n e r g y , M J / d ) 

DE = G E - F E ( d i g e s t i b l e e n e r g y , M J / d ) 

ME = D E * 0 . 8 4 ( m e t a b o I i zab le e n e r g y , M J / d ) 

M E E = ( F C H 1 1 1 + F C H 1 2 4 ) * 0 . 8 9 ( m e t h a n e e n e r g y , M J / d ) 

UE = D E - M E - M E E ( u r i n a r y e n e r g y , M J / d ) 

P R 0 D E = M I L K E + E B A L (net e n e r g y for p r o d u c t i o n , M J / d ) 

HE = M E - P R Q D E ( t o t a l h e a t p r o d u c t i o n , M J / d ) 

N E = M A I N + P R 0 D E (net e n e r g y i n t a k e , M J / d ) 

SFU = N E / 7 . 8 9 (net e n e r g y i n t a k e , S F U / d ) 

T h e n e t e n e r g y r e q u i r e m e n t f o r aai n t e n a n c e is c a l c u l a t e d as the 

f a s t i n g m e t a b o l i s m r e l a t e d to e m p t y b o d y w e i g h t (ARC 1 9 8 0 ) : F = 

0 . 5 3 * W * * 0 . 6 7 . E m p t y b o d y w e i g h t (W) is e s t i m a t e d as 9 0 % of the 

live w e i g h t , w h i c h in t u r n is c a l c u l a t e d as the a v e r a g e of the 

i n i t i a l w e i g h t (BW = 6 0 0 k g ) and t h e f i n a l w e i g h t of t h e cow 

( B W + G A I N ) : 

M A I N = 0 . 5 3 * ( 0 . 9 0 * 5 9 9 . 74 ) * * 0 . 6 7 = 0 . 5 3 * 6 7 . 7 0 = 35 .88 M J / d . 
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T h e v a l u e s for heat of c o m b u s t i o n of m i l k l a c t o s e , m i l k f a t , and 

m i l k p r o t e i n a r e t a k e n as 1 6 . 5 2 ? , 3 8 . 1 1 6 , and 2 4 . 5 1 8 k J / g , re-

s p e c t i v e l y ( F r e d e r i k s e n 1 9 3 1 ) . H e n c e , m i l k e n e r g y is o b t a i n e d a s : 

M I L K E = ( 1 4 4 1 * 1 6 . 5 2 7 + 1 2 0 0 * 3 8 . 1 1 6 + 9 8 3 * 2 4 . 5 1 8 ) 7 1 0 0 0 = 9 3 . 6 6 M J / d . 

T h e d a i l y i n t a k e of g r o s s e n e r g y is c a l c u l a t e d by i n t e g r a t i o n of 

t h e rate of g r o s s e n e r g y i n t a k e (RGE = 1 3 . 5 9 6 M J / h ) e s t i m a t e d in 

s u b s e c t i on 3 . 3 . 1 : 

GE = FGE = I N T G R L ( 0 . 0 , R G E ) = 1 3 . 5 9 6 * 2 4 = 3 2 6 . 3 0 M J / d . 

F a e c a l e n e r g y o u t p u t is c a l c u l a t e d in t h e s a m e way from the rate 

of f a e c a l e n e r g y loss (RFE = 4 . 1 1 4 M J / h ) e s t i m a t e d in s u b s e c t i o n 

3 . 3 . 2 : 

FE = FFE = I N T G R L ( 0 . 0 , R F E ) = 4 . 1 1 4 * 2 4 = 9 8 . 7 4 M J / d . 

D i g e s t i b l e e n e r g y i s : 

DE = G E - F E = 3 2 6 . 3 0 - 9 8 . 7 4 = 2 2 7 . 5 6 M J / d , 

and a e t a b o I i z a b le e n e r g y is a s s u m e d to be 8 4 % of t h e d i g e s t i b l e 

e n e r g y ( F l a t t 1 9 6 6 , Van Es 1 9 7 8 ) : 

ME = D E * 0 . 8 4 = 2 2 7 . 5 6 * 0 . 8 4 = 191 .15 M J / d . 

T h e loss of e n e r g y in m e t h a n e is d e r i v e d f r o m the m e t h a n e p r o d u c -

t i o n r a t e s in r u m i n a i ( R C H 1 1 1 = 0 . 9 1 7 m o l C / h ) and in h i n d gut 

( R C H 1 2 4 = 0 . 0 9 2 m o l C / h ) f e r m e n t a t i o n s . T h e heat of c o m b u s t i o n of 

m e t h a n e is 0 . 8 9 M J / m o I C a c c o r d i n g to a s t a n d a r d t a b l e ( H a n d b o o k 

16* 
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of C h e m i s t r y and P h y s i c s , 5 4 t h e d , 1 9 7 3 - 7 4 ) : 

H E E = C F C H 1 1 1 + F€H 1 2 4 ) * 0 . 8 9 

= ( 0 . 9 1 7 + 0 . 0 9 2 ) * 2 4 * 0 . 8 9 = 21 .55 M J / d . 

U r i n a r y e n e r g y o u t p u t is o b t a i n e d by d i f f e r e n c e : 

U E = D E - M E - M E E = 2 2 7 . 5 6 - 1 9 1 . 1 5 - 2 1 . 5 5 = 1 4 . 8 6 M J / d . 

N e t e n e r g y for p r o d u c t i o n is t h e s u m of e n e r g y in m i l k and t h e 

t i s s u e e n e r g y b a l a n c e : 

P R O D E = M I L K E + E B A L = 9 3 . 6 6 + ( - 1 3 . 1 8 ) = 8 0 . 4 8 M J / d , 

a n d t h e t o t a l h e a t loss from t h e a n i m a l is t h e d i f f e r e n c e b e t w e e n 

m e t a b o l i z a b l e e n e r g y and net e n e r g y for p r o d u c t i o n : 

HE = M E - P R O D E = 1 9 1 . 1 5 - 8 0 . 4 8 = 1 1 0 . 6 7 M J / d . 

l e t e n e r g y i n t a k e is the sum of t h e net e n e r g y u s e d for m a i n t e -

n a n c e a n d for p r o d u c t i o n : 

NE = M A I N + P R 0 D E = 3 5 . 8 8 + 8 0 . 4 8 = 1 1 6 . 3 6 M J / d . 

E x p r e s s e d in S c a n d i n a v i a n F e e d U n i t s ( S F U ) t h i s i s : 

S F U = N E / 7 . 8 9 = 1 1 6 . 3 6 / 7 . 8 9 = 1 4 . 7 5 S F U , 

as 1 SFU is e q u i v a l e n t to the h e a t of c o m b u s t i o n of 2.5 kg 4% fat 

c o r r e c t e d m i l k ( F r e d e r i k s e n 1 9 3 1 ) : 2 . 5 kg FCM = 1 SFU = 2 . 5 * 3 . 1 5 5 

= 7 . 8 9 MJ. 
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It s h o u l d be n o t e d t h a t t h e t r u e net e n e r g y c a l c u l a t e d h e r e (SFU = 

1 4 . 7 5 ) is less t h a n t h e feed u n i t s (SFU = 1 6 . 0 ) e s t i m a t e d f r o m t h e 

c h e m i c a l c o m p o s t i t i on of the f e e d (see s e c t i o n 3 . 1 ) . T h i s d i s c r e -

p a n c y is r e l a t e d to the level of f e e d i n t a k e ( T y r r e l I 8 M o e 1 9 7 5 , 

D a n f a r 1 9 8 3 a ) . 

In t h e last e q u a t i o n s the e n e r g y t e r m s e s t i m a t e d a b o v e a r e 

e x p r e s s e d as p e r c e n t a g e s of t h e g r o s s e n e r g y r 

F E P C T = 1 0 0 * F E / G E = 3 0 . 3 

D E P C T = 100 *D E/G E = 6 9 . 7 

M E E P C T = 100 *ME E/G E = 6 . 6 

U E P C T = 100 *U E/G E = 4 . 5 

M E P C T = 1 0 0 * M E / G E = 5 8 . 6 
H E P C T = 100 *H E/G E = 3 3 . 9 

P R O D E P = 1 0 0 * P R O D E / G E = 2 4 . 7 

N E P C T = 100 *N E/G E = 3 5 . 7 

( f a e c a l e n e r g y , X) 

( d i g e s t i b l e e n e r g y , %) 

( m e t h a n e e n e r g y , %) 

( u r i n a r y e n e r g y , X) 

( m e t a b o I i z a b l e e n e r g y , X) 

( h e a t e n e r g y , 1) 

(net e n e r g y for p r o c u d t i o n , X ) 

(net e n e r g y i n t a k e , X ) 

T h i s p e r c e n t a g e d i s t r i b u t i o n of t h e g r o s s e n e r g y i n t a k e is w e l l 

w i t h i n a r a n g e of e x p e r i m e n t a l r e s u l t s from r e s p i r a t i o n t r i a l s on 

c o w s h a v i n g m i l k y i e l d s f r o m 11 to 40 kg 4% fat c o r r e c t e d m i l k 

( C o p p o c k et a I . 1 9 6 4 , F latt 1 9 6 6 , M o e et a I . 1 9 6 6 , T y r r e l l et a I . 

1 9 8 2 a , C o p p o c k 1 9 8 5 ) . 
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4 R E S U L T S O F M O D E L S I M U L A T I O N S 

In t h i s c h a p t e r the b e h a v i o u r of the m o d e l , i . e . the s i m u l a t i o n 

r e s u l t s w i l l be p r e s e n t e d . In s e c t i o n 4.1 t h e s o l u t i o n s of the 

d y n a m i c m o d e l a r e c o m p a r e d to r e s u l t s f r o m the s t a t i c m o d e l 

( H v e l p l u n d 1 9 8 3 , D a n f a r 1 9 8 3 b ) , w h i c h was the b a s i s for t h e con-

s t r u c t i o n of t h e d y n a m i c m o d e l (see s e c t i o n 3 . 1 ) . S o m e c o m p a r i s o n s 

w i t h l i t e r a t u r e d a t a are a l s o m a d e . E x a m p l e s of s i m u l a t e d d a i l y 

v a r i a t i o n s in r a t e s of d i g e s t i v e and m e t a b o l i c p r o c e s s e s , in s u b -

s t r a t e p o o l s i z e s , and in a f f i n i t y c o n s t a n t s a r e g i v e n in s e c t i o n 

4 . 2 . T h e last s e c t i o n of the c h a p t e r is c o n c e r n e d w i t h m o d e l sta-

b i l i t y . 

4.1 C o m p a r i s o n of r e s u l t s f r o « t h e d y n a m i c a n d t h e s t a t i c m o d e l 

In the s t a t i c m o d e l all r a t e s of t r a n s a c t i o n are r e g a r d e d to be 

c o n s t a n t w i t h i n a d a y . T h i s m e a n s t h a t t h e o u t c o m e s of t h e s t a t i c 

m o d e l are d a i l y a v e r a g e s of the i n d i v i d u a l d i g e s t i v e and m e t a b o l i c 

r a t e s . T h e s e o u t c o m e s are c o m p a r e d to d a i l y f l u x e s of m a t t e r com-

p u t e d by the d y n a m i c m o d e l . T h e d a i l y f l u x e s are f l o w r a t e s inte-

g r a t e d o v e r 24 h d e s c r i b i n g the p r o c e s s e s in the i n d i v i d u a l com-

p a r t m e n t s of the m o d e l ( s u b s e c t i o n s 4 . 1 . 1 - 4 . 1 . 3 ) . S o m e of the re-

s u l t s from t h e d y n a m i c m o d e l are e v a l u a t e d a g a i n s t l i t e r a t u r e da-

t a . T h e s e d a t a are not i n c l u d e d in t h e l i t e r a t u r e b a s e w h i c h w a s 

u s e d for d e v e l o p m e n t of the m o d e l . 
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T h e e s t i m a t i o n s of p a r a m e t e r v a l u e s in t h e d y n a m i c m o d e l a r e de-

s c r i b e d in s e c t i o n 3 . 3 » In o r d e r to o b t a i n p r a c t i c a l l y the s a m e 

s o l u t i o n s from the d y n a m i c and the s t a t i c m o d e l m a n y of t h e s e pa-

r a m e t e r v a l u e s h a v e b e e n a d j u s t e d d u r i n g r e p e a t e d s i m u l a t i o n s . T h e 

a d j u s t m e n t s a r e c o m m e n t e d on in s u b s e c t i o n 4 . 1 . 4 . 

In the f o l l o w i n g p r e s e n t a t i o n s the r e s u l t s from t h e d y n a m i c m o d e l 

are m e a n s of 10 runs (run 2 6 - 3 5 ) . T h e f i r s t 25 r u n s a r e r e g a r d e d 

as a p e r i o d of m o d e l e q u i l i b r a t i o n , and are t h e r e f o r e d i s c a r d e d . 

4 . 1 . 1 F e e d i n t a k e , a n i m a l p e r f o r m a n c e , a n d e n e r g y b a l a n c e 

T h e d a i l y f e e d i n t a k e , m i l k p r o d u c t i o n , and live w e i g h t g a i n of 

t h e m o d e l COM s i m u l a t e d b y the d y n a m i c and by the s t a t i c m o d e l are 

g i v e n in T a b l e 4 . 1 . T h e s t a g e of l a c t a t i o n of t h e COM is 44 d a y s 

p o s t p a r t u m as d e s c r i b e d in s u b s e c t i o n 3 . 3 . 3 . 

T h e s i m u l a t e d r e s u l t s for feed i n t a k e and a n i m a l p e r f o r m a n c e a r e 

a l m o s t i d e n t i c a l in t h e two c a s e s . T h e o n l y d i f f e r e n c e w o r t h 

m e n t i o n i n g is t h a t t h e d y n a m i c m o d e l g i v e s a l o w e r m i l k p r o t e i n 

y i e l d (983 g / d ) t h a n t h e s t a t i c m o d e l ( 1 0 2 0 g / d ) . T h e e x p l a n a t i o n 

of t h i s is s i m p l y t h a t d i f f e r e n t v a l u e s for the m o l e c u l a r w e i g h t 

of p r o t e i n b o u n d a m i n o a c i d s in m i l k h a v e b e e n u s e d , i . e . 1 1 6 in 

t h e d y n a m i c (see s u b s e c t i o n 3 . 3 . 4 ) and 1 2 0 in t h e s t a t i c m o d e l . 

T a b l e 4 . 2 s h o w s e n e r g y i n t a k e , e n e r g y l o s s e s , and e n e r g y b a l a n c e of 

t h e m o d e l cow s i m u l a t e d by the d y n a m i c and by t h e s t a t i c m o d e l . 

T h e r e a r e h a r d l y any d i f f e r e n c e s b e t w e e n r e s u l t s f r o m the 2 m o d e l s . 
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T a b l e 4 . 1 . D a i l y f e e d i n t a k e , « i l k p r o d u c t i o n , a n d l i v e « e i g h t 

g a i n in a « o d e I COM s i m u l a t e d b y t h e d y n a m i c a n d b y 

t h e s t a t i c M o d e l . 

V a r i a b l e D y n a m i c m o d e I S t a t i c m o d e I 

feed i n t a k e , kg DM 18.0 1 7 . 9 

M i l k y i e l d , kg 

M i l k l a c t o s e y i e l d , g 

L a c t o s e in m i l k , g / k g 

M i l k fat y i e l d , g 

Fat in m i l k , g / k g 

M i l k p r o t e i n y i e l d , g 

P r o t e i n in m i l k , g / k g 

3 0 . 0 

1 4 4 2 

4 8 . 0 

1 2 0 4 

4 0 . 1 

9 8 3 

3 2 . 7 

3 0 . 0 

1 4 4 0 

4 8 . 0 

1 2 0 0 

4 0 . 0 

1 0 2 0 

3 4 . 0 

L i v e w e i g h t gai n , k g - 0 . 5 3 - 0 . 5 1 
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T a b l e 4 . 2 . E n e r g y b a l a n c e in a m o d e l COM s i m u l a t e d b y t h e d y n a a i c 

a n d by t h e s t a t i c n o d e I . 

D y n a m i c m o d e l S t a t i c m o d e l 

V a r i a b l e M J / d % M J / d % 

G r o s s e n e r g y i n t a k e 3 2 7 , .9 1 0 0 , .0 3 2 7 , .5 1 0 0 . .0 

F a e c a l e n e r g y 9 9 . .7 3 0 , .4 9 7 . .1 2 9 , .6 

D i g e s t i b l e e n e r g y 2 2 8 , .2 6 9 . .6 2 3 0 , .4 7 0 . .4 

M e t h a n e e n e r g y 21 . .5 6, .5 2 0 . .7 6. .3 

U r i n a r y e n e r g y 15. .0 4. .6 14. .6 4. .5 

M e t a b o I i z a b I e e n e r g y 191 . .7 5 8 , ,5 1 9 5 . .1 5 9 . .6 

H e a t e n e r g y 111 . .0 3 3 . .9 1 1 3 . .4 3 4 . .6 

N e t e n e r g y for p r o d u c t i o n 8 0 . .7 2 4 . ,6 81 . .7 2 4 . ,9 

E n e r g y in m i l k 9 3 . .8 2 8 . .6 9 4 . .5 2 8 . .8 

E n e r g y in t i s s u e g a i n - 1 3 . .1 - 4 . .0 - 1 2 . .8 - 3 , ,9 

N e t e n e r g y for m a i n t e n a n c e 3 5 . ,8 1 0 . .9 3 5 . ,5 1 0 . ,8 

N e t e n e r g y i n t a k e 1 1 6 . ,5 35 . ,5 1 1 7 . ,2 3 5 . ,8 
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In t h e f o I L o w i n g s u b s e c t i o n s s i m u l a t i o n r e s u l t s f r o m the d y n a m i c 

m o d e l w i l l be p r e s e n t e d in m o r e d e t a i l . Not all n u t r i e n t f l u x e s , 

but s o m e i m p o r t a n t o n e s d e s c r i b i n g d i g e s t i o n and a b s o r p t i o n , l i v e r 

m e t a b o l i s m , m a m m a r y g l a n d m e t a b o l i s m , and b o d y t i s s u e m e t a b o l i s m 

a r e c o m p a r e d to t h e c o r r e s p o n d i n g r e s u l t s from the s t a t i c m o d e l . 

A c o m p l e t e list of all f l u x e s of n u t r i e n t s and m e t a b o l i t e s s i m u l a -

t e d by the d y n a m i c m o d e l is g i v e n in A p p e n d i x 9 t o g e t h e r w i t h re-

s u l t s of the s t a t i c m o d e l . 

4 . 1 . 2 D i g e s t i o n a n d a b s o r p t i o n o f n u t r i e n t s 

S i m u l a t e d r e s u l t s of m e t a b o l i s m in t h e r u m e n c o m p a r t m e n t and in 

t h e i n t e s t i n a l c o m p a r t m e n t a r e s h o w n in T a b l e s 4 . 3 and 4 . 4 , re-

s p e c t i v e l y (see f i g u r e s 2 . 1 - 2 . 3 for i d e n t i f i c a t i o n of f l u x e s ) . T h e 

r e s u l t s of the d y n a m i c m o d e l d e v i a t e v e r y l i t t l e ( m o s t l y b e l o w 1 % ) 

f r o m t h e r e s u l t s of the s t a t i c m o d e l . T h e a b s o l u t e d e v i a t i o n s do 

n o t e x c e e d 1 m o l / d of C or N in a n y of t h e c a s e s w h e r e the r e l a -

t i v e d e v i a t i o n is m o r e t h a n 1 % . 
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T a b l e 4 . 3 . A s p e c t s of r u m e n « e t a b o l i s « s i m u l a t e d b y t h e d y n a m i c 

a n d b y t h e s t a t i c « o d e I . 

D y n a m i c S t a t i c D e v i a t i o n 1 ^ 

P r o c e s s m o d e l m o d e I %_ 

C a r b o n t r a n s a c t i o n s , a o I C / d 

F e e d i n t a k e 

S u g a r ( F S U 1 0 0 ) 141 , ,0 1 4 0 . 3 0 . 5 

S t a r c h ( F S T 1 0 0 ) 20, .8 2 0 . 7 0 . 5 

C e l l w a l l c a r b o h y d r a t e s ( F C E 1 0 0 ) 2 8 4 , ,3 2 8 3 . 0 0 . 5 

L i p i d s ( F G L 1 0 0 + F L I 1 0 0 ) 47, .6 4 7 . 4 0 . 4 

P r o t e i n - C d e g r a d a t i o n ( F 1 1 2 - F 1 0 9 ) 13, .6 1 3 . 4 1 . 5 

P a s s a g e to t h e s m a l l i n t e s t i n e 

S u g a r ( F S U 1 0 7 ) 2, .9 2 . 9 0 . 0 

S t a r c h ( F S T 1 0 7 + F S T 1 1 0 ) 3 .7 3 . 2 1 5 . ,6 

C e l l w a l l c a r b o h y d r a t e s 
( F C E 1 0 1 + F C E 1 0 7 + F C E 1 1 0 ) 163 .0 161 . 7 0 . ,8 

L i p i d s ( F L I 1 0 1 + F L I 1 1 0 ) 57 .8 5 6 . 9 1 . ,6 

M i c r o b i a l f e r m e n t a t i o n 

S u g a r ( F S U 1 0 6 ) 136 .1 1 3 5 . ,3 0. ,6 

S t a r c h ( F S T 1 0 6 ) 19 .8 1 9 . ,5 1. ,5 

1 ) Devi at i on of t h e d y n a m i c m o d e l from the s t a t i c m o d e I 

(to be c o n t i n u e d ) 
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T a b l e 4 . 3 . (con ti n u e d ) 

P r o c e s s 

D y n a m i c 

mode I 

M i c r o b i a l f e r m e n t a t i o n p r o d u c t s 

A c e t a t e ( FAC111 ) 1 0 1 . 6 

P r o p i o n a t e C F P R 1 1 1 ) 6 0 . 2 

B u t y r a t e C F B U 1 1 1 ) 41.2 

M e t h a n e (FCH111 ) 2 1 . 9 

C a r b o n d i o x i d e ( F C 0 1 1 1 ) 55.6 

S t a t i c 

m o d e I 

C a r b o n t r a n s a c t i o n s , a o I C/d 

C e l l wall c a r b o h y d r a t e s ( F C E 1 0 6 ) 8 0 . 7 8 0 . 0 

P r o t e i n - C C P 1 1 4 ) 4 4 . 0 4 5 . 3 

101 .5 

60.0 

41 .1 

22.0 

5 5 . 6 

Devi at i o n 1 ) 

X 

0 . 9 

-2.9 

0.1 

0 . 3 

0.2 

•0.5 

0.0 

M i c r o b i a l A T P p r o d u c t i o n , a o l / d 
(F108 ) 176.3 

N i t r o g e n t r a n s a c t i o n s , a o l i / d 

C r u d e p r o t e i n i n t a k e (F0) 3 6 . 7 

P r o t e i n d e g r a d a t i o n ( F 6 - F 8 ) 23.9 

U r e a u p t a k e ( F 5 5 ) 4.4 

N H 3 / N H 4
+ a b s o r p t i o n C F 1 6 ) 5.5 

1 7 5 . 1 

3 6 . 6 

2 3 . 8 

4 . 4 

5.5 

0 . 7 

0 . 3 

0.4 

0.0 

0.0 

1 ) D e v i a t i o n of the d y n a m i c m o d e l from the s t a t i c m o d e l 

(to be c o n t i n u e d ) 
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T a b l e 4 . 3 , ( c o n t i n u e d ) 

D y n a m i c S t a t i c D e v i a t i o n ^ 

P r o c e s s m o d e l m o d e l % 

N i t r o g e n t r a n s a c t i o n s , m o l N / d 

M i c r o b i a l N m e t a b o l i s m 

N e t p r o t e i n s y n t h e s i s ( F 9 - F 1 2 ) 2 0 . 0 19. ,9 0 . 5 

P e p t i d e s and a m i n o a c i d s ( F 1 0 ) 0 . 3 0. ,3 0 . 0 

N H 3 / N H 4
+ ( F 1 8 ) 0 . 1 0, ,1 0 . 0 

P a s s a g e to t h e s m a l l i n t e s t i n e 

U n d e g r a d e d feed p r o t e i n ( F5 + F7 ) 1 2 . 8 1 2 , ,8 0 . 0 

M i c r o b i a l c r u d e p r o t e i n ( F 1 9 ) 2 0 . 4 2 0 . .3 0 . 5 

N H 3/N H 4 + ( F14 ) 2 . 4 2. ,4 0 . 0 

1 ) Devi at i on of the d y n a m i c m o d e l from t h e s t a t i c m o d e l 
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T a b i c 4 . 4 . A s p e c t s of i n t e s t i n a l m e t a b o l i s m s i BU I a t ed b y t h e 

d y n a m i c a n d by t h e s t a t i c m o d e l . 

P r o c e s s 

C a r b o n t r a n s a c t i o n s , a o I C / d 

I n f l o w to the s m a l l i n t e s t i n e 

C e l l w a l l c a r b o h y d r a t e s and 
i n d i g e s t i b l e fatty acids ( F116 ) 

S u g a r and starch ( F117 ) 

D i g e s t i b l e f a t t y a c i d s ( F118 ) 

P a s s a g e to the hind gut 

C e l l w a l l c a r b o h y d r a t e s and 
f a t t y a c i d s ( F 1 1 9 + F 1 2 2 ) 

S u g a r and s t a r c h ( F120 ) 

D e g r a d e d p r o t e i n - C ( F1 27 ) 

M i c r o b i a l f e r m e n t a t i o n in the 
hind gut ( F 1 2 4 ) 

F a e c a l e x c r e t i o n ( F126 ) 

D i g e s t i o n in the small i n t e s t i n e 

S u g a r and s t a r c h ( F 1 2 1 ) 

F a t t y a c i d s ( F 1 2 3 ) 

D y n a m i c S t a t i c Deviation'' ̂  

m o d e l m o d e l % 

1 6 7 . 7 1 6 5 . 8 1.1 

7.6 7.1 7 . 0 

52.1 5 1 . 8 0 . 6 

1 7 2 . 9 1 7 1 . 0 1.1 

0.7 0 . 7 0 . 0 

2 0 . 3 2 0 . 3 0 . 0 

3 9 . 9 3 9 . 5 1.0 

1 5 4 . 0 1 5 2 . 5 1.0 

6.5 6 . 4 1 . 6 

4 6 . 9 4 6 . 6 0 . 6 

1 ) D e v i a t i o n of the d y n a m i c m o d e l from the s t a t i c m o d e l 

(to be c o n t i n u e d ) 
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T a b l e 4 . 4 . ( c o n t i n u e d ) 

D y n a m i c S t a t i c D e v i a t i o n ^ 

P r o c e s s m o d e l m o d e I % 

C a r b o n t r a n s a c t i o n s , no I C / d 

G l u c o s e m e t a b o l i s m in the 

i n t e s t i n a l w a l l ( F 1 2 9 + F 1 3 1 ) 3.1 3.1 0 . 0 

A b s o r p t i o n from the s m a l l i n t e s t i n e 

G l u c o s e (F130 ) 3.4 3.3 3 . 0 

T r i g l y c e r i d e s ( F 1 3 2 ) 4 9 . 8 49.5 0 . 6 
N i t rogen t r a n s a c t i o n s , b o I N / d 

I n f l o w to the s m a l l i n t e s t i n e 

I n d i g e s t i b l e d i e t a r y and m i c r o b i a l 

p r o t e i n ( F 2 2 ) 8.7 8.6 1.2 

D i g e s t i b l e d i e t a r y and m i c r o b i a l 

p r o t e i n ( F 2 3 ) 24.4 24.4 0 . 0 

N H 3 / N H 4
+ from the rumen ( F 2 4 ) 2.5 2.5 0 . 0 

I n d i g e s t i b l e e n d o g e n o u s p r o t e i n ( F 3 0 ) 0.4 0.4 0 . 0 
D i g e s t i b l e e n d o g e n o u s p r o t e i n (F31) 8 . 7 8 . 7 0 . 0 

P a s s a g e to the hind gut 

D i e t a r y and m i c r o b i a l p r o t e i n , 

p e p t i d e s and amino a c i d s (F 25 + F 26 ) 13.6 13.6 0 . 0 

1 ) D e v i a t i o n of the dyn am i c m o d e l from the s t a t i c m o d e I (to be c o n t i n u e d ) 
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T a b l e 4 - 4 . ( c o n t i n u e d ) 

D y n a m i c S t a t i c D e v i a t i o n ^ 

P r o c e s s m o d e l » o d e l % 

N i t r o g e n t r a n s a c t i o n s ^ rnøL N / d 

E n d o g e n o u s p r o t e i n ( F 3 2 + F 3 3 ) 2 .1 2 .1 0 . 0 

U r e a u p t a k e in t h e h i n d gut ( F 5 6 ) 4 .3 4 . 1 4 . 9 

N e t p r o t e i n d e g r a d a t i o n in the 
h i n d gut ( F 2 8 - F 3 6 ) 5 .3 5 .3 0 . 0 

F a e c a l e x c r e t i o n of c r u d e p r o t e i n 
( F 2 9 ) 10 .4 10 .4 0 . 0 

A b s o r p t i o n from t h e i n t e s t i n e s 

A m i n o a c i d s ( F 4 0 ) 26 .5 26 .4 0 . 4 

N H 3 / N H 4
+ ( F 3 5 + F 3 7 ) 1 2 .1 11 .9 1 . 7 

1 ) D e v i a t i o n of t h e d y n a m i c m o d e l f r o m the s t a t i c m o d e l 
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In o r d e r to o b t a i n an o v e r a l l p i c t u r e of the e f f i c i e n c y of r u m i n a l 

and i n t e s t i n a l d i g e s t i o n s s i m u l a t e d by the d y n a m i c m o d e l the fol-

l o w i n g e x p r e s s i o n s h a v e been c a l c u l a t e d : 

I n t a k e of o r g a n i c m a t t e r , kg/d 

C a r b o h y d r a t e s : ( K S U + K S T + K C E ) * k g DM i n t a k e = 

0 . 6 8 1 6 * 1 7 . 9 8 5 = 1 2 . 2 6 

L i p i d s : ( K G L + K L I > * k g DM i n t a k e = 

0 . 0 4 4 7 * 1 7 . 9 8 5 = 0 . 8 0 

P r o t e i n : ( K C + K R ) * k g DM i n t a k e = 

0 . 1 7 8 8 * 1 7 . 9 8 5 = 3 . 2 2 

T o t a l : 1 6 . 2 8 

F e r m e n t a t i o n of o r g a n i c m a t t e r , kg/d 

C a r b o h y d r a t e s 

L i p i d s : 

P r o t e i n : 

T o t a I : 

( F S U 1 0 5 + F S U 1 0 6 ) / L S U + ( F S T 1 0 5 + F S T 1 0 6 ) / L S T + 

( F C E 1 0 5 + F C E 1 0 6 ) / L C E = 

1 4 0 . 9 3 / 3 5 . 0 8 7 + 2 0 . 4 5 / 3 7 . 0 3 7 + 1 3 7 . 2 5 / 3 7 . 0 3 7 

4 . 0 2 + 0 . 5 5 + 3 . 7 1 = 

F L I 1 0 5 / L L I = 4 . 4 9 / 6 2 . 4 0 2 = 

( F 6 - F 8 ) /LC = 2 3 . 8 8 / 1 1 .423 = 

8.28 

0 . 0 7 

2 . 0 9 

1 0 . 4 4 

M i c r o b i a l o r g a n i c m a t t e r , kg/d 

C a r b o h y d r a t e s : 

L i p i d s : 

P r o t e i n: 

T o t a I : 

F S T 1 1 0 / L S T + F C E 1 1 0 / L C E = 

3 . 3 0 / 3 7 . 0 3 7 + 1 5 . 9 7 / 3 7 . 0 3 7 = 

F L I 1 1 0 / 6 3 . 1 8 1 = 1 7 . 4 2 / 6 3 . 1 8 1 

( F 1 0 + F 1 3 ) / L C = 2 0 . 2 9 / 1 1 . 4 2 3 = 

0 . 5 2 

0.28 

1 .78 

2 . 5 8 

13 
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T r u e d i g e s t i b i l i t y of o r g a n i c m a t t e r in t h e rumen 

1 0 0 * 1 0 . 4 4 / 1 6 . 2 8 = 6 4 % 

A p p a r e n t d i g e s t i b i L i t y of o r g a n i c m a t t e r in the r u m e n 

1 0 0 * ( 1 0 . 4 4 - 2 . 5 8 ) / 1 6 . 2 8 = 

1 0 0 * 7 . 8 6 / 1 6 . 2 8 = 4 8 % 

A b s o r p t i o n of VFA f r o m t h e r u m e n , m o l / d 

A c e t a t e : F A C 1 1 1 / 2 = 1 0 1 . 6 0 / 2 = 5 0 . 8 0 

P r o p i o n a t e : F P R 1 1 1 / 3 = 6 0 . 1 8 / 3 = 2 0 . 0 6 

B u t y r a t e : F B U 1 1 1 / 4 = 4 1 . 1 9 / 4 1 0 . 3 0 

T o t a l : 8 1 - 1 6 

E f f i c i e n c y of VFA p r o d u c t i o n in t h e r u m e n 

P e r kg o r g a n i c m a t t e r f e r m e n t e d : 8 1 . 1 6 / 1 0 . 4 4 = 7 . 8 mo I 

D e g r a d a b i l i t y of d i e t a r y p r o t e i n 

1 0 0 * ( F 6 - F 8 ) /F0 = 

1 0 0 * 2 3 . 8 8 / 3 6 . 7 3 = 6 5 % 
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E f f i c i e n c y of m i c r o b i a l p r o t e i n s y n t h e s i s 

S y n t h e s i s of m i c r o b i a l c r u d e p r o t e i n : 

F 1 9 / L C = 2 0 . 3 9 / 1 1 . 4 2 3 = 

1 . 7 8 kg/d = 2 8 6 g N/d 

M i c r o b i a l c e l l D M : 

1 . 7 8 / 0 . 5 1 1 = 3 . 4 8 kg/d 

Y A T P = m i c r o b i a l cell DM per mo I A T P = 

3 4 8 0 / F 1 0 8 = 3 4 8 0 / 1 7 6 = 1 9 . 7 g 

M i c r o b i a l N s y n t h e s i z e d p e r : 

kg o r g a n i c m a t t e r a p p a r e n t l y f e r m e n t e d : 2 8 6 / 7 . 8 6 = 3 6 . 4 g 

kg o r g a n i c m a t t e r t r u l y f e r m e n t e d : 2 8 6 / 1 0 . 4 4 = 2 7 . 4 g 

A m i n o a c i d - N a p p a r e n t l y d i g e s t e d in the s m a l l i n t e s t i n e : 

F23- ( F 2 6 + F 3 2 + F 3 3 ) = 

2 4 . 4 8 - 7 . 0 9 = 1 7 . 3 9 mo I N/d 

1 0 0 * 1 7 . 3 9 / 2 4 . 4 8 = 71% 

A m i n o a c i d - N t r u l y d i g e s t e d in the s m a l l i n t e s t i n e 

F27+ F34 = 2 6 . 50 mo I N / d 

1 0 0 * 2 6 . 5 0 / ( F 2 3 + F 4 1 ) = 

1 0 0 * 2 6 . 5 0 / 3 3 . 5 9 = 7 9 % 

T h e m o d e l e s t i m a t e s g i v e n a b o v e for the d i g e s t i b i lity of o rgani c 

m a t t e r in the r u m e n , the e f f i c i e n c y of V FA p r o d u c t i o n , the deg ra-

d ab i l i t y of d i e t a r y p r o t e i n , the e f f i c i e n c y of m i c r o b i a l p r o t e i n 

15s 
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s y n t h e s i s , and t h e d i g e s t i b i l i t y of a m i n o a c i d s in the s m a l l i n t e -

s t i n e are all in g o o d a g r e e m e n t w i t h c o r r e s p o n d i n g e x p e r i m e n t a l 

v a l u e s in the l i t e r a t u r e ( K l o o s t e r & B o e k h o l t 1 9 7 2 , Leng 8 H u r r a y 

1 9 7 2 , N o l a n 1 9 7 5 , S a t t e r & R o f f l e r 1 9 7 5 , S m i t h et a l . 1 9 7 5 , M e r c e r 

& A n n i son 1 9 7 6 , A r m s t r o n g et a l . 1 9 7 7 , R o y et a l . 1 9 7 7 , S m i t h 

1 9 7 9 , S t e m 8 H o o v e r 1 9 7 9 , H a r r i s o n 8 M c AI lan 1 9 8 0 , S u t t o n 1 9 8 0 , 

M a d s e n 1 9 8 6 ) . 

4 - 1 . 3 M e t a b o l i s a of a b s o r b e d n u t r i e n t s 

N e t a b o 1 i si» in t h e l i v e r 

A s p e c t s of liver m e t a b o l i s m s i m u l a t e d by t h e 2 m o d e l s are g i v e n in 

T a b l e 4 . 5 (see f i g u r e 2.5 for i d e n t i f i c a t i o n of f l u x e s ) . T h e r a t e s 

of t h e l i s t e d l i v e r p r o c e s s e s s i m u l a t e d by the d y n a m i c m o d e l d i f -

fer v e r y l i t t l e f r o m t h e r e s u l t s of the s t a t i c m o d e l . In t h e few 

c a s e s w h e r e the r e l a t i v e d e v i a t i o n is m o r e t h a n 1 % , the a b s o l u t e 

d e v i a t i o n s are not h i g h e r t h a n 0 . 4 m o l / d of C or N . 

T h e r e l a t i v e c o n t r i b u t i o n s to g I u c o n e o g e n e s i s f r o m the d i f f e r e n t 

s u b s t r a t e s as s i m u l a t e d by t h e d y n a m i c m o d e l a r e : 

P r o p i o n a t e : 1 0 0 * F 1 3 6 / F 139 = 1 0 0 * 5 4 . 0 / 8 2 . 3 = 6 5 . 6 % 

A m i n o a c i d s : 1 0 0 * F 1 4 2 / F 139 = 1 0 0 * 1 6 . 3 / 8 2 . 3 = 1 9 . 8 % 

L a c t a t e and g l y c e r o l : 1 0 0 * F 1 4 4 / F 1 3 9 = 1 0 0 * 1 2 . 0 / 8 2 . 3 = 1 4 . 6 % 

Q u a n t i t a t i v e l y , p r o p i o n a t e is t h e m o s t i m p o r t a n t s u b s t r a t e - as 

g e n e r a l l y c o n f i r m e d in the l i t e r a t u r e . T h e s i m u l a t e d c o n t r i b u t i o n 

of p r o p i o n a t e to the t o t a l g l u c o s e t u r n o v e r r a t e i s : 
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1 0 0 * F 1 3 6 / ( F 1 3 0 + F 1 3 9 ) = 

1 0 0 * 5 4 . 0 / 8 5 . 7 = 6 3 . 0 % # 

w h i c h is c l o s e to an in v i v o e s t i m a t e of 61% (Wi I t r o u t 8 S a t t e r 

1 9 7 2 ) . 

In v i v o e s t i m a t e s of the s i g n i f i c a n c e of a m i n o a c i d s as s u b s t r a t e s 

for g I u c o n e o g e n e s i s d i f f e r w i d e l y f r o m d i f f e r e n t a u t h o r s u s i n g 

d i f f e r e n t e x p e r i m e n t a l a p p r o a c h e s . B o e k h o l t ( 1 9 7 6 ) and B r u c k e n t a l 

et a l . ( 1 9 8 0 ) c o n c l u d e d t h a t 0 - 2 % of t h e t o t a l g l u c o s e t u r n o v e r 

c o u l d be d e r i v e d f r o m a m i n o a c i d s . At the o t h e r e x t r e m e B l a c k et 

a I. ( 1 9 6 8 ) and L o m a x S Bai rd ( 1 9 8 3 ) e s t i m a t e d t h a t a m i n o a c i d s 

c o u l d cont r i b u t e to at least 35 % of the g l u c o s e s y n t h e s i s . T h e 

a m i n o a c i d c o n t r i b u t i o n of 20% s i m u l a t e d by the m o d e l f a l l s in the 

m i d d l e of t h i s r a n g e and i s in l i n e w i t h an e s t i m a t e by E l l i o t 

( 1 9 7 6 ) . 

T h e s i m u l a t e d p a r t i t i o n i n g of p r o p i o n a t e and a m i n o a c i d s ( k e t o 

a c i d s ) b e t w e e n g l u c o n e o g e n e s i s and o x i d a t i o n is a s f o l l o w s : 

P r o p i o n a t e to g l u c o s e : 

P r o p i o n a t e to C O 2 : 

A m i n o a c i d s to g l u c o s e 

A m i n o a c i d s to C O 2 : 

1 0 0 * F 1 3 6 / F 1 3 3 = 1 0 0 * 5 4 . 0 / 7 4 . 1 = 7 2 . 9 % 

1 0 0 * F 1 3 7 / F 1 3 3 = 1 0 0 * 2 0 . 1 / 7 4 . 1 = 2 7 . 1 % 

1 0 0 * F 1 4 2 / ( F 1 4 2 + F 1 4 3 ) = 

1 0 0 * 1 6 . 3 / 2 7 . 0 = 6 0 . 4 % 

1 0 0 * F 1 4 3 / ( F 1 4 2 + F 1 4 3 ) = 

1 0 0 * 1 0 . 7 / 2 7 . 0 = 3 9 . 6 % 

11 is d i f f i c u l t to con f i rm t h e s e fi g u r e s s i n c e i n f o r m a t i o n in t h e 

L i t e r a t u r e a b o u t liver o x i d a t i o n of p r o p i o n a t e and a m i n o a c i d s is 

s c a r c e ( E l l i o t 1 9 8 0 ) , but the e s t i m a t e d p r o p o rt i on of p r o p i o n a t e 

u s e d for o x i d a t i o n is p r o b a b l y not too high (Ann i son 8 A r m s t r o n g 

1 9 7 0 , Y o u n g 1 9 7 7 ) . 
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T a b l e 4 . 5 , A s p e c t s of l i v e r a e t a b o I i sm s i m u l a t e d by t h e d y n a m i c 

a n d by t h e s t a t i c « o d e I . 

P r o c e s s 

D y n a m ic 

m o d e l 

Stat ic 

m o d e I 

D e v i a t i o n 1 ^ 
% 

C a r b o n t r a n s a c t i o n s , a o I C / d 

U p t a k e in t h e l i v e r 

P r o p i o n a t e C F 1 3 3 > 7 4 . 1 7 3 . 8 

L a c t a t e and g l y c e r o l ( F 1 6 4 + F 1 6 8 ) 1 3 . 2 1 3 . 2 

F a t t y a c i d s ( F 1 6 5 + F 1 6 9 ) 3 4 . 3 3 4 . 3 

G lucon e o g e ne s i s fnow 

P r o p i o n a t e ( F 1 3 6 ) 5 4 . 0 54.1 

K e t o a c i d s < F 1 4 2 ) 1 6 . 3 1 6 . 3 

L a c t a t e and g l y c e r o l ( F 1 4 4 ) 1 2 . 0 1 2 . 0 

0.4 

0.0 

0.0 

• 0 . 2 

0.0 

0.0 

L i p i d s y n t h e s i s 

D e p o t fat (F145 + F 1 4 7 ) 

L i p o p r o t e i n s ( F 1 4 6 + F 1 4 8 ) 

0 . 7 

22.1 

0 . 7 

22.1 

0.0 

0.0 

L i p o l y s i s of d e p o t fat ( F 1 5 1 + F 1 5 2 ) 2 . 9 2 . 9 0.0 

S y n t h e s i s of k e t o n e b o d i e s and 

a c e t a t e ( F 1 4 9 ) 1 3 . 8 1 3 . 8 0.0 

1 ) D e v i a t i o n of t h e d y n a m i c m o d e l from t h e s t a t i c m o d e l 

(to be c o n t i n u e d ) 
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T a b l e 4 . 5 . ( c o n t i n u e d ) 

D y n a m i c S t a t i c D e v i a t i o n ^ 

P r o c e s s m o d e l m o d e l % 

C a r b o n t r a n s a c t i o n s , m o l t / d 

Ox i dat i o n s 

P r o p i o n a t e ( F 137 ) 2 0 . 1 19 .7 2.0 

B u t y r a t e ( F 1 3 8 ) 4 . 4 4 .4 0 . 0 

K e t o a c i d s ( F143 ) 1 0 . 7 10 .3 3 . 9 

F a t t y a c i d s ( F 1 5 0 ) 1 . 8 1 .8 0 . 0 

O u t f l o w from the liver 

G l u c o s e ( F 1 3 9 ) 8 2 . 3 82 .4 - 0 . 1 

T r i g l y c e r i d e s ( F 1 5 3 ) 2 2 . 1 22 .1 0 . 0 

K e t o n e b o d i e s a n d a c e t a t e ( F 1 5 4 ) 1 3 . 8 13 .8 0.0 

N i t r o g e n t r a n s a c t i o n s , n o I N / d 

U p t a k e in the liver 

A m i n o a c i d s f r o m p o r t a l b l o o d 
( F40 ) 2 6 . 5 26 .4 0.4 

A m i n o a c i d s f r o m a r t e r i a l 
( F 5 4 ) 

b l o o d 
9 . 8 9 .8 0 . 0 

N H 3 / N H 4 + ( F 1 6 + F 3 5 + F 3 7 ) 1 7 . 7 17 .4 1 .7 

1 ) D e v i a t i o n of the d y n a m i c m o d e l from t h e s t a t i c m o d e l 

(to be c o n t i n u e d ) 
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T a b l e 4 . 5 . ( c o n t i n u e d ) 

P r o c e s s 

Ni t r o g e n t r a n s a c t i o n s , n o I N / d 

P r o t e i n t u r n o v e r 

S y n t h e s i s ( F 4 3 ) 

B r e a k d o w n ( F 4 6 ) 

N e t a m i n o acid c a t a b o l i s m 

( F 4 5 - F 4 7 ) 

U r e a s y n t h e s i s ( F 4 8 ) 

O u t f l o w from the L i v e r 

A m i n o a c i d s ( F 4 4 ) 

U r e a ( F 4 9 ) 

U r e a e x c r e t i o n in t h e u r i n e ( F 5 7 ) 

D y n a m i c S t a t i c Deviation'' ̂  

m o d e l m o d e l % 

4 . 0 3 . 9 2 . 6 

4 . 0 3 . 9 2 . 6 

7.1 7 . 0 1.4 

2 4 . 7 2 4 . 4 1.2 

2 9 . 2 2 9 . 2 0 . 0 

2 4 . 8 2 4 . 4 1 . 6 

16.1 1 5 . 9 1 . 2 

1 ) D e v i a t i o n of the d y n a m i c m o d e l from the s t a t i c m o d e l 
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T h e rate of urea s y n t h e s i s s i m u l a t e d by the m o d e l (F48) is 2 4 . 7 

mo I N/d e q u i v a l e n t to 1 2 . 4 mo I u r e a / d . T h i s v a l u e can be c o m p a r e d 

to r e s u l t s from the s t u d y of B r u c k e n t a l et a l . ( 1 9 8 0 ) . T h e y e s t i -

m a t e d the a v e r a g e i r r e v e r s i b l e loss rate of u r e a as 8 mo I u r e a / d 

in 3 cows at 8 - 9 w e e k s post p a r t u m p r o d u c i n g 28 kg m i l k / d . T h e s e 

c o w s , h o w e v e r , had a lower p r o t e i n i n t a k e (2364 g crude p r o t e i n / d ) 

than the m o d e l cow (3216 g c r u d e p r o t e i n / d ) . T h e u r e a - N is d e r i v e d 

p a r t l y from a b s o r b e d N H 3 / N H 4 + ( F 1 6 + F 3 5 + F 3 7 ) and p a r t l y from cata-

b o l i z e d a m i n o a c i d s ( F 4 5 - F 4 7 ) . T h e p r o p o r t i o n c o n t r i b u t e d by a m i n o 

a c i d c a t a b o l i s m in the liver is: ( F 4 5 - F 4 7 ) / F 4 8 = 7 . 0 9 / 2 4 . 7 5 = 

0 . 2 9 , e x a c t l y as e s t i m a t e d by N o l a n ( 1 9 7 5 ) . 

H e t a b o L i s a in t h e n a a a a r y g l a n d 

T h e s i m u l a t i o n s of m a m m a r y g l a n d m e t a b o l i s m are listed in T a b l e 

4 . 6 (see f i g u r e 2.6 for i d e n t i f i c a t i o n of f l u x e s ) . As in the pre-

v i o u s s u b s e c t i o n s t h e r e are p r a c t i c a l l y no d i f f e r e n c e s b e t w e e n 

r e s u l t s from the d y n a m i c and the s t a t i c m o d e l . 

G l u c o s e t a k e n up by the m a m m a r y g l a n d is used for s y n t h e s i s of 

l a c t o s e and g l y c e r o l - P as well as for o x i d a t i o n - m a i n l y in the 

p e n t o s e p h o s p h a t e c y c l e (Smith 1 9 7 1 , C h a i y a b u t r et a l . 1 9 8 0 ) . T h e 

s i m u l a t e d p a r t i t i o n i n g of g l u c o s e b e t w e e n t h e s e p a t h w a y s is as 

f o l l o w s : 

L a c t o s e s y n t h e s i s : 1 0 0 * F 1 7 7 / F 1 6 0 

G l y c e r o l s y n t h e s i s : 100 * F 1 7 6 / F 1 6 0 

O x i d a t i o n : 1 0 0 * F 1 7 8 / F 1 6 0 

= 1 0 0 * 5 0 . 5 / 6 8 . 6 = 7 3 . 6 % 

= 1 0 0 * 1 . 8 / 6 8 . 6 = 2 . 6 % 

= 1 0 0 * 1 6 . 3 / 6 8 . 6 = 2 3 . 8 % 

T h i s d i s t r i b u t i o n of the g l u c o s e c o n s u m p t i o n in the m a m m a r y g l a n d 

is v e r y s i m i l a r to that found by A n n i s o n & L i n z e l l ( 1 9 6 4 ) and by 

S m i t h ( 1 9 7 1 ) . In o t h e r s t u d i e s with l a c t a t i n g c o w s it was f o u n d 

that 7 2 - 8 3 % of g l u c o s e taken up by the u d d e r was s e c r e t e d as lac-
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t o s e ( A n n i s o n et a l . 1 9 7 4 , B i c k e r s t a f f e et a l . 1 9 7 4 , P e e t e r s et 

a l . 1 9 7 9 , Wi l l i am s 8 E l l i o t 1 9 8 0 ) . 

S o m e a s p e c t s of e n e r g y m e t a b o l i s m in the m a m m a r y g l a n d can be cal-

c u l a t e d from the m o d e l s i m u l a t i o n s for c o m p a r i s o n w i t h l i t e r a t u r e 

d a t a : 

N u t r i e n t u p t a k e in the u d d e r 

A c e t a t e and k e t o n e b o d i e s C F 1 5 6 ) : 3 8 . 3 RJ/d 

G l u c o s e ( F1 60 ): 32.1 

Fatty a c i d s C F 1 7 2 A ) : 3 0 . 7 

G l y c e r o l C F 1 7 2 B ) : 1.7 

A m i n o a c i d s C F 51 ) : 24 .1 

T o t a l e n e r g y u p t a k e : 1 2 6 . 9 MJ/d 

E n e r g y s e c r e t e d in m i l k : 9 3 . 8 

Heat p r o d u c t i o n : 3 3 . 1 

T h e p r o p o r t i o n of t o t a l e n e r g y u p t a k e s e c r e t e d in the m i l k is: 

1 0 0 * 9 3 . 8 / 1 2 6 . 9 = 74% as e s t i m a t e d by L i n z e l l ( 1 9 7 4 ) . 

T h e i n d i v i d u a l s u b s t r a t e s are o x i d i z e d at d i f f e r e n t p r o p o r t i o n s of 

t hei r u p t a k e s : 

% of 

Mot total 

C C>2 /d C 0 2 

% of 

u p t a k e M J / d 

A c e t a t e and k e t o n e b o d i e s ( F 1 75 ) : 55 .9 72, ,6 67 .9 2 6 . 0 

G l u c o s e (F178 ) : 16 .3 21 , ,2 23 .8 7 . 6 

Fatty a c i d s ( F 1 8 0 ) : 4 .8 6, .2 6 .4 3 . 0 

Tota I : 77 .0 100, ,0 3 6 . 6 
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T a b l e 4 . 6 . A s p e c t s of a a a a a r y g l a n d « e t a b o l i s « s i w u l a t e d b y t h e 

d y n a m i c a n d by t h e s t a t i c « o d e I . 

D y n a m i c S t a t i c D e v i a t i o n " ' ' 

P r o c e s s m o d e l m o d e l % 

C a r b o n t r a n s a c t i o n s , n o l C / d 

U p t a k e in the m a m m a r y g l a n d 

A c e t a t e and k e t o n e b o d i e s ( F156 ) 8 2 . 3 8 2 . ,1 0 . 2 

G l u c o s e ( F 160 ) 6 8 . 6 6 8 . ,6 0 . 0 

F a t t y a c i d s ( F 1 7 2 A ) 4 9 . 0 4 8 . ,8 0 . 4 

G l y c e r o l ( F 1 7 2 B ) 3 . 1 3, ,0 3 . 3 

S y n t h e s e s 

F a t t y a c i d s ( F 1 7 4 ) 2 6 . 4 2 6 . .4 0 . 0 

G l y c e r o l ( F 1 7 6 ) 1 . 8 1 . .8 0 . 0 

Mi Ik fat ( F 1 7 9 + F181 ) 75 . 5 7 5 . .2 0 . 4 

L a c t o s e ( F 1 7 7 ) 5 0 . 5 50. .5 0 . 0 

O x i d a t i o n s 

A c e t a t e and k e t o n e b o d i e s ( F175 ) 55 . 9 55. .7 0 . 4 

G l u c o s e ( F 1 7 8 ) 1 6 . 3 16, .3 0 . 0 

F a t t y a c i d s ( F 1 8 0 ) 4 . 8 4, .8 0 . ,0 

1 ) Dev i at i on of the d y n a m i c m o d e l from t h e s t a t i c m o d e l 

(to be c o n t i n u e d ) 
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T a b l e 4 . 6 . ( c o n t i n u e d ) 

D y n a m i c S t a t i c D e v i a t i o n ^ 

P r o c e s s m o d e l m o d e l % 

C a r b o n t r a n s a c t i o n s , » o l C / d 

S e c r e t i o n of m i l k c o m p o n e n t s 

L a c t o s e ( F 1 8 2 ) 50 .5 50 .5 0 .0 

Fat ( F 1 8 3 ) 75 .5 75 .2 0 .4 

N i t r o g e n t r a n s a c t i o n s , BO I i / d 

A m i n o a c i d u p t a k e ( F 5 1 ) 11 .0 11 .0 0 .0 

M i l k p r o t e i n s y n t h e s i s ( F 5 9 ) 11 .0 11 .0 0 .0 

P r o t e i n s e c r e t i o n ( F 6 0 ) 11 .0 11 .0 0 .0 

1 ) D e vi at i on of t h e d y n a m i c m o d e l f r o m t h e s t a t i c m o d e l 
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T h e d i f f e r e n c e b e t w e e n t h e c a l c u l a t e d h e a t e n e r g y o u t p u t (33.1 

M J /d ) and e n e r g y in t h e o x i d i z e d n u t r i e n t s ( 3 6 . 6 M J / d ) is d u e to a 

c o n s e r v a t i o n of e n e r g y in N A D P H p r o d u c e d by o x i d a t i o n of g l u c o s e 

a n d a c e t a t e and u s e d in f a t t y a c i d s y n t h e s i s ( B a u m a n S D a v i s 

1 9 7 5 ). 

T h e e s t i m a t e d p r o p o r t i o n of a c e t a t e and k e t o n e b o d i e s w h i c h is 

o x i d i z e d ( 6 8 % ) is m u c h h i g h e r t h a n that f o u n d for a c e t a t e a l o n e by 

Bi c k e r s t a f f e et a I. ( 1 9 7 4 ) in l a c t a t i n g c o w s ( a v . 2 9 % , r a n g e 

1 1 - 5 7 % ) . In the s a m e s t u d y t h e p r o p o r t i on of g l u c o s e o x i d i z e d in 

t h e u d d e r w a s 1 1 % ( r a n g e 4 - 1 7 % ) , w h i c h is c o n s i d e r a b l y l o w e r t h a n 

e s t i m a t e d b y the m o d e l ( 2 4 % ) . 

T h e o x i d a t i o n of a c e t a t e a n d g l u c o s e h a s b e e n f o u n d to c o n t r i b u t e 

5 0 - 6 0 % of t o t a l €02 p r o d u c t i o n in the m a m m a r y g l a n d of l a c t a t i n g 

c o w s ( B i c k e r s t a f f e et a l . 1 9 7 4 ) and r a t h e r m o r e in l a c t a t i n g g o a t s 

(Ann i son & L i n z e l l 1 9 6 4 ) . T h e m u c h h i g h e r c o n t r i b u t i o n to €02 from 

a c e t a t e , k e t o n e b o d i e s a n d g l u c o s e ( 9 4 % ) e s t i m a t e d by t h e m o d e l 

c a n n o t be a c c o u n t e d for b y o x i d a t i o n of k e t o n e b o d i e s , w h i c h s e e m s 

to be l o w , at least in fed a n i m a l s ( S m i t h et a l . 1 9 8 3 ) . I n s t e a d , 

t h e s e a u t h o r s c o n c l u d e d t h a t t h e d e f i c i t from the o x i d a t i o n of 

a c e t a t e and g l u c o s e to t o t a l C O 2 p r o d u c t i o n c o u l d be c o v e r e d by 

a m i n o a c i d o x i d a t i o n . 

M e t a b o l i s m in b o d y t i s s u e s 

T h e m e t a b o l i s m s i m u l a t e d by t h e 2 m o d e l s in m u s c l e t i s s u e , a d i p o s e 

t i s s u e , and o t h e r t i s s u e s is s h o w n in T a b l e s 4 . 7 , 4 . 8 and 4 . 9 , 

r e s p e c t i v e l y (see f i g u r e 2 . 6 for i d e n t i f i c a t i o n of f l u x e s ) . A l l 

d e v i a t i o n s of the d y n a m i c m o d e l from the s t a t i c m o d e l a r e w e l l 

b e l o w 1 % . 
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T a b l e 4 . 7 . A s p e c t s of « u s e Le t i s s u e m e t a b o l i s m s i m u l a t e d by t h e 

d y n a m i c a n d by t h e s t a t i c m o d e l . 

D y n a m i c S t a t i c D e v i a t i o n 

P r o c e s s m o d e l m o d e l % 

N i t r o g e n t r a n s a c t i o n s , ao 1 N / d 

C a r b o n t r a n s a c t i o n s , m o t C / d 

U p t a k e in m u s c l e t i s s u e 

A c e t a t e and k e t o n e b o d i e s C F15 7 ) 13 .90 1 3 . 86 0 . ,3 

G l u c o s e (f161 ) 10 .45 1 0 . ,43 0 . ,2 

F a t t y acids ( F166 ) 12 .03 1 2 . ,00 0 . 3 

A m i n o acid-C d e g r a d a t i o n ( F 1 8 4 ) 3 .40 3 . 41 - 0 . 3 

O x i d a t i o n s 

A c e t a t e and k e t o n e b o d i e s ( F 1 85 ) 1 7, ,30 1 7 . 27 0 . 2 

G l u c o s e to l a c t a t e ( F 1 8 6 ) 9, .85 9 . 83 0 . 2 

G l u c o s e to €02 ( F187 ) 0, .60 0 . 60 0 . 0 

F a t t y acids C F188 > 12. ,03 1 2 . 00 0 . 3 

O u t f l o w of l a c t a t e ( F 1 8 9 ) 9, .85 9 . 83 0 . 2 

N i t r o g e n t r a n s a c t i o n s , «toi N / d 

A m i n o acid u p t a k e ( F 5 2 ) 4, ,48 4 . 48 0 . 0 

1 d e v i a t i o n of the d y n a m i c m o d e l from the s t a t i c m o d e l 

(to be c o n t i n u e d ) 
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T a b l e 4 . 7 , ( c o n t i n u e d ) 

D y n a m i c S t a t i c D e v i a t i o n ^ 

P r o c e s s m o d e L m o d e I X 

N i t r o g e n t r a n s a c t i o n s , a o I N / d 

P r o t e i n t u r n o v e r 

S y n t h e s i s ( F 6 2 ) 4 . 4 9 4 . 4 8 0 . 2 

B r e a k d o w n ( F 6 3 ) 4 . 9 0 4 . 9 0 0 . 0 

A m i n o a c i d o u t f l o w ( F 6 1 ) 4 . 8 9 4 . 9 0 - 0 . 2 

1 )f)evi at i on of the d y n a m i c m o d e l f r o m t h e s t a t i c m o d e l 
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T a b l e 4 . 8 . A s p e c t s o f a d i p o s e t i s s u e m e t a b o l i s m s i m u l a t e d b y t h e 

d y n a m i c a n d by t h e s t a t i c m o d e l . 

D y n a m i c S t a t i c D e v i a t i o n 1 5 

P r o c e s s m o d e l m o d e l X 

C a r b o n t r a n s a c t i o n s , MO I C / d 

U p t a k e in a d i p o s e t i s s u e 

A c e t a t e and k e t o n e b o d i e s ( F158 ) 3 3 . 13 3 3 . 05 0 . 2 

G l u c o s e ( F 1 6 2 ) 4 . 59 4 . 58 0 . 2 

F a t t y a c i d s C F 1 7 3 A ) 6 . 9 6 6 . 97 - 0 . 1 

G l y c e r o l ( F 1 7 3 B ) 0 . 44 0 . 44 0 . 0 

S y n t h e s e s 

F a t t y a c i d s C F 1 9 0 ) 1 6 . 03 1 6 . 00 0 . 2 

G l y c e r o l ( F 1 9 2 ) 1 . 20 1 . 20 0 . 0 

O x i d a t i o n s 

A c e t a t e a n d k e t o n e b o d i e s ( F 1 9 1 ) 1 7 . 11 1 7 . 05 0 . 4 

G l u c o s e ( F 1 9 3 ) 3 . 39 3 . 38 0 . 3 

L i p i d t u r n o v e r 

S y n t h e s i s (F195 + F 1 9 6 ) 2 0 . 41 2 0 . 40 0 . 0 

B r e a k d o w n ( F 1 9 7 + F 1 9 8 ) 3 7 . 06 3 7 . 05 0 . 0 

1 ) D e v i at i on of t h e d y n a m i c m o d e l f r o m t h e s t a t i c m o d e l 

(to be c o n t i n u e d ) 
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T a b l e 4 . 8 . ( c o n t i n u e d ) 

P r o c e s s 

C a r b o n t r a n s a c t i o n s , a o I C / d 

O u t f l o w f r o m adi p o s e t i s s u e 

F a t t y a c i d s ( F 1 9 4 ) 

G l y c e r o l ( F 1 9 9 ) 

D y n a m i c S t a t i c D e v i a t i o n 1 ^ 

m o d e I m o d e l % 

3 8 . 6 5 3 8 . 6 4 0 . 0 

2.62 2.62 0.0 

1 ) Devi at i on of the d y n a m i c m o d e I f r o m the s t a t i c m o d e I 

14 
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T a b l e 4 . 9 . A s p e c t s of o t h e r t i s s u e m e t a b o l i s m s i m u l a t e d by t h e 

d y n a m i c a n d b y t h e s t a t i c m o d e l . 

D y n a m i c S t a t i c D e v i a t i o n ^ 

P r o c e s s m o d e l m o d e I __ % 

C a r b o n t r a n s a c t i o n s , b o I C / d 

U p t a k e in o t h e r t i s s u e s 

A c e t a t e and k e t o n e b o d i e s ( F159 ) 24, ,54 24 .47 0 . 3 

G l u c o s e < F163 ) 2, .04 2 .04 0 . 0 

F a t t y a c i d s ( F167 ) 4, .01 4 .00 0 . 3 

O x i d a t i o n s 

A c e t a t e and k e t o n e b o d i e s ( F 200 ) 24 .54 24 .47 0 . 3 

G l u c o s e C F 201 ) 2 .04 2 .04 0 . ,0 

F a t t y a c i d s ( F 202 ) 4 .01 4 .00 0 . 3 

N i t r o g e n t r a n s a c t i o n s , b o I i / d 

A m i n o acid u p t a k e ( F 5 3 ) 4 .62 4 .62 0. ,0 

P r o t e i n t u r n o v e r 

S y n t h e s i s ( F 6 5 ) 4 .63 4 .62 0, .2 

B r e a k d o w n ( F 6 6 ) 4 .91 4 .90 0, .2 

A m i n o acid o u t f l o w ( F 6 4 ) 4 .90 4 .90 0, .0 

1 ) D e v i a t i o n of the d y n a m i c m o d e l f r o m the s t a t i c m o d e l 
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T h e p a r t i t i o n i n g of a v a i l a b l e n u t r i e n t s b e t w e e n t h e m a m m a r y g l a n d 

and t h e b o d y t i s s u e s is a m a j o r f a c t o r in d e t e r m i n i n g a n i m a l p e r -

f o r m a n c e , in t e r m s of l e v e l of m i l k y i e l d and r a t e of live w e i g h t 

c h a n g e . T h e s i m u l a t e d u p t a k e s of n u t r i e n t s ( a c e t a t e and k e t o n e 

b o d i e s , g l u c o s e , f a t t y a c i d s , a n d a m i n o a c i d s ) in the d i f f e r e n t 

c o m p a r t m e n t s of the m o d e l cow ( d i g e s t i v e t r a c t , l i v e r , b o d y t i s -

s u e s , a n d m a m m a r y g l a n d ) a r e s h o w n in T a b l e 4 . 1 0 . T h e t o t a l 

a m o u n t s of a v a i l a b l e n u t r i e n t s a r e t h o s e d e l i v e r e d to the p e r i -

p h e r a l c i r c u l a t i o n , e x c e p t for a m i n o a c i d s w h i c h are c a l c u l a t e d as 

t h e s u m of a b s o r b e d ( F 4 0 ) and m o b i l i z e d a m i n o a c i d s ( P 6 1 + F 6 4 ) . 

T h i s i m p l i e s that the a m i n o a c i d u p t a k e in the liver from t h e 

p e r i p h e r a l b l o o d is c a l c u l a t e d as t h e net u p t a k e ( F 4 0 + F 5 4 - F 4 4 ) a n d 

n o t t h e a c t u a l u p t a k e ( F 5 4 ) (see f i g u r e 2 . 5 ) . 

T h e m o d e l e s t i m a t e s of m a m m a r y u p t a k e of the d i f f e r e n t n u t r i e n t s 

in r e l a t i o n to t h e i r t o t a l a v a i l a b i l i t y a r e : 

A c e t a t e and k e t o n e b o d i e s : 

G l u c o s e : 

F a t t y a c i d s : 

A m i n o a c i d s : 

T h e s e f i g u r e s i l l u s t r a t e c l e a r l y 

ry g l a n d on n u t r i e n t u t i l i z a t i o n 

4 9 % 

80% 

4 6 % 

3 0 % 

t h e d o m i n a n t i m p a c t of the m a m m a -

in t h e h i g h - y i e l d i n g c o w . 

E x p e r i m e n t a l d a t a a l s o s h o w a h i g h m a m m a r y u p t a k e of g l u c o s e , b u t 

not of a c e t a t e . In c o w s w i t h low to m o d e r a t e m i l k y i e l d s ( 1 2 - 2 5 

k g / d ) B i c k e r s t a f f e et a l . ( 1 9 7 4 ) f o u n d t h a t the u d d e r u p t a k e of 

a c e t a t e and of g l u c o s e v a r i e d f r o m 5 to 23% and f r o m 37 to 8 7 % , 

r e s p e c t i v e l y , of the t o t a l e n t r y r a t e s of t h e s e n u t r i e n t s . In c o w s 

fed low or h i g h r o u g h a g e d i e t s a n d y i e l d i n g 1 7 - 2 9 kg m i l k / d t h e 

m a m m a r y g l a n d e x t r a c t e d 6 - 1 6 % of t o t a l a c e t a t e , and 4 1 - 9 2 % of 

t o t a l ava i l a b l e g l u c o s e (Ann i son et a I . 1 9 7 4 ) . T h i I s t e d ( 1 9 8 0 ) h a s 

16* 



T a b l e  4 .10 .  N u t r i e n t  p a r t i t i o n i n g  b e t u e e n  eompartments a f  t h e  model cou. 

A c e t a t e  a n d  

k e t o n e  b o d i e s  G l u c o s e  F a t t y  a e i d s  A m i n o  a c i d s  

M o l  C l d  X C o m p a r t m e n t  M o l  C l d  % M o l C / d  X M o l N l d  % 

D l g .  t r a c t  1 5 . 4 3  9.1 - - - - 25.1 

MuscLe,  a d i p o s e  
a n d  o t h e r  t i s s u e s  7 1 . 5 6  42.3 1 7 . 0 8  1 9 . 9  22 .99  2 1 . 6  9 . 0 9  25 .1  

Mammary g L a n d  8 2 . 3 4  4 8 . 6  6 8 . 5 9  80.1 49 .00  46.1 1 1 . 0 0  30 .3  

- --.p- - 
T o t a L  a v a i l a b l e  1 6 9 . 3 3  1 0 0 . 0  85 .67  1 0 0 . 0  1 0 6 . 3 1  1 0 0 . 0  36.313 1 0 0 . 0  

--P- 
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I e s t i m a t e d that t h e m a m m a r y g l a n d u t i l i z e d 7 0 - 1 0 0 % of t h e g l u c o s e 

f l u x r a t e in e a r l y l a c t a t i n g c o w s h a v i n g m i l k y i e l d s f r o m 21 to 34 

k g / d . 

Of the l i s t e d n u t r i e n t s a m i n o a c i d s are t a k e n up by t h e m a m m a r y 

g l a n d in the s m a l l e s t a m o u n t ( 3 0 % ) r e l a t i v e to t h e i r t o t a l a v a i l -

a b i l i t y . T h e 7 0 % t a k e n up b y e x t r a - m a m m a r y t i s s u e s is d i s t r i b u t e d 

a l m o s t e v e n l y a m o n g the d i g e s t i v e t r a c t , t h e l i v e r , a n d t h e b o d y 

t i s s u e s . It is d i f f i c u l t to f i n d l i t e r a t u r e d a t a for a d i r e c t e v a -

l u a t i o n of t h e s e f i g u r e s . H o w e v e r , a t e r m c a l l e d EPU i n t r o d u c e d by 

O l d h a m ( 1 9 7 8 ) to e x p r e s s t h e ^ e f f i c i e n c y of jp rot e i n u t i l i z a t i o n can 

b e c a l c u l a t e d f r o m the m o d e l s i m u l a t i o n s . EPU is d e f i n e d as t h e 

r a t i o : p r o t e i n p r o d u c t s / p r o t e i n s u p p l y . W h e n t h e b o d y p r o t e i n ba-

l a n c e is z e r o or n e g a t i v e , t h e o n l y p r o t e i n p r o d u c t is m i l k p r o -

t e i n . T h e p r o t e i n s u p p l y is t h e n c a l c u l a t e d as m i l k p r o t e i n + 

c at a b o I i zed p r o t e i n c o n v e r t e d to u r e a ( O l d h a m 1 9 7 8 ) : 

E P U = m i l k p r o t e i n - N / ( m i Ik p r o t e i n-N + c a t a b o l i z e d p r o t e i n - N in 

u r e a ) . 

T h i s is e a s i l y d e r i v e d f r o m t h e m o d e l (see f i g u r e s 2 . 5 and 2 . 6 , and 

T a b l e 4 . 5 ) : 

EPU = F60/ ( F 6 0 + F 4 5 - F 4 7 ) = 11 . 0 0 / ( 1 1 .00 + 7 . 0 9 ) = 0 . 6 1 . 

T h i s s i m u l a t e d v a l u e of EPU is e x a c t l y as e s t i m a t e d b y B r u c k e n t a I 

et a I. ( 1 9 8 0 ) in t h e i r c o w s y i e l d i n g 28 kg mi I k/d 8 - 9 w e e k s p o s t 

p a r turn. 
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4 . 1 . 4 A d j u s t m e n t o f p a r a m e t e r s 

T h e a s s i g n m e n t of n u m e r i c a l v a l u e s to the e q u a t i o n p a r a m e t e r s , 

i . e . p o o l s i z e s , r a t e c o n s t a n t s , a f f i n i t y c o n s t a n t s , m a x i m a l r a t e s 

e t c . , is d e s c r i b e d in s u b s e c t i o n s 3 . 3 . 1 - 3 . 3 . 4 . M o s t of t h e s e p a r a -

m e t e r v a l u e s h a v e b e e n c h a n g e d to s o m e e x t e n t d u r i n g r e p e a t e d si-

m u l a t i o n s in o r d e r to a c h i e v e c l o s e a g r e e m e n t b e t w e e n s o l u t i o n s of 

t h e d y n a m i c m o d e l and t h o s e of the s t a t i c m o d e l , T h e o u t c o m e of 

t h i s e n d e a v o u r h a s b e e n p r e s e n t e d in t h e f o r e g o i n g s u b s e c t i o n s . 

T h e o r i g i n a l p a r a m e t e r v a l u e s d e r i v e d f r o m the l i t e r a t u r e or 

o t h e r w i s e e s t i m a t e d are l i s t e d t o g e t h e r w i t h the f i n a l l y a d j u s t e d 

v a l u e s in A p p e n d i c e s 5 - 8 . From t h e s e T a b l e s it can be s e e n w h i c h 

p a r a m e t e r v a l u e s h a v e b e e n c r i t i c a l l y a l t e r e d ( m o r e t h a n 1 0 0 % ) by 

t h e a d j u s t m e n t s . T h o s e p a r a m e t e r s are g i v e n in T a b l e 4 . 1 1 . 

It s h o u l d be n o t i c e d t h a t the n u m e r i c a l v a l u e of the p a r a m e t e r s 

w h i c h are l a b e l l e d w i t h *) in T a b l e 4.11 ( i . e . n u t r i e n t p o o l s and 

r e g u l a t e d a f f i n i t y c o n s t a n t s ) can v a r y d u r i n g e a c h run of the mo-

d e l . T h i s m e a n s t h a t the i n i t i a l v a l u e of t h e s e p a r a m e t e r s can be 

v e r y d i f f e r e n t f r o m the " a v e r a g e " v a l u e d u r i n g a r u n , d e p e n d i n g on 

h o w the p a r t i c u l a r p a r a m e t e r is f l u c t u a t i n g in t h e c o u r s e of the 

run (see n e x t s e c t i o n 4 . 2 ) . The o r i g i n a l n u m e r i c a l v a l u e s a r e 

e s t i m a t e d as if the m o d e l w a s a s t a t i c o n e and are t h e r e f o r e to be 

r e g a r d e d as " a v e r a g e " v a l u e s . 

For t h i s r e a s o n t h e a d j u s t m e n t s of the p a r a m e t e r s K 1 0 6 , A 3 , N 1 B , 

K 1 2 8 and €12 are not real c h a n g e s from t h e i r f i r s t e s t i m a t i o n . T h e 

v a l u e s of s o m e o t h e r c o n s t a n t s ( G , K 9 , K A T P , K15 and K45 ) h a v e 

b e e n a d j u s t e d b e c a u s e o t h e r p a r a m e t e r s in t h e i r r e s p e c t i v e e q u a -
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T a b l e 4 . 1 1 . C r i t i c a l a d j u s t m e n t s of p a r a m e t e r v a l u e s in the 

d y n a m i c m o d e l . 

P a r a m e t e r or state v a r i a b l e 

N u m e r i c a l v a l u e 

S y m b o I Or i gi na L 1 ) F i na L2) 

Rumen c o m p a r t m e n t 

A f f i n i t y c o n s t a n t for 
c a r b o h y d r a t e f e r m e n t a t i o n 

Cell w a l l f e r m e n t a t i o n 
rate f a c t o r 

M i c r o b i a l a m i n o a c i d s and 
p e p t i d e s 

A f f i n i t y c o n s t a n t for 
m i c r o b i a l p r o t e i n s y n t h e s i s 

A f f i n i t y c o n s t a n t 

M i c r o b i a l N H 3 / N H 4
+ 

A f f i n i t y c o n s t a n t y for 
m i c r o b i a l u p t a k e of N H 3 / N H 4

+ 

K1 06 

A3 

K9 

K ATP 

N1 B 

K1 5 

9 - 2 7 0 

0 , 0 0 6 8 

0 . 1 4 8 3 

0,026 

0.002 

2 . 5 0 * ) 

0 . 0 4 0 . 0 0 0 6 

0 . 1 4 0 0 . 0 0 1 * > 

0.001 

0 . 0 7 

0 . 1 1 6 5 2 * ) 

0 . 1 8 9 

I n t e s t i n a l c o m p a r t m e n t 

A f f i n i t y c o n s t a n t for a c e t a t e 
and k e t o n e body o x i d a t i o n 

G l u c o s e in i n t e s t i n a l w a l l 

K 1 2 8 0 . 0 0 1 5 6 1 * 1 0 - 6 * 5 

C12 0 . 0 8 6 0 . 0 2 5 5 6 * ) 

L i v e r c o m p a r t m e n t 

P r o p i o n a t e in liver t i s s u e 

A f f i n i t y c o n s t a n t for g l u c o s e 
s y n t h e s i s from p r o p i o n a t e 

C 14 

K 1 3 6 

0 . 0 2 1 0 . 1 8 4 6 * ) 

0 . 0 3 2 0 . 1 6 1 0 * ) 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
*) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 
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T a b l e 4 . 1 1 . ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e v a r i a b l e 

L i v e r c o m p a r t m e n t 

A f f i n i t y c o n s t a n t for 
p r o p i o n a t e o x i d a t i o n 

K e t o a c i d s in liver t i s s u e 

A f f i n i t y c o n s t a n t for g l u c o s e 
s y n t h e s i s from keto a c i d s 

A f f i n i t y c o n s t a n t for 
k e t o acid o x i d a t i o n 

Free f a t t y acids in liver 
t i s s u e 

A f f i n i t y c o n s t a n t for liver 
fat s y n t h e s i s 

A f f i n i t y c o n s t a n t for 
l i p o p r o t e i n s y n t h e s i s 

A f f i n i t y c o n s t a n t for a c e t a t e 
and k e t o n e b o d y s y n t h e s i s 

A f f i n i t y c o n s t a n t for f a t t y 
acid o x i d a t i o n 

A f f i n i t y c o n s t a n t for 
a m i n o a c i d d e a m i n a t i o n 

N H 3 / N H 4
+ in liver t i s s u e 

A f f i n i t y c o n s t a n t for 
a m i n o a c i d s y n t h e s i s 

A f f i n i t y c o n s t a n t for 
urea s y n t h e s i s 

N u m e r i c a l v a l u e 

S y m b o l O r i g i n a l ^ P i n a l
2
) 

K 1 3 7 0 . 0 0 8 0 . 0 4 6 3 * > 

C17 0 . 0 2 0 . 1 1 6 8 * ) 

K142 0 . 0 4 6 7 0 . 2 3 1 5 * ) 

K 1 4 3 0 . 0 2 0 . 1 1 5 5 * ) 

C19 0 . 0 3 0 0 . 1 6 8 4 * ^ 

K147 0 . 2 7 0 1.391 

K 1 4 8 0 . 0 0 7 5 0 . 0 3 8 6 

K 1 4 9 0 . 1 0 0 . 5 1 3 

K 1 5 0 0 . 0 2 0 . 1 4 3 0 

K45 0 . 0 2 0 2 0 . 0 6 5 5 

N3 0 . 0 0 0 6 0 . 0 4 8 3 8 * ) 

K47 0 . 0 0 0 3 2 0 . 0 5 7 5 5 

K48 0 . 0 0 0 2 7 0 . 0 2 4 * ) 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
*) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 
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T a b l e 4 . 1 1 « ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e v a r i a b l e S y m b o I 

N ume ri c a I v a l u e 

O r i g i n a L 1 ) Fina L 2 ) 

E x t r a c e l l u l a r f l u i d c o m p a r t m e n t 

I n d e p e n d e n t p a r t of rate c o n s t a n t 
for a c e t a t e a n d k e t o n e b o d y 
u p t a k e in the m a m m a r y g l a n d L 1 5 6 

D e p e n d e n t p a r t of rate c o n s t a n t 
for a c e t a t e a n d k e t o n e b o d y 
u p t a k e in t h e m a m m a r y g l a n d M 1 5 6 

I n d e p e n d e n t p a r t of m a x . r a t e 
of g l u c o s e u p t a k e in the 
m a m m a r y g l a n d L1 6 0 

D e p e n d e n t p a r t of m a x . rate 
of g l u c o s e u p t a k e in the 
m a m m a ry g l a n d M1 6 0 

D e p e n d e n t p a r t of m a x . rate of 
f a t t y acid a n d g l y c e r o l u p t a k e in 
a d i p o s e t i s s u e f r o m l i p o p r o t e i n s M 1 7 1 B 

I n d e p e n d e n t p a r t of m a x . r a t e 
of a m i n o a c i d u p t a k e in t h e 
m a m m a r y g l a n d L51 

D e p e n d e n t p a r t of m a x . rate 
of a m i n o a c i d u p t a k e in the 
m a m m a r y g l a n d M51 

0 . 0 - 4 4 1 . 7 3 0 

4 7 . 5 3 8 8 3 . 1 2 8 

0 . 0 

0.0 

- 6 . 4 6 0 5 

0 . 3 2 8 8 0 . 8 4 9 1 

0 . 9 0 3 0 . 2 0 2 8 

- 1 . 4 8 8 9 

0 . 0 5 9 0 . 1 7 9 0 

1 ) A s s u m e d or e s t i m a t e d f r o m t h e l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 
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t i o n s a r e f l u c t u a t i n g . An e x a m p l e of t h i s is the rate of mi c rob i a 

p r o t e i n s y n t h e s i s : 

R9 = R 9 M * A 3 / (K9 + A 3 ) 

R9M = Y A T P * M 9 * ( R 1 0 8 + R11 5 ) 

Y A T P = Y A T P M * A 2 * N 1 A / ( K A T P + A 2 * N 1 A ) . 

T h e v a l u e s of A 3 , R 1 0 8 , A2 and N 1 A f l u c t u a t e s t r o n g l y , a n d t h e r e -

f o r e it w a s not p o s s i b l e to c a l c u l a t e in a d v a n c e the c o n s t a n t va-

lues of K9 and K A T P with w h i c h a g i v e n m i c r o b i a l s y n t h e s i s r a t e 

C R 9 ) w i l l be o b t a i n e d . 

T h e o r i g i n a l p o o l s i z e s of C 1 4 , C 1 7 , C 1 9 and N3 in t h e l i v e r c o m -

p a r t m e n t w e r e so s m a l l in r e l a t i o n to t h e i r t u r n o v e r r a t e s , t h a t 

t h e y b e c a m e u n s t a b l e and had to be i n c r e a s e d . C o n s e q u e n t l y , t h e 

a f f i n i t y c o n s t a n t s for the p r o c e s s e s w h i c h u s e t h e s e p o o l s as s u b 

s t r a t e s ( K 1 3 6 , K 1 3 7 , K 1 4 2 , K 1 4 3 , K 1 4 7 , K 1 4 8 , K 1 4 9 , K 1 5 0 , K 4 7 and 

K 4 8 ) h a v e a l s o b e e n ad j us t ed to h i g h e r v a l u e s . 

T h e last g r o u p of p a r a m e t e r s in T a b l e 4 . 1 1 ( L 1 5 6 , M 1 5 6 , L 1 6 0 , 

M 1 6 0 , M 1 7 1 B , L51 and M 5 1 ) are a l l r e l a t e d to n u t r i e n t u p t a k e in 

t h e m a m m a r y g l a n d and in a d i p o s e t i s s u e , i . e . to n u t r i e n t p a r t i -

t i o n i n g . T h e c h a n g e in t h e s e p a r a m e t e r s w a s a n e s c e s s i t y for t h e 

a b i l i t y of the m o d e l to s i m u l a t e a n i m a l p e r f o r m a n c e s at d i f f e r e n t 

l a c t a t i o n a l s t a g e s in a r e a l i s t i c w a y . U n f o r t u n a t e l y , t h e a d j u s t -

m e n t s h a v e r e s u l t e d in s o m e n e g a t i v e p a r a m e t e r v a l u e s w h i c h h a v e 

n o b i o l o g i c a l m e a n i n g , e . g . t h e m a x i m a l r a t e of g l u c o s e u p t a k e in 

t h e m a m m a r y g l a n d : 

R 1 6 0 M = L 1 6 0 + M 1 6 0 * G H = - 6 . 4 6 + 0 . 8 5 * G H . 

If GH ( p l a s m a g r o w t h h o r m o n e c o n c e n t r a t i o n ) is lower t h a n 

6 . 4 6 / 0 . 8 5 = 7 . 6 n g / m l , t h e n t h e m a x i m a l r a t e ( R 1 6 0 M ) w i l l be n e g a 
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t i v e and t h e r e f o r e m e a n i n g l e s s . 

S o m e of the p a r a m e t e r s in T a b l e 4 . 1 1 ( K 1 5 , K 1 2 8 , C 1 4 , K 1 3 6 , K 1 3 7 , 

€17, C 1 9 , K 1 4 8 , K 1 5 0 , K 4 5 , N3 a n d K 4 7 ) h a v e b e e n a l t e r e d in s u c h a 

w a y by the a d j u s t m e n t s t h a t t h e y can no longer be r e g a r d e d as d e -

r i v e d f r o m the l i t e r a t u r e . But a p a r t from t h e s e p a r a m e t e r s and 

t h o s e w i t h n e g a t i v e v a l u e s the v a s t m a j o r i t y of t h e a d j u s t e d p a r a -

m e t e r v a l u e s are in no c o n f l i c t w i t h the s c i e n t i f i c d a t a a n d t h e 

a s s u m p t i o n s u s e d for t h e i r o r i g i n a l e s t i m a t i o n . 

4 . 2 D i u r n a l v a r i a t i o n s of s u b s t r a t e p o o l s i z e s , a f f i n i t y 

f a c t o r s , a n d r a t e s o f t r a n s a c t i o n 

I n t h e p r e v i o u s s e c t i o n ( 4 . 1 ) the s i m u l a t e d t r a n s a c t i o n s of m a t t e r 

a r e p r e s e n t e d o n l y as d a i I y f l u x e s w h i c h show n o t h i n g of t h e d y n a -

m i c b e h a v i o u r of the m o d e I . O n e a d v a n t a g e of a d y n a m i c m o d e l is 

t h a t it p r e s e n t s the p o s s i b i l i t y of s i m u l a t i n g , for i n s t a n c e , me-

t a b o l i c r e s p o n s e s to s h o r t term v a r i a t i o n s in n u t r i e n t s u p p l y or 

o t h e r r e g u l a t o r y f a c t o r s . T h i s is i l l u s t r a t e d in t h e f o l l o w i n g 

s u b s e c t i o n s by e x a m p l e s of w i t h i n run v a r i a t i o n s of p o o l s i z e s , 

r a t e s , and r e g u l a t e d a f f i n i t y f a c t o r s in the d i f f e r e n t c o m p a r t -

m e n t s of the m o d e I . A run m e a n s a 24 h p e r i o d to the m o d e I c o w . 

T h e e x a m p l e s c h o s e n for p r e s e n t a t i o n are from the r u m e n c o m p a r t -

m e n t ( f i g u r e s 4 . 1 - 4 . 1 9 ) , the i n t e s t i na I c o m p a r t m e n t s ( f i g u r e s 

4 . 2 0 - 4 . 25 ) , the liver c o m p a r t m e n t ( f i g u r e s 4 . 2 6 - 4 . 3 0 ) , the p e r i -

p h e r a l b l o o d c o m p a r t m e n t ( f i g u r e s 4 . 3 1 - 4 . 4 1 ) , and t h e m a m m a r y 

g l a n d and b o d y t i s s u e c o m p a r t m e n t s ( f i g u r e s 4 . 4 2 - 4 . 4 7 ) . 
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4 . 2 . 1 The rumen c o a p a r t i e n t 

F i g u r e 4.1 s h o w s t h e r a t e of feed i n t a k e d u r i n g t h e d a y s i m u l a t e d 

b y the d y n a m i c m o d e l . T h e feed i n t a k e is r e p r e s e n t e d by the rate 

v a r i a b l e R 1 0 0 w h i c h is t h e rate of c a r b o h y d r a t e a n d lipid i n t a k e 

(mo I C / h ) . T h e d a y s t a r t s at m i d n i g h t . 

T h e m o d e l COM e a t s her d a i l y r a t i o n in 8 m e a l s . T h e t i m e f o r , and 

the l e n g t h o f , e a c h m e a l is d e t e r m i n e d b y the a m o u n t of u n f e r -

oiented o r g a n i c m a t t e r in t h e r u m e n , e x c e p t for t h e t i m e i n t e r v a l 

b e t w e e n 1 and 5 h in w h i c h the cow d o e s n o t eat ( s e e s u b s e c t i o n 

3 . 2 . 1 ) . T h e t o t a l e a t i n g t i m e is 5 . 4 5 h a n d the i n t e r v a l b e t w e e n 

m e a l s is a b o u t 2 h , a p a r t from the n i g h t p a u s e . T h i s s i m u l a t e d 

e a t i n g b e h a v i o u r r e s e m b l e s e x p e r i m e n t a l f i n d i n g s of T i b o r ( 1 9 8 0 ) , 

B l u m et a l . ( 1 9 8 5 ) and K r o h n 8 K o n g g a a r d ( 1 9 8 7 ) . 

T h e p r o c e s s e s in t h e r u m e n are c l e a r l y a f f e c t e d by t h e p a t t e r n of 

feed i n t a k e . P o o l s i z e s of f e r m e n t a b l e c a r b o h y d r a t e s c h a n g e a l m o s t 

in p a r a l l e l to v a r i a t i o n s in feed i n t a k e w i t h p e a k s o c c u r r i n g at 

the e n d of e a c h m e a l ( f i g u r e s 4 . 2 - 4 . 4 ) . T h e e a s i l y f e r m e n t a b l e 

c a r b o h y d r a t e s , s u g a r and s t a r c h , a l m o s t d i s a p p e a r from the r u m e n 

f l u i d b e t w e e n m e a l s ( f i g u r e 4 . 2 ) , w h i l e t h e p o o l of c e l l w a l l c a r -

b o h y d r a t e s d o e s not f l u c t u a t e to the s a m e e x t e n t a n d o n l y b e c o m e s 

r e a l l y low j u s t b e f o r e the f i r s t m o r n i n g m e a l at 5 h ( f i g u r e 4 . 3 ) . 

T h e a l t e r a t i o n s in t h e a m o u n t of f e r m e n t a b l e c a r b o h y d r a t e s ( C 2 ) 

w i l l in t u r n a f f e c t t h e a f f i n i t y f a c t o r ( K 1 0 6 ) for c a r b o h y d r a t e 

f e r m e n t a t i o n (see s u b s e c t i o n 3 . 2 . 1 ) . W h e n C2 i n c r e a s e s to or be-

y o n d a c e r t a i n v a l u e (C2MX = 4 2 ) t h e n K 1 0 6 is d e c r e a s e d , and w h e n 

C2 d e c r e a s e s to or b e l o w a c e r t a i n v a l u e (C2MN = 3 0 . 2 5 ) , K 1 0 6 is 

i n c r e a s e d . A d e c r e a s e in the v a l u e of K 1 0 6 w i l l i n c r e a s e , and an 



F i g u r e  4 . 1 .  S i a u l a t e d  r a t e  o f  f e e d  i n t a k e  of carbobydra tes  and l i p i d s  d u r i n g  ~ h e  day (R100)- 
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F i g u r e  4.2. S i n u l a t e d  d i u r n a l  v a r i a t i o n s  a f  r u n e n  p o o l  s i z e s  o f  f e r i e n t a b l e  s u g a r  <$U21 ~ n d  

, c a r c n  i S i L i ,  
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F i g u r e  4.5. S i m u l a t e d  d i u r n a l  v a r i a t i o n  o f  t h e  r u i e n  pool. s i z e  o f  f e r m e n t a b l e  c e L L  @ a l l  

c a r b o h y d r a t e s .  
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I ' igcrre 4.4 .  S i m u t a t e d  d i u r n a l  v a r i a t i o n  o f  t h e  rumeii p o o l  s i z e  o f  f e r m e n t a b l e  c a r b o h y d r a t e s  
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i g u r e  4 .5 .  S i m u l a t e d  d i u r n a t  v a r i a t i o n  o f  t h e  a f f l n i t y  f a c t o r  f o r  c a r b o h y d r a t e  f e r r e n t a t  

t h e  r d m ? n .  



F i s u r e  4 . 6 .  S i n u l a t e d  d i u r n a l  v a r i a t i o n s  o f  rumen o u t f l o w  r a t e s  c f  u n f e r i e n t a b l e  c a r b o h y d r a t r -  

and l i p i d s  CRIOS), f e r i e n t a b e e  c a r b o h y d r a t e s  (R107), microbial c a r b o h y d r a t e s  and 

l i n i  ' c  < R l l n 1  a ' f rap  tatin " r ' c t c  C R T ? ? ) -  
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i n c r e a s e in K 1 0 6 w i l t d e c r e a s e the f e r m e n t a t i o n r a t e ( R 10 6 ). F i g -

u r e 4 . 5 s h o w s t h a t the v a r i a t i o n s in t h e v a l u e of K 1 0 6 f o l l o w t h i s 

p r i n c i p l e , a c o n s e q u e n c e of w h i c h is t h a t the d e c r e a s e in C 2 b e -

t w e e n 0 . 5 and 5 h b e c o m e s c u r v i l i n e a r ( f i g u r e 4 . 4 ) . 

O u t f l o w r a t e s of c a r b o h y d r a t e s , l i p i d s and f e r m e n t a t i o n e n d - p r o -

d u c t s a r e d e p i c t e d in f i g u r e s 4 . 6 - 4 . 7 . T h e rate of A T P f o r m a t i o n 

is s h o w n in f i g u r e 4 . 8 . A l l r a t e s s e e m to be a f f e c t e d by the v a r i -

a t i o n s in feed i n t a k e d u r i n g the d a y , but the r a t e of m i c r o b i a l 

m a t t e r o u t f l o w ( R 1 1 0 ) v a r i e s o n l y l i t t l e . T h e p r o d u c t i o n of a c e t a -

te ( R A C 1 1 1 ) o c c u r s w i t h o u t d i s t i n c t p e a k s at the t i m e s of feed in-

t a k e , w h i c h is not the c a s e w i t h t h e o t h e r f e r m e n t a t i o n p r o d u c t s 

( f i g u r e 4 . 7 ) . It can f u r t h e r be o b s e r v e d that w h e n the rate of 

p r o p i o n a t e p r o d u c t i o n (RPR 1 1 1 ) has p e a k s , p r o d u c t i o n r a t e s of b u -

t y r a t e (RBU1 1 1 ) , m e t h a n e (RCH11 1 ) and c a r b o n d i o x i d e ( R C 0 1 1 1 ) h a v e 

v a l l e y s - and v i c e v e r s a . 

A t y p i c a l p a t t e r n of s i m u l a t e d d a i l y v a r i a t i o n s of r u m e n p o o l s is 

a l s o s e e n in A 2 , f e r m e n t a b l e p r o t e i n , p e p t i d e s and a m i n o a c i d s in 

r u m e n l i q u o r , w h i l e A 4 , the p o o l of m i c r o b i a l p r o t e i n , is r e l a t i -

v e l y c o n s t a n t ( f i g u r e 4 . 9 ) . 

F i g u r e 4 . 1 0 s h o w s how the a f f i n i t y f a c t o r for m i c r o b i a l u p t a k e of 

a m i n o a c i d s and p e p t i d e s ( K 6 ) is r e g u l a t e d by the s i z e of the 

s u b s t r a t e p o o l A 2 , w h i c h in t u r n is r e g u l a t e d by v a r i a t i o n s in the 

r a t e R 6 . T h e s e v a r i a t i o n s ( f i g u r e 4 . 1 1 ) are t h e r e f o r e b o t h a m e a n 

and a r e s u l t in the r e g u l a t i o n of t h e s u b s t r a t e p o o l s i z e . 

V a r i a t i o n s in o u t f l o w r a t e s of u n f e r m e n t a b le p r o t e i n (R 5 ) and f e r -

m e n t a b l e p r o t e i n ( R 7 ) a r e s h o w n in f i g u r e 4 . 1 1 . B o t h R 5 and R7 are 

c a l c u l a t e d as f i x e d p r o p o r t i o n s of t h e i r r e s p e c t i v e s u b s t r a t e p o o l 
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Figure 4.7. Sinulated diurnal variations of absorption rates of acetale C R A C 1 1 1 > ,  propionate 

(RPR111>  and butyrate < R B U 1 1 1 ) ,  and autflou rates a f  aethane ( R C N 1 1 1 )  and carbon 

dioxide ( R C O 1 1 1 )  from the rumen. 
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F i g u r e  4 . 8 .  Simula ted  d i u r n a l  v a r i a t i o n  o f  t h e  r a t e  o f  ATP f o r m a t i o n  i n  t h e  rumen. 
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. < g u r e  4.9. S i m u l a t e d  d i u r n a l  v a r i a t i o n s  o f  ruinen p o o l  s i z e s  o f  dermentab le  protein, pept idtos  

and a a i n o  a c i d s  (A21, and m i c r o b i a L  p r o t e i n  and n u e l e i c  a c i d s  ( A 4 > .  
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Figure 4 , 1 0 .  S i m u l a t e d  d i u r n a l  v a r i a t i o n  o f  t h e  a f f i n i t y  f a c t o r  f o r  amino a c i d  and p e p t i d e  

uptake  i n  rumen microbes.  
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F i g u r e  4.11. S i m u l a t e d  d i u r n a l  v a r i a t i o n s  o f  r u i e n  o u t f l o u  r a t e s  o f  u n f e r a e n t a b l e  p r o t e i n  (851,  

f e r m e n t a b l e  p r o t e i n  CRT) ,  and r a t e  o f  amino a c i d  and p e p t i d e  uptake  i n  r u i c n  

i i c r o b e s  ( R 6 9 .  
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F i g u r e  4.12. S i r u l a t e d  d i u r n a l  v a r i a l l o n  a f  t h e  runen p o o l  s i r e  o f  a r i n o  a c i d s  and p e p t i d e s  I n  

runen a i c r o b e s .  
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s i z e s (R5 = K5 *A 1 , R7 = K ? * A 2 ) , and t h e i r d a i l y v a r i a t i o n s t h e r e -

f o r e s h o w the s a m e p a t t e r n s as the d a i l y v a r i a t i o n s of the sub-

s t r a t e p o o l s . H e n c e , it can be i n f e r r e d t h a t the d a i l y f l u c t u a -

t i o n s a r e m u c h less in p o o l A1 ( u n f e r m e n t a b l e p r o t e i n ) t h a n in 

p o o l A2 ( f e r m e n t a b l e p r o t e i n ) . T h i s is e x p l a i n e d as f o l l o w s : 

T h e o n l y o u t f l o w rate from A1 is R 5 , w h i c h is p r o p o r t i o n a l to A1 

and d e c r e a s e s i m m e d i a t e l y w h e n A1 d e c r e a s e s d u r i n g p e r i o d s w i t h no 

feed i n t a k e . T h e o u t f l o w from A 2 is d o m i n a t e d by R 6 , w h i c h is de-

s c r i b e d as an e n z y m a t i c r e a c t i o n o p e r a t i n g n e a r its m a x i m a l r a t e . 

Th is m e a n s t h a t A 2 can d e c r e a s e s u b s t a n t i a l l y b e f o r e R6 d e c r e a s e s 

e n o u g h to p r e v e n t a f u r t h e r d e c l i n e in t h e s i z e of A 2 ; but it a l s o 

m e a n s t h a t A2 w i l l i n c r e a s e f a s t e r d u r i n g p e r i o d s of feed i n t a k e . 

T h e r e f o r e A2 f l u c t u a t e s m o r e t h a n A 1 , a l t h o u g h the d i f f e r e n c e is 

d a m p e d by c h a n g e s in the v a l u e of K 6 . 

T h e t i m e c o u r s e of N - m e t a b o I i sm w i t h i n t h e r u m e n m i c r o b e s is i l l u -

s t r a t e d in f i g u r e s 4 . 1 2 - 4 . 1 9 . T h e c e n t r a l p o o l is t h a t for the m i -

c r o b i a l a m i n o a c i d s and p e p t i d e s ( A 3 ) . It t a k e s p a r t in m a n y r e a c -

t i o n s and v a r i e s g r e a t l y . T h e g e n e r a l t r e n d is that t h e p o o l s i z e 

is low d u r i n g the n i g h t , it i n c r e a s e s a f t e r the s t a r t of feed in-

t a k e in the m o r n i n g and r e m a i n s h i g h for a b o u t 6 h . T h a t t r e n d is 

s u p e r i m p o s e d by f r e q u e n t and large o s c i l l a t i o n s ( f i g u r e 4 , 1 2 ) . 

T h i s p i c t u r e is r e f l e c t e d in the r a t e s of a m i n o a c i d e x c r e t i o n 

(R 8 ) , p r o t e i n s y n t h e s i s ( R 9 ) and a m i n o a c i d d e g r a d a t i o n (R11 ) . T h e 

a f f i n i t y f a c t o r for a m i n o a c i d d e g r a d a t i o n ( K 1 1 ) is r e g u l a t e d by 

t h e p o o l s i z e of A3 as s h o w n in f i g u r e 4 . 1 4 . T h e v a r i a t i o n s of the 

r a t e of p r o t e i n s y n t h e s i s ( R 9 , f i g u r e 4 . 1 3 ) i l l u s t r a t e the i n t e r -

a c t i o n w i t h the rate of c a r b o h y d r a t e f e r m e n t a t i o n as t h e p a t t e r n 

of ATP f o r m a t i o n ( R 1 0 8 , f i g u r e 4 . 8 ) is c l e a r l y r e f l e c t e d in R 9 , 

e s p e c i a l l y d u r i n g the p e r i o d w h e n A3 is r e l a t i v e l y s t a b l e . The 

m i c r o b i a l p o o l of N H 3 / N H 4 + ( N 1 B ) and t h e r a t e s of a m i n o a c i d syn-

t h e s i s ( R 1 7 ) a n d N H 3 / N H 4 + e x c r e t i o n to r u m e n l i q u o r (R 2 0 ) are in 
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F i g u r e  4.73. S i n u l a t e d  d i u r n a l  v a r i a t i o n s  o f  r a t e s  o f  amino a c i d  e x c r e t i o n  i R 8 3 ,  p r o t e i n  

s y n t h e s i s  CR9) and p r o t e i n  d e g r a d a t i o n  (R121 i n  r u r e n  n i c r s b e s .  
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K l l  

F i g u f e  4.14- S i m u l a t e d  d i u r n a l  v a r i a t i o n  o f  i h e  a f f i n i t y  f a c t o r  f a r  a i f n o  sejd d e g r a d a t i o n  i n  

r u i e n  a i c r o b e s .  



Hours 

F i g u r e  4 . 1 5 .  s i s u l a t e d  d i u r n a l  v a r i a t i o n  o f  t h e  r a t e  o f  a s i n o  a c i d  d e g r a d a t i o n  i n  ruien 

s i  crobes, 



F i g u r @  4 . 3 6 .  S i a u k a t e d  d i u r n a l  v a r i a t i o n s  o f  p o o l  s i z e s  o f  r u m i n a l  N W ~ / N H ~ * C M ~ A > ,  m i c r o b i a l  

N N ~ / W N ~ +  (NIBI and r u m i n a l  u r e a  ( U ? ) .  



Figure 4.17. Simulated diurnal variations o f  rates o f  N H ~ / N H ~ *  outflou to t h e  Intestines ( R 1 4 3 ,  

absorption ( R 3 6 1  and uptake in ruaen i i c r o b e s  (8151,  and amino acid synthesis i n  

rumen mi crobes (R1 7). 



F i g u r e  4.18. S i m u l a t e d  d i u r n a l  v a r i a t i o n  o f  t h e  a f f i n i t y  f a c t o r  f o r  W N K / ~ ~ 4 +  e x c r e t i a n  from 

rumen microbes. 
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F i g u r e  4.19. S i n u l a t e d  d i u r n a l  v a r i a t i o n s  o f  r a t e s  o f  m i c r o b i a l  crude p r o t e i n  o u t f l o w  (8191, 

M H ~ / N H ~ +  e x c r e t i o n  from rumen microbes (R203 and h y d r o l y s i s  o f  r u m i n a l  u r e a  (821)- 
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f i g u r e s 4 . 1 6 - 4 . 1 9 . T h e v a l u e of N 1 B w h i c h r e g u l a t e s the a f f i n i t y 

f a c t o r for N h ^ / N H ^ 4 " e x c r e t i o n ( K 2 0 , f i g u r e 4 . 1 8 ) , f l u c t u a t e s 

t h r o u g h o u t t h e d a y w i t h o u t any c l e a r t r e n d s e i t h e r of i n c r e a s e s or 

d e c r e a s e s . 

V a r i a t i o n s in p o o l s i z e s of N H 3 / N H 4 + ( N 1 A ) a n d u r e a ( U 1 ) in t h e 

r u m e n l i q u o r a r e s h o w n in f i g u r e 4 . 1 6 , r a t e s of N H 3 / N H 4 + u t i l i -

z a t i o n in f i g u r e 4 . 1 7 , and r a t e of urea h y d r o l y s i s in f i g u r e 4 . 1 9 . 

4.2.2 The intestinal compartments 

C o m p a r e d with t h e r u m e n the a b s o r p t i o n r a t e s of V F A from the h i n d 

gut s h o w less v a r i a t i o n d u r i n g the day ( f i g u r e 4 . 2 0 ) , but t h e in-

f l u e n c e of t h e p a t t e r n of feed i n t a k e is s t i l l to be s e e n . 

T h i s is a l s o t h e c a s e for the p o o l s of d i g e s t i b l e c a r b o h y d r a t e s in 

t h e s m a l l i n t e s t i n e (C 8 ) and g l u c o s e in t h e i n t e s t i n a l w a l l ( C 1 2 ) 

e v e n t h o u g h t h e i r v a r i a t i o n s a r e m u c h g r e a t e r ( f i g u r e 4 . 2 1 ) . T h e s e 

p o o l s are u n d e r s e l f - r e g u l a t i o n as a c o n s e q u e n c e of c o n t r o l l i n g 

t h e v a l u e s of t h e a f f i n i t y f a c t o r s for t h e r a t e s of g l u c o s e 

t r a n s f e r to the i n t e s t i n a l w a l l (K121 ) and for g l u c o s e a b s o r p t i o n 

to the b l o o d ( K 1 3 0 , f i g u r e 4 . 2 2 ) . 

F i g u r e s 4 . 2 3 a n d 4 . 2 5 s h o w a b s o r p t i o n r a t e s f r o m the s m a l l i n t e -

s t i n e of g l u c o s e (R 1 30 ) , t r i g l y c e r i d e s (R 13 2 ) a n d a m i n o a c i d s 

(R 4 0 ) . T h e r a t e s of a m i n o a c i d u p t a k e f r o m the i n t e s t i n a l lumen to 

t h e i n t e s t i n a l w a l l (R 27 = d i e t a r y and m i c r o b i a l a m i n o a c i d s , R 3 4 

= e n d o g e n o u s a m i n o a c i d s ) are a l s o s h o w n . T h e s e r a t e s v a r y m o r e or 

less but t h e y all f o l l o w the s a m e p a t t e r n w h i c h is i n f l u e n c e d by 



-- .- RAG i24 

RPR i 24 

- RBUi2 I  

Hours 

F i g u r e  4 .20 .  S imula ted  d i u r n a l  v a r i a r i o n s  o f  absorption r a t e s  o f  a c e t a t e  (RAC1241, p rop io f la te  

<RPR124> and b u t y r a t e  CRBU1249, and o u t f l o u  r a t e c  o f  ae thane  (RCH124) and carbon 

d i o x t d e  CRCO124) from r h e  h i n d  g u t .  



M o l  C 

F i g u r e  4.21. S imula ted  d i u r n a l  v a r i a t i o n s  o f  p o o l  s i n e a  o f  d i g e s t i b l e  carbohydra tes  i n  t h e  

i n t e s t i n a l  Lumen (C81 and g lucose  i n  t h e  i n t e s t i n a l  u a l l  CC12).  



Mol C 

F i g u r e  4.22. S i m u l a t e d  d i u r n a l  v a r i a t i o n s  o f  a f f i n i t y  f a c t o r s  f o r  g lucose  uptake  from t h e  

i n t e s t i n a l  lumen (K1211 and f o r  gkucose a b s o r p t i o n  to the blood CK130). 
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F i g u r e  4 - 2 3 .  S i m u l a t e d  d i u r n a l  v a r i a t i o n á  o f  a b s o r p t i o n  r a t e s  o f  g l u c o s e  (RI303 and 

t r i g l y c e r i d e s  (81321 f rom t h e  smal1  i n t e s t i n e .  



M o l  N/h 

1 

F i g u r e  4 . 2 4 .  S i n u l a t e d  d i u r n a l  v a r l a t i o n s  o f  r a t e s  a f  endogenous p r o t e i n  s e e r e t i o n  < R 4 1 )  and 

i n t e s t i n a l  a i i n o  a e i d  u p t a k e  f rom t h e  b l o o d  CR50) .  



Mol N/h 

F i g u r e  4.25. S i m u l a t e d  d i u r n a l  v a r i a t i o n s  o f  r a t e s  o f  a r i n o  a c i d  uptake  f rom t h e  i n t e s t i n a l  

Lumen (R27, R34> ,  amino a c i d  a b s o r p t i o n  t o  t h e  btood f R 4 O )  and f a e c a l  e x c r e l i o n  o f  

crude p r o t e i n  ( R ? 9 > .  
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t h e feed i n t a k e . 

T h i s p a t t e r n is m u c h m o r e d i s t i n c t in the v a r i a t i o n of e n d o g e n o u s 

p r o t e i n s e c r e t i o n to the i n t e s t i n a l lumen (R41 , f i g u r e 4 , 2 4 ) b e -

c a u s e t h e m a x i m a l r a t e of this p r o c e s s ( R 4 1 M ) is p r o p o r t i o n a l to 

t h e r a t e of o r g a n i c m a t t e r i n f l o w from the s t o m a c h s . On t h e o t h e r 

h a n d the rate of f a e c a l N e x c r e t i o n is a l m o s t c o n s t a n t t h r o u g h o u t 

t h e d a y (R 2 9 , f i g u r e 4 . 2 5 ) » 

4 . 2 . 3 T h e l i v e r c o n p a r t i e n t 

T h e d a i l y v a r i a t i o n s in r a t e s of p r o p i o n a t e ( R 1 3 3 ) and b u t y r a t e 

( R 1 3 4 ) u p t a k e , a n d of a c e t a t e and k e t o n e b o d y p a s s a g e t h r o u g h t h e 

l i v e r are s h o w n in f i g u r e 4 . 2 6 , 

F i g u r e 4 . 2 7 g i v e s the liver p o o l s i z e s of p r o p i o n a t e ( C14 ) , g l u -

c o s e ( C 1 6 ) and f r e e f a t t y a c i d s (C19 ) d u r i n g t h e d a y . T h e v a r i a -

t i o n s in the p r o p i o n a t e p o o l a r e v e r y much l i k e the v a r i a t i o n s in 

t h e r a t e of p r o p i o n a t e p r o d u c t i on ( R P R 1 1 1 , f i g u r e 4 . 7 ) and u p t a k e 

in t h e liver ( R 1 3 3 , f i g u r e 4 . 2 6 ) , but a f t e r the f i r s t mo rn i ng f e e d 

t h e p o o l s t a r t s to f l u c t u a t e for a b o u t 7 h and t h e n r e t u r n s to t h e 

n o r m a I r y t h m . T h e s a m e p i c t u r e i s s e e n i n the p r o d u c t poo I of g l u -

c o s e . T h e v a r i a t i o n of the a f f i n i t y f a c t o r for p r o p i o n a t e o x i d a -

t i o n (K137 ), w h i c h is c o n t r o l l e d by the s i z e of the propi o n a t e 

p o o l ( C14 ) , i s s h o w n in f i g u r e 4 . 2 8 . T h e p a r a m e t e r i s c o n s t a n t 

m o s t of the d a y e x c e p t for a p e r i o d of 3 . 4 h d u r i n g w h i c h C14 o s -

c i l l a t e s m o s t i n t e n s e l y . 

T h e r a t e s of g l u c o n e o g e n e s i s and g l u c o s e o u t p u t from the l i v e r are 
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F i y u r e  4.24. S i m u l a t e d  d i u r n a l  v a r i a t i o n s  o f  r a t e s  o f  p r o p i o n a t e  u p t a k e  CR133), b u l y r a t e  u p t a k e  

i n  t h e  l i v e r  < R 1 3 4 ) ,  and p a s s a g e  o f  a c e t a t e  and k e t a n e  b o d i e s  CRl35) .  



Mol C 

F i g u r e  4.27. S i m u l a t e d  d i u r n a l  v a r i a t i o n s  a f  L i v e r  p o o l  s i z e s  o f  p r o p i o n a t e  < C ? & ) ,  g l u c o s e  

CClb) and f r e e  f a t t y  a c j d s  C C 1 9 ) .  



M o l  C 
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F i g u r e  4 . 2 8 .  Sinukated  d i u r n a l  v a r i a t i o n  o f  t h e  a f f i n i t y  f a c t o r  f o r  p r o p i o n a t e  o x i d a t i o n  i n  t h e  



M o l  C/h 
4 . 0  7 

Hours 
F i g u r e  4.29. S i m u l a t e d  d i u r n a l  v a r i a t i o n s  o f  r a t e s  o f  gluconeogenesis from p r o p i o n a t e  iR136) ,  

amino a c i d s  (R142>, and g l y c e r o l  and L a c t a t e  < R 1 4 4 ) ,  and r a t e  o f  g lucose  o u t p u t  

from t h e  L i v e r  (R139).  



Mol N 
0.50 

0 -45 

F i g u r e  4.30. Siiulated diurnal variations of Liver p o o l  sizes of anino a c i d s  C A 1 4 ) ,  

N H ~ / N H ~ + ( N ~ )  and urea ( U 3 ) .  
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in f i g u r e 4 . 2 9 . T h e v a r i a t i o n of t h e p r o p i o n a t e p o o l is c l e a r l y 

r e f l e c t e d in the r a t e of g l u c o s e s y n t h e s i s f r o m p r o p i o n a t e ( R 1 3 6 ) , 

and to a l e s s e r e x t e n t in the r a t e of g l u c o s e o u t p u t ( R 1 3 9 ) . T h i s 

c o n f i r m s the d o m i n a n t r o l e of p r o p i o n a t e in g l u c o n e o g e n e s i s . T h e 

r a t e s of g l u c o s e s y n t h e s i s from a m i n o a c i d s (R 1 4 2 ) , and from g l y -

c e r o l a n d l a c t a t e ( R 1 4 4 ) a r e a l m o s t c o n s t a n t t h r o u g h o u t the d a y . 

V a r i a t i o n s in t h e n i t r o g e n o u s p o o l s , a m i n o a c i d s ( A 1 4 ) , NH3/NH4 4
" 

(N 3 ) a n d u r e a ( U 3 ) a r e i l l u s t r a t e d in f i g u r e 4 . 3 0 . T h e p o o l s i z e 

of N H 3 / N H 4
+
 r e m a i n s low at all t i m e s of the d a y . 

4 . 2 . 4 T h e p e r i p h e r a l b l o o d c o m p a r t m e n t 

T h e b l o o d p l a s m a c o n c e n t r a t i o n s of i n s u l i n a n d g l u c a g o n d u r i n g t h e 

d a y a r e s h o w n in f i g u r e 4 . 3 1 . T h e v a r i a t i o n in p l a s m a i n s u l i n is 

d e p e n d e n t on the a b s o r p t i o n r a t e s of p r o p i o n a t e ( R 1 3 3 , f i g u r e 

4 . 2 6 ) a n d a m i n o a c i d s (R 4 0 , f i g u r e 4 . 2 5 ) , and on t h e p l a s m a g l u -

c o s e p o o l s i z e (€24, f i g u r e 4 . 3 3 ) . T h e s h a p e of t h e i n s u l i n c u r v e 

w i t h a m i n i m u m at a b o u t 6 a . m . is s i m i l a r to e x p e r i m e n t a l f i n d i n g s 

of B l u m et a I . ( 1 9 8 5 ) . T h e v a r i a t i o n in p l a s m a g l u c a g o n is d e p e n -

d e n t on t h e a b s o r p t i o n r a t e of p r o p i o n a t e ( R 1 3 3 ) . T h e r a t i o of 

g l u c a g o n to i n s u l i n c o n c e n t r a t i o n s , w h i c h a m o n g o t h e r t h i n g s r e g u -

l a t e s t h e r a t e s of g l u c o n e o g e n e s i s and f a t t y a c i d m e t a b o l i s m in 

t h e l i v e r (see s u b s e c t i o n 3 . 3 . 3 ) , is g i v e n in f i g u r e 4 . 3 2 . 

F i g u r e 4 . 3 3 s h o w s t h e v a r i a t i o n s of a c e t a t e a n d k e t o n e b o d i e s 

(C 2 3 ) , g l u c o s e ( C 2 4 ) a n d g I y c e r 0 1 + l a c t a t e ( C 2 5 ) in t h e b l o o d . T h e 

g l u c o s e p o o l v a r i e s m o r e than t h e o t h e r n u t r i e n t s a c c o r d i n g to the 

d a i l y v a r i a t i o n s in t h e r a t e of g l u c o s e o u t p u t ( f i g u r e 4 . 2 9 ) . T h e 

g l y c e r o l and l a c t a t e p o o l o r i g i n a t e s f r o m e n d o g e n o u s s o u r c e s and 



F i g u r e  4 . 3 ? .  S i a u l a t e d  d i u r n a l  v a r i a t i a n s  a f  b l a a d  p l a s m a  concentrations o f  i n s u l i n  ( I N S U L )  and 

glucagon C G L U C A I .  



RATIO 

F i g u r e  4.32. S i m u l a t e d  d i u r n a l  v a r i a t i o n  o f  t h e  r a t i o  a f  g i u c a g o n  t o  i n s u l i n  c o n c e n t r a t i o n s  i n  

blood  plasma.  



F i g u r e  4 . 3 3 .  Sinubated  d i u r n a l  v a r i a t i o n s  o f  b lood  plasma p o o l  c i z e s  o f  a c e t a t e  and ke tone  

bod ies  (C23>, glucose  (~24), and g l y c e r o l  and L a c t a t e  b C 2 5 ) .  



L M o l  C/h 
5.0 

4.5 

4. 0 

Hours 
F i g u r e  4.34. S i m u l a t e d  d i u r n a l  v a r i a t i o n s  a f  r a t e s  o f  a c e t a t e  and k e t o n e  body u p t a k e  i n  t h e  

i n t e s t i n a l  u a l l  (R155), mammary g l a n d  (R1561, m u s c l e  t i s s u e  (R1571, a d i p o s e  t i s s u e  

<R1583 and o t h e r  t i s s u e s  ( R 1 5 9 ) .  



Mol C/h 
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F i g u r e  4.35. S i a u l a t e d  d i u r n a l  v a r i a t l o n s  o f  r a t e s  o f  g l u c o s e  u p t a k e  i n  t R e  man la ry  g l a n d  

(R1603, r u s c l e  t i s s u e  (R161 1, a d i p o s e  t i s s u e  (W1621 and o t h e r  t i s s u e s  (R163). 
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v a r i e s o n l y L i t t l e . T h e r e is an a m a z i n g s i m i l a r i t y b e t w e e n the 

t i n e c o u r s e of t h e s e t h r e e c u r v e s on t h e o n e h a n d a n d c u r v e s of in 

v i v o d i u r n a l v a r i a t i o n s in p l a s m a g l u c o s e , 3 - O H - b u t y r a t e and lac-

t a t e f o u n d by B l u m et a l . ( 1 9 8 5 ) on t h e o t h e r . T h e c o w s in t h a t 

s t u d y w e r e at the s a m e l a c t a t i o n a l s t a g e and had t h e s a m e feed 

i n t a k e a n d m i l k p r o d u c t i o n as the m o d e l c o w . 

T h e r a t e s of u p t a k e of a c e t a t e and k e t o n e b o d i e s ( f i g u r e 4 . 3 4 ) and 

of g l u c o s e ( f i g u r e 4 . 3 5 ) in the d i f f e r e n t t i s s u e s s h o w the d o m i -

n a n t r o l e of the m a m m a r y g l a n d in t h e e x t r a c t i o n of n u t r i e n t s f r o m 

the b l o o d . 

T h e d a i l y v a r i a t i o n s in p l a s m a p o o l s i z e s and r a t e s of t i s s u e up-

t a k e of f r e e f a t t y a c i d s and t r i g l y c e r i d e s a r e s h o w n in f i g u r e s 

4 . 3 6 - 4 . 3 8 . T h e p o o l of f r e e f a t t y a c i d s ( C 2 6 ) do not v a r y m u c h 

d u r i n g t h e day - m u c h less t h a n f o u n d in c o y s by B i n e s et a l . 

( 1 9 8 3 ) and by B l u m et a l . ( 1 9 8 5 ) . H o w e v e r , the p a t t e r n of the 

v a r i a t i o n s in €26, s m a l l as they a r e , is b i o l o g i c a l l y r e a s o n a b l e 

b e c a u s e it is o p p o s i t e to the p a t t e r n of the v a r i a t i o n s in the 

g l u c o s e p o o l s i z e ( f i g u r e 4 . 3 3 ) and i n s u l i n c o n c e n t r a t i o n ( f i g u r e 

4 . 3 1 ) as s h o w n to be t h e c a s e in m a n y e x p e r i m e n t s ( e . g . B l u m et 

a l . 1 9 8 5 , F r o h l i & B l u m 1 9 8 8 ) . T h e s i m u l a t e d v a r i a t i o n s in the 

p o o l of c h y l o m i c r o n s (C 2 7 ) and in the r a t e s of t i s s u e u p t a k e 

( R 1 7 0 A and R 1 7 0 B ) r e f l e c t the p a t t e r n of the r a t e of lipid a b s o r p -

t i o n f r o m the s m a l l i n t e s t i n e ( f i g u r e 4 . 2 3 ) . 

F i g u r e 4 . 3 9 g i v e s t h e d a i l y p r o f i l e s of a m i n o a c i d s ( A 1 6 ) and u r e a 

( U 4 ) in b l o o d p l a s m a . T h e c o n c e n t r a t i o n s of t h e s e m e t a b o l i t e s are 

r a t h e r c o n s t a n t d u r i n g t h e day as a l s o o b s e r v e d in v i v o (Blum et 

a l . 1 9 8 5 ) . T h e d i u r n a l v a r i a t i o n s in r a t e s of a m i n o a c i d u p t a k e in 

the m a m m a r y g l a n d ( R 5 1 ) and in b o d y t i s s u e s ( R 5 2 , R 5 3 ) are s h o w n 
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F i g u r e  4 .36 .  S i n u l a t e d  d i u r n a l  v a r i a t i o n s  a f  b lood  plasma p o o l  s i z e s  o f  f r e e  f a t t y  a c i d s  (C26), 

t r i g l y c e r i d e s  i n  chylomicrons (C27) and t r i g l y c e r i d e s  i n  l i v e r  L i p o p r o t e i n s  t C 2 8 ) .  



Hours  

F i g u r e  4.37. S i m u l a t e d  d i u r n a l  v a r i a t i o n s  o f  r a t e s  o f  f r e e  f a t t y  a c i d  u p t a k e  i n  t h e  L i v e r  

<R165>, muscle  t i s s u e  (R166) and o t h e r  t i s s u e s  (R167). 



Mol C/h 
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F i g u r e  4 . 3 8 .  S i m u l a t e d  d i u r n a l  v a r i a t i o n s  o f  r a t e s  o f  f a t t y  a e i d  and g l y c e r o l  u p t a k e  i n  t h e  

e a a i a r y  g l a n d  f rom c h y l o a i c r o n s  (R170A) and f rom L i p o p r o t e i n s  C R 1 7 1 A ) ,  and i n  

a d i p o s e  t i s s u e  f rom c h y l o a i c r o n s  (R17001 and f rom l i p o p r o t e i n s  (R171B>. 



Mol N 
2 . 5 0  7 

F i g u r e  4.39. S imula ted  d i u r n a l  v a r i a t i o n s  o f  b lood  plasma poo l  s i z e s  o f  amino a c i d s  (A161 and 
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F i g u r e  4.40. S i m u l a t e d  d i u r n a l  v a r i a t i o n s  o f  r a t e s  o f  amino a c i d  u p t a k e  I n  t h e  nammary g l a n d  

(851) .  muscle t i s s u e  ( 8 5 2 )  and o t h e r  t i s s u e s  CR53). 
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F i g u r e  4.41. S1taulated d i u r n a l  v a r i a t i o n s  o f  r a t e s  o f  u r e a  o u t p u t  from t h e  l i v e r  (R49),  u r e a  

uptake  i n  t h e  runen <R55> and i n  t h e  h i n d  g u t  (R56>, and u r e a  e x c r e t i o n  i n  t h e  

u r i n e  (R57) .  



3 0 0 

i n f i g u r e 4 . 4 0 , and r a t e s of u r e a p r o d u c t i o n (R 49 ) , r e c y c l i n g 

CR55 , R 5 6 ) a n d e x c r e t i o n (R 5 7 ) a r e i n f i g u r e 4 . 4 1 . 

4 . 2 . 5 T h e l a n a r y g L a n d a n d b o d y t i s s u e c o m p a r t m e n t s 

T h e pool size of free f a t t y a c i d s (€31) in the m a m m a r y t i s s u e is 

v e r y s m a l l in r e l a t i o n to the rate of flow t h r o u g h the p o o l 

C R 1 7 9 ) , and t h e r e f o r e its t u r n o v e r rate c o n s t a n t is v e r y h i g h : 

R 1 7 9 / C 3 1 = 2 . 9 4 / 0 . 1 2 = 25 h " 1 . T h i s r e s u l t s in very f r e q u e n t and 

l a r g e o s c i l l a t i o n s in the p o o l d u r i n g the day ( f i g u r e 4 . 4 2 ) and 

c o n s e q u e n t l y also in the rate of m i l k fat s y n t h e s i s ( R 1 7 9 , f i g u r e 

4 . 4 3 ) . H o w e v e r , the p o o l of m i l k fat in the g l a n d C C 3 4 ) is so 

l a r g e that the f l u c t u a t i o n s in the rate of fat s y n t h e s i s a r e ab-

s o r b e d in such a w a y , to m a k e the m i l k fat s e c r e t i o n rate ( R 1 8 3 ) 

b e c o m e a l m o s t c o n s t a n t . T h e s e c r e t i o n rates of l a c t o s e C R 1 8 2 > and 

m i l k p r o t e i n C R 6 0 ) are s h o w n in f i g u r e s 4 . 4 3 and 4 . 4 4 . 

R a t e s of m u s c l e p r o t e i n m e t a b o l i s m are g i v e n in f i g u r e 4 . 4 5 . Pro-

t e i n b r e a k d o w n (R63) and a m i n o a c i d o u t f l o w from the t i s s u e ( R 6 1 ) 

a r e a l m o s t e q u a l and c o n s t a n t . T h e rate of p r o t e i n s y n t h e s i s ( R 6 2 ) 

d e c r e a s e s d u r i n g the n i g h t u n t i l 0 6 0 0 h f r o m „ h e r e it i n c r e a s e s 

s t e a d i l y with small p e a k s at t i m e s of feed i n t a k e . T h e s h a p e of 

th is curve r e s e m b l e s that of the p l a s m a i n s u l i n c o n c e n t r a t i o n 

( f i g u r e 4 . 3 1 ) which r e g u l a t e s the rate of m u s c l e p r o t e i n s y n t h e s i s 

(see s u b s e c t i o n 3 . 3 . 4 ) . 

F i g u r e 4 . 4 6 s h o w s the s i m u l a t e d d a i l y v a r i a t i o n s in rates of lipid 

m e t a b o l i s m in a d i p o s e t i s s u e . T h e rate of fatty acid u p t a k e 

( R 1 7 3 A ) and the rates of the a n a b o l i c p r o c e s s e s , fatty a c i d syn-

t h e s i s (R 1 9 0 ) and fat s y n t h e s i s (R195 ) v a r y in a c c o r d a n c e w i t h the 
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F i g u r e  4.42. Siaukated  d i u r n a l  v a r i a t i o n  o l  t h e  f a t t y  a c i d  p o o l  i n  t h e  iammary g iand .  



F i g u r e  4.43. S i m u l a t e d  d i u r n a l  v a r i a t i o n s  o f  n e t a b o l i c  r a t e s  i n  t h e  aamaary  g l a n d :  u p t a k e  o f  

f a t t y  a c i d s  f rom b l o o d  C i p i d s  (R172A1, f a t t y  a c i d  s y n t h e a i s  (R1741, m i l k  f a t  

s y n t h e s i s  (R1791, n i l k  f a t  s e c r e t i o n  (R1831 and L a e t o s e  s e c r e t i o n  (Rl82). 
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Figure 4.44. Sirulated diurnal variatlon o f  t h e  rate o f  r i l k  protein secretion. 



M o l  N/R 

R 6 1  

Figut-e 4.45. S i m u l a t e d  d i u r n a l  v a r i a t i e n s  o f  r a t e s  o f  m u s c l e  p r o t e i n  s e t a b o b i s m :  amino a c i d  

o u t f l o w  (R611, p r o t e i n  s y n t h e s i s  (R623 and p r o t e i n  breakdown (R63).  
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F i g u r e  4.46. S i a u k a t e d  d i u r n a l  v a r i a t i o n s  a f  r a t e s  o f  L i p i d  m e t a b o l i s a  i n  a d i p o s e  t i s s u e i  

u p t a k e  of  f a t t y  a c i d s  from b l o o d  L i p i d s  (R173A>, f a t t y  a c i d  s y n t h e s i s  CR190), 

f a t t y  a c i d  o u t f l o m  < R 1 9 4 ) ,  depot  f a t  a y n t h e s i s  (R1951 and depot  f a t  breakdown 

(R197). 
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F i g u r e  4.47. S i m u l a t e d  decrease  o f  depot  f a t  i n  ad ipose  t i s s u e  dur ing 'che day .  
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s i m u l a t e d b l o o d p l a s m a p r o f i l e s of a c e t a t e and k e t o n e b o d i e s (€23, 

f i g u r e 4 . 3 3 ) and t r i g l y c e r i d e s (€27 and C 2 8 , f i g u r e 4 . 3 6 ) , As the 

rate of l i p o l y s i s ( R 1 9 7 ) is i n h i b i t e d by the p l a s m a i n s u l i n con-

c e n t r a t i o n (INSUL ) , its curve has a d i f f e r e n t t i m e c o u r s e w i t h a 

m a x i m u m at about 6 h , at w h i c h t i m e I N S U L is lowest ( f i g u r e 4 . 3 1 ) . 

The rate of fat m o b i l i z a t i o n is i l l u s t r a t e d by the s i m u l a t e d d e -

c r e a s e of d e p o t fat d u r i n g the day ( f i g u r e 4 . 4 7 ) . 

In g e n e r a l , the very d i s t i n c t d i u r n a l v a r i a t i o n s in rumen n u t r i e n t 

pool s i z e s ( e . g . f i g u r e 4 . 4 ) and in a b s o r p t i o n r a t e s from the ru-

men ( e . g . f i g u r e 4 . 7 ) c a u s e d by the p a t t e r n of feed i n t a k e ( f i g u r e 

4 . 1 ) are m o r e or less s m o o t h e d out in the n u t r i e n t p o o l s i z e s in 

the b l o o d ( e . g . f i g u r e s 4.33 and 4 . 3 9 ) and in the rates of n u t r i -

ent u p t a k e by the t i s s u e s ( e . g . f i g u r e s 4.34 and 4 . 4 0 ) . A l t h o u g h 

the f l u c t u a t i o n s d u r i n g the day of the p a r a m e t e r v a l u e s in s o m e 

cases a r e very large and i r r e g u l a r ( e . g . f i g u r e s 4 . 5 , 4.12 and 

4 . 1 7 ) all p a r a m e t e r s r e t u r n to or a p p r o a c h their i n i t i a l v a l u e s at 

the end of the day ( i . e . the end of 'the r u n ) . 

4 . 3 S t a b i l i t y of the a o d e L 

The d y n a m i c m o d e l has not been t e s t e d for s t a b i l i t y u s i n g s t r i c t l y 

m a t h e m a t i c a l m e t h o d s . T h a t w o u l d be an o v e r w h e l m i n g t a s k . I n s t e a d , 

the m o d e l is e v a l u a t e d by e x a m i n i n g s o m e of the s i m u l a t i o n r e s u l t s 

for s t a b i l i t y t h r o u g h s e q u e n t i a l r u n s . 

The m e a n v a l u e , the s t a n d a r d devi a t i o n , and the m i n i m u m and m a x i -

mum v a l u e s of 10 runs (run 2 6 - 3 5 ) are g i v e n in T a b l e 4 . 1 2 for s o m e 

of the o u t p u t v a r i a b l e s . T h e s e are s e l e c t e d to r e p r e s e n t feed in-

20* 
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T a b l e 4 . 1 2 . S t a b i l i t y of o u t p u t v a r i a b l e s from t h e d y n a m i c n o d e I 

t h r o u g h 10 r u n s ( 2 6 - 3 5 ) . 

O u t p u t v a r i a b l e 

M e a n 

va I ue 

S t a n d a r d 

d e v i a t i o n 

M i n i m u m M a x i m u m 

v a l u e v a l u e 

Dry m a t t e r 
i n t a k e , kg/d 1 7 . 9 8 

F e r m e n t a t i o n of 
c a r b o h y d r a t e s , mo I C/d 2 3 6 . 5 1 

A b s o r p t i o n of a c e t a t e 
and k e t o n e b o d i e s , 
mo I C/d 155.51 

A b s o r p t i o n of 

p r o p i o n a t e , mo I C/d 7 4 . 1 4 

A b s o r p t i o n of 

t r i g l y c e r i d e s , mo I C/d 4 9 . 7 9 

A b s o r p t i o n of a m i n o a c i d s , mo I N/d 2 6 . 5 2 

G l u c o n e o g e n e s i s , 
mo I C/d 8 2 . 3 1 

L i p o p r o t e i n 
s y n t h e s i s , mo I C/d 2 2 . 1 0 

U r e a e x c r e t i o n , 

mo I N/d 1 6 . 0 6 

F a e c a l e n e r g y , M J / d 9 9 . 6 5 

Milk p r o d u c t i o n , kg/d 3 0 . 0 3 

L i v e w e i g h t g a i n , kg/d - 0 . 5 2 6 

Net e n e r g y i n t a k e , 
M J / d 1 1 6 . 5 4 

0 . 0 0 

0 . 2 7 4 

0.100 

0.061 

0 . 0 4 9 

0 . 0 2 3 

0 . 0 8 7 

0 . 0 0 7 

0 . 0 2 4 

0.021 

0 . 0 2 9 

0 . 0 0 2 0 

0 . 0 6 5 

1 7 . 9 8 

2 9 . 9 9 

1 7 . 9 8 

2 3 6 . 1 8 2 3 7 . 0 4 

\ 

1 5 5 . 3 7 1 5 5 . 6 6 

7 4 . 0 5 7 4 . 2 5 

4 9 . 7 0 4 9 . 8 6 

2 6 . 4 8 2 6 . 5 6 

8 2 . 2 0 8 2 . 4 3 

22 .09 22 . 1 2 

1 6 . 0 3 1 6 . 1 2 

9 9 . 6 2 9 9 . 6 7 

3 0 . 0 8 

- 0 . 5 2 9 - 0 . 5 2 3 

1 1 6 . 4 6 1 1 6 . 6 5 



TabLe 4.13. StabiLity o f  feed intake, milk prduct ian  a& Live ueight gain simulated by the dynamic m d e i  

through 5W runs. 

Output  

v a r i a b l e  Value 1-50 51-100 101-150 151-200 201-250 251-300 301-350 351-400 401-450 451-500 1-500 

Mean 17.98 17.98 17.98 17.98 17.98 17.98 17.98 17.98 17.98 17.98 17.98 

Dry m a t t e r  

S.D.  0.085 0.00 0.155 0.00 0.00 0.00 0.132 0.082 0.00 0.00 0.074 

in take,  

Min. 17.82 17.98 17.57 17.98 17.98 17.98 17.57 17.82 17-98 17.98 17.57 

kg/d 

Max. 18.48 17.98 18.64 17.98 17.98 17.98 18.64 18.48 17.98 17.98 18.64 

( t o  be continued) 



Tabte 4.13. ( con t inued)  

output 

v a r i a b l e  VaLue 1-50 51-100 101-150 151-200 201-250 251-300 301-350 351-400 401-450 451-500 1-500 

Mean 30.03 30.06 30.02 30.07 30.08 30.02 30.45 30.54 30.56 30.56 30.24 

MiLk 

S.D .  0.050 0.046 0.142 0.029 0.037 0.064 0.202 0.046 0.019 0.032 0.253 

product i o n  

Min. 29.92 29.96 29.71 30.02 29.98 29.91 29.82 30.46 30.51 30.47 29.71 

kg /d  

Max. 30.17 30.13 30.44 30.13 30.14 30.12 30.60 30.62 30.60 30.61 30.62 
L4 
.a 
a 

Mean -0.526 -0.525 -0.528 -0.524 -0.523 -0.529 -0.502 -0.493 -0.496 -0.496 -0.514 

L i v e  weight  

S.D. 0.0037 0.0029 0.0102 0.0019 0.0025 0.0041 0.0133 0.0037 0.0076 0.0022 0.015 

gain, 

Min. -0.535 -0.532 -0.552 -0.528 -0.531 -0.535 -0.551 -0.505 -0,499 -0.502 -0.552 

kgld 

Max. -0.516 -0.520 -0.492 -0.521 -0.518 -0.521 -0.491 -0.490 -0.492 -0.492 -0.490 
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t a k e , d i g e s t i o n , n u t r i e n t a b s o r p t i o n , e n d o g e n o u s n u t r i e n t s y n t h e -

s i s , u r i n a r y and f a e c a l e x c r e t i o n s , and p r o d u c t i o n . T h e v a r i a t i o n s 

w i t h i n 10 runs of the o u t p u t v a r i a b l e s in T a b l e 4 . 1 2 a r e s m a l l a n d 

r e p r e s e n t a t i v e for p r a c t i c a l l y all o t h e r o u t p u t v a r i a b l e s of the 

m o d e I . 

R e s u l t s of a m o r e c r i t i c a l s t a b i l i t y t e s t a f t e r 5 0 0 runs of s i m u -

l a t i o n a r e s h o w n in T a b l e 4 . 1 3 . M e a n v a l u e s , s t a n d a r d d e v i a t i o n s , 

a n d m i n i ra urn and m a x i m u m v a l u e s are g i v e n for d r y m a t t e r i n t a k e , 

m i l k p r o d u c t ion a n d live w e i g h t g a i n . T h e a n a l y s i s is m a d e for 

e v e r y 50 runs as w e l l as for a l l 5 0 0 r u n s . T h e s i m u l a t e d d r y m a t -

ter i n t a k e is v e r y s t a b l e t h r o u g h o u t t h e 500 r u n s . M i l k p r o d u c t i o n 

a n d live w e i g h t g a i n a r e s t a b l e t h r o u g h runs 1 - 3 0 0 . T h e r e a f t e r 

b o t h t h e s e o u t p u t v a r i a b l e s s e e m to i n c r e a s e t h r o u g h r u n s 3 0 1 - 3 5 0 

and t h e n a g a i n s t a b i l i z e at a s l i g h t l y h i g h e r l e v e l . T h e s e t r e n d s 

a r e i l l u s t r a t e d in f i g u r e 4 . 4 8 . It is not t e s t e d if t h e m o d e l re-

m a i n s s t a b l e a f t e r m o r e t h a n 5 0 0 r u n s of s i m u l a t i o n . 
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5 U S E OF T H E M O D E L 

T h e d y n a m i c m o d e l has b e e n d e v e l o p e d to s i m u l a t e a s p e c i f i c s i t u a -

t i o n s a n o n p r e g n a n t d a i r y cow at 44 d a y s p o s t p a r t u m fed ad l i b i -

t u m on a c o m p l e t e m i x e d d i e t of a g i v e n c o m p o s i t i o n . A g o o d m o d e l 

s h o u l d be a b l e to s i m u l a t e s i t u a t i o n s d i f f e r e n t from t h o s e p r e s u m -

ed in the d e f i n i t i o n of t h e m o d e l . R e s u l t s of t h i s kind of s i m u -

l a t i o n s are g i v e n in the p r e s e n t c h a p t e r . F i r s t l y , the p e r f o r m a n c e 

of the m o d e l cow is t e s t e d at d i f f e r e n t s t a g e s of l a c t a t i o n ( s e c -

t i o n 5 . 1 ) . S i m u l a t e d e f f e c t s of g r o w t h h o r m o n e a d m i n i s t r a t i o n on 

a n i m a l p e r f o r m a n c e are r e f e r r e d to in s e c t i o n 5 . 2 , and in s e c t i o n 

5 . 3 r e s u l t s of an a c c o m p l i s h e d f e e d i n g t r i a l a r e s i m u l a t e d . F i n a l -

l y , m o r e d e t a i l e d s i m u l a t i o n s of t h e r e g u l a t i o n of g l u c o n e o g e n e s i s 

a r e g i v e n in s e c t i o n 5 . 4 . 

5 . 1 S i m u l a t i o n of a n i m a l p e r f o r m a n c e a t d i f f e r e n t s t a g e s o f l a c -

t a t i o n 

P r o g r e s s i n g l a c t a t i o n is c h a r a c t e r i z e d by a g r a d u a l l y c h a n g e d n u -

t r i e n t p a r t i t i o n i n g in f a v o u r of b o d y t i s s u e s . T h e n u t r i e n t p a r t i -

t i o n i n g d u r i n g l a c t a t i o n is a h o m e o r h e t i c a d a p t a t i o n c o n t r o l l e d by 

h o r m o n a l f a c t o r s ( B a u m a n & E l l i o t 1 9 8 3 ) . T h e s e h o r m o n a l f a c t o r s 

h a v e not yet b e e n c o m p l e t e l y i d e n t i f i e d or u n d e r s t o o d , but g r o w t h 

h o r m o n e , i n s u l i n and g l u c a g o n all seem to p l a y an i m p o r t a n t r o l e 

in d e t e r m i n i n g m i l k y i e l d c a p a c i t y of c o w s ( H a r t et a I . 1 9 7 8 , 

Thi Isted 1 9 8 0 , P e e l et a l . 1981 a , D a n f a r et a l . 1 9 8 8 ) . T h e p e r i -

p h e r a l b l o o d c o n c e n t r a t i o n s of t h e s e h o r m o n e s are i n c l u d e d in t h e 

m o d e l (see s u b s e c t i o n 3 . 3 . 3 ) by m e a n s of t h e f o l l o w i n g e q u a t i o n s : 
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GH = 1 6 . 7 + 0 . D 4 6 0 7 * M - 0 . 0 0 9 6 4 * 8 - 0 . 0 0 5 6 7 * D 

( c o n c . of g r o w t h h o r m o n e , n g / m l ) 

6 L U C A = A L P H A + 0 . 0 0 5 1 4 * M - 0 . 0 0 1 7 3 * B + 1 . 7 * 1 0 " 6 * B
2 

( c o n c . of g l u c a g o n , n g / m l ) 

I N S U L = B E T A - 0 . 0 1 1 Q 6 * K + 6 . 7 * 1 0 - 4 * 8 + 0 . 0 0 1 3 4 * D - 3 . 0 * 1 0 " 6 * D 2 

( c o n c . of i n s u l i n , n g / m l ) 

A L P H A = 0 . 7 9 3 * R l 3 3 / ( 2 . 2 3 5 5 + R 1 3 3 ) + 0 . 4 5 ( n g ( m l ) 

B E T A = 0 . 8 6 8 7 1 * ( R 1 3 3 + K C A * R 4 0 ) / ( 1 5 . 0 + R 1 3 3 + K C A * R 4 0 ) + 0 . 0 5 * C 2 4 

(ng/m I ) 

R 1 3 3 = a b s o r p t i o n rate of p r o p i o n a t e (mo I C / h ) 

K C A * R 40 = a b s o r p t i o n rate of a m i n o a c i d s (mo I C / h ) 

C 24 = g l u c o s e p o o l s i z e in e x t r a c e l l u l a r f l u i d ( m o I C) . 

T h e p a r a m e t e r s M , B and D a r e m i l k y i e l d (k g / d ) , b o d y w e i g h t ( k g ) 

and d a y s a f t e r p a r t u r i t i o n , r e s p e c t i v e l y , f r o m the d a t a of H e r b e i n 

et a l . ( 1 9 8 5 ) . In this w a y t h e h o r m o n e c o n c e n t r a t i o n s in t h e m o d e l 

a r e r e l a t e d to the s t a g e of l a c t a t i o n . T h e r a t e s of n u t r i e n t u p -

t a k e and m e t a b o l i s m in d i f f e r e n t t i s s u e s are to s o m e e x t e n t r e g u -

l a t e d by the h o r m o n e c o n c e n t r a t i o n s (see s u b s e c t i o n s 3 . 3 . 3 and 

3 . 3 . 4 ) . 

Feed i n t a k e , d i g e s t i o n and m e t a b o l i s m of n u t r i e n t s , as w e l l as 

p r o d u c t i o n of t h e m o d e l cow at d i f f e r e n t t i m e s d u r i n g t h e l a c t a -

t i o n a l p e r i o d can thus be s i m u l a t e d by c h a n g i n g a few p a r a m e t e r 

v a l u e s in the m o d e l , n a m e l y D , M and B . It s h o u l d be p o i n t e d out 

t h a t M (milk y i e l d ) and B ( b o d y w e i g h t ) r e p r e s e n t the p e r f o r m a n c e 
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of t h e c o w s in the s t u d y of H e r b e i n et a t . (1985 ) and not t h e p e r -

f o r m a n c e of t h e m o d e l c o w . T h e v a l u e s of D , M and B u s e d in t h e 

m o d e l d u r i n g s i m u l a t i o n s of t h e l a c t a t i o n a l p e r i o d a r e as f o l l o w s : 

P o s t p a r t u m 

i n t e r v a I , d a y s D n B 

0 - 3 0 16 26.5 571 

3 1 - 6 0 44 2 9 . 7 561 

6 1 - 9 0 73 2 9 . 2 563 

9 1 - 1 2 0 107 2 7 . 2 569 

1 2 1 - 1 5 0 136 2 5 . 3 580 

1 5 1 - 1 8 0 165 2 3 . 9 592 

1 8 1 - 2 1 0 195 22 .4 608 

2 1 1 - 2 4 0 223 21 .2 6 2 2 

2 4 1 - 2 7 0 257 1 9 . 7 628 

2 7 1 - 3 0 0 286 1 8 . 2 618 

T h e v a l u e s of B at D = 195 and of M at D = 223 a r e s l i g h t l y c h a n g -

ed f r o m t h e d a t a of H e r b e i n et a l . ( 1 9 8 5 ) . 

T h e s i m u l a t e d r e s u l t s of a n i m a l p e r f o r m a n c e (milk y i e l d , l i v e 

w e i g h t g a i n and b o d y w e i g h t ) at d i f f e r e n t s t a g e s of l a c t a t i o n a r e 

p l o t t e d in f i g u r e 5 . 1 . M i l k y i e l d (kg 4% mi I k / d ) a n d live wei g h t 

g a i n ( k g / d ) a r e e s t i m a t e d d i r e c t l y by the m o d e l , w h i l e b o d y w e i g h t 

( k g ) is c a l c u l a t e d f r o m the r a t e s of d a i l y g a i n a n d a b o d y w e i g h t 

of 6 0 0 kg at D = 4 4 . T h e c u r v e s w i t h f i l l e d s y m b o l s a r e from t h e 

m o d e l as p r e s e n t e d in c h a p t e r 4 , a n d t h e c u r v e s w i t h o p e n s y m b o l s 

a r e p r o d u c e d a f t e r f u r t h e r c h a n g e s of s o m e p a r a m e t e r v a l u e s . 

T h e s h a p e of the l a c t a t i o n c u r v e s i m u l a t e d by the o r i g i n a l m o d e l 

is t y p i c a l for h i g h - y i e l d i n g d a i r y c o w s ( B a u m a n & C u r r i e 1 9 8 0 , 

G o o d a l l & S p r e v a k 1 9 8 4 , B a u m a n et a l . 1 9 8 5 , A n d r i e s et a l . 1 9 8 8 ) . 

P e a k y i e l d is 30.1 kg F C M / d at 44 d a y s p o s t p a r t u m and at t h e 
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l a t e s t s t a g e of l a c t a t i o n ( 2 8 6 d a y s p o s t p a r t u m ) the y i e l d h a s de-

c l i n e d to 1 6 . 7 kg F C M / d . T h e d a i l y g a i n h a s its m i n i m u m , - 0 . 5 3 k g , 

a t 44 d a y s , its m a x i m u m , 1 . 3 7 k g , at 286 d a y s , and is z e r o at 

a b o u t 110 d a y s p o s t p a r t u m . C o n s e q u e n t l y , t h e b o d y w e i g h t of t h e 

m o d e l cow is m i n i m u m at t h i s t i m e (16 w e e k s a f t e r c a l v i n g ) . A t the 

e n d of the s i m u l a t e d p e r i o d (D = 2 8 6 ) the b o d y w e i g h t h a s i n c r e a s -

ed to 724 kg f r o m 614 kg at t h e b e g i n n i n g (0 = 1 6 ) . T h e s h a p e of 

t h e s i m u l a t e d w e i g h t c u r v e is s i m i l a r to t h a t of the c o n t r o l c o w s 

in the e x p e r i m e n t of B a u m a n et a l . ( 1 9 8 5 ) . T h e s e c o w s w e i g h e d 

a b o u t 590 kg at 3 0 d a y s , 545 kg ( m i n i m u m w e i g h t ) at 125 d a y s , a n d 

7 0 0 kg at 265 d a y s p o s t p a r t u m . T h e b o d y w e i g h t s of t h e m o d e l cow 

at c o r r e s p o n d i n g l a c t a t i o n a l s t a g e s are 6 0 6 , 582 and 6 9 6 k g , re-

s p e c t i v e l y . T h e a p p a r e n t l y l o w e r rate of w e i g h t loss in t h e m o d e l 

c o w as c o m p a r e d to the c o w s in t h e e x p e r i m e n t can be e x p l a i n e d by 

t h e h i g h e r p e a k y i e l d ( a b o u t 40 k g / d ) of t h e s e a n i m a l s . 

B y c h a n g i n g the v a l u e s of a few p a r a m e t e r s ( L 1 5 6 , M 1 6 0 , L 5 1 , M51 , 

1 1 9 5 , M 1 9 5 , L 1 9 7 and M 1 9 7 ) in t h e m o d e l t h e p e r f o r m a n c e of a n o t h e r 

cow w i t h d i f f e r e n t t i s s u e r e s p o n s i v e n e s s to g r o w t h h o r m o n e a n d 

i n s u l i n can be s i m u l a t e d . T h e p a r a m e t e r s are e l e m e n t s in t h e f o l -

l o w i n g e q u a t i o n s : 

R 1 5 6 = K 1 5 6 * ( C 2 3 / V 4 ) ( a c e t a t e and k e t o n e b o d y u p t a k e 

in the m a m m a r y g l a n d , mo I C / h ) 

K1 5 6 = L 1 5 6 + M 1 5 6 * G H ( l/h) 

R 1 6 0 = R 1 6 0 M * C 2 4 / ( K 1 6 0 + C 2 4 ) ( g l u c o s e u p t a k e in t h e 

m a m m a r y g l a n d , mol C / h ) 

R 1 Ó 0 M = L 1 6 0 + M 1 6 0 * G H (mol C / h ) 

R 51 = R 5 1 M * A 1 6 / ( K 5 1 + A 1 6 ) ( a m i n o a c i d u p t a k e in t h e 

m a m m a r y g l a n d , mo I N / h ) 
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R 51 M = L 5 1 + M 5 1 * G H 

R 195 = R 1 9 5 M * C 4 1 / ( K 1 9 5 + C 4 1 ) 

R 1 9 5 M = L 1 9 5 + M 1 9 5 * I N S U L 

R 1 97 = R 1 9 7 M * C 4 3 / ( K 1 9 7 + C 4 3 ) 

R 1 9 7 M = L 1 9 7 - M 1 9 7 * I N S U L 

(mo L N / h ) 

(fat s y n t h e s i s in a d i p o s e 

t i s s u e , mo I C / h ) 

(mo L C / h ) 

(fat b r e a k d o w n in a d i p o s e 

t i s s u e , mo L C / h ) 

(mo I C / h ) . 

T h e p a r a m e t e r v a l u e s a r e c h a n g e d in s u c h a w a y t h a t t h e m i l k 

p r o d u c t i o n of t h e m o d e l cow w i l l be a b o u t 3 k g / d h i g h e r t h a n 

b e f o r e at 44 d a y s in l a c t a t i o n : 

N u m e r i c a l v a l u e c h a n g e d 

P a r a m e t e r from to 

L 1 5 6 - 4 4 1 . 7 3 0 - 3 9 0 . 1 4 

M1 60 0 . 8 4 9 1 0 . 9 3 4 

L 51 - 1 . 4 8 8 9 - 2 . 4 0 0 

M51 0 . 1 7 9 0 0 . 2 7 8 

L 1 9 5 0 . 0 0 . 5 8 7 

M1 95 3 . 3 8 3 2 . 4 8 1 6 

L 1 9 7 9 . 4 5 4 8 . 7 9 9 

M 1 9 7 11 . 3 7 5 9 . 7 3 2 

T h e new p a r a m e t e r v a l u e s i m p l y t h a t for g i v e n c o n c e n t r a t i o n s of 

g r o w t h h o r m o n e ( G H ) and i n s u l i n ( I N S U L ) in the m o d e l m o r e n u t r i 

e n t s w i l l be t a k e n up by the m a m m a r y g l a n d a n d less fat w i l l be 

s t o r e d in a d i p o s e t i s s u e . H e n c e , the p e r f o r m a n c e of a cow w i t h 

h i g h e r p o t e n t i a l for m i l k y i e l d and a l o w e r p o t e n t i a l for b o d y 

g a i n w i l l be s i m u l a t e d . 
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A f t e r t h e p a r a m e t e r s h a v e b e e n c h a n g e d , t h e m i l k y i e l d is 3 2 . 5 kg 

F C M / d at 44 d a y s and 2 0 . 3 kg/d at 2 8 6 d a y s p o s t p a r t u m , T h e r a t e 

of b o d y w e i g h t c h a n g e is - 0 . 8 k g / d in e a r l y l a c t a t i o n , it is z e r o 

at 165 d a y s and 0 . 8 6 kg/d at 2 8 6 d a y s from p a r t u r i t i o n . T h e r e s u l -

t a n t b o d y w e i g h t is 6 2 2 kg at t h e b e g i n n i n g (0 = 1 6 ) and o n l y 6 0 4 

kg at t h e end of t h e p e r i o d (D = 2 8 6 ) . 

T h e d i f f e r e n c e s b e t w e e n t h e two s e t s of s i m u l a t e d c u r v e s in f i g u r e 

5.1 s e r v e to i l l u s t r a t e how c o w s w i t h d i f f e r e n t t i s s u e s e n s i t i v i t y 

to m e t a b o l i c h o r m o n e s r e s p o n d to t h e s a m e f e e d d u r i n g l a c t a t i o n . 

T h i s c o u l d be p a r t of the c o m p l e x i n t e r a c t i o n s of p h y s i o l o g i c a l 

f a c t o r s w h i c h d e t e r m i n e the g e n e t i c c a p a c i t y for m i l k p r o d u c t i o n . 

5 . 2 S i m u l a t i o n o f g r o w t h h o r m o n e t r e a t m e n t s 

It h a s b e e n k n o w n for 4 0 - 5 0 y e a r s t h a t e x t r a c t s f r o m the a n t e r i o r 

p i t u i t a r y s t i m u l a t e m i l k p r o d u c t i o n in c o w s ( A s i m o v & K r o u z e 1 9 3 7 , 

Y o u n g 1 9 4 7 ) . E f f e c t s of g r o w t h h o r m o n e i n j e c t i o n s i n t o d a i r y c o w s 

h a v e b e e n s t u d i e d in m a n y e x p e r i m e n t s in m o r e r e c e n t y e a r s ( M a c h -

lin 1 9 7 3 ) , e s p e c i a l l y a f t e r r e c o m b i n a n t b o v i n e g r o w t h h o r m o n e has 

b e c o m e avai lab le ( B a u m a n et a 1 . 1 9 8 2 , B a u m a n et a I . 1 9 8 5 , S o d e r -

h o l m et a l . 1 9 8 8 , E l v i n g e r et a l . 1 9 8 8 ) . 

S h o r t - t e r m a d m i n i s t r a t i o n of g r o w t h h o r m o n e b y w h i c h feed i n t a k e 

is n o t i n c r e a s e d ( P e e l et a l . 1 9 8 1 a ) can be s i m u l a t e d by the d y n a -

m i c m o d e l . T h i s is a c c o m p l i s h e d by c h a n g i n g t h e i n t e r c e p t v a l u e of 

t h e e q u a t i o n d e s c r i b i n g g r o w t h h o r m o n e c o n c e n t r a t i o n in b l o o d 

p l a s m a ( n g / m l ) : 
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1 6 . 7 + 0 . 0 4 6 0 7 * M - 0 . 0 0 9 6 4 * B - 0 . 0 0 5 6 7 * D 

T h e s i m u l a t i o n s are p e r f o r m e d at 2 l a c t a t i o n a l s t a g e s , 73 and 2 5 7 

d a y s a f t e r c a l v i n g , w i t h u s e of the i n t e r c e p t v a l u e s l i s t e d b e l o w 

t o g e t h e r w i t h the r e s u l t i n g v a l u e s of G H : 

D = 73 D = 2 5 7 

L e v e l of Inter-

t r e a t m e n t c e p t SH 

L e v e l of Inter-

t r e a t m e n t c e p t GH 

0 . 0 1 6 . .7 1 2 . 2 0 0 . 0 1 6 . 7 1 0 . 1 0 

0 . 8 1 7 , .5 1 3 . 0 0 0 . 6 5 1 7 . 3 5 1 0 . 7 5 

1 .6 1 8 . ,3 1 3 . 8 0 1 . 3 1 8 . 0 11 .40 

2 . 5 1 9 . ,2 1 4 . 7 0 1 . 8 1 8 . 5 11 .90 

2 . 3 1 9 . 0 1 2 . 4 0 

T h e d o s e s of g r o w t h h o r m o n e a d m i n i s t r a t i o n are r e g a r d e d as the in-

c r e a s e s of t h e i n t e r c e p t f r o m t h e o r i g i n a l v a l u e , 1 6 . 7 . R e s u l t s of 

t h e s i m u l a t i o n s are p r e s e n t e d in f i g u r e s 5 . 2 - 5 . 4 . T h e m i l k y i e l d 

is i n c r e a s e d by i n c r e a s i n g l e v e l s of t r e a t m e n t in t h e m o d e l , b o t h 

in e a r l y and in late l a c t a t i o n . T h e a b s o l u t e as w e l l as t h e r e l a -

t i v e i n c r e a s e s in m i l k y i e l d a r e d e p e n d e n t on the l e v e l of t r e a t -

m e n t in a c u r v i l i n e a r f a s h i o n ( f i g u r e s 5.2 and 5 . 3 ) as f o u n d by 

B a u m a n et a l . ( 1 9 8 5 ) and E p p a r d et a l . ( 1 9 8 5 ) . T h e r e l a t i v e re-

s p o n s e to i n c r e a s i n g " d o s e s " of g r o w t h h o r m o n e is m u c h h i g h e r in 

l a t e t h a n in e a r l y l a c t a t i o n as s h o w n by P e e l et a l . ( 1 9 8 3 ) , who 

e x a m i n e d the e f f e c t s of g r o w t h h o r m o n e t r e a t m e n t 12 a n d 35 w e e k s 

p o s t p a r t u m . T h e h i g h e s t l e v e l of t r e a t m e n t r e s u l t s in 4 . 3 kg m o r e 

m i l k per day in e a r l y l a c t a t i o n , w h i c h is of the s a m e m a g n i t u d e as 

f o u n d in s e v e r a l e x p e r i m e n t s ( P e e l et a l . 1 9 8 1 a , B a u m a n et a l . 

1 9 8 2 , P e e l et a l . 1 9 8 2 a & b , P e e l et a l . 1 9 8 3 , P e e l et a l . 1 9 8 5 ) , 

b u t t h e c o r r e s p o n d i n g i n c r e a s e in p l a s m a g r o w t h h o r m o n e c o n c e n t ra-
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Mi Ik yield, kg FCM/d 

F i g u r e 5 . 2 . S i m u l a t e d r e s p o n s e s in « i l k y i e l d to i n c r e a s i n g d o s e s 

of g r o w t h h o r m o n e t r e a t m e n t at 2 s t a g e s of l a c t a t i o n . 

21 
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Increase in milk y i e l d , % 

Level of treatment 

F i g u r e 5 . 3 . S i m u l a t e d e f f e c t s o f i n c r e a s i n g d o s e s of g r o w t h 

h o r m o n e t r e a t m e n t o n r e l a t i v e i n c r e a s e s in m i l k 

y i e l d at 2 s t a g e s o f l a c t a t i o n . 
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t i on in the m o d e l is m u c h lower t h a n o b s e r v e d in v i v o . In late 

l a c t a t i o n the s i m u l a t e d r e s p o n s e is h i g h e r t h a n f o u n d in t h e s t u d y 

of P e e l et a l . ( 1 9 8 3 ) , but it is s i m i l a r to t h e r e s p o n s e r e p o r t e d 

by E p p a rd et a I. (1 985 ) in c o w s 192 d a y s a f t e r c a l v i n g . 

T h e e f f e c t s of g r o w t h h o r m o n e t r e a t m e n t on s o m e o t h e r o u t p u t v a r i -

a b l e s in the m o d e l a r e : u n c h a n g e d feed i n t a k e , d e c r e a s e d e n e r g y 

b a l a n c e , d e c r e a s e d g l u c o s e and i n s u l i n p l a s m a c o n c e n t r a t i o n s , and 

i n c r e a s e d c o n c e n t r a t i o n of f r e e f a t t y a c i d s . It is g e n e r a l l y o b -

s e r v e d in s h o r t - t e r m e x p e r i m e n t s (10 d a y s of g r o w t h h o r m o n e t r e a t -

m e n t ) that feed i n t a k e is u n a l t e r e d or s l i g h t l y d e c r e a s e d , e n e r g y 

b a l a n c e is d e c r e a s e d , f r e e f a t t y a c i d l e v e l s a r e i n c r e a s e d , b u t 

g l u c o s e and i n s u l i n c o n c e n t r a t i o n s are u n a f f e c t e d (Peel et a l . 

1 9 8 1 a , 1 9 8 2 a & b , 1 9 8 3 ) . 

T h e e f f i c i e n c y of m i l k p r o d u c t i o n can be e x p r e s s e d as kg m i l k p e r 

u n i t of net e n e r g y i n t a k e . T h i s r a t i o can a l s o be r e g a r d e d as a 

m e a s u r e of n u t r i e n t p a r t i t i o n i n g b e t w e e n the m a m m a r y g l a n d and the 

b o d y t i s s u e s . As b o t h g r o w t h h o r m o n e and i n s u l i n are i m p o r t a n t 

f a c t o r s in the r e g u l a t i o n of n u t r i e n t p a r t i t i o n i n g , a r e l a t i o n s h i p 

b e t w e e n the r a t i o of t h e s e two h o r m o n e s and t h e e f f i c i e n c y of m i l k 

p r o d u c t i o n c o u l d be e x p e c t e d . T h i s r e l a t i o n s h i p is i l l u s t r a t e d in 

f i g u r e 5 . 4 , w h e r e t h e s i m u l a t e d m i l k y i e l d p e r f e e d u n i t ( S F U ) is 

p l o t t e d a g a i n s t the s i m u l a t e d r a t i o of g r o w t h h o r m o n e to i n s u l i n 

c o n c e n t r a t i o n s . A c o m m o n r e l a t i o n s h i p b e t w e e n t h e s e p a r a m e t e r s for 

c o w s at d i f f e r e n t p a r i t i e s and l a c t a t i o n a l s t a g e s has b e e n s h o w n 

by D an f ® r et a l . (1988 ). H o w e v e r , the two c u r v e s in f i g u r e 5.4 re-

p r e s e n t i n g the t w o l a c t a t i o n a l s t a g e s (73 and 2 5 7 d a y s p o s t p a r -

turn) do not seem to be p a r t s of s u c h a c o m m o n r e l a t i o n s h i p . 

21* 



E f f i c i e n c y , kg FCM/SFU 
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f i g u r e 5 . 4 . S i m u l a t e d r e l a t i o n s h i p b e t w e e n t h e r a t i o of g r o w t h 

h o r m o n e to i n s u l i n p l a s m a c o n c e n t r a t i o n s a n d the 

e f f i c i e n c y of m i l k p r o d u c t i on at 2 s t a g e s of 

l a c t a t i o n . 
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5 , 3 . S i n u I at i on of a f e e d i n g e x p e r i m e n t 

The use of the d y n a m i c m o d e l has been e v a l u a t e d so far by c o m p a r i -

son of the s i m u l a t e d r e s u l t s with c o r r e s p o n d i n g e x p e r i m e n t a l data 

from d i f f e r e n t r e f e r e n c e s . In this s e c t i o n the m o d e l is used to 

s i m u l a t e the o u t c o m e of a s i n g l e f e e d i n g e x p e r i m e n t . T h e n the an-

swer of the m o d e l can be t e s t e d a g a i n s t hard e v i d e n c e from that 

e x p e r i m e n t w i t h o u t any need for c o r r e c t i o n s or m o d i f i c a t i o n s be-

cause of d i f f e r e n t e x p e r i m e n t a l c o n d i t i o n s . 

The e x p e r i m e n t used for the s i m u l a t i o n is a f e e d i n g t r i a l in w h i c h 

cows w e r e o f f e r e d a t o t a l m i x e d diet ad libitum (K rohn 8 Kongga a rd 

1 9 8 7 ) . The e x p e r i m e n t a l p e r i o d was 7 . - 2 8 . week of l a c t a t i o n , but 

the r e s u l t s used here r e l a t e to a s h o r t e r p e r i o d of the e x p e r i -

m e n t , 1 5 . - 2 1 , week of l a c t a t i o n . The a v e r a g e b o d y w e i g h t of the 

cows was 580 k g . The c o m p o s i t i o n of the feed is g i v e n in T a b l e 

5.1. 

The r e s u l t s of 3 s i m u l a t i o n s are p r e s e n t e d (Table 5 . 3 ) . In the 

first s i m u l a t i o n (A) , t h e m o d e l is used with the o r i g i n a l p a r a m e -

ter v a l u e s e x c e p t for t h o s e c o n c e r n e d with feed c o m p o s i t i o n , b o d y 

w e i g h t and s t a g e of l a c t a t i o n (Table 5 . 2 ) . The s e c o n d s i m u l a t i o n 

(B) is p e r f o r m e d with the p a r a m e t e r v a l u e s c h a n g e d in s e c t i o n 5.1 

to s i m u l a t e a d i f f e r e n t p a r t i t i o n i n g of n u t r i e n t s . In the third 

s i m u l a t i o n ( C ) , more p a r a m e t e r v a l u e s c o n c e r n e d with n u t r i e n t up-

take and fat t u r n o v e r in a d i p o s e t i s s u e have been a d j u s t e d . The 

n u m e r i c a l v a l u e s of all p a r a m e t e r s that have been s u b j e c t e d to 

c h a n g e s are listed in T a b l e 5 . 2 . The s i m u l a t e d r e s u l t s g i v e n in 

Table 5 . 3 are a v e r a g e s of runs 26 to 3 5 . 
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T a b l e 5 . 1 . C o m p o s i t i o n of an e x p e r i n e n t a I f e e d ration'') 

as u s e d in t h e s i m u l a t i o n s . 

F e e d s t u f f 

C o n c e n t r a t e s 

F o d d e r b e e t s 

B e e t top s i l a g e 

St raw 

% a f t o t a l d r y m a t t e r 

3 8 . 0 

3 9 . 6 

10.2 

12.2 

N u t r i e n t 

S u g a r 

S t a r c h 

C e l l w a l l c a r b o h y d r a t e s 

C r u d e fat 

C r u d e p r o t e i n 

Ash 

g / k g dry m a t t e r 

261 .1 

6 7 . 3 

3 5 0 . 6 

4 9 , 0 

1 9 8 . 5 

7 3 . 5 

1) From K r o h n & K o n g g a a r d ( 1 9 8 7 ) 
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T a b l e 5 . 2 . A d j u s t m e n t s of p a r a m e t e r v a l u e s d u r i n g s i m u l a t i o n s of 

a f e e d i n g experiment"' ' . 

P a r a m e t e r Sy robo L N ume r 1 c a I v a l u e 

Feed composition,», kg/kg DM 

S u g a r 

Starch 

Cell w a l l ca r b o h y d r a t e s 

Glycerol 

Fatty a c i d s 

C o n c e n t r a t e p r o t e i n 

R o u g h a g e p r o t e i n 

U n f e r m e n t a b l e f r a c t i o n of 
c o n c e n t r a t e p r o t e i n 

U n f e r m e n t a b l e f r a c t i o n of 
r o u g h a g e p r o t e i n 

B o d y w e i g h t , kg 

S t a g e of l a c t a t i o n 

Days of l a c t a t i o n 

A r b i t r a r y b o d y w e i g h t 

A r b i t r a r y milk yield 

1) K r o h n & K o n g g a a r d ( 1 9 8 7 ) 

(to be c o n t i n u e d ) 

KSU 0 . 2 6 1 1 

KST 0 . 0 6 7 3 

K C E 0 . 3 5 0 6 

KGL 0 . 0 0 5 2 

KLI 0 . 0 4 3 8 

KC 0 . 1 4 5 8 

KR 0 . 0 5 2 7 

MC 0 . 1 0 

MR 0 . 2 0 

BW 580 

D 136 

B 580 

M 2 5 . 3 
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T a b l e 5 . 5 . ( c o n t i n u e d ) 

N u m e r i c a l v a l u e in s i m u l a t i o n 

P a r a m e t e r Symbo I A B C 

N u t r i e n t u p t a k e 

A c e t a t e and k e t o n e 
i n m a m m a r y g l a n d 

bod i es 
1156 - 4 4 1 .730 - 3 9 0 . 1 4 * -441 .730 

- M1 56 83 .128 83 . 1 28 110 .50* 

A c e t a t e and k e t o n e 
in m u s e l e t i s s u e 

b o d i e s 
K 1 5 7 99 .555 99 .555 350 .0* 

A c e t a t e and k e t o n e 
in a d i p o s e t i s s u e 

bod i e s 
M158 4 5 3 .274 4 5 3 .274 230, .0* 

A c e t a t e and k e t o n e 
in o t h e r t i s s u e s 

bod i e s 
K1 59 175 .805 175 .805 450, ,0* 

G l u c o s e in m a m m a r y g l a n d L160 - 6 .4605 -6 .4605 - 4 , .8890 

- - M 1 6 0 0 .8491 0 . 9 3 4 0 * 0, .7900 

G l u c o s e in m u s c l e t i s s u e M1 61 1 .3924 1 .3924 1 , .2567 

G l u c o s e in a d i p o s e t i s s u e M1 62 0 .7331 0 .7331 0. .6595 

L i p i d in m a m m a r y g l a n d M 1 7 0 A 2 .2424 2 .2424 2. ,150* 

- - Ml 71 A 1 . 3 2 7 3 1 , .3273 1 . ,300* 

L i p i d in a d i p o s e t i s s u e L1 70B 1 .4913 1 , ,4913 2. ,000* 

- - L 1 7 1 B 0 .8826 0, .8826 1 . ,200* 

A m i n o a c i d s in m a m m a r y 
g l a n d L51 -1 , .4889 - 2 , .400* -1 . 4 8 8 9 

- M 51 0, .1790 0, . 2 7 8 0 * 0 . 1680' 

A: P a r a m e t e r v a l u e s in the o r i g i n a l m o d e l 
B and C: A d j u s t e d p a r a m e t e r v a l u e s (see t e x t ) 
*: V a l u e c h a n g e d 

(to be c o n t i n u e d ) 
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T a b l e 5 . 2 . ( c o n t i n u e d ) 

P a r a m e t e r 

N u m e r i c a l v a l u e in s i m u l a t i o n 

S y m b o l A B C 

A d i p o s e t i s s u e m e t a b o l i s m 

Fat s y n t h e s i s 

L i p o I y s i s 

L195 

M 1 9 5 

L197 

M1 97 

0.0 

3 . 3 8 3 

9 . 4 5 4 

1 1 . 3 7 5 

0 . 5 8 7 0 * 

2 . 4 8 1 6 * 

8 . 7 9 9 0 * 

9 . 7 3 2 0 * 

0 . 3 1 0 6 * 

2 . 7 7 7 5 * 

8 . 1 4 3 2 * 

8 . 8 4 7 5 * 

A : P a r a m e t e r v a l u e s in the o r i g i n a l m o d e l 
B and C: A d j u s t e d p a r a m e t e r v a l u e s (see t e x t ) 
* : V a l u e c h a n g e d 

T a b l e 5 . 3 . O b s e r v e d and s i m u l a t e d r e s u l t s of a f e e d i n g 

e x p e r i « e n t 1 J . 

O b s e r v e d S i m u l a t e d r e s u l t s 

P a r a m e t e r r e s u l t s A B C 

Dry m a t t e r i n t a k e , kg/d 19 .7 19 .87 19 . 85 1 9 . 85 

M i l k y i e l d , kg/d 28 . 1 25 

CM 
St" 28 . 79 2 8 . 11 

M i l k fat y i e l d , kg/d 1 . 1 4 3 1 . 040 1 . 238 1 . 142 

M i l k p r o t e i n y i e l d , kg/d 0 . 8 9 2 1 . 041 1 . 198 0 . 892 

L i v e w e i g h t g a i n , kg/d 0 . 3 2 9 0 . 674 0 . 035 0 . 339 

Net e n e r g y i n t a k e , MJ/d 131 . 0 137 .3 135 . 4 131 . 3 

1 ) K r o h n S K o n g g a a r d ( 1 9 8 7 ) 
A: S i m u l a t e d by the o r i g i n a l m o d e l 
B and C: S i m u l a t e d after a d j u s t m e n t of p a r a m e t e r v a l u e s (see T a b l e 
5 . 2 ) 
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T h e o r i g i n a l m o d e l (A) g i v e s a l m o s t the c o r r e c t f e e d i n t a k e , but 

the m i l k y i e l d is too l o w , and the live w e i g h t g a i n is too h i g h 

c o m p a r e d to t h e e x p e r i m e n t a l r e s u l t s . T h e m i l k p r o t e i n y i e l d is 

17% too h i g h . T h e m o d e l a d j u s t e d to s i m u l a t e a d i f f e r e n t l a c t a t i o n 

c u r v e (B) i m p r o v e s t h e p r e d i c t i o n of m i l k y i e l d , but live w e i g h t 

g a i n is u n d e r e s t i m a t e d , and m i l k p r o t e i n y i e l d is much too h i g h . 

In the f i n a l s i m u l a t i o n ( C ) , the d e v i a t i o n s f r o m the e x p e r i m e n t a l 

r e s u l t s are v e r y s m a l l . 

5 . 4 S i m u l a t e d r e g u l a t i o n o f g l u c o n e o g e n e s i s 

T h e d e m a n d for g l u c o s e is high in l a c t a t i n g c o w s . The v o l u m e of 

m i l k p r o d u c e d is d e t e r m i n e d by t h e s e c r e t e d a m o u n t of l a c t o s e , 

w h i c h is p r i m a r i l y s y n t h e s i z e d from g l u c o s e . A s the a b s o r p t i o n of 

g l u c o s e is n o r m a l l y s m a l l , a h i g h and c o n s t a n t r a t e of g l u c o n e o g e -

n e s i s is c r u c i a l to a h i g h m i l k y i e l d . 

P r o p i o n a t e and a m i n o a c i d s are the o n l y s u b s t r a t e s w h i c h can c o n -

t r i b u t e to net s y n t h e s i s of g l u c o s e . T h e q u a n t i t a t i v e i m p o r t a n c e 

of p r o p i o n a t e is g e n e r a l l y r e c o g n i z e d ( E l l i o t 1 9 8 0 ) , w h e r e a s t h e 

role of a m i n o a c i d s is m o r e e q u i v o c a l and d e b a t e d ( B l a c k et a l . 

1 9 6 8 , B r u c k e n t a l et a l . 1 9 8 0 ) . If a s i g n i f i c a n t p r o p o r t i o n of g l u -

c o n e o g e n e s i s has to be met by u s e of a m i n o a c i d s it c o u l d h a v e a 

g r e a t i m p a c t on t h e p r o t e i n r e q u i r e m e n t . T h e f o l l o w i n g q u e s t i o n s 

are r e l e v a n t to t h i s p r o b l e m : 

- How m u c h of t h e s y n t h e s i z e d g l u c o s e is d e r i v e d from p r o p i o n a t e 

and from a m i n o a c i d s w h e n d i f f e r e n t d i e t s are fed? 

- How are the c o n t r i b u t i o n s of p r o p i o n a t e and a m i n o a c i d s to g I u-
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cose s y n t h e s i s r e g u l a t e d ? 

The m o d e l can be used to e l u c i d a t e t h e s e q u e s t i o n s . For that p u r -

pose an e x p e r i m e n t is s i m u l a t e d in w h i c h 3 d i f f e r e n t r a t i o n s are 

fed to d a i r y cows in e a r l y l a c t a t i o n (44 days a f t e r c a l v i n g ) . P a -

r a m e t e r s c o n c e r n e d w i t h the f o l l o w i n g p r o c e s s e s w i l l be " r e c o r d e d " 

in the e x p e r i m e n t : 

- feed i n t a k e , d i g e s t i o n and a b s o r p t i o n 

- liver m e t a b o I i sm 

- a n i m a l p r o d u c t i o n 

- e n e r g y and p r o t e i n u t i l i z a t i o n . 

The e x p e r i m e n t a l d i e t s used in the s i m u l a t i o n s are c h a r a c t e r i z e d 

by a high starch c o n t e n t (HS ) , a high p r o t e i n c o n t e n t ( H P ) , and by 

a c o n t e n t of s t a r c h and p r o t e i n p r o t e c t e d a g a i n s t rumen f e r m e n t a -

tion ( B S P ) . T h e i r c h e m i c a l c o m p o s i t i o n is g i v e n in T a b l e 5 . 4 . T h e 

starch and p r o t e i n c o n t e n t s are 346 and 1 2 4 , 44 and 1 9 3 , and 195 

and 159 g per kg dry m a t t e r in r a t i o n s H S , H P , and B S P , r e s p e c t i -

v e l y . In ration BSP 20% of the s t a r c h and 5 7 . 5 % of the c o n c e n t r a t e 

p r o t e i n ( e q u i v a l e n t to 35.5% of total p r o t e i n ) are m a d e u n f e r m e n -

t a b l e . All 3 d i e t s c o n t a i n the same a m o u n t s of c e l l wall c a r b o h y -

d r a t e s ( 3 9 7 - 3 9 8 g / k g dry m a t t e r ) and c r u d e fat (45 g / k g dry m a t -

t e r ) . 

T a b l e 5.5 shows some of the s i m u l a t i o n r e s u l t s . T h e rates of car-

b o h y d r a t e f e r m e n t a t i o n , m i c r o b i a l p r o t e i n p r o d u c t i o n , and p r o p i o -

n a t e a b s o r p t i o n are h i g h e s t on diet HS with the high starch con-

t e n t , and lowest on diet BSP w i t h p r o t e c t e d s t a r c h and p r o t e i n . 

The low f e r m e n t a t i o n rate of this diet r e d u c e s the feed i n t a k e by 

3 kg dry m a t t e r / d c o m p a r e d to the o t h e r 2 d i e t s . T h e rate of p a s -

sage to the s m a l l i n t e s t i n e of u n d e g r a d e d feed p r o t e i n is lowest 
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f a b l e 5 . 4 . C h e m i c a l c o m p o s i t i o n Cg/kg d r y m a t t e r ) of d i e t s u s e d in 

a s i m u l a t e d e x p e r i m e n t on regu lat i on of g l u c o n e o g e n e s i s . 

Ration 

N u t r i e n t 

S u g a r 

Starch 

Cell wall 
c a r b o h y d r a t e s 

C r u d e fat 

C rude p r o t e i n 

Ash 

(high s t a r c h ) 

3 9 7 

45 

124 

54 

C b y p a s s starch 

(high p r o t e i n ) and p r o t e i n ) 

397 

45 

193 

105 

195*> 

398 

45 

159**) 

78 

Tota I 1000 1000 1 0 0 0 

* ̂  20% of starch is u n f e r m e n t a b le 
* * > 5 7 .5% of c o n c e n t r a t e p r o t e i n is u n f e r m e n t a b I e 
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on d i e t HS and h i g h e s t on d i e t BSP w i t h p r o t e c t e d p r o t e i n . T h i s 

r e s u l t s in a l m o s t the s a m e rate of a m i n o a c i d a b s o r p t i o n f r o m t h e 3 

d i e t s , a l t h o u g h it is l o w e s t from d i e t H S . T h e rate of g l u c o s e 

a b s o r p t i o n is low on d i e t s HS and H P , and a b o u t 5 t i m e s h i g h e r f r o m 

d i e t B S P w i t h p r o t e c t e d s t a r c h . 

In the m o d e l t h e b l o o d p l a s m a c o n c e n t r a t i o n of g l u c a g o n is i n c r e a -

sed by t h e rate of p r o p i o n a t e a b s o r p t i o n , and the c o n c e n t r a t i o n of 

i n s u l i n is i n c r e a s e d by the p r o p i o n a t e and a m i n o acid a b s o r p t i o n 

r a t e s and by the size of the e x t r a c e l l u l a r g l u c o s e p o o l (see s u b -

s e c t i o n 3 . 3 . 3 ) . The c o n c e n t r a t i o n of g l u c a g o n is t h e r e f o r e h i g h e s t 

on d i e t HS and l o w e s t on d i e t B S P , w h i l e t h e i n s u l i n c o n c e n t r a t i o n 

is h i g h e s t on d i e t BSP and l o w e s t on d i e t H P . T h e r a t i o of g l u c a g o n 

to i n s u l i n c o n c e n t r a t i o n s , w h i c h is r e g u l a t i n g the p r o c e s s e s of 

g l u c o n e o g e n e s i s , is c o n s e q u e n t l y h i g h e s t on d i e t HP and l o w e s t o n 

d i e t B S P : 1 . 1 5 ( H S ) , 1.21 ( H P ) and 0 . 9 9 ( B S P ) . 

T h e r a t e of g I u c o n e o g e n e s i s is h i g h e s t on d i e t HS (16 mo I g I u co-

se /d ) w i t h t h e g r e a t e s t a v a i l a b i l i t y of p r o p i o n a t e , w h i l e it is 

lower ( 1 3 . 5 mo I g l u c o s e / d ) on the o t h e r 2 d i e t s . T h e c o n t r i b u t i o n s 

of p r o p i o n a t e a n d a m i n o a c i d s to g l u c o s e s y n t h e s i s a r e r e g u l a t e d 

p a r t l y b y t h e a v a i l a b i l i t y of the 2 s u b s t r a t e s and p a r t l y by t h e 

r a t i o of g l u c a g o n to i n s u l i n c o n c e n t r a t i o n s . W h e n t h i s r a t i o in-

c r e a s e s , the r a t e of g I u c o n e o g e n e s i s f r o m a m i n o a c i d s is i n c r e a s e d 

r e l a t i v e l y m o r e than t h a t f r o m p r o p i o n a t e (see s u b s e c t i o n 3 . 3 . 3 ) . 

T h e r e s u l t of t h e s e r e g u l a t i o n s is t h a t t h e h i g h e s t c o n t r i b u t i o n of 

p r o p i o n a t e ( 8 1 % ) and t h e l o w e s t c o n t r i b u t i o n of a m i n o a c i d s (3%) to 

g l u c o s e s y n t h e s i s is s e e n w i t h the h i g h s t a r c h / l o w p r o t e i n d i e t 

( H S ) , a n d t h a t the h i g h e s t c o n t r i b u t i o n of a m i n o a c i d s ( 2 0 % ) is 

w i t h the h i g h p r o t e i n / l o w s t a r c h d i e t ( H P ) . The a v a i l a b i l i t y of 

p r o p i o n a t e is h i g h e r on d i e t HP (25 m o l / d ) t h a n on d i e t B S P (23 

m o l / d ) , b u t the rates of g I u c o n e o g e n e s i s f r o m p r o p i o n a t e do not 

d i f f e r b e t w e e n the 2 d i e t s . T h e a v a i l a b i l i t y of a m i n o a c i d s is 
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T a b l e 5 . 5 . S i m u l a t e d e f f e c t s o f d i e t c o m p o s i t i o n on a b s o r p t i o n , 

g l u c o n e o g e n e s i s a n d p r o d u c t i o n in I a ct a t i ng c o w s . 

R a t i o n 

V a r i a b l e or ( b y p a s s s t a r c h 

R a t e of p r o c e s s ( d ~ 1 ) (high s t a r c h ) (high p r o t e i n ) a n d p r o t e i n ) 

F e e d i n t a k e a n d d i g e s t i o n 

D r y m a t t e r i n t a k e , kg 1 8 . 6 4 

€ a r b o h y d r a t e 
f e r m e n t a t i o n , mo I C 3 9 1 . 4 

M i c r o b i a l p r o t e i n 
p r o d u c t i o n , mo I N 2 6 . 1 

P a s s a g e of u n d e g r a d e d 
d i e t a r y p r o t e i n , mo I N 9 . 3 

A b s o r p t i on of 

p r o p i o n a t e , mo I C 1 0 6 . 4 

A b s o r p t i on of 

g l u c o s e , mo I C 5 . 0 

A b s o r p t i o n of a m i n o a c i d s , mo I N 2 6 . 6 

18.60 

3 0 7 . 3 

2 0 . 8 

1 3 . 8 

7 4 . 8 

4 . 6 

2 8 . 5 

1 5 . 6 2 

2 7 0 . 0 

18.2 

16.6 

6 8 . 5 

2 4 . 5 

2 7 . 9 

L i v e r m e t a b o l i s m 

G l u c a g o n : i n s u l i n 1 . 1 5 

G l u c o s e s y n t h e s i s , mo I C 9 6 . 3 

from p r o p i o n a t e , % 8 1 . 0 

f r o m a m i n o a c i d s , % 3.1 

1 .21 

81 .1 

6 5 . 0 

1 9 . 9 

0 . 9 9 

8 0 . 5 

6 5 . 3 

1 4 . 5 

(t o be c o n t i n u e d ) 
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T a b l e 5.5. ( c o n t i n u e d ) 

R a t i o n 

HS HP BSP 

V a r i a b l e or ( b y p a s s starch 

R a t e of p r o c e s s (d~1) (high s t a r c h ) (high p r o t e i n ) and p r o t e i n ) 

L i v e r a e t a b o L i s a 

P r o p i o n a t e m e t a b o l i s m , 

mol C 1 0 6 , 4 

g l u c o n e o g e n e s i s , % 7 3 . 4 

oxi dat i o n , % 26 . 6 

7 4 . 8 

7 0 . 5 

29.5 

6 8 . 5 

7 6 . 7 

2 3 . 3 

Keto acid m e t a b o l i s m , 

mol C 2 4 . 4 

g l u c o n e o g e n e s i s , % 1 2 . 3 

o x i d a t i o n , % 8 7 , 7 

A m i n o acid c a t a b o l i s m , mol N 6 . 4 3 

G l u c o s e a v a i l a b l e to 
p e r i p h e r a l t i s s u e s , mol C 1 0 1 . 3 

A m i n o a c i d s a v a i l a b l e to 
p e r i p h e r a l t i s s u e s , mol N 2 0 . 8 

26.8 

60.0 

4 0 . 0 

7 . 0 6 

8 5 . 7 

21 .2 

2 1 . 3 

5 4 . 6 

4 5 . 4 

5 .61 

1 0 5 . 0 

21 .9 

P r o d u c t i on 

Milk y i e l d , kg 3 3 . 7 0 

Milk fat y i e l d , kg 1.07 

Milk p r o t e i n y i e l d , kg 0 . 9 8 

E n e r g y in m i l k , MJ 91 .49 

2 9 . 9 3 

1 .28 

1 .03 

9 7 . 9 0 

34.95 

0 . 8 7 

1 .02 

8 5 . 4 9 

(to be c o n t i n u e d ) 
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T a b l e 5 . 5 . ( c o n t i n u e d ) 

R a t i o n 

HS HP BSP 

V a r i a b l e or ( b y p a s s s t a r c h 

R a t e of p r o c e s s ( d ~ 1 ) (high s t a r c h ) (high p r o t e i n ) and p r o t e i n ) 

P r o d u c t i on 

L i v e w e i g h t g a i n , kg - 0 . 0 9 - 0 . 4 6 - 0 . 1 5 

E n e r g y b a l a n c e , MJ - 2 . 2 3 - 1 1 . 5 ? - 3 . 8 ? 

T i s s u e p r o t e i n b a l a n c e , 

m o l N 0 . 2 9 - 0 . 4 8 0 . 6 2 

E f f i c i e n c y of u t i l i z a t i o n 

Energy"! ) 0 . 5 8 0 . 6 1 0 . 6 8 

P r o t e i n 2 ) 0 . 6 4 0 . 6 2 0 . 6 8 

1 ) Net e n e r g y / m e t a b o l i z a b l e e n e r g y 
2) P r o t e i n p r o d u c t / p r o t e i n s u p p l y 
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a b o u t the same ( 2 1 - 2 2 m o l / d ) on d i e t s HP and B S P , but t h e r a t e of 

g L u c o n e o g e n e s i s f r o m a m i n o a c i d s is 38% h i g h e r on d i e t HP t h a n on 

d i e t B S P . T h e s e m o d i f i c a t i o n s of the r e l a t i o n s h i p b e t w e e n s u b s t r a t e 

a v a i l a b i l i t y and p r o c e s s rate a r e d u e to the d i f f e r e n t r a t i o s of 

g l u c a g o n to i n s u l i n s i m u l a t e d w i t h t h e 2 d i e t s : 1 . 2 1 (HP) and 0 . 9 9 

( B S P ) . 

T h e r a t e of a m i n o a c i d d e a m i nat i on is not v e r y d i f f e r e n t b e t w e e n 

d i e t s , but it is h i g h e s t (7.1 mo I N / d ) on d i e t HP and l o w e s t (5.6 

mol N / d ) on d i e t B S P . In the m o d e l , p r o p i o n a t e a n d d e a m i n a t e d a m i n o 

a c i d s a r e e i t h e r u s e d for g l u c o n e o g e n e s i s or o x i d a t i o n . T h e 

p r o p o r t i o n c o n v e r t e d to g l u c o s e is h i g h e r for p r o p i o n a t e : 7 3 % ( H S ) , 

7 1 % ( H P ) , and 71% ( B S P ) than for a m i n o a c i d s : 1 2 % ( H S ) , 60% ( H P ) , 

and 5 5 % ( B S P ) . 

T h e g l u c o s e f l u x r a t e is the s u m of g l u c o s e a b s o r p t i o n r a t e and 

g l u c o s e s y n t h e s i s r a t e . It is h i g h e r on r a t i o n B S P (17.5 m o l / d ) and 

r a t i o n HS (16.9 m o l / d ) t h a n on r a t i o n HP ( 1 4 . 3 m o l / d ) b e c a u s e of 

the h i g h rate of g l u c o n e o g e n e s i s ( r a t i o n H S ) and t h e high r a t e of 

g l u c o s e a b s o r p t i o n ( r a t i o n B S P ) . T h e a v a i l a b i l i t y of a m i n o a c i d s to 

t h e m a m m a r y g l a n d and b o d y t i s s u e s is a l m o s t the s a m e w i t h all 3 

r a t i o n s . 

T h e y i e l d s of m i l k , m i l k f a t , and m i l k p r o t e i n a r e ( k g / d ) : 3 3 . 7 , 

1 . 0 7 and 0 . 9 8 ; 2 9 . 9 , 1 . 2 8 and 1 . 0 3 ; and 3 5 . 0 , 0 . 8 7 and 1 . 0 2 ; on 

d i e t s H S , HP and H S P , r e s p e c t i v e l y . T h e d i f f e r e n c e s in m i l k y i e l d 

r e f l e c t d i f f e r e n c e s in g l u c o s e f l u x r a t e . T h e r e l a t i v e l y low m i l k 

fat y i e l d w i t h d i e t B S P is c a u s e d by s e v e r a l f a c t o r s : 

- the lower f e e d i n t a k e and h e n c e , lower fat i n t a k e 

- t h e lower f e r m e n t a t i o n rate and h e n c e , l o w e r m i c r o b i a l fat 

s y n t h e s i s 

21 
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- the h i g h e r i n s u l i n c o n c e n t r a t i o n in b l o o d p l a s m a . 

T h e s m a l l d i f f e r e n c e s in m i l k p r o t e i n y i e l d are d e t e r m i n e d by d i f -

f e r e n c e s in a m i n o a c i d a v a i l a b i l i t y and i n s u l i n c o n c e n t r a t i o n . T h e 

m i l k e n e r g y o u t p u t is h i g h e s t w i t h d i e t HP and l o w e s t w i t h d i e t 

B S P . T h e t i s s u e e n e r g y b a l a n c e is a c c o r d i n g l y l o w e s t w i t h d i e t HP 

( - 1 1 . 6 M J / d ) , but b e c a u s e of the l o w e r e n e r g y i n t a k e on d i e t BSP 

t h e e n e r g y b a l a n c e w i t h t h i s d i e t is l o w e r ( - 3 . 9 M J / d ) t h a n with 

d i e t HS ( - 2 . 2 M J / d ) . A l t h o u g h n e g a t i v e e n e r g y b a l a n c e s a r e s i m u l a -

ted w i t h all d i e t s , the t i s s u e p r o t e i n b a l a n c e is n e g a t i v e o n l y 

w i t h d i e t HP . 

T h e e f f i c i e n c y of e n e r g y u t i l i z a t i o n ( c a l c u l a t e d as t h e r a t i o of 

net e n e r g y to met abo I i zab le e n e r g y ) is h i g h e r with d i e t B S P ( 0 . 6 8 ) 

t h a n w i t h t h e o t h e r 2 d i e t s ( 0 . 5 8 - 0 . 6 1 ) . H o w e v e r , t h e e f f i c i e n c y of 

r a t i o n BSP is s o m e w h a t o v e r e s t i m a t e d b e c a u s e the m e t a b o I i z a b le 

e n e r g y is c a l c u l a t e d as a c o n s t a n t f r a c t i o n ( 0 . 8 4 ) of the d i g e -

s t i b l e e n e r g y . T h i s f r a c t i o n is p r o b a b l y t o o s m a l l in t h e c a s e of 

r a t i o n BSP b e c a u s e of a r e d u c e d m e t h a n e e n e r g y loss d u r i n g rumen 

f e r m e n t a t i o n . If the e f f i c i e n c y of e n e r g y u t i l i z a t i o n is i n s t e a d 

e x p r e s s e d as the r a t i o of net e n e r g y to g r o s s e n e r g y , t h e f i g u r e s 

for r a t i o n s H S , HP and B S P are 0 . 3 6 , 0 . 3 6 and 0 . 4 1 , r e s p e c t i v e l y . 

T h e i m p r o v e d e n e r g y u t i l i z a t i o n o b t a i n e d by p r o t e c t i o n of s t a r c h 

a n d p r o t e i n a g a i n s t m i c r o b i a l b r e a k d o w n is c a u s e d p a r t l y by a re-

d u c e d e n e r g y loss in r u m e n f e r m e n t a t i o n and p a r t l y by l o w e r r a t e s 

of o x i d a t i o n and heat p r o d u c t i o n in the i n t e r m e d i a r y m e t a b o l i s m . 

T h e e f f i c i e n c y of p r o t e i n u t i l i z a t i o n ( E P U ) is c a l c u l a t e d as the 

r a t i o of p r o t e i n p r o d u c t to p r o t e i n s u p p l y ( O l d h a m 1 9 7 8 ) : 

P r o t e i n p r o d u c t = m i l k p r o t e i n - N + r e t a i n e d t i s s u e p r o t e i n - N 

(if p o s i t i v e ) 
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P r o t e i n s u p p l y = p r o t e i n p r o d u c t + c a t a b o l i z e d a m i n o a c i d - N . 

D i e t B S P h a s the h i g h e s t t i s s u e p r o t e i n b a l a n c e , t h e l o w e s t rate of 

a m i n o a c i d c a t a b o l i s m and h e n c e , a b e t t e r p r o t e i n u t i l i z a t i o n 

( 0 . 6 8 ) t h a n s i m u l a t e d w i t h the o t h e r 2 d i e t s ( 0 . 6 2 - 0 . 6 4 ) . 

T h e s i m u l a t i o n s h a v e s h o w n t h a t p a r t l y p r o t e c t i o n of d i e t a r y s t a r c h 

and p r o t e i n a g a i n s t r u m e n f e r m e n t a t i o n i n c r e a s e s t h e m i l k y i e l d as 

w e l l as t h e e f f i c i e n c y of e n e r g y and p r o t e i n u t i l i z a t i o n . T h e f i n a l 

m o d e l s i m u l a t i o n s p r e s e n t e d h e r e w i l l e x a m i n e the e f - f e c t s of a 

v a r y i n g d e g r e e of d i e t a r y s t a r c h p r o t e c t i o n on feed in- t a k e , n u -

t r i e n t a b s o r p t i o n , and p r o d u c t i o n . F i v e " e x p e r i m e n t a l " d i e t s are 

s t u d i e d w i t h 0 , 1 5 , 2 0 , 25 and 35% of t h e s t a r c h m a d e u n f e r m e n t a b -

l e . T h e t o t a l s t a r c h c o n t e n t is the s a m e in all d i e t s , 195 g / k g d r y 

m a t t e r . T h e c r u d e p r o t e i n c o n t e n t is 1 5 9 g / k g dry m a t t e r , and 5 7 . 5 % 

of t h e c o n c e n t r a t e p r o t e i n is u n f e r m e n t a b l e . H e n c e , t h e " 2 0 % " d i e t 

and the B S P d i e t in the p r e v i o u s s i m u l a t i o n s are i d e n t i c a l . The 

m a i n r e s u l t s a r e p r e s e n t e d in f i g u r e s 5 . 5 - 5 . 8 . 

T h e feed i n t a k e (kg dry m a t t e r / d ) is d e c r e a s i n g w i t h i n c r e a s i n g 

l e v e l s of r u m e n b y p a s s s t a r c h ( f i g u r e 5 . 5 ) . T h i s is a l s o t h e c a s e 

for the a b s o r p t i o n r a t e s ( m o l / d ) of p r o p i o n a t e , a m i n o a c i d s and 

f a t t y a c i d s ( f i g u r e 5 . 5 ) , w h i l e the a b s o r p t i o n r a t e of g l u c o s e 

( m o l / d ) is i n c r e a s i n g w h e n m o r e s t a r c h is m a d e u n f e r m e n t a b l e 

( f i g u r e 5 . 6 ) . T h e rate of g l u c o s e s y n t h e s i s ( m o l / d ) is d e c r e a s i n g , 

e s p e c i a l l y w h e n the s t a r c h p r o t e c t i o n is e n h a n c e d f r o m 25 to 3 5 % , 

and the g l u c o s e f l u x rate is i n c r e a s e d f r o m 1 4 . 9 at 0 to 1 7 . 8 m o l / d 

at 25% f o l l o w e d by a d e c r e a s e to 1 6 . 4 m o l / d at 35% p r o t e c - t i on 

( f i g u r e 5 . 6 ) . 

T h e d a i l y m i l k y i e l d is i n c r e a s e d f r o m 3 0 . 4 to 3 5 . 4 kg at t h e 25% 

l e v e l a n d t h e n d e c r e a s e d to 3 3 . 9 kg at the 35% l e v e l of s t a r c h 
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F i g u r e 5 . 5 . S i m u l a t e d e f f e c t s of u n f e m e n t a b l e s t a r c h on d r y n a t t e r 

i n t a k e , a n d a b s o r p t i o n of p r o p i o n a t e , a m i n o a c i d s a n d 

f a t t y a c i d s . 



1 5  2 O 2 5 3 5 

P E R  C E N T  OF S T A R C H  P R O T E C T E D  

F i g u r e  5 . 6 ,  S i a u l a t e d  e f f e c t s  o l  u n f e r a e n t a b l e  s t a r c h  on glucose absorpt ion ,  g luconeogenesis 

and glucose a v a i l a b i l i t y .  
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P E R C E N T OF S T A R C H P R O T E C T E D 

F i g u r e 5 . 7 . S i m u l a t e d e f f e c t s of u n f e r » e n t a b l e s t a r c h on net 

e n e r g y i n t a k e , m i l k y i e l d a n d l i v e w e i g h t g a i n . 
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P E R C E N T OF S T A R C H P R O T E C T E D 

F i g u r e 5 . 8 . S i m u l a t e d e f f e c t s of u n f e r a e n t a b le s t a r c h o n e n e r g y 

c o n c e n t r a t i o n in m i l k a n d n e t e n e r g y c o n c e n t r a t i o n in 
t h e f e e d . 
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p r o t e c t i o n ( f i g u r e 5 . 7 ) . T h e e n e r g y o u t p u t in m i l k ( M J / d ) is on 

t h e o t h e r hand d e c r e a s i n g at all l e v e l s , a n d h e n c e , the e n e r g y 

c o n c e n t r a t i o n in m i l k ( M J / k g ) is l o w e s t w i t h the 2 5 % d i e t ( f i g u r e 

5 . 8 ) . L i v e w e i g h t g a i n is a l m o s t u n c h a n g e d ( a b o u t - 0 . 1 5 k g / d ) f r o m 

0 to 2 5 % , but t h e n it d e c r e a s e s to - 0 . 4 9 kg/d on t h e 35% d i e t ( f i -

g u r e 5 . 7 ) , T h e r e a s o n s for t h i s p r e c i p i t o u s d e c r e a s e in t i s s u e 

e n e r g y b a l a n c e a r e 1 ) l o w e r a v a i l a b i l i t y of n u t r i e n t s (see f i g u r e s 

5 , 5 and 5 . 6 ) and 2 ) l o w e r i n s u l i n c o n c e n t r a t i o n in b l o o d p l a s m a at 

the 3 5 % l e v e l of s t a r c h p r o t e c t i o n . 

T h e net e n e r g y i n t a k e ( S c a n d . f e e d u n i t s / d ) is l i k e the d r y m a t t e r 

i n t a k e d e c r e a s i n g w i t h i n c r e a s i n g l e v e l s of u n f e r m e n t a b I e s t a r c h 

( f i g u r e 5 . 7 ) . H o w e v e r , the 2 c u r v e s s h o w i n g the i n t a k e of d r y m a t -

t e r a n d net e n e r g y are not p a r a l l e l . T h i s m e a n s t h a t the net e n e r -

g y c o n t e n t per kg d r y m a t t e r of the s a m e c h e m i c a l c o m p o s i t i o n (see 

T a b l e 5 . 4 ) is not c o n s t a n t , w h i c h is c l e a r l y i l l u s t r a t e d in f i g u r e 

5 . 8 . In all p r e s e n t l y u s e d e n e r g y e v a l u a t i o n s y s t e m s (Van d e r H o -

n i n g & A l d e r m a n 1 9 8 8 ) t h e e n e r g y c o n t e n t of a f e e d is b a s e d u p o n 

its c h e m i c a l c o m p o s i t i o n . If in a g i v e n s y s t e m t h e e n e r g y v a l u e of 

for e x a m p l e the 0% d i e t w a s e s t i m a t e d c o r r e c t l y , t h e n t h i s s y s t e m 

w o u l d u n d e r e s t i m a t e the e n e r g y v a l u e of the o t h e r d i e t s by 5 - 1 0 % 

a c c o r d i n g to the m o d e l s i m u l a t i o n s . T h i s p o i n t s t o w a r d s the p o s s i -

b i l i t y of i m p r o v i n g e n e r g y e v a l u a t i o n of f e e d r a t i o n s by m e a n s of 

d y n a m i c , m e c h a n i s t i c m o d e l l i n g of d i g e s t i v e and m e t a b o l i c p r o c e s -

s e s in the l a c t a t i n g c o w . 
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6 D I S C U S S I O N A » C O N C L U S I O N S 

T h i s f i n a l c h a p t e r is not i n t e n d e d to be an e n t i r e l y d e t a c h e d e v a -

l u a t i o n of all d e t a i l s in the m o d e l . T h a t w o u l d be b e y o n d t h e a b i -

lity of the a u t h o r a n d b e y o n d t h e i n t e r e s t of m o s t r e a d e r s . In-

s t e a d the c h a p t e r w i l l be d e v o t e d to a m o r e g e n e r a l d i s c u s s i o n of 

the o b j e c t i v e a n d u s e f u l n e s s of the m o d e l : o b j e c t i v e s and c r i t e r i a 

for e v a l u a t i o n ( s e c t i o n 6 . 1 ) , e v a l u a t i o n ( s e c t i o n 6 . 2 ) , a d v a n t a g e s 

and s h o r t c o m i n g s ( s e c t i o n 6 . 3 ) , a n d f u t u r e p e r s p e c t i v e s ( s e c t i o n 

6 . 4 ) . In the last s e c t i o n ( 6 . 5 ) the g e n e r a l c o n c l u s i o n s of t h e 

d i s c u s s i o n a r e s u m m a r i z e d . 

6 . 1 M o d e l o b j e c t i v e s a n d e v a l u a t i o n c r i t e r i a 

T h e p h i l o s o p h y a n d m e t h o d o l o g y of m o d e l l i n g a n d b a s i c p r i n c i p l e s 

in m o d e l e v a l u a t i o n h a v e b e e n e x c e l l e n t l y r e v i e w e d p r e v i o u s l y 

( B a l d w i n & K o o n g 1 9 8 0 , F r a n c e 8 T h o r n l e y 1 9 8 4 , S ø r e n s e n 8 K r i s t e n -

sen 1 9 8 8 ) . H e r e o n l y s o m e i m p o r t a n t p o i n t s a b o u t the d e f i n i t i o n of 

the p u r p o s e of t h e m o d e l and a b o u t t h e v a l i d a t i o n p r o c e s s w i l l be 

s t r e s s e d . 

C l e a r l y , the d e f i n i t i o n of the m o d e l ' s o b j e c t i v e is i m p o r t a n t . T h e 

o b j e c t i v e d e t e r m i n e s the t y p e ( e . g . s t a t i c or d y n a m i c ) and the 

f r a m e w o r k of the m o d e l and a l s o the c r i t e r i a for m o d e l v a l i d a t i o n . 

T h e s y s t e m ( e . g . a l a c t a t i n g c o w ) and the h i e r a r c h i c a l l e v e l ( e . g . 

d i f f e r e n t o r g a n s of the c o w ) to be s t u d i e d a r e i d e n t i f i e d by t h e 

d e f i n i t i o n of t h e o b j e c t i v e . W h e n the s y s t e m a n d the l e v e l s of d e -
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t a i l w i t h i n the s y s t e m a r e d e t e r m i n e d , the a c t i v i t y or t h e s c i e n -

t i f i c p u r p o s e of the m o d e l l i n g s h o u l d be d e f i n e d , t h a t is if the 

m o d e l s h o u l d be used for p r e d i c t i o n of a n i m a l p e r f o r m a n c e , for 

e v a l u a t i o n of c o n c e p t s and b e h a v i o u r of s u b u n i t s in t h e s y s t e m , or 

for e v a l u a t i o n of h y p o t h e s e s a b o u t r e g u l a t i o n s and i n t e r a c t i o n s in 

n u t r i e n t m e t a b o l i s m . 

T h e s y s t e m is t h e n d e s c r i b e d in a b l o c k d i a g r a m ( f i g u r e s 2 . 1 - 2 . 6 , 

s e c t i o n 2 . 1 ) , the t r a n s a c t i o n s of m a t t e r is t r a n s l a t e d i n t o m a t h e -

m a t i c a l e q u a t i o n s , and t h e e q u a t i o n p a r a m e t e r s are g i v e n n u m e r i c a l 

v a l u e s ( s e c t i o n 3 . 3 ) . At t h i s s t a g e of the p r o c e s s t h e m o d e l can 

be t e s t e d a c c o r d i n g to the o b j e c t i v e (see f i g u r e 6 . 1 , B a l d w i n & 

K o o n g 1 9 8 0 ) . 

F i g u r e 6 . 1 . T h e m o d e l l i n g p r o c e s s ( f r o m B a l d w i n 8 K o o n g 1 9 8 0 ) . 
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T h e i d e a l v a l i d a t i o n p r o c e d u r e is to s i m u l a t e the s y s t e m b e h a v i o u r 

u n d e r c o n d i t i o n s not p r e v i o u s l y s t u d i e d , and t h e n t e s t i n g the p r e -

d i c t i o n s by new e x p e r i m e n t s ( B a l d w i n & K o o n g 1 9 8 0 ) . O f t e n t h i s 

i d e a l s i t u a t i o n c a n n o t be a c h i e v e d a n d o n e has to u s e l i t e r a t u r e 

d a t a . In t h i s c a s e , it is c l e a r l y i m p o r t a n t that the d a t a u s e d for 

m o d e l c o n s t r u c t i o n and p a r a m e t e r e v a l u a t i o n are i n d e p e n d e n t f r o m 

the d a t a u s e d for m o d e l t e s t i n g . T h i s c a n be s e c u r e d , for i n s t a n -

c e , if p h y s i o l o g i c a l a n d b i o c h e m i c a l d a t a on s u b u n i t s of the sy-

stem a r e u s e d for the m o d e l d e v e l o p m e n t , and e m p i r i c a l i n p u t - o u t -

put d a t a a r e u s e d to t e s t the s i m u l a t e d b e h a v i o u r of the w h o l e sy-

s t e m . 

If the r e s u l t of the m o d e l v a l i d a t i o n c o m e s out n e g a t i v e l y , the 

m o d e l l e r ' s s c i e n t i f i c w o r l d do not f a l l a p a r t . On the c o n t r a r y , it 

can be f o r t i f i e d and d e v e l o p e d by i d e n t i f i c a t i o n of c r i t i c a l q u e -

s t i o n s l e a d i n g to new e x p e r i m e n t s a n d i m p r o v e m e n t s of t h e m o d e l . 

If the v a l i d a t i o n t u r n s out to be p o s i t i v e , the m o d e l can be a c -

c e p t e d ( f i g u r e 6 . 1 ) . 

T h e c h o i c e of v a l i d a t i o n c r i t e r i a is d e p e n d e n t on the m o d e l l i n g 

o b j e c t i v e ( B a l d w i n & K o o n g 1 9 8 0 ) : 

(i) If the o b j e c t i v e is to p r e d i c t s y s t e m b e h a v i o u r for a g i -

ven set of c o n d i t i o n s , the m o d e l is a c c e p t e d w h e n the si-

m u l a t e d r e s u l t s are w i t h i n t h e c o n f i d e n c e i n t e r v a l s for 

e x p e r i m e n t a l d a t a o b t a i n e d u n d e r a c o r r e s p o n d i n g set of 

c o n d i t i o n s . 

(ii) If the o b j e c t i v e is e v a l u a t i o n of c o n c e p t s a b o u t the s u b -

u n i t s of the s y s t e m , it can be c o n c l u d e d t h a t t h e s y s t e m 

is u n d e r s t o o d , w h e n s i m u l a t i o n r e s u l t s c o m p a r e w e l l w i t h 

r e a l life o b s e r v a t i o n s . 
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C i i i ) If t h e o b j e c t i v e is to e v a l u a t e d i f f e r e n t h y p o t h e s e s a b o u t 

t h e m e c h a n i s t i c b e h a v i o u r of the s y s t e m , t h i s is a c h i e v e d 

w h e n the h y p o t h e s e s h a v e b e e n " r a n k e d " for p r o b a b i l i t y a n d 

s u b j e c t e d to e x p e r i m e n t a l t e s t i n g . 

F r a n c e 8 T h o r n l e y ( 1 9 8 4 ) m a k e it a l i t t l e m o r e s i m p l e and s e p a r a t e 

the p r o c e d u r e for m o d e l v a l i d a t i o n i n t o t e s t i n g and e v a l u a t i o n . In 

t h e i r t e r m i n o l o g y t e s t i n g m e a n s an o b j e c t i v e c h e c k of the m a t h e m a -

t i c a l f o r m u l a t i o n s for m e t h o d o l o g i c a l c o r r e c t n e s s ! d e f i n i t i o n of 

s y m b o l s arid d i m e n s i o n s , and c o n s i s t e n c y and c o m p l e t e n e s s of t h e 

e q u a t i o n s in the m o d e l . E v a l u a t i o n is c a r r i e d out a f t e r the m o d e l 

h a s b e e n t e s t e d . T h i s is not a t o t a l l y o b j e c t i v e p r o c e s s , but it 

is d e a l i n g w i t h j u d g e m e n t s of t h e m o d e l b e h a v i o u r in r e l a t i o n to 

the m o d e l l i n g o b j e c t i v e as d e s c r i b e d a b o v e . In t h i s s e n s e , the 

s t r u c t u r e of the m o d e l can o n l y be e v a l u a t e d and not t e s t e d . 

T h e r e f o r e , in the f o l l o w i n g d i s c u s s i o n of the p r e s e n t m o d e l the 

term e v a l u a t i o n is u s e d a c c o r d i n g to t h e d e f i n i t i o n of F r a n c e 8 

T h o r n l e y ( 1 9 8 4 ) , and the w o r d t e s t i n g is a v o i d e d . 

6 . 1 . 1 T h e o b j e c t i v e s of t h e m o d e l 

T h e m a i n o b j e c t i v e of the p r e s e n t m o d e l is to s i m u l a t e the c o n v e r -

s i o n of n u t r i e n t s t h r o u g h d i g e s t i v e and m e t a b o l i c p r o c e s s e s in t h e 

l a c t a t i n g d a i r y cow i n t o i n t e r m e d i a t e s u b s t a n c e s , and f u r t h e r i n t o 

w a s t e s and p r o d u c t s of m i l k and b o d y g a i n . S e v e r a l m i n o r o b j e c t i -

v e s can be a t t a i n e d w i t h such a g e n e r a l m o d e l . T h e s e a r e : 

P r e d i c t i o n of a n i m a l p e r f o r m a n c e on d i e t s of d i f f e r e n t 

c o m p o s i t i o n and at d i f f e r e n t l a c t a t i o n a l s t a g e s . 
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(ii) E v a l u a t i o n of c u r r e n t p h y s i o l o g i c a l and b i o c h e m i c a l c o n -

c e p t s c a u s a l to a n i m a l p e r f o r m a n c e . 

( i i i ) Eva luat i on of new h y p o t h e s e s a b o u t the r e g u l a t i o n s of nu-

t r i e n t d i g e s t i o n and m e t a b o l i s m in the d a i r y c o w . T h e s e 

h y p o t h e s e s can e i t h e r be p a r t of the a s s u m p t i o n s used in 

m o d e l c o n s t r u c t i o n , or s o m e new i d e a s i n d e p e n d e n t of the 

m o d e I i t s e l f . 

To a c h i e v e t h e s e o b j e c t i v e s the m o d e l has to be d y n a m i c and me c h a 

n i s t i c . D y n a m i c , b e c a u s e d y n a m i c m o d e l l i n g is t h e o n l y m e t h o d to 

e v a l u a t e the q u a n t i t a t i v e i m p a c t of a c u t e m e t a b o l i c c h a n g e s on 

w h o l e a n i m a l p e r f o r m a n c e - and m e c h a n i s t i c , b e c a u s e d e s c r i p t i o n s 

of c a u s a l i t y are n e e d e d at the level of i n d i v i d u a l t i s s u e s . T h e 

most i m m e d i a t e o b j e c t i v e of the d y n a m i c m o d e l l i n g i s : 

Civ) A c h i e v e m e n t of s i m u l a t i o n r e s u l t s i d e n t i c a l at all h i e r a r 

c h i c a l l e v e l s to the s t a t i c b a l a n c e m o d e l b a s e d on the 

w o r k of H v e l p l u n d ( 1 9 8 3 ) and Danfaer ( 1 9 8 3 b ) . 

6 . 1 . 2 C r i t e r i a for e v a l u a t i o n 

O b v i o u s l y , the m o d e l is e v a l u a t e d in r e l a t i o n to o b j e c t i v e (i v) by 

c o m p a r i n g the s i m u l a t i o n r e s u l t s of t h e d y n a m i c m o d e l to the s o l u -

t i o n s of the s t a t i c m o d e l . The e v a l u a t i o n in r e l a t i o n to o b j e c t i v e 

(i) m u s t be p e r f o r m e d by c o m p a r i n g t h e s i m u l a t i o n r e s u l t s w i t h a 

w i d e r a n g e of e x p e r i m e n t a l data f r o m f e e d i n g t r i a l s , d i g e s t i b i l i t y 

s t u d i e s , and s t u d i e s of v i s c e r a l and p e r i p h e r a l t i s s u e m e t a b o l i s m . 

It is a l s o i m p o r t a n t to e v a l u a t e the m o d e l in r e l a t i o n to o b j e c t i -

ve (ii) by e x a m i n i n g t h e u n d e r l y i n g c o n c e p t s of s u b u n i t b e h a v i o u r 
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a g a i n s t q u a l i t a t i v e and q u a n t i t a t i v e r e s u l t s from b o t h in v i v o 

and in v i t r o e x p e r i m e n t s on e s p e c i a l l y r e g u l a t i o n of n u t r i e n t m e -

t a b o l i s m in i n d i v i d u a l t i s s u e s . W h e n t h e s e m i n o r o b j e c t i v e s h a v e 

b e e n a c h i e v e d , the m a i n o b j e c t i v e of the m o d e l l i n g can a l s o be re-

g a r d e d as f u l f i l l e d . T h e u s e f u l n e s s of t h e m o d e l in r e l a t i o n to 

o b j e c t i v e C i i i ) w i l l i n c r e a s e as the m o d e l is d e v e l o p e d t o w a r d s 

a c h i e v e m e n t of t h e m a i n o b j e c t i v e . 

6 . 2 Eva luat ion of t h e n o d e L 

S o m e s t e p s in t h e p r o c e s s of m o d e l e v a l u a t i o n h a v e b e e n p e r f o r m e d 

by the s i m u l a t i o n s p r e s e n t e d in c h a p t e r s 4 and 5 . T h e s e r e s u l t s 

are d i s c u s s e d h e r e in c o n t e x t w i t h t h e i r c o n t r i b u t i o n s to m o d e l 

eva luat i on . 

6 . 2 . 1 C o m p a r i s o n w i t h t h e s t a t i c m o d e l 

S i m u l a t i o n r e s u l t s c o n c e r n i n g f e e d i n t a k e and w h o l e a n i m a l p e r f o r -

m a n c e , e n e r g y m e t a b o l i s m , and n u t r i e n t m e t a b o l i s m in the i n d i v i d u -

al c o m p a r t m e n t s o b t a i n e d with the d y n a m i c m o d e l a r e c o m p a r e d to 

r e s u l t s from the s t a t i c m o d e l in T a b l e s 4 . 1 - 4 . 9 ( s e c t i o n 4 . 1 ) . T h e 

d i f f e r e n c e s b e t w e e n r e s u l t s from the 2 m o d e l s are s m a l l and i n s i g -

n i f i c a n t , and it can be c o n c l u d e d that the d y n a m i c m o d e l is v a l i d 

so far as it g i v e s the s a m e a n s w e r s as the s t a t i c m o d e l in t e r m s 

of d a i l y flux r a t e s ( o b j e c t i v e i v ) . 
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6-6.2 Comparisons with literature data 

In the f o l l o w i n g d i s c u s s i o n w h e r e s o m e s i m u l a t i o n r e s u l t s are c o m -

p a r e d to in vivo d a t a , the m o d e l is e v a l u a t e d in r e l a t i o n to b o t h 

its a b i l i t y for p r e d i c t i o n ( o b j e c t i v e i) and the v a l i d i t y of its 

c o n c e p t s (obj ect i ve i i) . 

T h e d i g e s t i v e t r a c t 

The s i m u l a t e d a p p a r e n t d i g e s t i b i l i t y of o r g a n i c m a t t e r in the ru-

men of 48% ( s u b s e c t i o n 4 . 1 . 2 ) is w i t h i n ranges of e x p e r i m e n t a l re-

sults ( 4 3 - 5 6 % ) g i v e n by K l o o s t e r 8 B o e k h o l t ( 1 9 7 2 ) and S u t t o n 

( 1 9 8 0 ) . M a d s e n ( 1 9 8 6 ) f o u n d v a l u e s from 42 to 47% with 4 d i e t s of 

s i m i l a r c o m p o s i t i o n as that used in the m o d e l . 

The s i m u l a t e d e f f i c i e n c y of m i c r o b i a l net growth ( Y A T p ) in the ru-

men is 1 9 . 7 g cell dry m a t t e r per mo I ATP at a rumen liquid d i l u -

tion rate (K7) of 0.11 h~1 . T h i s v a l u e is close to an a v e r a g e va-

lue of Y A t p ( 1 9 . 9 ) c a l c u l a t e d f r o m H a r r i s o n 8 M c A l l a n ( 1 9 8 0 ) at 

d i l u t i o n rates r a n g i n g from 0 . 1 0 to 0 . 1 2 h " 1 . The net y i e l d of ATP 

per m o l e of v o l a t i l e f a t t y a c i d s p r o d u c e d in the rumen is l i k e l y 

to be w i t h i n the range of 2 . 0 - 2 . 8 m o l e s (McMeni man et a l . 1 9 7 6 ) . 

The c o r r e s p o n d i n g s i m u l a t e d v a l u e i s : 176 mo I A T P / 8 1 . 2 mo I VFA = 

2.2. 

V a l u e s for the a m o u n t of m i c r o b i a l n i t r o g e n l e a v i n g the rumen d i f -

fer w i d e l y in the l i t e r a t u r e (Smith 1 9 7 5 , Stern 8 H o o v e r 1 9 7 9 ) . 

C a l c u l a t e d as g N per kg o r g a n i c m a t t e r a p p a r e n t l y f e r m e n t e d in 

the r u m e n , f i g u r e s for c a t t l e can v a r y from 17 to 44 g N / k g (Stern 

& H o o v e r 1 9 7 9 ) , and for l a c t a t i n g cows from 33 to 45 g N / k g (Mad-

sen 1 9 8 6 ) . The e s t i m a t e s are s o m e w h a t d e p e n d e n t on the m e t h o d u s e d 
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for m i c r o b i a l p r o t e i n d e t e r m i n a t i o n ( S m i t h et a l . 1 9 7 8 ) . T h e y a r e 

h i g h e r on r o u g h a g e d i e t s t h a n on h i g h - c o n c e n t r a t e d i e t s (McMeni m a n 

1 9 7 5 , c . f . H a r r i s o n & M c A I tan 1 9 8 0 , M a d s e n 1 9 8 6 ) , and it is d e b a t -

a b l e w h e t h e r t h e y are i n c r e a s e d by h i g h e r feed i n t a k e and rumen 

d i l u t i o n rate ( S u t t o n 1 9 8 0 , M a d s e n 1 9 8 6 ) . T h e a m o u n t of m i c r o b i a l 

N p r o d u c e d per kg o r g a n i c m a t t e r t r u l y f e r m e n t e d in the rumen can 

be e s t i m a t e d from l i t e r a t u r e d a t a a s : 

2 0 * 1 9 . 9 * 7 . 7 / 1 0 0 = 3 0 . 6 g N / k g . 

T h e v a l u e s u s e d in the c a l c u l a t i o n a r e : 20 mol A T P p e r kg o r g a n i c 

m a t t e r t r u l y f e r m e n t e d ( H e n d e r i c k x et a l . 1 9 7 2 , M c M e n i m a n et a l . 

1 9 7 6 ) , 1 9 . 9 g m i c r o b i a l c e l l DM p e r m o l ATP ( H a r r i s o n & M c A l lan 

1 9 8 0 ) , and 7 . 7 % N in m i c r o b i a l c e l l DM ( H e n d e r i c k x et a l . 1 9 7 2 , 

H v e l p l u n d 1 9 8 6 ) . 

T h e s i m u l a t e d m i c r o b i a l n i t r o g e n o u t f l o w from the r u m e n is 3 6 . 4 
N P e r k 9 o r g a n i c m a t t e r a p p a r e n t l y f e r m e n t e d - c o r r e s p o n d i n g to 

2 7 . 4 g N per kg t r u l y f e r m e n t e d o r g a n i c m a t t e r as s u g g e s t e d by 

M i l l e r ( 1 9 7 3 ) and T h o m a s ( 1 9 7 3 ) and a l s o c a l c u l a t e d by r e g r e s s i 

( O w e n s & G o e t s c h 1 9 8 6 ) . 

T h e s i m u l a t e d r u m e n d e g r a d a t i o n r a t e of d i e t a r y p r o t e i n ( 6 5 % ) is 

w i t h i n a r a n g e of e x p e r i m e n t a l v a l u e s r e p o r t e d by S a t t e r & R o f f l e r 

(1975 ) , M e r c e r 8 Anni son ( 1 9 7 6 ) , R o y et a l . ( 1 9 7 7 ) , and M a d s e n 

(1986 ). 

T h e a p p a r e n t d i g e s t i b i l i t y of a m i n o a c i d s in the s m a l l i n t e s t i n e 

is a b o u t 70% ( K l o o s t e r & B o e k h o l t 1 9 7 2 , A r m s t r o n g et a l . 1 9 7 7 ) , 

and t h e t r u e d i g e s t i b i l i t y is a b o u t 8 0 % ( N o l a n 1 9 7 5 , S m i t h 1 9 7 9 ) . 

T h e c o r r e s p o n d i n g s i m u l a t e d v a l u e s a r e 7 1 % and 7 9 % , r e s p e c t i v e l y . 
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T h e liver 

T h e s i m u l a t e d c o n t r i b u t i o n of p r o p i o n a t e to g l u c o s e s y n t h e s i s in 

the liver is 6 5 . 6 % ( s u b s e c t i o n 4 . 1 . 3 ) c o r r e s p o n d i n g to 6 3 . 0 % of 

t o t a l g l u c o s e t u r n o v e r r a t e . T h e latter v a l u e can be c o m p a r e d to 

an in vivo e s t i m a t e of 61% ( W i l t r o u t & S a t t e r 1 9 7 2 ) . A l l o t h e r 

e s t i m a t e s in c o w s , which the a u t h o r could find in the l i t e r a t u r e , 

are lower than that ( e . g . E l l i o t 1 9 8 0 , L o m a x 8 B a i r d 1 9 8 3 ) . T h e 

d i f f e r e n c e b e t w e e n the s i m u l a t e d and most l i t e r a t u r e v a l u e s could 

be p a r t l y e x p l a i n e d by the fact that the m o d e l d o e s not a l l o w for 

a p o s s i b l e c o n v e r s i o n of s o m e p r o p i o n a t e to l a c t a t e in the rumen 

w a l l or in the liver (Young 1 9 7 7 ) . It is p e r t i n e n t here to refer 

to E l l i o t ( 1 9 8 0 ) who found it d i f f i c u l t to a c c o u n t for the r e q u i r -

ed g l u c o s e p r e c u r s o r s in h i g h - y i e l d i n g c o w s , if p r o p i o n a t e d o e s 

not c o n t r i b u t e d i r e c t l y or i n d i r e c t l y to at least 60% of the g l u -

cose t u r n o v e r . L o m a x 8 B a i r d ( 1 9 8 3 ) found that m a x i m u m 1 6 . 8 % of 

g l u c o s e o u t p u t from the liver c o u l d be d e r i v e d from l a c t a t e and 

g l y c e r o l . The c o r r e s p o n d i n g f i g u r e s i m u l a t e d by the m o d e l is a 

little lower t h a n that ( 1 4 . 6 % ) . 

T h e l i t e r a t u r e data c o n c e r n e d w i t h the c o n t r i b u t i o n of a m i n o a c i d s 

to g l u c o s e s y n t h e s i s in l a c t a t i n g cows can r o u g h l y be d i v i d e d into 

2 g r o u p s : one g r o u p s u g g e s t i n g that amino a c i d s c o n t r i b u t e s i g n i -

f i c a n t l y (>25% of g l u c o s e t u r n o v e r ) , and one g r o u p s u g g e s t i n g that 

the c o n t r i b u t i o n of a m i n o a c i d s is very small (<5% of g l u c o s e 

t u r n o v e r ) . 

E x a m p l e s from the first g r o u p are data from B l a c k et a l . ( 1 9 6 8 ) 

and from Lomax 8 B a i r d ( 1 9 8 3 ) . U s i n g s i n g l e i n t r a v e n o u s i n j e c t i o n s 

of 1 ̂ c - l a b e l l e d a m i n o a c i d s B l a c k and c o w o r k e r s e s t i m a t e d that 5 

a m i n o a c i d s could p r o v i d e for 30% of the g l u c o s e c a r b o n and con-

c l u d e d that the total c o n t r i b u t i o n of a m i n o a c i d s was m o r e than 

33% and m a y b e as much as 50% of g l u c o s e t u r n o v e r . L o m a x and B a i r d 

23 
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c a l c u l a t e d t h e m a x i m u m p o s s i b l e c o n t r i b u t i o n of s e v e r a l s u b s t r a t e s 

to g l u c o s e p r o d u c t i o n in the l i v e r . T h e s e s u b s t r a t e s : p r o p i o n a t e 

( 4 6 . 0 % ) , l a c t a t e , p y r u v a t e , g l y c e r o l ( 1 7 . 4 % ) and four a m i n o a c i d s 

( 8 . 6 % ) c o u l d a c c o u n t for 7 2 % of g l u c o s e o u t p u t . If it is a s s u m e d 

t h a t the d e f i c i t of 28% is m a d e up of a m i n o a c i d s o t h e r t h a n t h o s e 

a c t u a l l y m e a s u r e d , the t o t a l c o n t r i b u t i o n of a m i n o a c i d s w o u l d be 

3 6 . 6 % as a m i n i m u m , u n l e s s h e p a t i c g I y c o g e n o I y s i s had c o n t r i b u t e d 

s i g n i f i c a n t l y to g l u c o s e p r o d u c t i o n . 

T h e g l u c o s e t u r n o v e r r a t e s i m u l a t e d by t h e m o d e l i s : F 1 3 0 + F139 = 

8 5 . 7 mo I C / d , a n d t h e t o t a l a m i n o acid catabolisrm in the l i v e r is: 

F 1 4 2 + F 1 4 3 = 2 6 . 9 mo I C / d . If it is c o n c l u d e d f r o m the r e f e r e n c e s 

a b o v e , that 3 5 % of the g l u c o s e t u r n o v e r is d e r i v e d f r o m a m i n o 

a c i d s , t h e n in c a s e of the m o d e l there is riot e n o u g h c a t a b o l i z e d 

a m i n o a c i d s to c o v e r the n e e d for g l u c o n e o g e n e s i s : 8 5 . 7 * 0 . 3 5 = 

3 0 . 0 mo I C / d . It s h o u l d be n o t i c e d , h o w e v e r , t h a t the e s t i m a t e of 

L o m a x and B a i r d for p r o p i o n a t e c o n t r i b u t i o n to g l u c o s e o u t p u t 

( 4 6 % ) is low c o m p a r e d to the 6 0 % which m i g h t be e x p e c t e d f r o m rea-

s o n i n g ( E l l i o t 1 9 8 0 ) , from o t h e r e x p e r i m e n t a l d a t a (Wi 11 r o u t 8 

S a t t e r 1 9 7 2 ) , as w e l l as f r o m m o d e l l i n g . A c o r r e c t i o n of t h e e s t i -

m a t e d 46% to 6 0 % of the g l u c o s e s y n t h e s i z e d from p r o p i o n a t e w i l l 

a c c o r d i n g l y d e c r e a s e the c o n t r i b u t i o n of a m i n o a c i d s f r o m 3 6 . 6 % to 

2 1 . 6 % , w h i c h is m u c h c l o s e r to t h e s i m u l a t e d v a l u e . 

E x a m p l e s from the s e c o n d g r o u p of l i t e r a t u r e d a t a are p a p e r s of 

B o e k h o I t ( 1 9 7 6 ) and B r u c k e n t a l et a l . ( 1 9 8 0 ) . In n o n e of t h e s e ex-

p e r i m e n t s w a s t h e t r a n s f e r of a m i n o a c i d - C to g l u c o s e - C a c t u a l l y 

m e a s u r e d . B o e k h o l t i n f u s e d g l u c o s e into t h e a n i m a l s e i t h e r t h r o u g h 

a d u o d e n a l f i s t u l a or i n t o the p e r i p h e r a l c i r c u l a t i o n and m e a s u r e d 

the r e s u l t a n t c h a n g e in t h e rate of urea e x c r e t i o n w i t h the u r i n e . 

A s t h e r e w e r e no s i g n i f i c a n t d e c r e a s e s in u r i n a r y N e x c r e t i o n du-

ring p e r i o d s of g l u c o s e i n f u s i o n at m i l k y i e l d s of a b o u t 25 kg/d 

or l o w e r , it w a s c o n c l u d e d t h a t a m i n o a c i d s a r e not r e q u i r e d for 
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g l u c o n e o g e n e s i s at t h i s p r o d u c t i o n L e v e l , 

This c o n c l u s i o n can be q u e s t i o n e d for s e v e r a l r e a s o n s . F i r s t l y , 

the r e s u l t s tell n o t h i n g a b o u t the a c t u a l c o n t r i b u t i o n of a m i n o 

a c i d s to g l u c o s e s y n t h e s i s , they can at most tell that the c o n t r i -

b u t i o n is not c h a n g e d by g l u c o s e i n f u s i o n . S e c o n d l y , an u n c h a n g e d 

rate of u r e a - N e x c r e t i o n could be e x p l a i n e d by a d e c r e a s e d u r e a - N 

s y n t h e s i s and a c o n c o m i t a n t d e c r e a s e in urea r e c y c l i n g to the di-

g e s t i v e t r a c t . T h i r d l y , an u n c h a n g e d rate of a m i n o a c i d c a t a b o l i s m 

and h e n c e , u r e a - N s y n t h e s i s , could be due to a d e c r e a s e d use of 

amino a c i d s for g l u c o n e o g e n e s i s and a c o n c u r r e n t i n c r e a s e in a m i n o 

acid o x i d a t i o n . In the same e x p e r i m e n t the u r i n a r y - N e x c r e t i o n was 

d e c r e a s e d and the m i l k p r o t e i n s e c r e t i o n i n c r e a s e d d u r i n g g l u c o s e 

i n f u s i o n p e r i o d s , w h e n the milk y i e l d was as high as 30 k g / d . 

B r u c k e n t a l and c o w o r k e r s ( 1 9 8 0 ) m e a s u r e d the r a t e s of g l u c o s e and 

urea t u r n o v e r in the b l o o d p l a s m a and c a l c u l a t e d the p r o p o r t i o n of 

g l u c o s e t u r n o v e r d e r i v e d from p r o t e i n . The a s s u m p t i o n s used in the 

c a l c u l a t i o n s w e r e : 1 ) 5 5 0 g g l u c o s e can be s y n t h e s i z e d from 1 kg 

p r o t e i n , 2 ) 35% of s y n t h e s i z e d u r e a - N is d e r i v e d from c a t a b o l i z e d 

p rote i n - N , and 3 ) 20% of c a t a b o l i z e d p r o t e i n - C is u s e d for g l u c o -

n e o g e n e s i s . T h e r e s u l t s b a s e d on t h e s e a s s u m p t i o n s w e r e that no 

more t h a n 1 - 2 % of the g l u c o s e flux rate was d e r i v e d from p r o t e i n . 

The v a l u e of 550 g g l u c o s e / k g p r o t e i n is w i d e l y and i n c o r r e c t l y 

used in t h e l i t e r a t u r e in e s t i m a t i o n s of amino a c i d c o n t r i b u t i o n s 

to g l u c o n e o g e n e s i s . It is an e m p i r i c a l e s t i m a t e of how much g l u c o -

se can be s y n t h e s i z e d from i n c r e m e n t a l s u p p l y of d i e t a r y p r o t e i n 

(Krebs 1 9 6 4 ) . In the p r e s e n t c a l c u l a t i o n s a f a c t o r for the c o n v e r -

sion of g l u c o g e n i c a m i n o a c i d s to g l u c o s e per se on a m o l a r b a s i s 

s h o u l d be used i n s t e a d . A s all g l u c o g e n i c amino a c i d s , e x c e p t for 

g l y c i n e , can c o n t r i b u t e w i t h 3 c a r b o n a t o m s to the g l u c o s e m o l e c u -

23* 
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I e , it is m o r e c o r r e c t to use a c o n v e r s i o n f a c t o r of 2 mo I a m i n o 

a c i d s per mo L g l u c o s e . H e n c e , the c o r r e s p o n d i n g v a l u e w i l l b e : 

1 mo I g l u c o s e = 1 8 0 g g l u c o s e 

2 mo I a m i n o a c i d s = 2*1 . 3 * 1 4 . 0 1 * 6 . 2 5 / 1 0 0 0 = 0 . 2 2 8 kg p r o t e i n 

1 8 0 / 0 . 2 2 8 = 7 9 0 g g l u c o s e p e r kg p r o t e i n , 

w h i c h is 44% h i g h e r t h a n the c o m m o n l y u s e d v a l u e . 

T h e p r o p o r t i o n of u r e a - N s y n t h e s i s in t h e liver d e r i v e d f r o m c a t a -

b o l i z e d a m i n o a c i d s ( 3 5 % ) was a s s u m e d on the b a s i s of a m o d e l of 

N - m e t a b o I i sm in s h e e p fed at m a i n t e n a n c e ( N o l a n 1 9 7 5 ). T h i s v a l u e 

is p r o b a b l y d e p e n d e n t on t h e l e v e l and d e g r a d a b i I i ty of d i e t a r y 

p r o t e i n ( O w e n s 8 B e r g e n 1 9 8 3 , B a l d w i n 1 9 8 4 ) . T h e p r o p o r t i o n of c a -

t a b o I i zed a m i n o a c i d - C c o n v e r t e d to g l u c o s e - C ( 2 0 % ) w a s t a k e n f r o m 

a r e v i e w of L i n d s a y ( 1 9 7 6 ) . H o w e v e r , in t h i s p a p e r L i n d s a y a l s o 

r e f e r s to e x p e r i m e n t s w i t h s h e e p by W o l f f & B e r g m a n ( 1 9 7 2 ) , w h o 

f o u n d t h a t 62% of the a m i n o a c i d net u p t a k e in t h e l i v e r w a s u s e d 

for g l u c o s e s y n t h e s i s , in the p r e s e n t m o d e l t h e s i m u l a t e d p r o p o r -

t i o n of t h e net h e p a t i c u p t a k e of a m i n o a c i d - C (= c a t a b o l i z e d 

a m i n o a c i d - C ) c o n v e r t e d to g l u c o s e - C is 6 0 . 4 % . 

If it is a c c e p t e d t h a t o n l y 2% of the g l u c o s e t u r n o v e r r a t e is d e -

r i v e d f r o m a m i n o a c i d s as e s t i m a t e d by B r u c k e n t a l et a l . ( 1 9 8 0 ) , 

t h e n 9 8 % of the g l u c o s e m u s t be s y n t h e s i z e d from s u b s t r a t e s o t h e r 

t h a n a m i n o a c i d s or m u s t be a b s o r b e d f r o m the d i g e s t i v e t r a c t . T h e 

c o n s e q u e n c e of t h a t in r e l a t i o n to t h e s i m u l a t e d r e s u l t s w o u l d be 

that : 

( F 1 3 0 + F 1 3 9 ) * 0 . 9 8 - F 1 3 0 = 8 5 . 6 8 * 0 . 9 8 - 3 . 3 6 = 8 0 . 6 1 mo I g l u c o s e - C /d 

m u s t be s y n t h e s i z e d f r o m 3 - c a r b o n p r e c u r s o r s ( p r o p i o n a t e , l a c t a t e 

and g l y c e r o l ) . T h i s m e a n s that 9 2 % of t h e s e s u b s t r a t e s a v a i l a b l e 
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in the Liver s h o u l d be used in g l u c o n e o g e n e s i s . It is i n d e e d a 

h i g h p r o p o r t i o n c o m p a r e d to t h e 20% of a m i n o a c i d s p a s s i n g t h e 

g l u c o s e p o o l as a s s u m e d by B r u c k e n t a l et a l . ( 1 9 8 0 ) - e s p e c i a l l y 

w h e n it is c o n s i d e r e d t h a t c a r b o n f r o m t h e m a j o r s u b s t r a t e , p r o p i -

o n a t e , and c a r b o n from g l u c o g e n i c a m i n o a c i d s m i x in the c i t r i c 

a c i d c y c l e and p a s s t h r o u g h the s a m e r e g u l a t o r y s t e p s in t h e g l u -

c o n e o g e n i c p a t h w a y ( L i n d s a y 1 9 7 0 ) . A n o t h e r p o i n t is that if n e a r l y 

all p r o p i o n a t e is u s e d to p r o d u c e g l u c o s e , t h e n t h e liver m a y s u f -

fer f r o m s h o r t a g e of s u b s t r a t e s for o x i d a t i o n . T h e h e p a t i c h e a t 

p r o d u c t i o n in l a c t a t i n g cows is e s t i m a t e d by S m i t h & B a l d w i n 

( 1 9 7 4 ) as 18 M J / d . If it is a s s u m e d ( b a s e d on t h e a b o v e c a l c u l a -

t i o n ) t h a t 10% of a v a i l a b l e p r o p i o n a t e is o x i d i z e d , t h a t 2% of t h e 

g l u c o s e t u r n o v e r rate is d e r i v e d from a m i n o a c i d s r e p r e s e n t i n g 20% 

of the c a t a b o l i z e d a m i n o a c i d s , and that t h e c a t a b o l i z e d a m i n o 

a c i d - C not u s e d in g l u c o n e o g e n e s i s is o x i d i z e d , t h e n the h e a t p r o -

d u c e d in the l i v e r can be c a l c u l a t e d as 1 0 . 4 M J / d - c o n s i d e r a b l y 

l o w e r t h a n e s t i m a t e d by S m i t h 8 B a l d w i n ( 1 9 7 4 ) . On the o t h e r h a n d , 

the h e p a t i c h e a t p r o d u c t i o n s i m u l a t e d by t h e m o d e l w h e r e 27% of 

t h e p r o p i o n a t e a n d 40% of the c a t a b o l i z e d a m i n o a c i d s are o x i d i -

z e d , is 1 8 . 5 M J / d in a c c o r d a n c e w i t h the f i n d i n g of S m i t h & B a l d -

w i n . 

F r o m t h i s d i s c u s s i o n it is d i f f i c u l t to r e g a r d t h e c o n c l u s i o n of 

O l d h a m ( 1 9 7 8 ) and B r u c k e n t a l et a l . ( 1 9 8 0 ) t h a t o n l y 2% or less of 

the g l u c o s e t u r n o v e r rate is d e r i v e d from a m i n o a c i d s as a g e n e r a l 

o n e . It s e e m s t h a t t h i s v a l u e d e p e n d s on a n u m b e r of f a c t o r s , of 

w h i c h the a v a i l a b i l i t y of a m i n o a c i d s p l a y s an i m p o r t a n t r o l e . N e -

v e r t h e l e s s , it is an i m p o r t a n t q u e s t i o n b e c a u s e it a f f e c t s b o t h 

t h e p r o t e i n r e q u i r e m e n t and t h e g l u c o s e a v a i l a b i l i t y of t h e h i g h -

y i e l d i n g d a i r y c o w . T h e r e f o r e m o r e e x p e r i m e n t a l w o r k in t h i s area 

is n e e d e d . T h e s i m u l a t i o n s p r e s e n t e d in s e c t i o n 5 . 4 c o n c e r n i n g t h e 

r e g u l a t i o n of g l u c o n e o g e n e s i s can g i v e s o m e idea of how d i f f e r e n t 

f e e d c o m p o s i t i o n can be e x p e c t e d to i n f l u e n c e g l u c o s e a v a i l a b i l i t y 

and t h e use of d i f f e r e n t s u b s t r a t e s for g l u c o s e s y n t h e s i s . 
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The s i m u l a t e d rate of u r e a - N s y n t h e s i s is 24.7 m o l / d e q u i v a l e n t to 

2 1 6 0 g crude p r o t e i n / a . B r u c k e n t a l et a l . ( 1 9 8 0 ) found t h a t 16.0 

mo I u r e a - N e q u i v a l e n t to 1400 g crude p r o t e i n / d was s y n t h e s i z e d in 

cows h a v i n g a b o u t the s a m e milk y i e l d , but c o n s u m i n g 8 5 0 g c r u d e 

p r o t e i n C9.7 mo I N ) less per day than the m o d e l c o w . If the m a j o r 

part ( e . g . 8 5 % ) of this e x t r a d i e t a r y p r o t e i n is a b s o r b e d as N H 3 / 

N H 4 + and a m i n o a c i d s and u l t i m a t e l y c o n v e r t e d into u r e a , then the 

cows in the e x p e r i m e n t w o u l d h a v e s y n t h e s i z e d : 1 6 . 0 + 9 , 7 * 0 . 8 5 = 

2 4 . 3 mo I u r e a - N / d - in much b e t t e r a g r e e m e n t with the s i m u l a t e d 

v a l u e . 

T h e m a m m a r y g l a n d 

T h e s i m u l a t e d rate of g l u c o s e u p t a k e in the m a m m a r y g l a n d is w i t h -

in a range of e x p e r i m e n t a l r e s u l t s in the l i t e r a t u r e , w h e r e a s the 

s i m u l a t e d m a m m a r y u p t a k e of a c e t a t e and k e t o n e b o d i e s is c o n s i d e r -

a b l y h i g h e r than in vivo e s t i m a t e s ( s u b s e c t i o n 4 . 1 . 3 ) . In a n u m b e r 

of e x p e r i m e n t s w h e r e n u t r i e n t u p t a k e in the u d d e r is e s t i m a t e d by 

the A-V d i f f e r e n c e t e c h n i q u e the rate of g l u c o s e u p t a k e per kg 

milk p r o d u c e d is on a v e r a g e 2.4 mo I C/kg ( A n n i s o n et a l . 1 9 7 4 , 

B i c k e r s t a f f e et a l . 1 9 7 4 , P e e t e r s et a l . 1 9 7 9 , W i l l i a m s & E l l i o t 

1 9 8 0 , R u l q u i n 1 9 8 1 ) . The range of this v a l u e a c r o s s the d i f f e r e n t 

e x p e r i m e n t s is 2 . 0 - 3 . 4 mo I C / k g m i l k , w h e r e the h i g h e s t e s t i m a t e 

is from R u l q u i n ( 1 9 8 1 ) . T h e r a n g e for the o t h e r e x p e r i m e n t s is 

small ( 2 . 0 - 2 . 2 mo I C / k g ) . The- c o r r e s p o n d i n g v a l u e s i m u l a t e d by the 

m o d e l is 2.3 mo I C per kg milk in a g r e e m e n t with the l i t e r a t u r e 

d a t a . The rate of a c e t a t e and k e t o n e b o d y m a m m a r y u p t a k e in the 

s a m e e x p e r i m e n t s is on a v e r a g e 1.4 mol C / k g milk (range 0 . 7 4 - 1 . 9 2 

mol C / k g ) , but the s i m u l a t e d v a l u e is much higher than t h a t , 2.74 

mol C / k g m i l k . 

The m o d e l is s i m u l a t i n g that 24% of the g l u c o s e and 68% of the 

a c e t a t e and k e t o n e b o d i e s t a k e n up by the m a m m a r y gland are o x i d i -
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z e d . T h e f i g u r e for g l u c o s e is in a g r e e m e n t with e s t i m a t e s of A n -

n i s o n 8 L i n z e l l (19645 a n d S m i t h ( 1 9 7 1 ) , but h i g h e r t h a n v a l u e s 

( 4 - 1 7 % ) f o u n d by B i c k e r s t a f f e et a l . ( 1 9 7 4 ) . T h e f i g u r e for a c e t a -

te and k e t o n e b o d i e s is m u c h h i g h e r t h a n v a l u e s for a c e t a t e a l o n e 

( 1 1 - 5 7 % ) f o u n d in the s a m e s t u d y of B i c k e r s t a f f e a n d c o w o r k e r s . 

T h e d i f f e r e n c e c a n n o t be a c c o u n t e d for by o x i d a t i o n of k e t o n e b o -

d i e s as t h i s is low in fed a n i m a l s ( S m i t h et a l . 1 9 8 3 ) . 

It s e e m s t h e r e f o r e t h a t t h e m o d e l o v e r e s t i m a t e s the u p t a k e and 

o x i d a t i o n r a t e s of a c e t a t e and k e t o n e b o d i e s in the m a m m a r y g l a n d . 

H o w e v e r , t h e v a l i d i t y of the l i t e r a t u r e d a t a can be q u e s t i o n e d 

w h e n n u t r i e n t b a l a n c e s a n d h e a t p r o d u c t i o n in the u d d e r a r e c o n s i -

d e r e d . It can be c a l c u l a t e d , t h a t t h e d a i l y e n e r g y u p t a k e and h e a t 

p r o d u c t i o n in the m a m m a r y g l a n d w i l l be 1 0 9 . 7 MJ and 9 . 6 M J , re-

s p e c t i v e l y , w h e n the a v e r a g e l i t e r a t u r e e s t i m a t e s a r e u s e d for 

g l u c o s e u p t a k e (2.4 mol C / k g m i l k ) , a c e t a t e and k e t o n e b o d y u p t a k e 

(1.4 m o l C / k g m i l k ) , g l u c o s e o x i d a t i o n ( 1 1 % ) , and a c e t a t e and 

k e t o n e b o d y o x i d a t i o n ( 3 0 % ) . T h e p r o p o r t i o n of t o t a l e n e r g y u p t a k e 

lost as h e a t is t h e n : 9 . 6 / 1 0 9 . 7 = 0 . 0 9 , w h i c h i n d i c a t e s an u n r e a -

l i s t i c h i g h e f f i c i e n c y of the m a m m a r y g l a n d . By u s i n g t h e h i g h e s t 

l i t e r a t u r e e s t i m a t e s of m a m m a r y u p t a k e and o x i d a t i o n of t h e s e n u -

t r i e n t s , the e n e r g y u p t a k e and h e a t p r o d u c t i o n can be c a l c u l a t e d 

as 1 1 6 . 7 M J / d and 2 1 . 6 M J / d , r e s p e c t i v e l y . T h i s g i v e s a h i g h e r 

p r o p o r t i o n of heat e n e r g y : 2 1 . 6 / 1 1 6 . 7 = 0 . 1 9 , but it is s t i l l l o w -

er t h a n e s t i m a t e d by L i n z e l l ( 1 9 6 7 ) as w e l l as by t h e p r e s e n t m o -

d e l ( 2 6 % ) . S m i t h et a l . ( 1 9 8 3 ) c o n c l u d e d t h a t the a p p a r e n t d e f i c i t 

of s u b s t r a t e s for o x i d a t i o n c o u l d be m a d e up by a m i n o a c i d s . H o w -

e v e r , t h i s c o n c l u s i o n is not in a c c o r d a n c e with a r t e r i o - v e n o u s 

d i f f e r e n c e s t u d i e s s h o w i n g that t h e s e c r e t i o n of c a r b o n and n i t r o -

gen in m i l k p r o t e i n is b a l a n c e d b y t h e net m a m m a r y u p t a k e ( C l a r k 

et a l . 1 9 7 8 , M e p h a m 1 9 8 2 ) , t h u s i n d i c a t i n g no net o x i d a t i o n of 

a m i n o a c i d s in the u d d e r . 
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It can be c o n c l u d e d t h a t in v i v o e s t i m a t e s of m a m m a r y g l u c o s e u p -

t a k e a r e less v a r i a b l e and in b e t t e r a c c o r d a n c e w i t h m o d e l s i m u l a -

t i o n s t h a n in v i v o e s t i m a t e s of a c e t a t e and k e t o n e b o d y u p t a k e and 

o x i d a t i o n , w h i c h in m o s t c a s e s s e e m to be too l o w . 

D i u r n a l v a r i a t i o n s in o u t p u t v a r i a b l e s 

T h e s i m u l a t e d p a t t e r n of feed i n t a k e w i t h 8 d i s t i n c t m e a l s per d a y 

and a n o n - e a t i n g p e r i o d of a b o u t 4 h in e a r l y m o r n i n g ( s u b s e c t i o n 

4 . 2 . 1 , f i g u r e 4 . 1 ) is s i m i l a r to e x p e r i m e n t a l f i n d i n g s of B l u m et 

a l . ( 1 9 8 5 ) and K r o h n 8 K o n g g a a r d ( 1 9 8 7 ) . T h i s p a t t e r n of d i u r n a l 

v a r i a t i o n is r e f l e c t e d in roost of t h e s t a t e v a r i a b l e s and r a t e v a -

r i a b l e s in the m o d e l , m a r k e d l y in t h e r u m e n and i n t e s t i n a l c o m -

p a r t m e n t s and less c l e a r l y in t h e p e r i p h e r a l t i s s u e c o m p a r t m e n t s . 

E x a m p l e s are the p o o l of f e r m e n t a b l e c a r b o h y d r a t e s in the r u m e n 

( f i g u r e 4 . 4 ) , the i n t e s t i n a l a b s o r p t i o n rate of a m i n o a c i d s ( f i g u -

re 4 . 2 5 ) , and r a t e s of l i p i d m e t a b o l i s m in a d i p o s e t i s s u e ( f i g u r e 

4 . 4 6 ) . T h e s i m u l a t e d d i u r n a l v a r i a t i o n s in the b l o o d p l a s m a c o n -

c e n t r a t i o n s of i n s u l i n ( f i g u r e 4 . 3 1 ) , g l u c o s e , k e t o n e b o d i e s , l a c -

t a t e ( f i g u r e 4 . 3 3 ) , a m i n o a c i d s a n d u r e a ( f i g u r e 4 . 3 9 ) are v e r y 

s i m i l a r to c o r r e s p o n d i n g d i u r n a l v a r i a t i o n s o b s e r v e d in v i v o ( B l u m 

et a l . 1 9 8 5 ) in c o w s at t h e s a m e l a c t a t i o n a l s t a g e , and with t h e 

s a m e feed i n t a k e and m i l k y i e l d as the m o d e l c o w . On the o t h e r 

hand t h e s i m u l a t e d b l o o d p l a s m a p r o f i l e of f r e e f a t t y a c i d s ( f i g u -

re 4 . 3 6 ) s h o w m u c h less f l u c t u a t i o n t h a n is n o r m a l l y seen in e x p e -

r i m e n t s ( B i n e s et a l . 1 9 8 3 , B l u m et a l . 1 9 8 5 ) . A l t h o u g h the c o u r s e 

of the s m a l l d i u r n a l v a r i a t i o n s in the p l a s m a p o o l of free f a t t y 

a c i d s a r e b i o l o g i c a l l y r e a s o n a b l e , it s e e m s that the m o d e l is i n a -

d e q u a t e in the s i m u l a t i on of f a t t y a c i d r e l e a s e f r o m a d i p o s e t i s -

s u e . 

T h e d i s c u s s i o n in t h i s s u b s e c t i o n can be s u m m a r i z e d as f o l l o w s : 
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A n u m b e r of s i m u l a t e d p r o c e s s e s in the d i g e s t i v e t r a c t , t h e l i v e r 

a n d the p e r i p h e r a l t i s s u e s a r e e v a l u a t e d a g a i n s t l i t e r a t u r e d a t a 

in a n t i c i p a t i o n of the o b j e c t i v e of m o d e l p r e d i c t i o n ( o b j e c t i v e 

i ) . R e s u l t s of t h i s e v a l u a t i o n a r e p o s i t i v e for the f o l l o w i n g pro 

c e s s e s : 

- A p p a r e n t d i g e s t i b i l i t y of o r g a n i c m a t t e r and VFA p r o d u c t i o n in 

t h e r u m e n , 

- M i c r o b i a l net g r o w t h and p r o t e i n s y n t h e s i s in the r u m e n . 

- D e g r a d a b i I i t y of d i e t a r y p r o t e i n in t h e r u m e n . 

- D i g e s t i b i l i t y of a m i n o a c i d s in the s m a l l i n t e s t i n e . 

- C o n t r i b u t i o n of p r o p i o n a t e and a m i n o a c i d s to g l u c o s e s y n t h e s i 

in the l i v e r . 

- U r e a s y n t h e s i s in the l i v e r . 

- H e a t p r o d u c t i o n in the l i v e r . 

- G l u c o s e u p t a k e and o x i d a t i o n in the m a m m a r y g l a n d . 

It s h o u l d be p o i n t e d out t h a t the s i m u l a t e d c o n t r i b u t i o n of a m i n o 

a c i d s to l i v e r g l u c o n e o g e n e s i s is m u c h h i g h e r t h a n the l o w e s t v a -

lues ( B o e k h o l t 1 9 7 6 , B r u c k e n t a l et a l . 1 9 8 0 ) in a r a n g e of e x p e r i 

m e n t a l d a t a of w h i c h the s i m u l a t e d v a l u e lies in the m i d d l e . It i 

q u e s t i o n e d , h o w e v e r , if t h e s e low e s t i m a t e s a r e g e n e r a l l y a p p l i c -

a b l e . 

N e g a t i v e r e s u l t s of the c o m p a r i s o n with l i t e r a t u r e d a t a a r e o b t a i 
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ned for a c e t a t e and k e t o n e b o d y u p t a k e and o x i d a t i o n in the m a m m a -

ry g l a n d . The s i m u l a t e d v a l u e s are c o n s i d e r a b l y h i g h e r than the 

e x p e r i m e n t a l f i g u r e s . H o w e v e r , the m o d e l is not n e c e s s a r i l y w r o n g 

at this p o i n t b e c a u s e most of the in vivo m e a s u r e m e n t s seem to un-

d e r e s t i m a t e the rates of a c e t a t e and k e t o n e b o d y u p t a k e as well as 

a c e t a t e o x i d a t i o n in the m a m m a r y g l a n d . 

The s i m u l a t e d d i u r n a l v a r i a t i o n s of some o u t p u t v a r i a b l e s are eva-

luated in r e l a t i o n to c o n c e p t s about the s u b u n i t s used in the mo-

de I ( o b j e c t i v e i i ) . The o u t c o m e of this e v a l u a t i o n is that d a i l y 

v a r i a t i o n s in the rat© of feed i n t a k e , and in the blood p l a s m a 

c o n c e n t r a t i o n s of i n s u l i n , g l u c o s e , k e t o n e b o d i e s , l a c t a t e , a m i n o 

a c i d s and urea are s i m u l a t e d in a r e a l i s t i c way s u p p o r t i n g the un-

d e r l y i n g p h y s i o l o g i c a l and b i o c h e m i c a l c o n c e p t s . On the o t h e r hand 

the c o u r s e of the b l o o d p l a s m a p r o f i l e of free fatty a c i d s d u r i n g 

the day s h o w s t h a t the m o d e l is s o m e w h a t i n s u f f i c i e n t in its con-

cepts of f r e e f a t t y acid r e l e a s e from the a d i p o s e t i s s u e . 

It can be c o n c l u d e d , that the d y n a m i c m o d e l is a b l e to g i v e reali-

stic q u a n t i t a t i v e p r e d i c t i o n s of i m p o r t a n t a s p e c t s of feed i n t a k e , 

of r u m i n a l and i n t e s t i n a l d i g e s t i o n , and of liver and m a m m a r y 

g l a n d m e t a b o l i s m . C o n c e p t s used in the m o d e l a b o u t the b e h a v i o u r 

of s u b u n i t s can be a c c e p t e d to the e x t e n t that they are r e l a t e d to 

the d i u r n a l p a t t e r n of the rate of feed i n t a k e and the b l o o d p l a s -

ma c o n c e n t r a t i o n of a n u m b e r of m e t a b o l i t e s - e x c e p t free f a t t y 

acids. 

In some a r e a s of i n t e r m e d i a r y m e t a b o l i s m , n o t a b l y amino a c i d con-

t r i b u t i o n to g l u c o n e o g e n e s i s and a c e t a t e m e t a b o l i s m in the m a m m a r y 

g l a n d , whe re the m o d e l s i m u l a t i o n s are c l e a r l y d i f f e r e n t from li-

t e r a t u r e d a t a , m o r e e x p e r i m e n t a l work is n e e d e d . 
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6 . 2 , 3 S i m u l a t i o n of a f e e d i n g e x p e r i m e n t 

The m o d e l can be e v a l u a t e d most o b j e c t i v e l y in r e l a t i o n to its 

p u r p o s e of p r e d i c t i o n ( o b j e c t i v e i) w h e n s i m u l a t i o n s are c o m p a r e d 

to r e s u l t s from a s p e c i f i c e x p e r i m e n t c a r r i e d out u n d e r the same 

c o n d i t i o n s as a s s u m e d in the m o d e l . T h i s is d o n e in s e c t i o n 5.3 

w h e r e the feed i n t a k e and p r o d u c t i v e p e r f o r m a n c e of cows e a t i n g a 

c o m p l e t e diet ad l i b i t u m at 136 d a y s post p a r t u m are s i m u l a t e d . 

The first s i m u l a t i o n w i t h the o r i g i n a l p a r a m e t e r v a l u e s failed to 

give a c c u r a t e p r e d i c t i o n s of milk y i e l d , milk p r o t e i n c o n t e n t and 

live w e i g h t gain c o m p a r e d to the e x p e r i m e n t a l r e s u l t s (Krohn 8 

K o n g g a a rd 1 9 8 7 ) . T h e n the n u m e r i c a l v a l u e s of 17 p a r a m e t e r s con-

c e r n i n g t i s s u e n u t r i e n t u p t a k e and m e t a b o l i s m w e r e a d j u s t e d (Table 

5 . 2 ) , and the m o d e l was r e e v a l u a t e d a c c o r d i n g to t h e s c h e m e in 

f i g u r e 6 . 1 . A f t e r the a d j u s t m e n t of p a r a m e t e r v a l u e s the s i m u l a t e d 

feed i n t a k e , milk y i e l d , milk c o m p o s i t i o n and live w e i g h t gain we-

re the same as o b t a i n e d in the e x p e r i m e n t . H e n c e , it can be con-

c l u d e d that the a d j u s t e d m o d e l is a b l e to p r e d i c t the feed i n t a k e 

and p r o d u c t i v e p e r f o r m a n c e of d a i r y cows under the s p e c i f i e d con-

d i t i o n s . 

6 . 2 . 4 S i m u l a t i o n of am" ma I p e r f o r m a n c e d u r i n g l a c t a t i o n 

The d i s c u s s i o n in this and the f o l l o w i n g s u b s e c t i o n is c o n c e r n e d 

with e v a l u a t i o n of b o t h q u a n t i t a t i v e ( o b j e c t i v e i) and q u a l i t a t i v e 

( o b j e c t i v e ii) a s p e c t s of model b e h a v i o u r . 

The s i m u l a t e d c u r v e s of milk y i e l d and live w e i g h t gain during the 

l a c t a t i o n a l p e r i o d are s i m i l a r to in vivo o b s e r v a t i o n s (Bauman et 

a 1 . 1 9 8 5 ) as r e g a r d s s h a p e and m a g n i t u d e of m a x i m a and m i n i m a 
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( s e c t i o n 5 . 1 , f i g u r e 5 . 1 ) . T h e d e c l i n i n g m i l k y i e l d a n d i n c r e a s i n g 

e n e r g y b a l a n c e d u r i n g l a c t a t i o n a r e r e s u l t s of an a l t e r e d n u t r i e n t 

p a r t i t i o n i n g w h i c h in t u r n is b e l i e v e d to be r e g u l a t e d by m e t a b o -

lic h o r m o n e s ( B a u m a n 8 E l l i o t 1 9 8 3 ) . T h i s c o n c e p t is u s e d in the 

m o d e l by m e a n s of e q u a t i o n s d e s c r i b i n g the b l o o d p l a s m a c o n c e n t r a -

t i o n s of g r o w t h h o r m o n e , g l u c a g o n and i n s u l i n as w e l l as e q u a t i o n s 

d e s c r i b i n g h o r m o n a l r e g u l a t i o n of n u t r i e n t u p t a k e and m e t a b o l i s m 

in the m a m m a r y g l a n d and b o d y t i s s u e s . T h e s i m u l a t i o n of 2 d i f -

f e r e n t l a c t a t i o n c u r v e s is an e x a m p l e of how t h e c o n c e p t of h o r m o -

nal r e g u l a t i o n is e x p r e s s e d in the m o d e l . A f t e r a few c h a n g e s of 

p a r a m e t e r v a l u e s in s o m e of the r e g u l a t o r y e q u a t i o n s , t h e m o d e l 

can s i m u l a t e an a l t e r e d t i s s u e r e s p o n s i v e n e s s to g r o w t h h o r m o n e 

and i n s u l i n r e s u l t i n g in a h i g h e r m i l k y i e l d and a l o w e r live 

w e i g h t g a i n . 

It s e e m s f a i r to c o n c l u d e t h a t the m o d e l is a b l e to s i m u l a t e in a 

r e a l i s t i c way a l t e r a t i o n s in the r a t e s of m i l k s e c r e t i o n and live 

w e i g h t g a i n d u r i n g the l a c t a t i o n a l p e r i o d . The a b i l i t y of the m o -

d e l to s i m u l a t e d i f f e r e n t l a c t a t i o n a l m i l k y i e l d s of c o w s h a v i n g 

t h e s a m e feed i n t a k e p o i n t s to the p o s s i b i l i t y of u s i n g the m o d e l 

to m a k e h y p o t h e s e s a b o u t t h e p h y s i o l o g i c a l b a c k g r o u n d for d i f f e -

r e n c e s in the g e n e t i c c a p a c i t y for m i l k y i e l d . 

6 . 2 . 5 S i m u l a t i o n of g r o w t h h o r a o n e t r e a t m e n t s 

T h e a b i l i t y of the m o d e l to m i m i c h o r m o n a l r e g u l a t i o n of the n u -

t r i e n t p a r t i t i o n i n g is a l s o e v a l u a t e d by s i m u l a t i o n of the e f f e c t s 

of s h o r t - t e r m g r o w t h h o r m o n e t r e a t m e n t on a n i m a l p e r f o r m a n c e (sec-

t i o n 5 . 2 , f i g u r e s 5 . 2 - 5 . 4 ) . T h i s is d o n e s i m p l y by i n c r e a s i n g t h e 

i n t e r c e p t v a l u e in the e q u a t i o n for g r o w t h h o r m o n e c o n c e n t r a t i o n 

in b l o o d p l a s m a . T h e s i m u l a t i o n s are c a r r i e d out b o t h in e a r l y and 
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in Late L a c t a t i o n (73 and 257 d a y s , r e s p e c t i v e l y , a f t e r c a l v i n g ) . 

T h e s i m u l a t e d i n c r e a s e s in m i l k y i e l d in r e s p o n s e to i n c r e a s i n g 

" d o s e s " of g r o w t h h o r m o n e a r e c u r v i l i n e a r b o t h in e a r l y and late 

l a c t a t i o n as s h o w n by B a u m a n et a l . ( 1 9 8 5 ) and E p p a r d et a l . 

( 1 9 8 5 ) . T h e r e l a t i v e i n c r e a s e s a r e h i g h e r in late t h a n in e a r l y 

l a c t a t i o n as s h o w n by P e e l et a l . ( 1 9 8 3 ) , and the a b s o l u t e i n c r e a -

s e s are w i t h i n the r a n g e of e x p e r i m e n t a l o b s e r v a t i o n s at b o t h lac-

t a t i o n a l s t a g e s (Peel et a l . 1 9 8 3 , E p p a r d et a l . 1 9 8 5 ) . T h e s i m u -

lated f e e d i n t a k e is u n c h a n g e d , the e n e r g y b a l a n c e is d e c r e a s e d , 

and the b l o o d p l a s m a c o n c e n t r a t i o n of f r e e f a t t y a c i d s is i n c r e a s -

ed by t h e t r e a t m e n t s as r e p o r t e d by P e e l et a l . 1 9 8 1 a , 1 9 8 2 a & b , 

T y r r e l l et a l . 1 9 8 2 b , P e e l et a l . 1 9 8 3 ) . 

O n the o t h e r h a n d the s i m u l a t e d i n c r e a s e s in g r o w t h h o r m o n e c o n -

c e n t r a t i o n in r e s p o n s e to " t r e a t m e n t s " a r e much s m a l l e r t h a n o b -

s e r v e d in v i v o ( P e e l et a l . 1 9 8 1 a , P e e l et a l . 1 9 8 3 , E p p a r d et a l . 

1 9 8 5 ) . T h e m o d e l p r e d i c t s the p l a s m a c o n c e n t r a t i o n s of g l u c o s e and 

i n s u l i n to d e c r e a s e , b u t in m o s t e x p e r i m e n t s t h e s e c o n c e n t r a t i o n s 

are u n a f f e c t e d by g r o w t h h o r m o n e t r e a t m e n t ( e . g . P e e l et a l . 

1 9 8 1 a , 1 9 8 2 a , 1 9 8 3 ) . 

It can be c o n c l u d e d that t r e a t m e n t of l a c t a t i n g c o w s w i t h i n c r e a s -

ing d o s e s of g r o w t h h o r m o n e can be s i m u l a t e d s a t i s f a c t o r i l y by t h e 

m o d e l in t e r m s of the e f f e c t s on m i l k y i e l d , feed i n t a k e , e n e r g y 

b a l a n c e , and f r e e f a t t y a c i d c o n c e n t r a t i o n in b l o o d p l a s m a . H o w -

e v e r , t h e m o d e l is not q u i t e a c c e p t a b l e as r e g a r d s the t i s s u e s e n -

s i t i v i t y to g r o w t h h o r m o n e and the e f f e c t s on g l u c o s e and i n s u l i n 

c o n c e n t r a t i o n s . H e n c e , t h e m o d e l can o n l y be p a r t l y a c c e p t e d in 

r e l a t i o n to its p u r p o s e of p r e d i c t i o n ( o b j e c t i v e i) and of c o n c e p t 

e v a l u a t i o n ( o b j e c t i v e i i ) in t h e s e p a r t i c u l a r a s p e c t s of h o r m o n a l 

r e g u l a t i o n . 



6 . 2 . 6 S i m u l a t i o n of g L u c o n e o g e n e s i s 

T h e d i s c u s s i o n in s u b s e c t i o n 6 . 2 . 2 a b o u t the r e g u l a t i o n of g L u c o -

n e o g e n e s i s and t h e e x t e n t of a m i n o a c i d c o n t r i b u t i o n to g l u c o s e 

s y n t h e s i s s u g g e s t s t h a t an e x p e r i m e n t a l e l u c i d a t i o n of the f o l l o w -

ing q u e s t i o n s is i m p o r t a n t : 

- H o w m u c h of t h e s y n t h e s i z e d g l u c o s e is d e r i v e d from p r o p i o n a t e 

a n d f r o m a m i n o a c i d s w h e n d i f f e r e n t d i e t s a r e fed? 

- H o w are t h e c o n t r i b u t i o n s of p r o p i o n a t e and a m i n o a c i d s to 

g l u c o s e s y n t h e s i s r e g u l a t e d ? 

for t h a t p u r p o s e the m o d e l can be u s e d to s i m u l a t e the o u t c o m e of 

e x p e r i m e n t s d e s i g n e d to a n s w e r t h e s e q u e s t i o n s a n d to e v a l u a t e u n -

d e r l y i n g c o n c e p t s and h y p o t h e s e s i n v o l v e d at the s u b u n i t l e v e l . 

S u c h s i m u l a t i o n s a r e p r e s e n t e d in s e c t i o n 5 . 4 . 

In the f i r s t s i m u l a t e d e x p e r i m e n t 3 d i f f e r e n t d i e t s are u s e d ; a 

h i g h s t a r c h d i e t C H S ) , a high p r o t e i n d i e t ( H P ) , a n d an i n t e r m e d i -

a t e d i e t w i t h s t a r c h and p r o t e i n p r o t e c t e d a g a i n s t rumen f e r m e n t a -

t i o n ( B S P ) . T h e m a i n r e s u l t s of t h e s i m u l a t i o n s can be s u m m a r i z e d 

as f o l l o w s : 

1 ) T h e r a t e s of feed i n t a k e , c a r b o h y d r a t e and p r o t e i n f e r m e n t a -

t i o n , m i c r o b i a l p r o t e i n s y n t h e s i s , and p r o p i o n a t e a b s o r p t i o n 

a r e d e c r e a s e d , w h i l e the rate of g l u c o s e a b s o r p t i o n is m a r -

k e d l y i n c r e a s e d w i t h the B S P d i e t . 

2 ) T h e r a t e of g l u c o s e s y n t h e s i s in the liver is h i g h e r w i t h 
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d i e t HS t h a n w i t h e i t h e r of t h e two o t h e r d i e t s . 

3) T h e p r o p o r t i o n of t h e s y n t h e s i z e d g l u c o s e d e r i v e d from a m i n o 

a c i d s and t h e p r o p o r t i o n of d e a m i n a t e d a m i n o a c i d s u s e d for 

g l u c o n e o g e n e s i s a r e v e r y d i f f e r e n t w i t h t h e 3 d i e t s . B o t h 

p r o p o r t i o n s are l o w e s t w i t h d i e t HS and h i g h e s t w i t h d i e t H P . 

4 ) A s r e g a r d s the v o l u m e of s e c r e t e d m i l k the 3 d i e t s are r a n k e d 

( f r o m h i g h e s t to l o w e s t ) : B S P , H S , HP - but as r e g a r d s the 

s e c r e t e d m i l k e n e r g y the d i e t s are r a n k e d o p p o s i t e l y . T h i s 

m e a n s t h a t the e n e r g y c o n t e n t (and fat c o n t e n t ) per kg m i l k 

is h i g h e s t w i t h d i e t HP and l o w e s t w i t h d i e t B S P . 

5 ) T h e e f f i c i e n c y of e n e r g y and p r o t e i n u t i l i z a t i o n is h i g h e s t 

w i t h d i e t B S P . 

S o m e of t h e s i m u l a t e d r e s u l t s w i t h t h e B S P d i e t ( d e c r e a s e d rumen 

d i g e s t i b i l i t y of s t a r c h , d e c r e a s e d p r o p i o n a t e p r o d u c t i o n and mi-

c r o b i a l p r o t e i n s y n t h e s i s , as w e l l as i n c r e a s e d e f f i c i e n c y of p r o -

tein u t i l i z a t i o n ) a r e s i m i l a r to c o r r e s p o n d i n g d a t a from e x p e r i -

m e n t s w i t h l a c t a t i n g c o w s , w h e r e m a i z e w i t h low r u m e n d e g r a d a b i -

lity w a s c o m p a r e d to b a r l e y with h i g h d e g r a d a b i I i t y ( O l d h a m et a l . 

1 9 7 9 , S u t t o n et a l . 1 9 8 0 ) . 

T h e s i m u l a t e d c o n t r i b u t i o n s of the d i f f e r e n t g l u c o g e n i c s u b s t r a t e s 

to g l u c o s e s y n t h e s i s a r e b a s e d on the h y p o t h e s i s t h a t the rate of 

g l u c o n e o g e n e s i s is r e g u l a t e d by p r e c u r s o r a v a i l a b i l i t y and the ra-

tio of g l u c a g o n to i n s u l i n c o n c e n t r a t i o n s . T h e y a r e a l s o b a s e d on 

the c o n c e p t that t h e r a t e of g l u c o s e s y n t h e s i s f r o m a m i n o a c i d s is 

i n c r e a s e d m o r e t h a n t h a t f r o m p r o p i o n a t e , w h e n t h e r a t i o of g l u c a -

gon to i n s u l i n is i n c r e a s e d ( B r o c k m a n 1 9 7 8 a , B rock man 1 9 7 9 , B r o c k -

man & G r e e r 1 9 8 0 ) . T h i s g o e s a l o n g w i t h the h y p o t h e s i s that the 

h i g h - y i e l d i n g d a i r y cow p o s s e s s e s an a b i l i t y to u t i l i z e a r e l a t i -
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v e l y h i g h p r o p o r t i o n (if n e e d e d ) of the a v a i l a b l e a m i n o a c i d - C for 

s y n t h e s i s of g l u c o s e — C , as m o b i l i z e d a m i n o a c i d s f r o m b o d y p r o t e i n 

a r e t h e o n l y s o u r c e for an e x t r a net g l u c o s e s y n t h e s i s at a g i v e n 

f e e d i n t a k e . If t h e s e a s s u m p t i o n s h o l d t r u e , f u l l y or p a r t l y , t h e y 

may e x p l a i n the d i f f e r e n c e s in e x p e r i m e n t a l e s t i m a t e s of a m i n o 

acid c o n t r i b u t i o n to g I u c o n e o g e n e s i s ( e . g . B r u c k e n t a l et a l . 1 9 8 0 , 

t o m a x 8 B a i r d 1 9 8 3 ) . In f a c t , L o m a x and B a i r d f o u n d t h a t the p r o -

p o r t i o n of s y n t h e s i z e d g l u c o s e d e r i v e d from a m i n o a c i d s w a s in-

c r e a s e d w i t h f a s t i n g . It is a l s o w o r t h n o t i n g t h a t t h e p r o t e i n in-

t a k e ( 2 3 0 0 g / d ) as w e l l as the g l u c o n e o g e n i c c o n t r i b u t i o n of a m i n o 

a c i d s £3% of g l u c o s e ) s i m u l a t e d w i t h the low p r o t e i n d i e t (HS) are 

s i m i l a r to the c o r r e s p o n d i n g f i g u r e s in the s t u d y of B r u c k e n t a l 

and c o w o r k e r s . 

In the s e c o n d s i m u l a t e d e x p e r i m e n t 5 d i e t s are u s e d . T h e s e d i e t s 

a r e i d e n t i c a l in g r o s s c h e m i c a l c o m p o s i t i o n , b u t 0 - 3 5 % of the 

s t a r c h is u n f e r m e n t a b l e . In all d i e t s t h e p r o t e i n d e g r a d a b i lity is 

l o w . T h e r e s u l t s of the s i m u l a t i o n s r e g a r d i n g f e e d i n t a k e , n u t r i -

ent a b s o r p t i o n , g l u c o n e o g e n e s i s , and p r o d u c t i o n a r e g i v e n in f i g u -

res 5 . 5 - 5 . 7 . A t t e n t i o n s h o u l d a l s o be d r a w n to f i g u r e 5 . 8 , w h i c h 

s h o w s t h a t the net e n e r g y c o n t e n t of the feed dry m a t t e r is v e r y 

d i f f e r e n t in the 5 d i e t s , e v e n t h o u g h t h e y are of i d e n t i c a l c h e m i -

cal c o m p o s i t i o n . T h i s is an i m p o r t a n t o b s e r v a t i o n l e a d i n g to the 

c o n c l u s i o n that a s u f f i c i e n t l y r e a l i s t i c d y n a m i c , m e c h a n i s t i c m o -

d e l c o u l d be the b e s t t o o l a b o v e a l l to e v a l u a t e d i f f e r e n t f e e d -

s t u f f s and feed r a t i o n s for l a c t a t i n g d a i r y c o w s . 

T h e p u r p o s e of the s i m u l a t i o n s d i s c u s s e d in this s u b s e c t i o n h a s 

b e e n to d e m o n s t r a t e the m o d e l ' s a b i l i t y for p r e d i c t i o n ( o b j e c t i v e 

i ) , and for e v a l u a t i o n of c o n c e p t s ( o b j e c t i v e ii) a n d h y p o t h e s e s 

( o b j e c t i v e i i i ) . In c o n t e x t w i t h t h e last m e n t i o n e d o b j e c t i v e it 

s h o u l d be n o t i c e d t h a t o t h e r h y p o t h e s e s t h a n t h o s e a s s u m e d can 

e a s i l y be i n c o r p o r a t e d in the m o d e l . 
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It cari be c o n c l u d e d , t h a t the m o d e l has at l e a s t p a r t l y s e r v e d 

t h e s e o b j e c t i v e s . H o w e v e r , as a g e n e r a l r e m a r k to the c o n c l u s i o n s 

of s u b s e c t i o n s 6 . 2 . 2 - 6 . 2 . 6 it can be p o i n t e d o u t , that a g o o d fit 

w i t h a c o m p l e x m o d e l such as t h e p r e s e n t o n e is not an i r r e f u t a b l e 

p r o o f of v a l i d i t y , w h e r e a s a p o o r fit is a p r o o f of i n c o m p l e t e va-

l i d i t y of the m o d e l or e r r o n e o u s e x p e r i m e n t a l d a t a . T h i s m e a n s 

t h a t f u r t h e r e v a l u a t i o n s and a d j u s t m e n t s of the m o d e l a r e r e q u i r -

e d . 

6.3 Advantages and drawbacks of the model 

T h i s s e c t i o n c o n t a i n s a d i s c u s s i o n of s o m e of t h e c o n c e p t s u s e d in 

t h e m o d e l and of s o m e c o n c e p t s w h i c h at p r e s e n t are not i n c o r p o r a -

t e d . T h e d i s c u s s i o n can be r e g a r d e d as t h e a u t h o r ' s q u a l i t a t i v e 

e v a l u a t i o n of m e r i t s and s h o r t c o m i n g s of t h e m o d e l . 

6.3.1 Advantages 

A g e n e r a l a d v a n t a g e , w h i c h is not c o n f i n e d to the p r e s e n t m o d e l 

a l o n e , is t h a t w i t h m o d e l l i n g it is p o s s i b l e to a v o i d a c l a s s i c a l 

p r o b l e m in a n i m a l s c i e n c e : t h a t an o b j e c t c a n n o t be s t u d i e d w i t h -

o u t d i s t u r b i n g t h e b e h a v i o u r of t h e o b j e c t . T h i s m e a n s t h a t the 

i m p l e m e n t a t i o n of an e x p e r i m e n t a l p r o c e d u r e w i l l i t s e l f a f f e c t the 

e n v i r o n m e n t and t h e r e b y t h e b e h a v i o u r of a n i m a l s , o r g a n s or c e l l s . 

T h e less i n v a s i v e t h e e x p e r i m e n t a l p r o c e d u r e , the less d e t a i l e d 

i n f o r m a t i o n a b o u t c a u s a l r e l a t i o n s h i p s can be o b t a i n e d . W i t h a 

w h o l e a n i m a l m o d e l such as t h e p r e s e n t o n e t h e b i o l o g i c a l r e s p o n -

ses of the cow to d i f f e r e n t t r e a t m e n t s can be s t u d i e d at d i f f e r e n t 

21 
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L e v e l s of o r g a n i z a t i o n ( o r g a n s , c e l l s e t c . ) wi t h o u t a f f e c t i n g any 

cow at a l l . H o w e v e r , a c o n d i t i o n for g a i n i n g i n s i g h t i n t o b i o l o g i -

cal p h e n o m e n a by m o d e l l i n g is t h a t the m o d e l is to a s i g n i f i c a n t 

d e g r e e r e a l i s t i c - and a r e a l i s t i c m o d e l can h a r d l y be m a d e w i t h -

o u t u s i n g c o n c e p t s and q u a n t i t a t i v e r e l a t i o n s h i p s b a s e d u p o n e x p e -

r i m e n t a l r e s u l t s . 

A n o t h e r g e n e r a l q u a l i t y c o n f i n e d to d y n a m i c m o d e l s o n l y is t h a t 

q u a n t i t a t i v e i m p a c t s of a c u t e c h a n g e s in m e t a b o l i s m on w h o l e a n i -

m a l p e r f o r m a n c e can be e s t i m a t e d . E x a m p l e s of t h i s f r o m t h e p r e -

s e n t m o d e l are the e f f e c t s of t h e d i s t i n c t p a t t e r n of t h e r a t e of 

f e e d i n t a k e ( f i g u r e 4 . 1 ) on r u m e n m e t a b o l i s m ( e . g . f i g u r e s 4 . 7 and 

4 . 1 3 ) , a b s o r p t i o n of n u t r i e n t s ( e . g . f i g u r e s 4 . 2 5 and 4 . 2 6 ) , cir-

c u l a t i n g n u t r i e n t s and h o r m o n e s ( e . g . f i g u r e s 4.31 and 4 . 3 3 ) , t i s -

s u e m e t a b o l i s m and m i l k s e c r e t i o n ( e . g . f i g u r e s 4 . 2 9 , 4 . 3 5 and 

4 . 4 3 , s e c t i o n 4 . 2 ) . The m o d e l can be u s e d to s i m u l a t e how t h e p r o -

d u c t i o n of the cow is i n f l u e n c e d via m e t a b o l i c c h a n g e s i n d u c e d by 

a d i f f e r e n t p a t t e r n of f e e d i n t a k e or by d i f f e r e n t t i s s u e s e n s i t i -

v i t y to r e g u l a t i n g f a c t o r s ( s p e c i f i c n u t r i e n t s , h o r m o n e s e t c . ) 

T h e p r e s e n t e d m o d e l i s , l i k e o t h e r c o m p l e x d y n a m i c m o d e l s , e x t r e -

m e l y f l e x i b l e , b e c a u s e t h e r e g u l a t i o n of m o s t of the s i m u l a t e d 

p r o c e s s e s can be e a s i l y c h a n g e d by a d j u s t m e n t of e x i s t i n g p a r a m e -

ter v a l u e s or by i n t r o d u c t i o n of new p a r a m e t e r s . For e x a m p l e , t h e 

rate of feed i n t a k e can be m o d i f i e d by c h a n g i n g the n o n - e a t i n g pe-

riod 1 - 5 h o u r s a . m . into a n o t h e r t i m e i n t e r v a l . M o r e o v e r t h e f i x e d 

r a t e of d r y m a t t e r i n t a k e d u r i n g e a t i n g p e r i o d s can be c h a n g e d to 

be a f u n c t i o n of the c o n t e n t and t h e p h y s i c a l form of d i e t a r y fi-

b e r a c c o r d i n g to the p r i n c i p l e of m a x i m u m c h e w i n g t i m e ( N ø r g a a r d 

1 9 8 1 ) . O t h e r e x a m p l e s of e a s i l y a d j u s t a b l e t r a n s a c t i o n s a r e : 
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P r o c e s s M o d e l e q u a t i o n s 

C h a n g e a b l e 

p a r a m e t e r s 

F r o m t h e r u n e n c o u p a r t n e n t : 

I n t e r a c t i o n of 

c a r b o h y d r a t e 

f e r m e n t â t i on 

R S U 1 0 6 = R 1 0 6 * X 1 * E X P ( - G * X 3 ) 

R ST 106 = R 1 0 6 * X 2 * E X P ( - G * X 3 ) 

R C E 1 0 6 = R 1 0 6 * C 1 - E X P ( - G * X 3 ) ) 

M a x i m a l m i c rob i a I 

p r o t e i n s y n t h e s i s 

R 9 M = Y A T P * M 9 * ( R 1 0 8 + R 1 1 5 ) K9 

Y A T P = Y A T P M * A 2 * N 1 A / ( K A T P + A 2 * N 1 A ) Y A T P M , K A T P 

F r o m t h e l i v e r a n d e x t r a c e l l u l a r f l u i d c o « p a r t « e n t s : 

G l u c o s e s y n t h e s i s 

from p r o p iona t e 

R 1 36 = R 1 3 6 M * C 1 4 / C K 1 3 6 + C 1 4 ) 

R 1 3 6 M = L 1 3 6 + M 1 3 6 * R A T I 0 

K 1 3 6 

L1 3 6 , M 1 3 6 

A c e t a t e and k e t o n e 

b o d y s y n t h e s i s 

R 1 4 9 = R 1 4 9 M * C 1 9 / ( K 1 4 9 + C 1 9 ) 

R 1 4 9 M = L 1 4 9 + M l 4 9 * R A T I 0 

K 1 4 9 

L1 4 9 , H 1 4 9 

G l u c o s e u p t a k e i n 

the m a m m a r y g l a n d 

R 1 6 0 = R 1 6 0 H * C 2 4 / ( K 1 6 0 + C 2 4 ) 

R 1 6 0 M = L 1 6 0 + M 1 6 0 * G H 

K 1 6 0 

L 1 6 0 , M 1 6 0 

G l u c o s e u p t a k e in 

adi p o s e t i s s u e 

R 1 6 2 = R 1 6 2 M * C 2 4 / ( K 1 6 2 + C 2 4 ) 

R 1 6 2 M = L 1 6 2 + M 1 6 2 * I N S U L 

K 1 6 2 

L 1 6 2 , Ml 62 

F r o m t h e a d i p o s e t i s s u e c o « p a r t « e n t : 

F a t t y a c i d 

s y n t h e s i s 

R 1 9 0 = R 1 9 0 M * C39 / (K190 + C 3 9 ) 

R 1 9 0 M = L 1 9 0 + M 1 9 0 * I N S U L 

K 1 9 0 

L1 90 , M 1 9 0 

T r i g l y c e r i d e 

s y n t h e s i s 

R19 5 = R 1 9 5 M * C 4 1 / ( K 1 9 5 + C41 ) 

R 1 9 5 M = L 1 9 5 + M 1 9 5 * I N S U L 

K 1 9 5 

L1 9 5 , M1 9 5 

21* 
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In a d d i t i o n to t h e s e e x a m p l e s all o t h e r rate e q u a t i o n s in the mo-

del c o n t a i n one or m o r e f i x e d p a r a m e t e r s , the v a l u e of which can 

e a s i l y be c h a n g e d . All in all the n u m e r o u s p o s s i b i l i t i e s of p a r a -

m e t e r v a l u e a d j u s t m e n t s p r o v i d e the m o d e l with a g r e a t f i t t i n g 

p o w e r s t i l l k e e p i n g the n u m e r i c a l p a r a m e t e r v a l u e s m e a n i n g f u l in a 

b i o l o g i c a l s e n s e ( a l t h o u g h this is not c o m p l e t e l y true in the p r e -

sent v e r s i o n of the m o d e l , e . g . 1 1 5 6 , L 1 6 0 and 1 5 1 , s u b s e c t i o n 

4 . 1 . 4 ) . 

A new m e t h o d of s i m u l a t i o n c o n f i n e d to m e t a b o l i c r e g u l a t i o n of 

pool s i z e s and rates of t r a n s a c t i o n is i n t r o d u c e d in the m o d e l 

(see A p p e n d i x 2 ) . The p r i n c i p l e is d e s c r i b e d in s e c t i o n 2 . 3 , and a 

few e x a m p l e s from the rumen and the liver c o m p a r t m e n t s are g i v e n 

b e l o w : 

P r o c e s s M a t h e m a t ical f o r m u l a t i o n 

R u m e n cotnpa r t n e n t : 

C a r b o h y d r a t e f e r m e n t a t i o n R 1 0 6 = R 1 0 6 M * C 2 / C K 1 0 6 + C2) 

IF ( C 2 . L T . C 2 M X ) GO TO 1 

K106 = K106-0.1 
GO TO 2 

1 IF ( C 2 . G T . C 2 M N ) GO TO 2 

K106 = K 1 0 6 + 0.1 

GO TO 2 

2 C O N T I N U E 

Dry m a t t e r i n t a k e FT 

IF ( U N F E R M . L T . M A X ) GO TO 12 

FT = 0 . 0 
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L i v e r c o i p a r t a e n t : 

G l u c o s e s y n t h e s i s 

G l u c o s e o u t p u t 

GO TO 13 

12 IF C U N F E R M . G T . M I N ) GO TO 13 

FT = 3 . 3 

GO TO 13 

13 C O N T I N U E 

R 136 = R 1 3 6 H * C 1 4 / ( K 1 3 6 + C 1 4 ) 

R 1 4 2 = R 1 4 2 M * C 1 7 / ( K 1 4 2 + C 1 7 ) 

R 1 4 4 = R 1 4 4 M * C 1 8 / ( K 1 4 4 + C 1 8 ) 

R 1 3 9 = R 1 3 9 M * C 1 6 / ( K 1 3 9 + C 1 6 ) 

I F ( C 1 6 . L T . C 1 6 M X ) GO TO 32 

K 1 3 6 = K 1 3 6 + 0 . 0 0 0 5 

K 1 4 2 = K 1 4 2 + 0 . 0 0 1 

K 1 4 4 = K 1 4 4 + 0 . 0 0 1 

GO TO 33 

32 IF ( C 1 6 . G T . C 1 6 M N ) GO TO 33 

K 1 3 6 = K 1 3 6 - 0 . 0 0 0 5 

K 1 4 2 = K 1 4 2 - 0 . 0 0 1 

K 1 4 4 = K 1 4 4 - 0 . 0 0 1 

GO TO 33 

33 C O N T I N U E 

IF ( C 2 4 . L T . C 2 4 M X ) GO TO 36 

K 1 3 9 = K 1 3 9 + 0 . 0 0 5 

GO TO 37 

36 IF ( C 2 4 . G T . C 2 4 M N ) GO TO 37 

K 1 3 9 = K 1 3 9 - 0 . 0 0 5 

GO TO 37 

37 C O N T I N U E 



374 

T h e f i r s t e x a m p l e is r e g u l a t i o n of the r u m e n p o o l s i z e of f e r m e n t -

a b l e c a r b o h y d r a t e s ( C 2 ) . W h e n t h i s p o o l r e a c h e s or e x c e e d s a m a x i -

m u m v a l u e ( C 2 M X ) , t h e a f f i n i t y c o n s t a n t for c a r b o h y d r a t e f e r m e n t a -

t i o n ( K 1 0 6 ) is d e c r e a s e d by 0 . 1 , and w h e n C 2 r e a c h e s or g o e s b e l o w 

a m i n i m u m v a l u e ( C 2 M N ) , K 1 0 6 is i n c r e a s e d by 0 . 1 . In t h i s w a y the 

c a r b o h y d r a t e f e r m e n t a t i o n rate ( R 1 0 6 ) is r e g u l a t e d , -and the sub-

s t r a t e p o o l s i z e (C 2) c a n n o t be i n f i n i t e l y l a r g e or s m a l l in spi-

te of large d i u r n a l f l u c t u a t i o n s (see f i g u r e 4 . 4 ) . 

T h e s e c o n d e x a m p l e is c o n c e r n e d w i t h the p h y s i c a l r e Q u l a t i o n of 

feed i n t a k e . W h e n t h e a m o u n t of u n f e r m e n t e d o r g a n i c m a t t e r in the 

r u m e n (UN F E R M ) is e q u a l to or l a r g e r t h a n a m a x i m u m v a l u e ( M A X ) , 

w h i c h is d e p e n d e n t on the b o d y w e i g h t of t h e c o w , the feed i n t a k e 

s t o p s (FT = 0 . 0 ) . O t h e r w i s e the feed i n t a k e is 3 . 3 kg d r y m a t t e r 

p e r h (see f i g u r e 4 . 1 ) . 

T h e last e x a m p l e s s h o w how the r a t e s of g l u c o s e s y n t h e s i s ( R 1 3 6 , 

R 1 4 2 and R 1 4 4 ) and g l u c o s e o u t f l o w from the liver ( R 1 3 9 ) a r e r e g u -

l a t e d by t h e p o o l s i z e s of liver g l u c o s e ( C 1 6 ) a n d b l o o d p l a s m a 

g l u c o s e ( C 2 4 ) , r e s p e c t i v e l y . T h e r a t e s of g l u c o n e o g e n e s i s are in-

h i b i t e d by an i n c r e a s e in €16 to or b e y o n d a m a x i m u m v a l u e ( C 1 6 M X ) 

and a r e s t i m u l a t e d by a d e c r e a s e in C16 to or b e l o w a m i n i m u m va-

lue ( C 1 6 M N ) . In the s a m e m a n n e r the rate of g l u c o s e o u t f l o w is in-

h i b i t e d and s t i m u l a t e d by large and s m a l l , r e s p e c t i v e l y , v a l u e s of 

C 24 (see f i g u r e s 4 . 2 7 , 4 . 2 9 and 4 . 3 3 ) . In t h i s w a y the g l u c o s e 

s y n t h e s i s r a t e is i n d i r e c t l y r e g u l a t e d by the g l u c o s e p o o l s i z e in 

b lood p l a s m a . 

T h e m u t u a l r e g u l a t i o n of s u b s t r a t e p o o l s i z e s and r a t e s of t r a n s -

a c t i o n i m i t a t e s a l l o s t e r i c e n z y m e r e g u l a t i o n . An i m p o r t a n t b i o l o -

g i c a l p h e n o m e n o n is t h u s i n d u c e d in the m o d e l . In a d d i t i o n to t h i s 

the r e g u l a t i o n s h a v e a g r e a t s t a b i l i z i n g e f f e c t on the a f f e c t e d 



3 7 5 

p o o l s i z e s ( e . g . €14 and C 1 6 , f i g u r e 4 . 2 ? ) as w e l l as on the m o d e l 

as a w h o l e ( f i g u r e 4 . 4 8 ) . 

To the b e s t of the a u t h o r ' s k n o w l e d g e t h i s s i m p l e p r i n c i p l e of me-

t a b o l i c r e g u l a t i o n h a s not been u s e d in o t h e r p u b l i s h e d m o d e l s , 

but it is f u r t h e r d e v e l o p e d in an u n p u b l i s h e d m o d e l of pig g r o w t h 

(Danfaer 1 9 8 7 ) . 

T h e last m e r i t w h i c h c o u l d be m a d e of t h e m o d e l w o r k is the r a t h e r 

c o m p r e h e n s i v e r e v i e w of l i t e r a t u r e d a t a in s e a r c h for n u m e r i c a l 

v a l u e s of b i o l o g i c a l r e l e v a n c e to a p p l y to the s t a t e v a r i a b l e s and 

t h e e q u a t i o n p a r a m e t e r s ( s u b s e c t i o n s 3 . 3 . 1 - 3 . 3 . 5 ) . 

6 . 3 . 2 D r a w b a c k s 

In t h i s s u b s e c t i o n s o m e of the less a t t r a c t i v e f e a t u r e s a b o u t the 

m o d e l w i l l be b r i e f l y d i s c u s s e d . T h e s e are r e l a t e d to the g e n e r a l 

s t r u c t u r e of the m o d e l , the r e g u l a t i o n of feed i n t a k e , m i c r o b i a l 

g r o w t h in the d i g e s t i v e t r a c t , t h e r e g u l a t i o n of h o r m o n e s e c r e t i -

o n , r e g u l a t i o n of m i l k s y n t h e s i s c a p a c i t y w i t h i n t h e m a m m a r y 

g l a n d , and r e g u l a t i o n of e n e r g y m e t a b o l i s m . T h e r e a d e r may t h i n k 

of s o m e t h i ng m o r e . 

G e n e r a l « o d e I s t r u c t u r e 

T h i s is not c o m p l e t e l y s a t i s f a c t o r y . F i r s t l y , t h e e m p h a s i s put to 

the d e s c r i p t i o n of m e t a b o I i sm in t h e p e r i p h e r a l t i s s u e s ( m a m m a r y 

g l a n d and b o d y t i s s u e s , s u b s e c t i o n 3 . 3 . 4 ) s e e m s to be too p o o r re-

l a t i v e to the e m p h a s i s in d e s c r i p t i o n of p r o c e s s e s in the v i s c e r a l 
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t i s s u e s ( r u m e n , i n t e s t i n e s and L i v e r , s u b s e c t i o n s 3 . 3 . 1 - 3 . 3 . 3 ) . A s 

an e x a m p l e , it can be i l l u s t r a t e d by the n u m b e r of d e s c r i p t i v e 

e q u a t i o n s in the l i v e r c o m p a r t m e n t ( 4 3 ) com pa red to the n u m b e r of 

d e s c r i p t i v e e q u a t i o n s in t h e m a m m a r y g l a n d c o m p a r t m e n t ( 2 3 ) . 

T h e m o d e l is p r o g r a m m e d in t h e C S M P III l a n g u a g e w h i c h h a s a m a x i -

m a l c a p a c i t y of 6 0 0 s t a t e m e n t o u t p u t s ( S p e c k h a r t 8 G r e e n 1 9 7 6 ) . 

A l t h o u g h all the r a t e s of t r a n s a c t i o n and all r e g u l a t o r y p r o c e s s e s 

e t c . a r e p r o g r a m m e d in F O R T R A N s u b r o u t i n e s in o r d e r to s a v e s p a c e 

( A p p e n d i x 2 ) , the m a i n C S M P p r o g r a m m e c o n t a i n i n g a l l the d i f f e r e n -

t i a l and i n t e g r a t i o n e q u a t i o n s h a s u t i l i z e d the a v a i l a b l e c a p a c i t y 

a n d c a n n o t be f u r t h e r e n l a r g e d . T h i s m e a n s that new s t a t e v a r i -

a b l e s c a n n o t be i n t r o d u c e d in the m o d e l u n l e s s by r e p l a c e m e n t of 

a l r e a d y e x i s t i n g o n e s . T h e p r o b l e m of l i m i t e d c a p a c i t y is p a r t l y 

the e x p l a n a t i o n of the i m p r o p e r w e i g h t i n g b e t w e e n v i s c e r a l and p e -

r i p h e r a l t i s s u e s m e n t i o n e d a b o v e , and it is also t h e r e a s o n for 

m o s t of t h e s h o r t c o m i n g s d i s c u s s e d b e l o w . 

In a few c a s e s a s t a t e v a r i a b l e in the m o d e l r e p r e s e n t s m o r e t h a n 

o n e n u t r i e n t or m e t a b o l i t e ( a c e t a t e + k e t o n e b o d i e s , l a c t a t e + 

g l y c e r o l ) . T h e s e p o o l e d n u t r i e n t s are p a r t l y m e t a b o l i z e d in the 

s a m e p a t h w a y s , but the f l e x i b i l i t y and t h e b i o l o g i c a l r e s e m b l a n c e 

of the m o d e l a r e b o t h s u f f e r i n g . 

B e c a u s e of the l i m i t e d p r o g r a m m i n g s p a c e a l r e a d y m e n t i o n e d o n l y 23 

s t a t e m e n t s ( e q u a t i o n s ) in t h e m a i n p r o g r a m m e can be r e s e r v e d for 

t h e c a l c u l a t i o n of f l u x e s ( F ^ F j ) by i n t e g r a t i o n of t h e r a t e s of 

t r a n s a c t i o n (R-j, R j ) . T h i s m e a n s t h a t in o r d e r to c a l c u l a t e all 

f l u x e s the m o d e l m u s t be run 10 t i m e s , e a c h time w i t h new i n t e g r a -

t i o n e q u a t i o n s in t h a t s p e c i f i c p a r t of the D Y N A M I C s e g m e n t in the 

p r o g r a m m e (see A p p e n d i x 1 , l i n e s 4 1 1 0 - 4 3 6 0 ) . 



377 

A d i s a d v a n t a g e of a Large a n d c o m p l e x m o d e l as the p r e s e n t o n e is 

c l e a r l y , t h a t it is very d i f f i c u l t to e v a l u a t e c o m p l e t e l y . For ex-

a m p l e , a s a t i s f a c t o r y fit to e x p e r i m e n t a l d a t a at t h e w h o l e a n i m a l 

level c o u l d be d u e to s o m e e r r o r s c o u n t e r b a l a n c i n g e a c h o t h e r at 

t h e s u b u n i t L e v e l . T h e c o n s e q u e n c e is t h a t a t h o r o u g h e v a l u a t i o n 

of the m o d e l w i l l t a k e a long t i m e and r e q u i r e m u c h w o r k . 

Feed intake 

T h e rate of f e e d i n t a k e is r e g u l a t e d in t h e m o d e l by the p h y s i c a l 

c a p a c i t y of t h e r u m e n o n l y , and not by p r o d u c t s of d i g e s t i o n and 

m e t a b o l i s m . In a r e v i e w on m e t a b o l i c c o n t r o l of food i n t a k e F o r b e s 

( 1 9 8 0 ) c o n c l u d e d that r e c e p t o r s in the d i g e s t i v e t r a c t and t h e li-

v e r are s e n s i t i v e to c o n c e n t r a t i o n s of d i g e s t i o n p r o d u c t s s u c h as 

a c e t a t e , p r o p i o n a t e and l a c t a t e , and t h a t s i g n a l s f r o m t h e s e a r e a s 

a r e r e g i s t e r e d b y the b r a i n . A f t e r i n t e g r a t i o n of the r e c i e v e d im-

p u l s e s , t h e b r a i n " d e c i d e s " w h e n f e e d i n t a k e is i n i t i a t e d or t e r -

m i n a t e d . F r e e f a t t y a c i d s and k e t o n e b o d i e s a r e a l s o l i k e l y as 

c a n d i d a t e s for m e t a b o l i c r e g u l a t i o n of f e e d i n t a k e (Rich et a l . 

1 9 8 8 ) . M o d e l s s i m u l a t i n g b o t h p h y s i c a l and m e t a b o l i c c o n t r o l of 

food i n t a k e in s h e e p h a v e b e e n p u b l i s h e d ( F o r b e s 1 9 7 8 , F i s h e r et 

a l . 1 9 8 7 ) . 

D i f f e r e n c e s in t h e c a p a c i t y of feed i n t a k e at p r o g r e s s i n g l a c t a -

t i o n is n o t i n c o r p o r a t e d in the p r e s e n t m o d e l . It is w e l l k n o w n 

t h a t the v o l u n t a r y e n e r g y i n t a k e of c o w s is lower in e a r l y l a c t a -

t i o n ( e s p e c i a l l y just a f t e r c a l v i n g ) t h a n in mid and l a t e r l a c t a -

t i o n ( e . g . 8 a u m a n et a l . 1 9 8 5 ) . S i m u l a t i o n s of the f e e d i n t a k e at 

v a r i o u s p a r t s of t h e l a c t a t i o n a l p e r i o d w o u l d p r e s u m a b l y be i m p r o -

v e d , if t h e m o d e l w a s s u p p l e m e n t e d w i t h e q u a t i o n s d e s c r i b i n g m e t a -

b o l i c c o n t r o l a n d r e g u l a t i o n by t h e v o l u m e of a b d o m i n a l f a t . 
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R u n e n f e r « e n t a t i o n 

T h e s i g n i f i c a n c e of feed p a r t i c l e s i z e in r e l a t i o n to rate and 

p a t t e r n of r u m e n f e r m e n t a t i o n is not t a k e n into a c c o u n t in t h e m o -

d e l , N e i t h e r is t h e fact t h a t c e l l w a l l c a r b o h y d r a t e s c o n s i s t of 

s e v e r a l c l a s s e s of c h e m i c a l c o m p o n e n t s ( i . e . p e c t i n s , herni ce I lu lo-

s e s , c e l l u l o s e s a n d l i g n i n s ) e a c h w i t h d i f f e r e n t f e r m e n t a t i o n c h a -

r a c t e r i s t i c s . T h e s e f a c t o r s a r e i n c l u d e d in o t h e r d y n a m i c m o d e l s 

of r u m e n d i g e s t i o n ( B a l d w i n et a l . 1 9 7 7 , K r i s t e n s e n 1 9 8 4 , M u r p h y 

et a l . 1 9 8 6 ) , H o w e v e r , the i m p o r t a n c e of f e e d p a r t i c l e s i z e is 

d o u b t f u l a c c o r d i n g to some s t u d i e s ( R o b i n s o n et a l . 1 9 8 6 , N ø r g a a r d 

1 9 8 7 ) . 

In the p r e s e n t m o d e l the r a t e of m i c r o b i a l p r o t e i n s y n t h e s i s in 

t h e d i g e s t i v e t r a c t is d i r e c t l y p r o p o r t i o n a l to the rate of A T P 

s y n t h e s i s d u r i n g f e r m e n t a t i o n . T h i s m e a n s t h a t all a v a i l a b l e A T P 

is u s e d for g r o w t h , and t h a t the e n e r g y r e q u i r e m e n t for m a i n t e n a n -

ce of the m i c r o b e s is not c o n s i d e r e d . T h e s i m u l a t e d rate of net 

p r o t e i n s y n t h e s i s per day by r u m e n m i c r o b e s is in a g r e e m e n t w i t h 

e x p e r i m e n t a l d a t a ( s u b s e c t i o n 6 . 2 . 2 ) , b u t at low feed i n t a k e s ig-

n o r i n g of t h e m a i n t e n a n c e r e q u i r e m e n t c o u l d lead to s i g n i f i c a n t 

e r r o r s ( B a l d w i n S K o o n g 1 9 8 0 ) . 

R e g u l a t i o n of h o r m o n e s e c r e t i o n 

B l o o d p l a s m a c o n c e n t r a t i o n s of the m e t a b o l i c h o r m o n e s , g r o w t h h o r -

m o n e , i n s u l i n and g l u c a g o n , a r e in the m o d e l r e l a t e d to the s t a g e 

of l a c t a t i o n in a d i s c r e t e m a n n e r b a s e d on f i n d i n g s of H e r b e i n et 

a l . ( 1 9 8 5 ) and m o d i f i e d by a b s o r b e d n u t r i e n t s . T h e s e h o r m o n e s re-

g u l a t e the p a r t i t i o n i n g of n u t r i e n t s as w e l l as s o m e i m p o r t a n t m e -

t a b o l i c t r a n s a c t i o n s , and t h e r e f o r e o n l y d i s c r e t e l a c t a t i o n c u r v e s 

can be s i m u l a t e d at p r e s e n t (see f i g u r e 5 . 1 ) . An a t t r a c t i v e m o d e l 

s o l u t i o n w o u l d be that the s i m u l a t i o n of g e n e r a l t r e n d s in h o r m o n e 
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c o n c e n t r a t i o n s d u r i n g the l a c t a t i o n a l p e r i o d was b a s e d on i n t r i n -

sic and m e c h a n i s t i c e l e m e n t s of the m o d e l . For e x a m p l e , g r o w t h 

h o r m o n e s e c r e t i o n could be s t i m u l a t e d by f a s t i n g a n d i n s u f f i c i e n t 

e n e r g y i n t a k e , and i n s u l i n s e c r e t i o n could be s t i m u l a t e d by high 

e n e r g y i n t a k e (Forbes 1 9 8 0 ) . 

R e g u l a t i o n of m i l k s y n t h e s i s c a p a c i t y 

The s y n t h e s e s of milk c o m p o n e n t s are in the m o d e l r e g u l a t e d o n l y 

by the a v a i l a b i l i t y of n u t r i e n t s w i t h i n the m a m m a r y g l a n d . H e n c e , 

the c a p a c i t y for m i l k s y n t h e s i s per se is not c h a n g e d d u r i n g the 

l a c t a t i o n a l p e r i o d . In v i v o , h o w e v e r , the d e c l i n i n g m i l k y i e l d 

with p r o g r e s s i n g l a c t a t i o n s e e m s to be d e t e r m i n e d ( a p a r t from the 

n u t r i e n t a v a i l a b i l i t y ) by a d e c r e a s i n g n u m b e r of s e c r e t o r y cells 

as well as by a r e d u c e d a c t i v i t y of the s y n t h e t i c and s e c r e t o r y 

m a c h i n e r y in the cells ( M e p h a m 1 9 8 3 ) . Both t h e s e f a c t o r s (cell 

n u m b e r and a c t i v i t y per c e l l ) may be c o n t r o l l e d by g r o w t h h o r m o n e 

via s o m a t o m e d i n s or o t h e r s e c o n d a r y h o r m o n e s ( B a u m r u c k e r 1 9 8 6 a & b , 

N i e l s e n 1 9 8 8 , S h a m a y et a l . 1 9 8 8 ) . R e g u l a t i o n s of t h i s kind could 

e a s i l y be i n c o r p o r a t e d into a revised v e r s i o n of the m o d e l . 

R e g u l a t i o n of e n e r g y m e t a b o l i s a 

M a y b e the most s e r i o u s d e f e c t of the m o d e l is that r a t e s of e n e r g y 

c o n s u m i n g , s y n t h e t i c p r o c e s s e s at the t i s s u e level a r e not r e g u l a -

ted by the a v a i l a b i l i t y of ATP and r e d u c i n g c o f a c t o r s p r o d u c e d by 

s u b s t r a t e o x i d a t i o n s . At the same t i m e r a t e s of s u b s t r a t e o x i d a -

tion are not c o n t r o l l e d by the r e q u i r e m e n t for e n e r g y in the syn-

t h e t i c p a t h w a y s . In the s t a t i c m o d e l ( D a n f s r 1 9 8 3 b ) a c c o u n t is ma-

de for both the s y n t h e s i s and the c o n s u m p t i o n of h i g h - e n e r g y p h o s -

p h a t e b o n d s and r e d u c i n g e q i u v a l e n t s in the s t a t e d p a t h w a y s , and 

in all m o d e l l e d t i s s u e s the a v a i l a b l e e n e r g y is in e x c e s s of that 

r e q u i r e d for s y n t h e t i c p u r p o s e s . T h e d e f e c t of the d y n a m i c m o d e l 
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w i l l a f f e c t the s i m u l a t i o n r e s u l t s , w h e n e v e r the s u p p l y of e n e r g y 

is in s h o r t a g e r e l a t i v e to the s u p p l y of s u b s t r a t e s for s y n t h e t i c 

p a t h w a y s . T h i s m e a n s t h a t the d y n a m i c m o d e l c a n n o t be e x p e c t e d to 

c o p e w e l l w i t h s i t u a t i o n s such as f a s t i n g or v e r y low feed i n t a -

k e s , w h e r e e n e r g y s u p p l y is the l i m i t i n g f a c t o r . R a t e e q u a t i o n s 

for t h e p r o d u c t i o n and t h e e x p e n d i t u r e of A T P and r e d u c i n g c o f a c -

t o r s a r e i n c l u d e d at the t i s s u e l e v e l in o t h e r d y n a m i c m o d e l s , 

p u b l i s h e d (Sill et a l , 1 9 8 4 , B a l d w i n et a l . 1 9 8 7 b ) and u n p u b l i s h e d 

(Danfaer 1 9 8 7 ) . 

T h e last p o i n t to m a k e h e r e is r e l a t e d to the p a r t i t i o n of e n e r g y 

lost in t h e u r i n e a n d lost as h e a t . In the p r e s e n t m o d e l u r i n a r y 

e n e r g y ( U E ) is c a l c u l a t e d by d i f f e r e n c e : d i g e s t i b l e e n e r g y (DE)-

m e t a b o l i z a b l e e n e r g y ( M E ) - e n e r g y in m e t h a n e ( M E E ) , w h e r e DE a n d 

M E E a r e o b t a i n e d m e c h a n i s t i c a l l y f r o m the d y n a m i c s i m u l a t i o n s and 

ME is d e t e r m i n e d e m p i r i c a l l y as D E * 0 . 8 4 ( s u b s e c t i o n 3 . 3 . 5 ) . Of 

c o u r s e , t h i s is an u n s a t i s f a c t o r y s o l u t i o n in a m o d e l w h i c h is in-

t e n d e d to be m e c h a n i s t i c . T h e f l a w of the m o d e l is t h a t u r e a is 

the o n l y s u b s t a n c e e x c r e t e d in the u r i n e . T h e r e f o r e t h e e n e r g y 

loss in t h e u r i n e w o u l d be u n d e r e s t i m a t e d and ME o v e r e s t i m a t e d , if 

UE is c a l c u l a t e d d i r e c t l y f r o m t h e e x c r e t e d u r e a . T h e t o t a l h e a t 

loss ( H E ) is c a l c u l a t e d as the d i f f e r e n c e b e t w e e n ME and n e t e n e r -

gy for p r o d u c t i o n ( P R O D E ) , w h e r e P R O D E is t h e sum of m i l k e n e r g y 

and t i s s u e e n e r g y b a l a n c e . A m e c h a n i s t i c d e t e r m i n a t i o n of HE b a s e d 

on f e r m e n t a t i o n s a n d o x i d a t i o n s in the i n d i v i d u a l c o m p a r t m e n t s 

w o u l d o v e r e s t i m a t e H E , b e c a u s e s o m e of the o r g a n i c s u b s t a n c e s o x i -

d i z e d s h o u l d in f a c t be e x c r e t e d in t h e u r i n e . P R O D E is c a l c u l a t e d 

i n d e p e n d e n t l y and m e c h a n i s t i c a l l y and is t h e r e f o r e n o t a f f e c t e d by 

the f l a w . 



381 

6 , 4 P e r s p e c t i v e s f o r u s e of t h e n o d e I 

A s s t a t e d p r e v i o u s l y the m a i n o b j e c t i v e of t h e p r e s e n t e d w o r k has 

b e e n to d e v e l o p a g e n e r a l m o d e l of the l a c t a t i n g c o w , w h i c h is ab-

le to s i m u l a t e t h e d i g e s t i o n and m e t a b o l i s m of n u t r i e n t s in a r e a -

l i s t i c w a y . S u c h a m o d e l can be a p p l i e d to d i f f e r e n t a r e a s of s c i -

e n t i f i c w o r k : 

1 ) S t i m u l a t i o n of t h i n k i n g and f o r m u l a t i o n of h y p o t h e s e s . 

2 ) P r e d i c t i o n of p e r f o r m a n c e at s u b u n i t as w e l l as w h o l e a n i m a l 

I eve I s . 

W i t h r e g a r d to t h e f i r s t a p p l i c a t i o n the m o d e l n e e d s not to be ve-

ry r e a l i s t i c in a l l d e t a i l s , a l t h o u g h the b e t t e r the m o d e l the 

b e t t e r p o s s i b i l i t i e s to e x c l u d e f a l s e h y p o t h e s e s . A s to t h e s e c o n d 

p o i n t t h e r e is p r a c t i c a l l y no l i m i t a t i o n in its a p p l i c a t i o n if t h e 

m o d e l is s u f f i c i e n t l y p r e c i s e in the s i m u l a t i o n of in v i v o b e h a v i -

o u r . 

T h e p r e s e n t v e r s i o n of the m o d e l can be u s e d for f o r m u l a t i o n and 

e v a l u a t i o n of c o n c e p t s and h y p o t h e s e s a b o u t n u t r i e n t d i g e s t i o n , 

m e t a b o l i s m and i n t e r a c t i o n s in the l a c t a t i n g d a i r y c o w . It can al-

so be u s e d for p r e d i c t i o n of real life s i t u a t i o n s in w h i c h the si-

m u l a t i o n s are n o t c o n s i d e r e d to be i n f l u e n c e d by the d r a w b a c k s of 

t h e m o d e l d i s c u s s e d in the p r e c e d i n g s u b s e c t i o n . 

A s the m o d e l is h o p e f u l l y i m p r o v e d by f u r t h e r e v a l u a t i o n s and ad-

j u s t m e n t s , the f i e l d of its a p p l i c a t i o n c o u l d be e x t e n d e d . In re-



3 8 2 

I at i on to t h i s it is p e r t i n e n t to ask the f o l l o w i n g q u e s t i o n s : 

1 ) W h i c h k i n d of e x p e r i m e n t s do we need to p e r f o r m ? 

2 ) W h a t can we learn f r o m t h e s e e x p e r i m e n t s ? 

3 ) W h a t a r e t h e e x p e n s e s a n d t e c h n i c a l l i m i t a t i o n s of t h e s e 

e x p e r i m e n t s ? 

4 ) How can use of m o d e l s h e l p to s e l e c t t h e a p p r o p i a t e e x p e r i -

m e n t s , to s u p p l e m e n t i n f o r m a t i o n f r o m e x p e r i m e n t s , a n d to 

o v e r c o m e l i m i t a t i o n s of e x p e r i m e n t s ? 

A n s w e r s to t h e s e q u e s t i o n s c o u l d be a g u i d e to find the m o s t ra-

t i o n a l u t i l i z a t i o n of the m o d e l in the f u t u r e . H e r e , a t t e n t i o n is 

d i r e c t e d to a few e x a m p l e s : 

In a d d i t i o n to f o r m u l a t i o n and e v a l u a t i o n of h y p o t h e s e s t h e t h e o -

r e t i c a l a p p l i c a t i o n c o u l d i n c l u d e an i d e n t i f i c a t i o n of l a c k i n g 

k n o w l e d g e and a l s o f a l s e k n o w l e d g e o r i g i n a t i n g from i m p r o p e r e x p e -

r i m e n t s or i n a d e q u a t e e x p e r i m e n t a l t e c h n i q u e s . The p h y s i o l o g i c a l 

and b i o c h e m i c a l b a c k g r o u n d of t h e g e n e t i c p o t e n t i a l for h i g h m i l k 

y i e l d is a r e s e a r c h area w h e r e k n o w l e d g e is s t i l l l a c k i n g , a n d 

w h e r e s o l i d h y p o t h e s e s m a y be f o r m u l a t e d by aid of the m o d e l . 

In the m o r e p r a c t i c a l f i e l d of r e s e a r c h the m o d e l c o u l d be a u s e -

ful t o o l in s c r e e n i n g of new f e e d r a t i o n s for d a i r y c o w s , for f i n -

d i n g the o p t i m u m c o m p o s i t i o n of feed r a t i o n s , and for d e v e l o p m e n t 

of a feed e v a l u a t i o n s y s t e m . S c r e e n i n g of f e e d r a t i o n s f o r t h e i r 

e f f e c t s on a n i m a l p e r f o r m a n c e w o u l d be a f a s t and i n e x p e n s i v e me-

t h o d to o b t a i n u s e f u l i n f o r m a t i o n for f a r m e r s a b o u t new f e e d s . T h e 
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m o d e l c o u l d a l s o be u s e d in t h e o p p o s i t e d i r e c t i o n , n a m e l y to i -

d e n t i f y o p t i m u m d i e t c o m p o s i t i o n s for d e s i r e d l e v e l s and t y p e s of 

p r o d u c t i o n . 

T h e v a l u e of f e e d s t u f f s a n d f e e d r a t i o n s is at p r e s e n t e s t i m a t e d 

by s e p a r a t e e n e r g y and p r o t e i n e v a l u a t i o n s y s t e m s (Van der H o n i n g 

8 A l d e r m a n 1 9 8 8 ) . A l t h o u g h t h e n e w e r s y s t e m s a r e b a s e d on m o r e so-

lid p h y s i o l o g i c a l c o n c e p t s t h a n the o l d e r o n e s , t h e y a r e s t i l l 

s t a t i c and to a g r e a t e x t e n t e m p i r i c a l a n d f o u n d e d on d e f e c t i v e 

c o n c e p t s . F u r t h e r m o r e , n o n e of t h e e x i s t i n g s y s t e m s a r e a b l e to 

d e s c r i b e m e t a b o l i c i n t e r a c t i o n s of a b s o r b e d n u t r i e n t s . T h i s p r o -

b l e m has b e e n of low p r i o r i t y in the p a s t r e l a t i v e to t h e a m o u n t 

of t i m e and w o r k d e v o t e d to d i s c u s s i o n s and e s t i m a t i o n s of c o e f f i -

c i e n t s for deg r a d a b i I i t y , d i g e s t i o n and u t i l i z a t i o n . It is t h e au-

t h o r ' s view t h a t a p r o p e r f e e d e v a l u a t i o n s y s t e m s h o u l d be b a s e d 

on the r a t e s of a b s o r b e d n u t r i e n t s and t h e i r e f f e c t s on m e t a b o l i s m 

a n d p r o d u c t i o n for a w i d e r a n g e of d i f f e r e n t c o n d i t i o n s . D y n a m i c , 

w h o l e a n i m a l m o d e l s b a s e d on e s t a b l i s h e d p h y s i o l o g i c a l and b i o c h e -

m i c a l c o n c e p t s and t h o r o u g h l y e v a l u a t e d w o u l d be p e r h a p s t h e b e s t 

t o o l s in t h e d e v e l o p m e n t a n d o p e r a t i o n of such a s y s t e m . Of c o u r -

s e , t h i s idea c o u l d be e x t e n d e d to g r o w i n g c a t t l e and to o t h e r li-

v e s t o c k s p e c i e s . 

6 . 5 C o n c l u s i o n s 

A d y n a m i c , d e t e r m i n i s t i c a n d m e c h a n i s t i c w h o l e a n i m a l m o d e l h a s 

b e e n d e v e l o p e d and p r e s e n t e d in a c c o r d a n c e w i t h its m a i n o b j e c t i -

v e : to s i m u l a t e the c o n v e r s i o n of n u t r i e n t s t h r o u g h d i g e s t i v e and 

m e t a b o l i c p r o c e s s e s in t h e cow i n t o i n t e r m e d i a t e s u b s t a n c e s , and 

f u r t h e r into w a s t e p r o d u c t s and p r o d u c t s of m i l k and t i s s u e c o n -

s t i t u e n t s . 
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T h e m o d e l is b a s e d on a s t a t i c m o d e l of n u t r i e n t d i g e s t i o n and me-

t a b o l i s m in t h e l a c t a t i n g d a i r y cow ( H v e l p l u n d 1 9 8 3 , D a n f a r 

1 9 8 3 b ) . In its p r e s e n t v e r s i o n the s o l u t i o n s of the d y n a m i c m o d e l 

a r e the s a m e as t h o s e of the s t a t i c m o d e l w i t h r e g a r d to d a i l y 

feed i n t a k e , m i l k p r o d u c t i o n , live w e i g h t l o s s , and to d a i l y f l u x 

r a t e s in all i n t e r m e d i a t e t r a n s a c t i o n s . 

R e s u l t s of s i m u l a t i o n s at the s u b u n i t l e v e l of t h e m o d e l a r e com-

p a r e d to a r a n g e of i n d e p e n d e n t l i t e r a t u r e d a t a . T h e s e c o m p a r i s o n s 

s u p p o r t the c o n c l u s i o n , t h a t the m o d e l can g i v e r e a l i s t i c p r e d i c -

t i o n s of a n u m b e r of p r o c e s s e s in the d i g e s t i v e t r a c t , the l i v e r 

a n d t h e m a m m a r y g l a n d . A l s o s i m u l a t i o n s of t h e rate of feed i n t a k e 

and the d y n a m i e s of s o m e e x t r a c e l l u l a r n u t r i e n t a n d h o r m o n e p o o l s 

a r e in fair a g r e e m e n t w i t h in v i v o o b s e r v a t i o n s . 

In a few c a s e s w h e r e the s i m u l a t i o n s d i f f e r s i g n i f i c a n t l y f r o m 

s o m e e x p e r i m e n t a l r e s u l t s ( i . e . g l u c o n e o g e n e s i s f r o m a m i n o a c i d s , 

m a m m a r y u p t a k e and m e t a b o l i s m of a c e t a t e ) it can be q u e s t i o n e d if 

t h e e x p e r i m e n t a l d a t a h a v e g e n e r a l v a l i d i t y . T h i s c o n c l u s i o n is 

j u s t i f i e d by the r e c o g n i t i o n t h a t q u a n t i t a t i v e e x p e r i m e n t a l re-

s u l t s s h o u l d be e v a l u a t e d in v i e w of t h e i n t e g r a t e d n u t r i e n t m e t a -

b o l i s m in t h e a n i m a l . 

T h e m o d e l ' s p r e d i c t i v e a b i l i t y of a n i m a l p e r f o r m a n c e is e v a l u a t e d 

a g a i n s t a s p e c i f i c f e e d i n g e x p e r i m e n t ( K r o h n & K o n g g a a rd 1 9 8 7 ) . 

A f t e r a d j u s t m e n t s of p a r a m e t e r v a l u e s t h e s i m u l a t e d d a i l y f e e d in-

t a k e , m i l k y i e l d a n d c o m p o s i t i o n , as w e l l as live w e i g h t g a i n are 

as o b s e r v e d in t h e e x p e r i m e n t . 

T h e m o d e l can s i m u l a t e a n i m a l p e r f o r m a n c e d u r i n g the l a c t a t i o n a l 

p e r i o d . D i f f e r e n t l a c t a t i o n c u r v e s are o b t a i n e d by a d j u s t m e n t of 
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p a r a m e t e r s , s i m u l a t i n g d i f f e r e n t t i s s u e r e s p o n s i v e n e s s to m e t a b o -

l i c h o r m o n e s . 

T h e e f f e c t s of g r o w t h h o r m o n e t r e a t m e n t s on feed i n t a k e , m i l k 

y i e l d , e n e r g y b a l a n c e a n d b l o o d p l a s m a c o n c e n t r a t i o n of f r e e f a t t y 

a c i d s a r e s i m u l a t e d by t h e m o d e l in a c c o r d a n c e w i t h e x p e r i m e n t a l 

r e s u l t s . H o w e v e r , t h e s i m u l a t e d i n c r e a s e s in g r o w t h h o r m o n e p l a s m a 

c o n c e n t r a t i o n e l i c i t e d by the " t r e a t m e n t s " are s m a l l e r t h a n o b s e r -

ved in v i v o . 

T w o h y p o t h e t i c a l e x p e r i m e n t s are p e r f o r m e d by s i m u l a t i o n . T h e re-

s u l t s s u g g e s t t h a t : 

- T h e c o n t r i b u t i o n of d i f f e r e n t s u b s t r a t e s to g l u c o s e s y n t h e s i s 

is r e g u l a t e d p a r t l y by s u b s t r a t e a v a i l a b i l i t y a n d p a r t l y by 

the r a t i o of g l u c a g o n to i n s u l i n c o n c e n t r a t i o n s in b l o o d 

p l a s m a . 

- P r o t e c t i o n of d i e t a r y s t a r c h and p r o t e i n a g a i n s t d e g r a d a t i o n 

in t h e r u m e n i n c r e a s e s the e f f i c i e n c y of e n e r g y and p r o t e i n 

u t i l i z a t i o n . 

- Feed r a t i o n s of i d e n t i c a l c h e m i c a l c o m p o s i t i o n , but w i t h 

d i f f e r e n t d e g r a d a b i I ity of d i e t a r y s t a r c h , h a v e d i f f e r e n t net 

e n e r g y v a l u e s . 

T h e m o d e l is v e r y f l e x i b l e , and p o s s e s s e s a new p r i n c i p l e of m o -

d e l l i n g t h e r e g u l a t i o n of p o o l s i z e s and r a t e s of t r a n s a c t i o n . 

H o w e v e r , s o m e c o n c e p t s r e g a r d i n g t h e r e g u l a t i o n s of f e e d i n t a k e , 

m i c r o b i a l f e r m e n t a t i o n , h o r m o n e s e c r e t i o n , m i l k s y n t h e s i s c a p a c i -

t y , and e n e r g y m e t a b o l i s m s h o u l d be i m p r o v e d . T h e r e f o r e f u r t h e r 

25 
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a d j u s t m e n t s and e v a l u a t i o n s are n e e d e d b e f o r e t h e m a i n o b j e c t i v e 

of the m o d e l can be s a t i s f a c t o r i l y a c h i e v e d . 

In the f u t u r e , u s e of the m o d e l can c o n t r i b u t e to s c i e n t i f i c p r o -

g r e s s w i t h i n 2 a r e a s : t h e o r e t i c a l r e s e a r c h ( f o r m u l a t i o n and e v a l u 

a t i o n of c o n c e p t s and h y p o t h e s e s ) a n d p r e d i c t i o n of a n i m a l p e r f o r 

« r i c e ( e x p e r i m e n t s i m u l a t i o n , s c r e e n i n g of r a t i o n s , feed e v a l u a -

t i o n ) . T h e m o s t r a t i o n a l and e f f e c t i v e way to i n c r e a s e k n o w l e d g e 

is to c o m b i n e d i f f e r e n t e x p e r i m e n t a l m e t h o d s w i t h m o d e l l i n g in a 

se I f - i n c r e a s i n g p r o c e s s : 

i nc r e a s e d 

k n o w l e d g e 

i m p r o v e d 

i n t e r p r e t a t i o n 

i m p r o v e d 

m o d e l s 

m o r e c r i t i c a l 

e x p e r i m e n t s 
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m e t a b o l i s m . J . D a i r y S c i . 5 4 , 9 3 6 - 9 4 8 . 

B e r g m a n , E . N . 8 H e i t m a n n , R . N . 1 9 7 8 . M e t a b o l i s m of a m i n o a c i d s by 
the g u t , l i v e r , k i d n e y s , and p e r i p h e r a l t i s s u e s . F e d . P r o c . 
3 7 , 1 2 2 8 - 1 2 3 2 . 

Bi c k e r s t a f f e , R . , A n n i s o n , E . F . & L i n z e l l , J . L . 1 9 7 4 . T h e m e t a b o -
lism of g l u c o s e , a c e t a t e , l i p i d s and a m i n o a c i d s in l a c t a t i n g 
d a i r y c o w s . J . a g r i c . S c i . , ( C a m b . ) 8 2 , 7 1 - 8 5 . 

B i n e s , J . A . , H a r t , I . C . & Mo r a n t , S . V . 1 9 8 3 . E n d o c r i n e c o n t r o l of 
e n e r g y m e t a b o l i s m in t h e cow: D i u r n a l v a r i a t i o n s in t h e c o n -
c e n t r a t i o n s of h o r m o n e s and m e t a b o l i t e s in the b l o o d p l a s m a 
of b e e f and d a i r y c o w s . N o r m , met abo I . R e s . 1 5 , 3 3 0 - 3 3 4 . 

B l a c k , A . L . , E g a n , A . R . , A n a n d , R . S . & C h a p m a n , T . E . 1 9 6 8 . T h e 
role of a m i n o a c i d s in g I u c o n c o g e n e s i s in L a c t a t i n g r u m i -
n a n t s . I n : I s o t o p e S t u d i e s on the N i t r o g e n C h a i n . I A E A , 
V i e n n a , 2 4 7 - 2 6 1 . 
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B l a c k , J . L . , B e e v e r , D . E . , Fai c h n e y , G . J . , H o w a r t h , B . R . 8 G r a h a m , 
N . M e t . 1 9 8 0 - 8 1 . S i m u l a t i o n of the e f f e c t s of rumen f u n c t i o n 
on the flow of n u t r i e n t s from the s t o m a c h of s h e e p : P a r t 1 -
D e s c r i p t i o n of a c o m p u t e r p r o g r a m . A g r i c , S y s t . 6_, 1 9 5 - 2 1 9 » 

B l a k e , J . S . , S a l t e r , D . N . 8 S m i t h , R . H . 1 9 8 3 . I n c o r p o r a t i o n of 
n i t r o g e n into rumen b a c t e r i a l f r a c t i o n s of s t e e r s g i v e n pro-
te i n- and u r e a - c o n t a i n i n g d i e t s . A m m o n i a a s s i m i l a t i o n into 
i n t r a c e l l u l a r b a c t e r i a l a m i n o a c i d s . B r , J . Nut r . 5 0 , 
7 6 9 - 7 8 2 . 

B l u m , J . W . , J a n s , F . , M o s e s , W . , F röh I i, D ., Z e m p , M . , W a n n e r , M . , 
H a r t , I . C . , T h u n , R . & K e l l e r , U . 1 985 . T w e n t y f o u r - h o u r 
p a t t e r n of b l o o d h o r m o n e and m e t a b o l i t e c o n c e n t r a t i o n s in 
h i g h - y i e l d i n g d a i r y c o w s : E f f e c t s of f e e d i n g low or high 
a m o u n t s of s t a r c h , or c r y s t a l l i n e f a t . Z b l . V e t . M e d . A 3 2 , 
4 0 1 - 4 1 8 . — 

B l u m , J . W . , K u n z , P . , L e u f e n b e r g e r , H . , G a u t s c h i , K . & K e l l e r , M . 
1 9 8 3 . T h y r o i d h o r m o n e s , b l o o d p l a s m a m e t a b o l i t e s and h a e m a t o -
logical p a r a m e t e r s in r e l a t i o n s h i p to m i l k y i e l d in d a i r y 
c o w s . Ani m . P r o d . 3 6 , 9 3 - 1 0 4 . 

B o e k h o l t , H . A . 1 9 7 6 . De s t i k s t o f h u i s h o u d i n g van het m e l k r u n d en de 
b e t e k e n i s van de g l u c o n e o g e n e s e uit a m i n o z u r e n . T h e s i s . 
M e d e d . L a n d b o u w h o g e s c h o o I W a g e n i n g e n , 2 0 7 p p . 

B r a n d t , M . & R o h r , K . 1 9 8 1 . B e i t r ä g e zur Q u a n t i f i z i e r u n g der 
N - U m s e t z u n g e n in den V o r m ä g e n von M i l c h k ü h e n . 1 . H i t t e i l u n g . 
B e s t i m m u n g des M i k r o b e n s t i c k s t o f f s im D u o d e n a l c h y m u s mit Hil-
fe von 1 5 N . Z . T i e r p h y s i o l . , T i e r e r n ä h r g . u . F u t t e r m i t t e l k d e . 
4 6 , 3 9 - 4 8 . 

B r a n d t , M . , R o h r , K . 8 Lebzi e n , P . 1 9 8 1 . B e i t r ä g e zur Q u a n t i f i z i e -
rung der N - U m S e t z u n g e n in den V o r m a g e n von M i l c h k ü h e n . 2 . 
M i t t e i l u n g . E i n f l u s s e i n e s t e i l w e i s e n E r s a t z e s von F u t t e r p r o -
tein d u r c h H a r n s t o f f s o w i e e i n e r e r h ö h t e n F ü t t e r u n g s f r e q u e n z 
auf die mi k rob i e l l e P r o t e i n s y n t h e s e . Z . T i e r p h y s i o l . , T i e r -
e r n ä h r g . u . F u t t e r m i t t e l k d e . 4 6 , 4 9 - 5 9 . 

B r o c k m a n , R . P . 1 9 7 8 a . In vivo e f f e c t s of g l u c a g o n on g l u c o n e o g e n e -
sis in fed s h e e p . F e d . P r o c . 3 7 , 339 . 

B r o c k m a n , R . P . 1 9 7 8 b . R o l e s of g l u c a g o n and i n s u l i n in the r e g u l a -
tion of m e t a b o l i s m in r u m i n a n t s - A r e v i e w . C a n . v e t . J . 1 9 , 
5 5 - 6 2 . — 

B r o c k m a n , R . P . 1 9 7 9 . R o l e s for i n s u l i n and g l u c a g o n in the 
d e v e l o p m e n t of r u m i n a n t k e t o s i s - A r e v i e w . C a n . v e t . J . 2 0 , 
1 2 1 - 1 2 6 . 
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B r o c k m a n , R . P . 1 9 8 5 . R o l e of i n s u l i n in r e g u l a t i n g h e p a t i c 

g l u c o n e o g e n e s i s in s h e e p . C a n . J . P h y s i o l . P h a r m a c o l . 6 3 , 

1 4 6 0 - 1 4 6 4 . 

B r o c k m a n , R . P . & G r e e r , C . 1 9 8 0 . E f f e c t s of s o m a t o s t a t i n and 
g l u c a g o n on the u t i l i z a t i o n of C 2 - 1 ^ c ) p r o p i o n a t e in g l u c o s e 
p r o d u c t i o n in v i v o in s h e e p . A u s t . J . B i o l . S c i . 3 3 , 4 5 7 - 4 6 4 . 

B r o c k m a n , R . P . & Laa r v e I d , B . 1 9 8 5 . E f f e c t s of i n s u l i n on net 
h e p a t i c m e t a b o l i s m of a c e t a t e and /3-hy d r o x y b u t y rate in s h e e p 
C O v i s A r i e s ) . C o m p . B i o c h e m . P h y s i o l . 81 A , 2 5 5 - 2 5 7 . 

B r u c k e n t a I , I . , O l d h a m , J . D . 8 S u t t o n , J . D . 1 9 8 0 . G l u c o s e and u r e a 
k i n e t i c s in c o w s in e a r l y l a c t a t i o n . B r . J . N u t r . 4 4 , 3 3 - 4 5 . 

B r u m b y , P . E . , S t o r r y , J . E . , S u t t o n , J . D . & O l d h a m , J . D . 1 9 7 9 . 
F a t t y a c i d d i g e s t i o n and ut i Ii z at i on by d a i r y cows . Ann . 
R e c h . V e t . 1_0, 3 1 7 - 3 1 9 . 

B u t l e r - H o g g , B.W . , W o o d , J . D . & B i n e s , J . A . 1 9 8 5 . Fat p a r t i t i o n i n g 
in B r i t i s h F r i e s i an cows : the i n f l u e n c e of p h y s i o l o g i c a l 
s t a t e on d i s s e c t e d b o d y c o m p o s i t i o n . J . a g r i c . S c i . , ( C a m b . ) 
1 0 4 , 5 1 9 - 5 2 8 . 

B u t t e r y , P . J . & V e r n o n , B . G . 1 9 8 0 . A s p e c t s of p r o t e i n m e t a b o l i s m 

and its c o n t r o l . Li v e s t . P r o d . S c i . 7 , 1 1 1 - 1 2 0 . 

C hai y a b u t r , N . , F a u l k n e r , A . & P e a k e r , M . 1 9 8 0 . T h e uti l i z a t i o n of 
g l u c o s e for the s y n t h e s i s of m i l k c o m p o n e n t s in the fed and 
s t a r v e d la c t a t i ng g o a t in v i v o . B i o c h e m . J . 1 8 6 , 3 0 1 - 3 0 8 . 

C h a m b e r l a i n , D . G . , T h o m a s , P . C . & A n d e r s o n , F . J . 1 9 8 3 . V o l a t i l e 
f a t t y a c i d p r o p o r t i o n s and l a c t i c acid m e t a b o I i sm in the 
r u m e n in s h e e p and catt le r e c e i v i n g si I ag e d i e t s . J . a g r i c . 
S c i . , ( C a m b . ) 1 0 1 , 4 7 - 5 8 . 

Chri s t e n s e n , H . N . 1 9 6 9 . S o m e s p e c i a l k i n e t i c p r o b l e m s of t r a n s -

p o r t . A d v . E n z y m o l . 3 2 , 1 - 2 0 . 

Chri s t e n s e n , H . N . 1 9 8 2 . I n t e r o r g a n a m i n o a c i d n u t r i t i o n . P h y s i o l . 

R e v . 6 2 , 1 1 9 3 - 1 2 3 3 . 

Chri s t e n s e n , H . N . 1 9 8 4 . T h e r e g u l a t i o n of a m i n o a c i d and s u g a r 

a b s o r p t i o n by d i e t . Nut r . R e v . 4 2 , 2 3 7 - 2 4 2 . 

C h r i s t i e , W . W . 1 9 8 1 . T h e c o m p o s i t i o n , s t r u c t u r e a n d f u n c t i o n of 
l i p i d s in the t i s s u e s of r u m i n a n t a n i m a l s . I n : L i p i d 
M e t a b o l i s m in R u m i n a n t A n i m a l s ( e d . W . W . C h r i s t i e ) . P e r g a m o n 
P r e s s , O x f o r d , 9 5 - 1 9 1 . 

C l a r k , J . H . , Spi r e s , H . R . & D a v i s , C . L . 1 9 7 8 . U p t a k e and m e t a b o -
lism o f ni t r o g e n o u s c o m p o n e n t s by the l a c t a t i n g m a m m a r y 
g l a n d . Fed . P r o c . 37_, 1 233-1 238 . 
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C l a r k , J . H . , S p i r e s , H . R . , D e r r i g , R . G . & B e n n i n k , M . R . 1 9 7 7 . M i l k 
p r o d u c t i o n , n i t r o g e n u t i l i z a t i o n and g l u c o s e s y n t h e s i s in 
l a c t a t i n g cows i n f u s e d p o s t r u m i n a 1 1 y w i t h s o d i u m c a s e i n a t e 
and g l u c o s e . J . N u t r . 1 0 7 , 6 3 1 - 6 4 4 . 

C l a r k , R . M . , C h a n d l e r , P .T. , P a r k , C . S . 8 N o r m a n , A . W . 1 9 8 0 . 

E x t r a c e l l u l a r a m i n o a c i d e f f e c t s on m i l k p r o t e i n s y n t h e s i s 
and i n t r a c e l l u l a r a m i n o acid p o o l s w i t h b o v i n e m a m m a r y c e l l s 
in c u l t u r e . J . D a i r y S c i . 6 3 , 1 2 3 0 - 1 2 3 4 . 

C o l e m a n , G . S . 1 9 7 5 . T h e i n t e r r e l a t i o n s h i p b e t w e e n r u m e n c i l i a t e 
p r o t o z o a and b a c t e r i a . I n : D i g e s t i o n and M e t a b o l i s m in the 
R u m i n a n t ( e d . l . W . M c D o n a l d 8 A . C . I . W a r n e r ) . U n i v . of New 
E n g l a n d P u b l . U n i t , A r m i d a l e , 1 4 9 - 1 6 4 . 

C o n o v e r , C . A . , W h i t f i e l d , C . f . 8 M o r g a n , H . E . 1 9 7 5 . E f f e c t of 

i n s u l i n on k i n e t i c s of g l u c o s e t r a n s p o r t . F e d . P r o c . 3 4 , 2 5 0 . 

C o p p o c k , C . E . 1 985 . E n e r g y n u t r i t i o n and m e t a b o l i s m of the 
l a c t a t i ng dai ry c o w . J . D a i r y S c i . 6 8 , 3 4 0 3 - 3 4 1 0 . 

C o p p o c k , C . E . , F l a t t , W . P . , M o o r e , L . A . & S t e w a r t , W . E . 1 9 6 4 . 

E f f e c t of hay to g r a i n ratio on ut i I i zati on of m e t a bo I izab I e 
e n e r g y for m i l k p r o d u c t i on by d a i r y c o w s . J . D a i r y S c i . 4 7 , 
1 3 3 0 - 1 3 3 8 . 

C o u n o t t e , G . H . M . , L a n k h o r s t , A . 8 Pri n s , R . A . 1 9 8 3 . R o l e of 

D L - lact i c acid as an i n t e r m e d i a t e in rumen m e t a b o l i s m of 
d a i r y c o w s . J . A n i m . S c i . 5b_, 1 2 2 2 - 1 2 3 5 . 

C r a b t r e e , B . , T a y l o r , D . J . , C o o m b s , J . E . , S m i t h , R . A . , T e m p l e r , 
S . P . & S m i t h , G . H . 1 9 8 1 . The a c t i v i t i e s and i n t r a c e l l u l a r 
d i s t r i b u t i o n s of e n z y m e s of c a r b o h y d r a t e , l i p i d and 
k e t o n e - b o d y m e t a b o l i s m in l a c t a t i n g m a m m a r y g l a n d s f r o m 
r u m i n a n t s and n o n - r u m i n a n t s . B i o c h e m . J . 1 9 6 , 7 4 7 - 7 5 6 . 

C z e c h , M . P . 1 9 7 5 . E v i d e n c e for a m e m b r a n e s u I f h y d r y I - d i s u l f i d e 
i n t e r c h a n g e r e a c t i o n w h i c h m o d u l a t e s g l u c o s e t r a n s p o r t in 
i s o l a t e d w h i t e fat c e l l s . . F e d . P r o c . 3 4 , 2 5 0 . 

C z e r k a w s k i , J .W. 1 9 7 8 . R e a s s e s s m e n t of e f f i c i e n c y of s y n t h e s i s of 
m i c r o b i a l m a t t e r in the rumen . J . D a i r y S c i . 61 , 1 261 -1 2 7 3 . 

D a l e , H . , V i k - m o , L . & F j e l I h e i m , P . 1 9 7 9 . A f i e l d s u r v e y of fat 
m o b i l i z a t i o n and l i v e r f u n c t i o n of d a i r y c o w s d u r i n g e a r l y 
l a c t a t i o n . W o r d . V e t . - M e d . 9 7 - 1 0 5 . 

D a n f » r , A . 1 9 7 9 . Q u a n t i t a t i v e p r o t e i n and e n e r g y m e t a b o l i s m in a 

h i g h - y i e l d i n g d a i r y c o w . In: P r o t e i n U t i l i z a t i o n in Farm A n i -
m a l s . V o l . I I . I n s t . A n i m . S c i . T h e R o y a l V e t . and A g r i c . 
U n i v . , C o p e n h a g e n , 4 4 p p . 
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D a n f æ r , A . 1 9 8 3 a . E n e r g i v æ r d i en af m a l k e k ø e r s f o d e r f a l d e r m e d 

s t i g e n d e f o d e r o p t a g e l s e . U g e s k r i f t for J o r d b r u g n r . 2 7 , 

5 1 5 - 5 1 9 . 

D a n f æ r , A . 1 9 8 3 b . N æ r i n g s s t o f f e r n e s i n t e r m e d i a r e o m s æ t n i n g . C h a p . 

12 in: O p t i m u m F e e d i n g of the D a i r y C o w . Feed C o m p o s i t i o n , 

F e e d I n t a k e , M e t a b o l i s m and P r o d u c t i o n ( e d . V . Ø s t e r g a a r d 8 

A . Nei m a n n - S ø r e n s e n ) . 5 5 1 . R e p . N a t . I n s t . Ani m . S c i . , C o p e n -

h a g e n , 1 2 . 1 - 1 2 . 6 1 . 

D a n f æ r , A . 1 9 8 7 . D y n a m i s k e , f y s i o l o g i s k e m o d e l l e r for e n e r g i - og 
n æ r i n g s s t o f o m s æ t n i n g e n hos v o k s e n d e g r i s e . R a p p o r t til 
S t a t e n s J o r d b r u g s - og V e t e r i n æ r v i d e n s k . F o r s k n i n g s r å d , 26 p p . 

D a n f æ r , A . , A g e r g a a r d , N . & A a e s , 0 . 1 9 8 8 . R e l a t i o n s h i p s b e t w e e n 
f e e d c o m p o s i t i o n , m e t a b o l i s m a n d p r o d u c t i o n in d a i r y c o w s . 
I n : P r o c . VI W o r l d C o n f . Ani m . P r o d . , H e l s i n k i , 4 4 1 . 

Davi e s , D . T . , H o l t , C . 8 C h r i s t i e , W . W . 1 9 8 3 . T h e c o m p o s i t i o n of 

m i l k . C h a p . 3 in: B i o c h e m i s t r y of L a c t a t i o n ( e d . T . B . 

M e p b a m ) . E l s e v i e r , A m s t e r d a m , 7 1 - 1 1 7 . 

D a v i s , C . L . 8 B a u m a n , D . E . 1 9 7 4 . G e n e r a l m e t a b o l i s m a s s o c i a t e d 
w i t h the s y n t h e s i s of m i l k . C h a p . 1 in: L a c t a t i o n . A 
C o m p r e h e n s i v e T r e a t i s e , V o l . II ( e d . B . L . L a r s o n & V . R . 
S m i t h ) . A c a d . P r e s s , New Y o r k , 3 - 3 0 . 

D a v i s , S . R . , C o l l i e r , R . J - , M c N a m a r a , J - P . , H e a d , H . H . & S u s s m a n , 
W . 1 9 8 8 . E f f e c t s of t h y r o x i n e and g r o w t h h o r m o n e t r e a t m e n t of 
d a i r y cows on m i l k y i e l d , c a r d i a c o u t p u t and m a m m a r y b l o o d 
f l o w . J . Anirn. S c i . 616, 7 0 - 7 9 . 

D i b r o v , B . F . , Z h a b o t i n s k y , A . M . & K h o l o d e n k o , B . N . 1 9 8 2 . D y n a m i c 
s tabi li ty of s t e a d y s t a t e s and s t a t i c stabi l i z a t i o n in u n -
b r a n c h e d m e t a b o l i c p a t h w a y s . J . M a t h . B i o l . 1 5 , 5 1 - 6 3 . 

O o r e a u , M . 1983», Inf l u e n c e de la p r i s e a l i m e n t a i re sur les v a r i a -

t i o n s de di ffé r e n t s c o n s t i t u a n t s p í a s ma t i q u e s c h e z la v a c h e 

en fi n de g e s t a t i on et en d e b u t de l a c t a t i o n . A n n . R e c h . V é t . 

1_4, 3 9 - 4 8 . 

E c k e r t , R . & R a n d a l l , D . 1 9 7 8 . A n i m a l P h y s i o l o g y . W . H . F r e e m a n & 

C o . , San F r a n c i s c o , 558 p p . 

E g a n , J . K . , P e a r c e , G .R . , Doy le, P . T . & T h o m a s , R . 1 9 8 3 . M e a s u r e -

m e n t of the q u a n t i ty and c o m p o s i t i on of di g e s t a i n the re t i -

c u l o - r u m e n of s h e e p fed on a r o u g h a g e d i e t . A u s t . J . A g r i c . 

R e s . 34.' 3 0 7 - 3 1 5 . 

Ei c h n e r , R . D . & A r n o l d , R . J . 1 9 7 9 . T h e e f f e c t s of food d e p r i v a t i o n 

and r e - f e e d i n g on b o v i n e a d i p o s e - t i s s u e g l y c o g e n s y n t h a s e . 

B i o c h e m . J . 1 8 4 , 2 2 9 - 2 3 2 . 
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E l l i o t , J . M . 1 9 7 6 . T h e g l u c o s e e c o n o m y of the l a c t a t i n g d a i r y c o w . 
I n : P r o c . C o r n e l l Nut r . C o n f . F e e d M a n u f a c t . , 5 9 - 6 6 . 

E l l i o t , J . M . 1 9 8 0 . P r o p i o n a t e m e t a b o l i s m and v i t a m i n B 1 2 . C h a p . 23 
in: D i g e s t i v e P h y s i o l o g y and M e t a b o l i s m in R u m i n a n t s C e d . Y . 
R u c k e b u s c h 8 P . Th i v e n d ) . M T P P r e s s L i m i t e d , L a n c a s t e r , 
4 8 5 - 5 0 3 . 

E l v i n g e r , F . H e a d , H . H . , W i l c o x , C . J . , N a t z k e , R . P . 8 E g g e r t , 
R . G . 1 9 8 8 . E f f e c t s of a d m i n i s t r a t i o n of b o v i n e s o m a t o t r o p i n 
on m i l k y i e l d a n d c o m p o s i t i o n . J . D a i r y S c i . 7 1 , 1 5 1 5 - 1 5 2 5 . 

E m e r y , R.S . 1 9 7 3 . B i o s y n t h e s i s of m i l k f a t . J . D a i r y S c i . 56 
1 1 8 7 - 1 1 9 5 . 

E m e r y , R . S . 1 9 7 9 . D e p o s i t i o n , s e c r e t i o n , t r a n s p o r t and o x i d a t i o n 
of fat in r u m i n a n t s . J . ftnim. S c i . 4 8 , 1 5 3 0 - 1 5 3 7 . 

E p p a r d , P . J . , B a u m a n , D . E . S M c C u t c h e o n , S . N . 1 9 8 5 . E f f e c t of d o s e 
of b o v i n e g r o w t h h o r m o n e on l a c t a t i o n of d a i r y c o w s . J . D a i r y 
S c i . 6 8 , 1 1 0 9 - 1 1 1 5 . 

F i s h e r , D .S . , B u r n s , J . C . & P o n d , K . R . 1 9 8 7 . M o d e l i n g ad l i b i t u m 
d r y m a t t e r i n t a k e by r u m i n a n t s as r e g u l a t e d by d i s t e n s i o n a n d 
c h e m o s t a t i c f e e d b a c k s . J . t h e o r . B i o l . ' * , 4 0 7 - 4 1 8 . 

P i a t t , W . P . 1 9 6 6 . E n e r g y m e t a b o l i s m r e s u l t s w i t h l a c t a t i n g d a i r y 
c o w s . J . D a i r y S c i . 49_, 2 3 0 - 2 3 7 . 

F l a t t , W . P . , M o e , P .W . , M u n s o n , A.W . 8 C o o p e r , T . 1 9 6 9 . E n e r g y 
u t i l i z a t i o n by high p r o d u c i n g d a i r y c o w s . I I . S u m m a r y of 
e n e r g y b a l a n c e e x p e r i m e n t s w i t h l a c t a t i n g H o l s t e i n c o w s . I n : 
E n e r g y M e t a b o l i s m of Farm A n i m a l s ( e d . K . L . B l a x t e r , J . 
K i e l a n o w s k i & G . T h o r b e k ) . E A A P P u b l . N o . 1 2 . O r i e l P r e s s , 
N e w c a s t l e u p o n T y n e , 2 3 5 - 2 4 9 . 

F o r b e s , J . M . 1 9 7 8 . I n t e g r a t i o n of m e t a b o l i c and p h y s i c a l c o n t r o l 
into a m o d e l of f e e d i n g b e h a v i o u r in r u m i n a n t s . J . P h y s i o l 
2 8 1 , 3 7 - 3 8 . 

F o r b e s , J . M . 1 9 8 0 . H o r m o n e s and m e t a b o l i t e s in the c o n t r o l of f o o d 
i n t a k e . C h a p 7 in: D i g e s t i v e P h y s i o l o g y and M e t a b o l i s m in 
R u m i n a n t s C e d . Y . R u c k e b u s c h & P . Thi v e n d ) . M T P P r e s s 
Li raited, L a n c a s t e r , 1 4 5 - 1 6 0 . 

F o r s b e r g , N . E . , B a l d w i n , R . L . & S m i t h , N . E . 1 9 8 4 . R o l e s of a c e t a t e 
and its i n t e r a c t i o n s with g l u c o s e and l a c t a t e in cow m a m m a r y 
t i s s u e . J . D a i r y S c i . 67_, 2 2 4 7 - 2 2 5 4 . 

F o r s b e r g , N . E . , B a l d w i n , R . L . & S m i t h , N . E . 1 9 8 5 a . R o l e s of 

g l u c o s e and its i n t e r a c t i o n s w i t h a c e t a t e in m a i n t e n a n c e a n d 
b i o s y n t h e s i s in b o v i n e m a m m a r y t i s s u e . J , D a i r y S c i . 6 8 . 
2 5 4 4 - 2 5 4 9 . — 
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F o r s b e r g , N . E . , B a l d w i n , R . L . 8 S m i t h , N . E . 1 9 8 5 b . R o l e s of 
l a c t a t e and its i n t e r a c t i o n s w i t h a c e t a t e in m a i n t e n a n c e and 

b i o s y n t h e s i s in b o v i n e m a m m a r y t i s s u e . J . D a i r y S c i . 6 8 , 

2 5 5 0 - 2 5 5 6 . 

F r a n c e , J . & T h o r n l e y , J . H . M . 1 9 8 4 . T e s t i n g and e v a l u a t i o n of 

m o d e l s . C h a p . 4 in: M a t h e m a t i c a l M o d e l s in A g r i c u l t u r e . 

B u t t e r w o r t h s , L o n d o n , 6 9 - 7 4 . 

F r a n c e , J . , T h o r n l e y , J . H . M . § B e e v e r , D . E . 1 9 8 2 . A m a t h e m a t i c a l 
m o d e l of t h e r u m e n . J . a g r i c . S c i . , ( C a m b . ) 9 9 , 3 4 3 - 3 5 3 . 

F r e d e r i k s e n , L . 1 9 3 1 . F o r s ø g med f o r s k e l l i g e m æ n g d e r af f o d e r -

e n h e d e r og p r o t e i n til m æ l k e p r o d u k t i o n . 1 3 6 . R e p . N a t . I n s t . 

A n i m . S c i . , C o p e n h a g e n , 256 p p . 

F roh L i , D .M . & B l u m , J . W . 1 9 8 8 . N o n e s t e r i f i ed f a t t y a c i d s and 
g l u c o s e in l a c t a t i n g d a i r y c o w s : D i u r n a l v a r i a t i o n s and 
c h a n g e s in r e s p o n s i v e n e s s d u r i n g f a s t i n g to e p i n e p h r i n e and 
e f f e c t s of b e t a - a d r e n e r g i c b l o c k a g e . J . D a i r y S c i . 7 1 , 
1 1 7 0 - 1 1 7 7 . 

G a a l , T . , R e i d , I . M . , C o l l i n s , R . A . , R o b e r t s , C . J . 8 P i k e , B . V . 
1 9 8 3 a . C o m p a r i s o n of b i o c h e m i c a l and h i s t o l o g i c a l m e t h o d s of 

e s t i m a t i n g fat c o n t e n t of l i v e r of d a i r y c o w s . R e s . V e t . Sci 

3 4 , 2 4 5 - 2 4 8 . 

G a a l , T . , R o b e r t s , C . J . , R e i d , I . M . , D e w , A . M . 8 C o p p , C . M . 1 9 8 3 b 

B l o o d c o m p o s i t i o n and liver fat in p o s t p a r t u r i e n t d a i r y 

c o w s . V e t . R e c . 1 1 3 , 5 3 - 5 4 . 

G a r l i c k , P . J . , Mi I I w a r d , D . J . & J a m e s , W . P . T . 1 9 7 3 . T h e d i u r n a l 
r e s p o n s e of m u s c l e and l i v e r p r o t e i n s y n t h e s i s in v i v o in 
m e a l - f e d r a t s . B i o c h e m . J . 1 3 6 , 9 3 5 - 9 4 5 . 

G i b s o n , J . P . 1 9 8 3 . C h a n g e s a r o u n d f i r s t c a l v i n g in s o m e b l o o d 
m e t a b o l i t e c o n c e n t r a t i o n s of h i g h and low mi I k - p r o d u c i ng 
L i n e s of F r i e s i a n and J e r s e y c a t t l e . A n i m . P r o d . 3 6 , 535 . 

G i e s e c k e , D . 1 9 8 3 . T h e poo I s of c e l l u l a r n u t r i e n t s : P l a s m a f r e e 

f a t t y a c i d s . C h a p . 10 in: D y n a m i c B i o c h e m i st ry of Ani ma I P r o 

d u c t i on ( e d . P . M . R i i s ) . W o r l d A n i m a l S c i . , A 3 . E l s e v i e r , Am 

s t e r d a m , 1 9 7 - 2 1 4 . 

G i l l , M . , T h o r n l e y , J . H . M . , B l a c k , J . L . , O l d h a m , J . D . & B e e v e r , 
D . E . 1 9 8 4 . S i m u l a t i o n of the m e t a b o l i s m of a b s o r b e d e n e r g y -
y i e l d i n g n u t r i e n t s in y o u n g s h e e p . B r . J . N u t r . 5 2 , 6 2 1 - 6 4 9 . 

G o o d a I I , E . A . & S p r e v a k , D . 1 9 8 4 . A n o t e on a s t o c h a s t i c m o d e I to 

de s r i be t h e m i l k y i e l d of a d a i r y c o w . A n i m . P r o d . 3 8 , 

1 3 3 - 1 3 6 . 
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H a n d b o o k of C h e m i s t r y and P h y s i c s . 1 9 7 3 - 1 9 7 4 . 54th e d . CRC P r e s s , 
C l e v e l a n d . 

Ha r m e y e r , J . 8 M a r t e n s , H . 1 9 8 0 . A s p e c t s of urea m e t a b o l i s m in 
r u m i n a n t s w i t h r e f e r e n c e to the g o a t . J . D a i r y S c i . 6 3 , 
1 7 0 7 - 1 7 2 8 . — 

H a r p e r , H . A , 1 9 7 3 . R e v i e w of P h y s i o l o g i c a l C h e m i s t r y . 1 4 t h e d . 
l a n g e M e d i c a l P u b I . , L o s A l t o s , 545 p p . 

H a r r i s o n , D . G . 8 M c A l l a n , A . B . 1 9 8 0 . F a c t o r s a f f e c t i n g m i c r o b i a l 
g r o w t h y i e l d s in the r e t i c u l o - r u m e n . C h a p . 10 i n : D i g e s t i v e 
P h y s i o l o g y and M e t a b o l i s m in R u m i n a n t s ( e d . Y . R u c k e b u s c n 8 
P . T h i v e n d ) . M T P P r e s s L i m i t e d , L a n c a s t e r , 2 0 5 - 2 2 6 . 

H a r r i s o n , R . D . , R e y n o l d s , I . P . 8 L i t t l e , W . 1 9 8 3 . A q u a n t i t a t i v e 
a n a l y s i s of m a m m a r y g l a n d s of d a i r y h e i f e r s r e a r e d at 
d i f f e r e n t r a t e s of live w e i g h t g a i n . J . D a i r y R e s . 5 0 , 
4 0 5 - 4 1 2 . — 

H a r t , I . C . , B i n e s , J . A . & M o r a n t , S . V . 1 9 7 9 . E n d o c r i n e c o n t r o l of 
e n e r g y m e t a b o l i s m in the c o w : C o r r e l a t i o n s of h o r m o n e s and 
m e t a b o l i t e s in h i g h and low y i e l d i n g cows for s t a g e s of lac-
t a t i o n . J . D a i r y S c i . 62_, 2 7 0 - 2 7 7 . 

H a r t , I . C . , B i n e s , J . A . , M o r a n t , S . V . & R i d l e y , J . L . 1 9 7 8 . E n d o -
c r i n e c o n t r o l of e n e r g y m e t a b o l i s m in the cow: C o m p a r i s o n of 
the l e v e l s of h o r m o n e s ( p r o l a c t i n , g r o w t h h o r m o n e , i n s u l i n 
and t h y r o x i n e ) and m e t a b o l i t e s in the p l a s m a of h i g h - and 
l o w - y i e l d i n g c a t t l e at v a r i o u s s t a g e s of L a c t a t i o n . J . E n d o -
c r i n o l . 7 7 , 3 3 3 - 3 4 5 . 

H a r t , I . C . , L a w r e n c e , S . E . 8 M e p h a m , T . B . 1 9 8 0 . E f f e c t of e x o g e n -
o u s g r o w t h h o r m o n e on m a m m a r y b l o o d f l o w and m i l k y i e l d in 
l a c t a t i n g g o a t s . J . P h y s i o l . 3 0 8 , 4 6 p - 4 7 p . 

H a r t n e l l , G . F . & S a t t e r , L . D . 1 9 7 9 . D e t e r m i n a t i o n of r u m e n f i l l , 
r e t e n t i o n t i m e and r u m i n a l t u r n o v e r r a t e s of i n g e s t a at d i f -
f e r e n t s t a g e s of l a c t a t i o n in d a i r y c o w s . J . An i m . S c i . 4 8 , 
3 8 1 - 3 9 2 . — 

H a w k e , J . C . & T a y l o r , M . W . 1 9 8 3 . I n f l u e n c e of n u t r i t i o n a l f a c t o r s 
on the y i e l d , c o m p o s i t i o n and p h y s i c a l p r o p e r t i e s of m i l k 
f a t . C h a p . 2 in: D e v e l o p m e n t s in D a i r y C hemi st r y - 2 ( e d . P . F . 
F o x ) . A p p l i e d S c i . P u b I ., L o n d o n , 3 7 - 8 1 . 

H a y s t e a d , A . J . & Hard i e , D . G . 1 9 8 6 . B o t h i n s u l i n and e p i d e r m a l 
g r o w t h f a c t o r s t i m u l a t e l i p o g e n e s i s and a c e t y 1 - C o A c a r b o x y -
lase a c t i v i t y in i s o l a t e d a d i p o c y t e s . B i o c h e m . J . 2 3 4 , 
2 7 9 - 2 8 4 . 
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H e n d e r i c k x , H . K . , D e M e y e r , D . J . 8 V a n Neve L , C . J . 1 9 7 2 . P r o b l e m s 

in e s t i m a t i n g m i c r o b i a l p r o t e i n s y n t h e s i s in the r u m e n . I n : 
T r a c e r S t u d i e s on N o n - p r o t e i n N i t r o g e n for R u m i n a n t s . I A E A , 
V i e n n a , 5 7 - 6 8 . 

H e r b e i n , J . H . , A i e l l o , R . J . , Eck l e r , L . I . , P e a r s o n , R . E . & A k e r s , 
R . M . 1985 . G l u c a g o n , i n s u l i n , g r o w t h h o r m o n e , and g l u c o s e 
c o n c e n t r a t i o n s in b l o o d p l a s m a of I a c t a t i n g d a i r y c o w s . J . 
Dai ry Sci . 68_, 3 2 0 - 3 2 5 . 

He r d t , T . H . , L i e s m a n , J . S . , G e r l o f f , B . J . 8 E m e r y , R . S . 1 9 8 3 . 
R e d u c t i on of s e r u m t r i a c y l g l y c e r o l - r i c h l i p o p r o t e i n c o n c e n -
t r a t i o n s in c o w s with h e p a t i c l i p i d o s i s . A me r . J . V e t . R e s . 
4 4 , 2 9 3 - 2 9 6 . 

H e s p e I I , R . B . & B r y a n t , M . P . 1 9 7 9 . E f f i c i e n c y of r u m e n m i c r o b i a l 
g r o w t h : I n f l u e n c e of s o m e t h e o r e t i c a l and e x p e r i m e n t a l f a c -
t o r s on Y A T p . J . An i m . S c i . 4 9 , 1 6 4 0 - 1 6 5 9 . 

H i d i r o g l o u , M . 8 Ve i r a , D . M . 1 9 8 2 . P l a s m a a m i n o acid l e v e l s in the 

fat cow s y n d r o m e . A n n . R e c h . V e t . 1 3 , 1 1 1 - 1 1 5 . 

Ho I I m a n n , K . H . 1 9 7 4 . C y t o l o g y and f i n e s t r u c t u r e of the m a m m a r y 
g l a n d . C h a p . 1 in: L a c t a t i o n . A C o m p r e h e n s i ve T r e a t i s e , V o l . 
I ( e d . B . L . L a r s o n & V . R . S m i t h ) . A c a d . P r e s s , New Y o r k , 
3 - 9 5 . 

H o l t , C . 1 9 8 3 . S w e l l i n g of Go I g i ve s i cIe s in m a m m a r y s e c r e t o r y 
c e l l s and its r e l a t i o n to t h e y i e l d and q u a n t i t a t i v e c o m -
p o s i t i o n of mi I k . J . t h e o r . B i o l . 101 , 2 4 7 - 2 6 1 . 

H o l t e r , J . B . , B y r n e , J . A . & S c h w a b , C . G . 1 9 8 2 . C r u d e p r o t e i n for 
high m i l k p r o d u c t i on . J . D a i r y S c i . 6 5 , 1 1 7 5 - 1 1 8 8 . 

H o o d , R . L . , T h o m p s o n , E . H . & A l l e n , C . E . 1 9 7 2 . T h e role of 
a c e t a t e , p r o p i o n a t e , and g l u c o s e as s u b s t r a t e s for 
l i p o g e n e s i s in b o v i n e t i s s u e s . I n t . J . B i o c h e m . 3 , 5 9 8 - 6 0 6 . 

H o r b e r , H . , H a d e r , F . 8 J u c k e r , H . 1 9 8 0 . K e t o n k o r p e r k o n z e n t r a t i o n 
in B l u t , M i l c h und U r i n be i g e s u n d e n und a n p r i m a r e r K e t o s e 
e r k r a n k t e n M i l c h k u h e n . S c h w e i z . A r c h . Ti e r h e i I k . 1 2 2 , 
5 5 3 - 5 6 4 . 

H o u p t , T . R . 1 9 7 0 . T r a n s f e r of u r e a a n d a m m o n i a to the r u m e n . I n: 
P h y s i o l o g y of D i g e s t i o n and M e t a b o l i s m in the R u m i n a n t ( e d . 
A . T . Ph i11i p s o n ) . O r i e l P r e s s , N e w c a s t l e u p o n T y n e , 1 1 9 - 1 3 1 . 

H u b e r , T . L . , Wi I s o n , R . C . & M c G a r i t y , S . A . 1 9 8 4 . H e p a t i c m e t a b o -
lite c o n c e n t r a t i o n in l a c t i c a c i dot i c s h e e p . A m e r . J . V e t . 
R e s . 45_, 1 2 0 9 - 1 21 1 . 

H u n g a t e , R . E . 1 9 6 6 . T h e r u m e n a n d its m i c r o b e s . A c a d . P r e s s , 
L o n d o n , 5 3 3 p p . 
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H u n t i n g t o n , G . B . 1 9 8 6 . U p t a k e and t r a n s p o r t of n o n p r o t e i n n i t r o g e n 
by the r u m i n a n t g u t . F e d . P r o c . 4 5 , 2 2 7 2 - 2 2 7 6 . 

H u s v é t h , F . , Ka rsa i, f . & Gaå I , T . 1 9 8 2 . P e r i p a r t a l f l u c t u a t i o n s 
of p l a s m a and h e p a t i c lipid c o m p o n e n t s in d a i r y c o w s . Acta 
V e t . A c a d . S c i e n t . H u n g a r i c a e 3 0 , 9 7 - 1 1 2 . 

H ve 1 p l u n d , T . 1 9 8 3 . K v a n t i t a t i v e a s p e k t e r af f o r d ø j e l s e n hos 

m a l k e k o e n . C h a p . 11 in: O p t i m u m F e e d i n g of the D a i r y C o w . 
Feed C o m p o s i t i o n , Feed I n t a k e , M e t a b o l i s m and P r o d u c t i o n ( e d . 
V . Ø s t e r g a a r d 8 A . N e i m a n n - S ø r e n s e n ) . 5 5 1 . R e p . N a t . I n s t . 
A n i m . S c i . , C o p e n h a g e n , 1 1 . 1 - 1 1 . 2 3 . 

H v e l p l u n d , T . 1 9 8 4 a . P e r s o n a l c o m m u n i c a t i o n . 

Hve lp l u n d , T . 1 9 8 4 b . P e r s o n a l c o m m u n i c a t i o n . 

H v e l p l u n d , T . 1 9 8 6 . T h e i n f l u e n c e of d i e t on n i t r o g e n and a m i n o 

a c i d c o n t e n t of m i x e d r u m e n b a c t e r i a . A c t a A g r i e . S c a n d . 3 6 , 
3 2 5 - 3 3 1 . 

H v e l p l u n d , T . , M ø l l e r , P . O . , M a d s e n , J . & H e s s e l h o l d t , M . 1 9 7 6 . 
Flow of d i g e s t a t h r o u g h the g a s t r o - i n t e s t i n a l t r a c t in the 
b o v i n e w i t h s p e c i a l r e f e r e n c e to n i t r o g e n . Y e a r b o o k . T h e 
R o y a l V e t . and A g r i c . U n i v . , C o p e n h a g e n , 1 7 3 - 1 9 2 . 

I b r a h i m , E . A . & I n g a l l s , J . R . 1 9 7 2 . M i c r o b i a l p r o t e i n b i o s y n t h e s i s 
in t h e r u m e n . J . D a i r y S c i . 5 5 , 971 - 9 7 8 . 

J a r r e t t , I . G . , F i Ise I I , 0 . H . & B a l l a r d , F . J . 1974 . M e t a b o l i c and 
e n d o c r i n e i n t e r r e l a t i o n s h i p s in n o r m a l and di a b e t i c s h e e p . 
In: L i p i d M e t a b o l i s m , O b e s i t y and D i a b e t e s M e l l i t u s : I m p a c t 
on A t h e r o s c l e r o s i s . N o r m . M e t a b . R e s . , S u p p l . 4_, 1 1 1 - 1 1 6 . 

J e n n e s , R . 19 7 4 . T h e c o m p o s i t i o n of m i l k . C h a p . 1 in: L a c t a t i o n . A 
C o m p r e h e n s i ve T reat i s e , V o l . III ( e d . B . L . L a r s o n 8 V . R . 
S m i t h ) . A c a d . P r e s s , New Y o r k , 3 - 1 0 7 . 

J e n n e s , R . 1 9 8 2 . I n t e r - s p e c i e s c o m p a r i s o n of m i l k p r o t e i n s . C h a p . 
3 in: D eve lop ment s i n D a i r y C hem i st ry-1 ( e d . P . F . F o x ) . 
A p p l i e d S c i . P u b l ., L o n d o n , 8 7 - 1 1 4 . 

J e n n y , B.F . , Po I a n , C . E . 8 T h y e , F . W . 1 9 7 4 . E f f e c t s of h i g h g r a i n 
feed i ng and s t a g e of l a c t a t i o n on s e r u m i n s u l i n , g l u c o s e and 
milk fat p e r c e n t a g e in L a c t a t i n g c o w s . J . Nut r . 1 0 4 , 3 7 9 - 3 8 5 . 

J en s e n , H . M . 1 9 7 4 . F o r e l æ s n i n g e r o v e r m e j e r i b r u g for l a n d b r u g s -
s t u d e r e n d e ved Den k g I . V e t e r i n æ r - og L a n d b o h ø j s k o l e , 2 . u d g . 
Den k g l . V e t e r i n æ r - og L a n d b o h ø j s k o l e s M e j e r i a f d e l i n g , 
K ø b e n h a v n , 2 0 6 p p . 
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K a h n , H . E . & S p e d d i n g , C . R . W . 1 9 8 3 . A d y n a m i c m o d e l for t h e 
s i m u l a t i o n of c a t t l e h e r d p r o d u c t i o n s y s t e m s : I . G e n e r a l 
d e s c r i p t i o n and t h e e f f e c t s of s i m u l a t i o n t e c h n i q u e s on m o d e l 
r e s u l t s . A g r i c . S y s t . 12_, 1 0 1 - 1 1 1 . 

K a h n , H . E . & S p e d d i n g , C . R . W . 1 9 8 4 . A d y n a m i c m o d e l f o r t h e 
s i m u l a t i o n of c a t t l e h e r d p r o d u c t i o n s y s t e m s : 2 - An i n v e s t i -
g a t i o n of v a r i o u s f a c t o r s i n f l u e n c i n g the v o l u n t a r y i n t a k e of 
dry m a t t e r and the u s e of the m o d e l in t h e i r v a l i d a t i o n . 
A g r i c . S y s t . 1_3, 6 3 - 8 2 . 

K h a c h a d u r i a n , A . K ., A d r o u n i , B . 8 Y a c o u b i a n , H . 1 9 6 6 . M e t a b o l i s m 

of a d i p o s e t i s s u e in t h e fat t a i l of the s h e e p in v i v o . J . 

L i p . R e s . 7_, 4 2 7 - 4 3 6 . 

K h a c h a d u r i a n , A . K . , K a m e l i a n , M . & A d r o u n i , B . 1 9 6 7 . M e t a b o l i s m of 

s h e e p a d i p o s e t i s s u e in v i t r o . Arne r . J . P h y s i o l . 2 1 3 , 1 3 8 5 -

1 3 9 0 . 

K i n g , K . R . , G o o d e n , J . M . 8 A n n i s o n , E . F . 1 9 8 5 . A c e t a t e m e t a b o l i s m 

in the m a m m a r y g l a n d of t h e l a c t a t i n g e w e . A u s t . J . B i o l . 

S e i . 3 8 , 2 3 - 3 1 . 

K l o o s t e r , A . T h . v a n ' t 8 B o e k h o l t , H . A . 1 9 7 2 . P r o t e i n d i g e s t i o n in 
t h e s t o m a c h s and i n t e s t i n e s of the c o w . Net h . J . a g r i c . S e i . 
2 0 , 2 7 2 - 2 8 4 . 

Ko l b , E . 1 9 8 1 . N e u e r e b i o c h e m i s e h e E r k e n n t n i s s e zum H e c h a n i s m u s 

der E n t s t e h u n g und d e r V e r w e r t u n g der K e t o k ö r p e r . M h . V e t . -

M e d . 3 6 , 6 2 5 - 6 2 9 . 

K o o n g , L . J . , F a l t e r , K . H . & L u c a s , H . L . 1 9 8 2 . A m a t h e m a t i c a l m o d e l 
for the j o i n t m e t a b o l i s m of n i t r o g e n and e n e r g y in c a t t l e . 
A g r i c . S y s t . 9 , 3 0 1 - 3 2 4 . 

K o s a k , F . 1 9 8 0 . U n t e r s u c h u n g e n ü b e r d i e K o n z e n t r a t i o n d e r F r e i e n 
F e t t s ä u r e n im B l u t p l a s m a zur E r m i t t l u n g s t o f f w e c h s e l p h y s i o l o -
g i s c h e r L e i s t u n g s g r e n z e n bei H o c h l e i s t u n g s k ü h e n . D i s s e r t a -
t i o n . T i e r ä r z t l i c h e n F a k u l t ä t der U n i v e r s i t ä t M ü n c h e n , 9 3 p p . 

K r a u s - F r i e d m a n n , N . 1 9 8 4 . H o r m o n a l r e g u l a t i o n of h e p a t i c g l u c o n e o -

g e n e s i s . P h y s i o l . R e v . 6 4 , 1 7 0 - 2 5 9 . 

K r e b s , H . A . 1 9 6 4 . The m e t a b o l i c fate of a m i n o a c i d s . C h a p . 5 in: 
M a m m a I i an P r o t e i n M e t a b o I i s m . V o l . I C e d . H . N . M u n r o & J . B . 
A l l i s o n ) . A c a d . P r e s s . , New Y o r k and L o n d o n , 1 2 5 - 1 7 6 . 

Kri s t e n s e n , E . S . 1984 . U d v i k l i ng af en m a t e m a t i s k m o d e l t i I 
b e s t e m m e l s e af f o d e r o p t a g e l s e n og f o r d ø j e l s e n h o s m a l k e k ø e r 
på g r æ s . I n s t i t u t for m a t e m a t i k og s t a t i s t i k . D e n k g l . V e t e -
r i n æ r - og L a n d b o h ø j s k o l e , K ø b e n h a v n , 3 3 p p . 

K r i s t e n s e n , V . F . 1 9 8 3 a . P e r s o n a l c o m m u n i c a t i o n . 
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K r i s t e n s e n , V . F . 1 9 8 3 b . S t y r i n g af f o d e r o p t a g e l s e n ved h j æ l p af 
f o d e r r a t i o n e n s s a m m e n s æ t n i n g og valg af f o d r i n g s p r i n c i p . 
C h a p . 7 in: O p t i m u m F e e d i n g of the D a i r y COM. Feed C o m p o s i -
t i o n , F e e d I n t a k e , M e t a b o l i s m and P r o d u c t i o n C e d . V . Ø s t e r -
g a a r d & A . N e i m a n n - S ø r e n s e n ) . 551 R e p . N a t . I n s t . Ani m . S e i . , 
C o p e n h a g e n , 7 . 1 - 7 . 3 5 . 

K r o h n , C . C . 8 K o n g g a a r d , S . P . 1 9 8 7 . M a l k e k o e n s o p t a g e l s e af 
f o r s k e l l i g e f o d e r m i d l e r ved s e l v v a l g e l l e r t i l d e l t som 
f u l d f o d e r , 6 2 6 . R e p . N a t . I n s t . An i m . S e i - , C o p e n h a g e n , 31 
p p . 

K r o n f e l d , D . S . 8 V a n S o e s t , P . J . 1 9 7 6 . C a r b o h y d r a t e n u t r i t i o n . In: 
C o m p a r a t i v e A n i m a l N u t r i t i o n . V o l . 1 . C a r b o h y d r a t e s , L i p i d s 
and A c c e s s o r y G r o w t h f a c t o r s ( e d . M . R e c h c i g l , J r . ) . K a r g e r , 
B a s e l , 2 3 - 7 3 . 

K u n z , P . & B l u m , J . W . 1 9 8 1 . E f f e c t of p r e - and p o s t p a r t u r i e n t e n e r -
gy i n t a k e on b l o o d p l a s m a l e v e l s of h o r m o n e s and m e t a b o l i t e s 
in c o w s . I n : M e t a b o l i c D i s o r d e r s in Farm A n i m a l s ( e d . D . 
G i e s e c k e , G . D i r k s e n S M . S t a n g a s s i n g e r ) . P r o c . I V t h I n t e r -
n a t . C o n f . on P r o d . D i s e a s e in Farm A n i m . , M ü n c h e n , 4 9 - 5 3 . 

Laa rve I d , B . , C h a p l i n , R . K . & B r o c k m a n , R . P . 1 9 8 5 . E f f e c t s of 
i n s u l i n on t h e m e t a b o l i s m of a c e t a t e , / J - h y d r o x y b u t y r a t e and 
t r i g l y c e r i d e s by the b o v i n e m a m m a r y g l a n d . C o m p . B i oc h e m . 
P h y s i o l . 8 2 B , 2 6 5 - 2 6 7 . 

L a r s o n , B . L . 1 9 7 9 . B i o s y n t h e s i s and s e c r e t i o n of m i l k p r o t e i n s : a 
r e v i e w . J . D a i r y R e s . 4 6 , 1 6 1 - 1 7 4 . 

L e n g , R . A . & M u r r a y , R . M . 1 9 7 2 . E s t i m a t i o n of the f e r m e n t a t i o n 
rate in t h e r u m e n of s h e e p u s i n g VFA p r o d u c t i o n , c a r b o n 
d i o x i d e p r o d u c t i o n and m e t h a n e p r o d u c t i o n . I n : T r a c e r S t u d i e s 
on N o n - p r o t e i n N i t r o g e n for R u m i n a n t s . I A E A , V i e n n a , 2 5 - 3 4 . 

L i n d b e r g , J . E . 1 9 8 1 . T h e e f f e c t of b a s a l d i e t on t h e r u m i n a l 
d e g r a d a t i o n of d r y m a t t e r , n i t r o g e n o u s c o m p o u n d s and c e l l 
w a l l s in n y l o n b a g s . S w e d i s h J . a g r i c . R e s . 1 1 , 1 5 9 - 1 6 9 . 

L i n d s a y , D . B . 1 9 7 0 . C a r b o h y d r a t e m e t a b o l i s m in r u m i n a n t s . I n : 
P h y s i o l o g y a n d D i g e s t i o n in the R u m i n a n t ( e d . A . T . P h i l l i p -
s o n ) . O r i e l P r e s s , N e w c a s t l e u p o n T y n e , 4 3 8 - 4 5 1 . 

L i n d s a y , D . B . 1 9 7 6 . A m i n o a c i d s as s o u r c e s of e n e r g y . C h a p . 9 in: 
P r o t e i n M e t a b o l i s m and N u t r i t i o n ( e d . D . J . A . C o l e , K . N . 
B o o r m a n , P . J . B u t t e r y , D . L e w i s , R . J . Nea le 8 H . S w a n ) . E A A P 
P u b I. N o . 1 6 . B u t t e r w o r t h s , L o n d o n , 1 8 3 - 1 9 5 . 

L i n d s a y , D . B . 1 9 8 0 . A m i n o a c i d s as e n e r g y s o u r c e s . P r o c . Nut r . 
S o c . 3 9 , 5 3 - 5 9 . 
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L i n z e I I , J . L . 1 9 7 4 . M a m m a r y b l o o d f l o w and m e t h o d s of i d e n t i f y i n g 
and m e a s u r i n g p r e c u r s o r s of m i l k . C h a p . 3 in: L a c t a t i o n . A 
C o m p r e h e n s i v e T r e a t i s e , V o l . I ( e d . B . L . L a r s o n & V . R . 
S m i t h ) . A c a d . P r e s s , New Y o r k , 1 4 3 - 2 2 5 . 

Li v e s e y , G . 1 9 8 4 . T h e e n e r g y e q u i v a l e n t s of A T P and t h e e n e r g y 
v a l u e s of f o o d p r o t e i n s and f a t s . B r . J . N u t r . 51 , 1 5 - 2 8 . 

L o b l e y , G . E . , M i l n e , V . , L o v i e , J . M . , R e e d s , P . J . & P e n n i e , K . 
1 9 8 0 . W h o l e b o d y and t i s s u e p r o t e i n s y n t h e s i s in c a t t l e . B r . 
J . N u t r . 4 3 , 4 9 1 - 5 0 2 . 

L o m a x , M . A . & Bai r d , G . D . 1 9 8 3 . B l o o d flow and n u t r i e n t e x c h a n g e 

a c r o s s the l i v e r and gut of t h e d a i r y c o w . B r . J . N u t r . 4 9 , 

4 8 1 - 4 9 6 . 

L o m a x , M . A . , Bai r d , G . D . , M a l l i n s o n , C . B . & S y m o n d s , H . W . 1 9 7 9 . 
D i f f e r e n c e s b e t w e e n l a c t a t i n g and n o n - I a c t a t i n g d a i r y c o w s in 

c o n c e n t r a t i o n a n d s e c r e t i o n r a t e of i n s u l i n . B i o c h e m . J . 1 8 0 , 

2 8 1 - 2 8 9 . 

M a c h I i n , L . J . 1 9 7 3 . E f f e c t of g r o w t h h o r m o n e on m i l k p r o d u c t i o n 

a n d feed u t i l i z a t i o n in d a i r y c o w s . J . D a i r y S c i . 5 6 , 
5 7 5 - 5 8 0 . 

M a d s e n , A . 1 9 8 3 a . T h e m o l e c u l a r b a s i s of a n i m a l p r o d u c t i o n : M e t a -

b o l i s m in a d i p o s e c e l l s . C h a p . 3 in: D y n a m i c B i o c h e m i s t r y of 

A n i m a l P r o d u c t i o n ( e d . P . M . R i i s ) . W o r l d Ani m . S c i . , A 3 . 

E l s e v i e r , A m s t e r d a m , 2 9 - 5 2 . 

M a d s e n , A . 1 9 8 3 b . T h e m o l e c u l a r b a s i s of a n i m a l p r o d u c t i o n : M e t a -
b o l i s m in l i v e r c e l l s . C h a p . 4 i n : D y n a m i c B i o c h e m i s t r y of 
A n i m a l P r o d u c t i o n ( e d . P . M . R i i s ) . W o r l d A n i m . S c i . , A 3 . 
E l s e v i e r , A m s t e r d a m , 5 3 - 7 4 . 

M a d s e n , A . 1 9 8 3 c . T h e m o l e c u l a r b a s i s of a n i m a l p r o d u c t i o n : 
M e t a b o l i s m in s k e l e t a l m u s c l e c e l l s . C h a p . 2 i n : D y n a m i c 
B i o c h e m i s t r y of A n i m a l P r o d u c t i o n ( e d . P . M . R i i s ) . W o r l d 
Ani m . S c i . , A 3 . E l s e v i e r , A m s t e r d a m , 9 - 2 8 . 

M a d s e n , J . 1 9 8 6 . I n f l u e n c e of f e e d i n g level on d i g e s t i o n and 
p r o t e i n p a s s a g e to the d u o d e n u m in c o w s fed h i g h c o n c e n t r a t e 

d i e t s . A c t a A g r i c . S c a n d . 3 6 , 2 7 5 - 2 8 5 . 

W a e n g , W . J . 8 B a l d w i n , R . L . 1 9 7 6 a . D y n a m i c s of f e r m e n t a t i o n of a 

p u r i f i e d d i e t a n d m i c r o b i a l g r o w t h in t h e r u m e n . J . D a i r y 

Sci . 5 9 , 6 3 6 - 6 4 2 . 

M a e n g , W . J . 8 B a l d w i n , R . L . 1 9 7 6 b . F a c t o r s i n f l u e n c i n g rumen 
m i c r o b i a l g r o w t h rates a n d y i e l d s : E f f e c t s of a m i n o a c i d 
a d d i t i o n s to a p u r i f i e d d i e t w i t h n i t r o g e n f r o m u r e a . J . D a i r y 
Sci . _59, 6 4 8 - 6 5 5 . 
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M a e n g , W . J . & B a l d w i n , R . L . 1 9 7 6 c . F a c t o r s i n f l u e n c i n g r u m e n 

m i c r o b i a l g r o w t h r a t e s and y i e l d s : E f f e c t s of u r e a a n d a m i n o 
a c i d s o v e r t i m e . J . D a i r y S c i . 5 9 , 6 4 3 - 6 4 7 . 

M a n n s , J . G . 1 9 7 2 , P a n c r e a t i c h o r m o n e s and m e t a b o l i t e s in n o r m a l 

c o w s d u r i n g e a r l y p r e - a n d p o s t - p a r t u m : i m p l i c a t i o n s of t h e s e 
s t u d i e s in b o v i n e k e t o s i s . C a n . V e t . J . 1 3 , 1 5 1 - 1 5 5 . 

M a n s i o n , R . , R o w l a n d s , G . J ., L i t t l e , W . 8 Col I i s , K . A . 1 9 8 1 . 

V a r i a b i l i t y of the b l o o d c o m p o s i t i o n of d a i r y c o w s in r e l a -
t i o n to time of d a y . J . a g r i c . S c i . , ( C a m b . ) 96_, 5 9 3 - 5 9 8 . 

M a r t i n , R . J . 8 W i l s o n , 1 . 1 . 1 9 7 4 . C o m p a r i s o n of t i s s u e e n z y m e 

l e v e l s and c a r c a s s c h a r a c t e r i s t i c s in H e r e f o r d a n d Ho I st e i n 
S t e e r s . J . ftnim, S c i . 3 9 , 8 6 5 - 8 7 0 . 

M a s o n , V . C . , Na r a n g , M . P . , O n o n i w u , J . C . & K e s s a n k , P . 1 9 7 7 . T h e 
r e l a t i o n s h i p b e t w e e n n i t r o g e n m e t a b o l i s m in the h i n d - g u t and 
n i t r o g e n e x c r e t i o n . I n : P r o t e i n M e t a b o l i s m a n d N u t r i t i o n C e d . 
S . T a m m i n g a ) . E A A P P u b l . N o . 2 2 . C e n t r e for A g r i c . P u b l . and 
D o c u m e n t . , W a g e n i n g e n , 6 1 - 6 3 . 

M c M e n i m a n , N . P . , B e n - G h e d a I i a , D . & A r m s t r o n g , D . G . 1 9 7 6 . 

N i t r o g e n - e n e r g y i n t e r a c t i o n s in r u m e n f e r m e n t a t i o n . C h a p . 12 
in: P r o t e i n M e t a b o l i s m a n d N u t r i t i o n ( e d . D . J . A . C o l e , K . N . 
B o o r m a n , P . J . B u t t e r y , D . L e w i s , R . J . N e a l e 8 H . S w a n ) . E A A P 
P u b l . N o . 1 6 . B u t t e r w o r t h s , L o n d o n , 2 1 7 - 2 2 9 . 

M c N a m a r a , J . P . 8 Hi I l e r s , J . K . 1 9 8 6 a . A d a p t a t i o n s in l i p i d 

m e t a b o l i s m of b o v i n e a d i p o s e t i s s u e in la c t o g e n e s i s a n d 
l a c t a t i o n . J . L i p i d R e s . 2_7, 1 5 0 - 1 5 7 . 

M c N a m a r a , J . P . 8 Hi I l e r s , J . K . 1 9 8 6 b . R e g u l a t i o n of b o v i n e a d i p o s e 
t i s s u e m e t a b o I i s m d u r i n g l a c t a t i o n . 1 . L i p i d s y n t h e s i s in 
r e s p o n s e to i n c r e a s e d m i l k p r o d u c t i o n and d e c r e a s e d e n e r g y 
i n t a k e . J . D a i r y S c i . 6 9 , 3 0 3 2 - 3 0 4 1 . 

M c N a m a r a , J . P . 8 Hi I l e r s , J . K . 1 9 8 6 c . R e g u l a t i o n of b o v i n e a d i p o s e 
t i s s u e met abo I i s m d u r i n g l a c t a t i o n . 2 . L i p o l y s i s r e s p o n s e to 
m i l k p r o d u c t i o n and e n e r g y i n t a k e . J . D a i r y S c i . 6 9 , 3 0 4 2 -
3 0 5 0 . — 

M c N a m a r a , J . P . , M c F a r l a n d , D . C . 8 B a i , S . 1 9 8 7 . R e g u l a t i o n of 

b o v i n e a d i p o s e t i s s u e m e t a b o l i s m d u r i n g l a c t a t i o n . 3 . A d a p -
t a t i o n s of h o r m o n e - s e n s i t i v e and l i p o p r o t e i n l i p a s e s . J . 
D a i r y S c i . 7 0 , 1 3 7 7 - 1 3 8 4 . 

M c V e i g h , J . M . & T a r r a n t , P . V . 1 9 8 2 . G l y c o g e n c o n t e n t a n d r e p l e t i o n 
r a t e s in beef m u s c l e , e f f e c t of f e e d i n g and f a s t i n g . J . N u t r . 
1 1 2 , 1 3 0 6 - 1 3 1 4 . 
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Meh r e z , A . Z . , © r s k o v , E . R . 8 M c D o n a l d , I . 1 9 7 7 . R a t e s of r u m e n 
f e r m e n t a t i o n in r e l a t i o n to a m m o n i a c o n c e n t r a t i o n . B r . J . 
Nut r . 3 8 , 4 3 7 - 4 4 3 . 

M e i s s n e r , H . H . , P i e n a a r , J . P . , L i e b e n b e r g , L . H . P . 8 R o u x , C . Z . 
1 9 7 9 . R u m e n flow d y n a m i c s and v o l u n t a r y i n t a k e in r u m i n a n t s . 

A n n . R e c h . V e t . 10> 2 1 9 - 2 2 2 . 

M e p h a m , T . B . 1 9 8 2 . A m i n o a c i d u t i l i z a t i o n by l a c t a t i n g m a m m a r y 

g l a n d . J . D a i r y S e i . 65_, 2 8 7 - 2 9 8 . 

M e p h a m , T . B . 1 9 8 3 . P h y s i o l o g i c a l a s p e c t s of l a c t a t i o n . C h a p . 1 in: 
B i o c h e m i s t r y of L a c t a t i o n ( e d . T . B . M e p a h m ) . E l s e v i e r , 
A m s t e r d a m , 3 - 2 8 . 

M e p h a m , T . B , , G a y e , P . 8 M e r c i e r , J . - C . 1 9 8 2 . B i o s y n t h e s i s of m i l k 
p r o t e i n s . C h a p . 4 in: D e v e l o p m e n t s in D a i r y C h e m i s t r y - 1 ( e d . 
P . F . F o x ) . A p p l i e d S e i . P u b I . , L o n d o n , 1 1 5 - 1 5 6 . 

M e p h a m , T . B . , L a w r e n c e , S . E . , P e t e r s , A . R . 8 H a r t , I . C . 1 9 8 4 . 
E f f e c t s of e x o g e n o u s g r o w t h h o r m o n e on m a m m a r y f u n c t i o n in 
l a c t a t i n g g o a t s . H o r m , m e t a b o I . R e s . 1 6 , 2 4 8 - 2 5 3 . 

M e r c e r , J . R . 8 A n n i s o n , E . F . 1 9 7 6 . U t i l i s a t i o n of n i t r o g e n in 
r u m i n a n t s . C h a p . 22 in: P r o t e i n M e t a b o l i s m and N u t r i t i o n C e d . 
D . J . A . C o l e , K . N . B o o r m a n , P . J . B u t t e r y , D . L e v i s , R . J . N e a l e 
& H . S w a n ) . E A A P P u b l . N o . 1 6 . B u t t e r w o r t h s , L o n d o n , 3 9 7 - 4 1 6 . 

M e r c i e r , J . - C . 8 G a y e , P . 1 9 8 2 . E a r l y e v e n t s in s e c r e t i o n of m a i n 

m i l k p r o t e i n s : O c c u r r e n c e of p r e c u r s o r s . J . D a i r y S e i . 6 5 , 

2 9 9 - 3 1 6 . 

M e r t e n s , D . R . & E l y , L . O . 1 9 7 9 . A d y n a m i c m o d e l of f i b e r d i g e s t i o n 

and p a s s a g e in the r u m i n a n t for e v a l u a t i n g f o r a g e q u a l i t y . J . 

A n i m . Sei . 4 9 , 1 0 8 5 - 1 0 9 5 . 

M e s b a h , M . M . & B a l d w i n , R . L . 1 9 8 3 . E f f e c t s of d i e t , p r e g n a n c y , and 
l a c t a t i o n on e n z y m e a c t i v i t i e s a n d g l u c o n e o g e n e s i s in r u m i -
n a n t l i v e r . J . D a i r y S e i . 6 6 , 7 8 3 - 7 8 8 . 

M e t z , S . H . M . 8 van den B e r g h , S . G . 1 9 7 7 . R e g u l a t i o n of fat 
m o b i l i z a t i o n in a d i p o s e t i s s u e of d a i r y c o w s in t h e p e r i o d 
a r o u n d p a r t u r i t i o n . N e t h . J . a g r i c . S e i . 2 5 , 1 9 8 - 2 1 1 . 

M i l l e r , E . L . 1 9 7 3 . E v a l u a t i o n of f o o d s as s o u r c e s of n i t r o g e n and 

a m i n o a c i d s . P r o c . N u t r . S o c . 3 2 , 7 9 - 8 4 . 

M o e , P . W . , F l a t t , W . P . & M o o r e , L . A . 1 9 6 6 . E f f e c t of l e v e l of feed 

i n t a k e on e n e r g y l o s s e s by d a i r y c o w s . J . D a i r y S e i . 4 9 , 7 1 4 . 
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M o r r i s , J . G . , B a l d w i n , R . L . , M a e n g , W . J . & M a e d a , B . T . 1 9 7 5 . B a s i c 
c h a r a c t e r i s t i c s of a c o m p u t e r - s i m u l a t e d m o d e l of n i t r o g e n 
u t i l i z a t i o n in the g r a z i n g r u m i n a n t . I n : T r a c e r S t u d i e s on 
N o n - p r o t e i n N i t r o g e n for R u m i n a n t s I I . I A E A , V i e n n a , 6 5 - 7 9 . 

M u n c k , B . G . 1 9 7 6 . A m i n o a c i d t r a n s p o r t . C h a p . 5 in: P r o t e i n 
M e t a b o l i s m and N u t r i t i o n C e d . B . J . A . C o l e , K . N . B o o r m a n , P . J . 
B u t t e r y , D . L e w i s , R . J . N e a l e 8 H . S w a n ) . E A A P P u b l . N o . 1 6 . 
B u t t e r w o r t h s , L o n d o n , 7 3 - 9 5 . 

M u r p h y , M . R . , B a l d w i n , R . L . & U l y a t t , M . J . 1 9 8 6 . A n u p d a t e of a 

d y n a m i c m o d e l of r u m i n a n t d i g e s t i o n . J . A n i m . S c i . 6 2 , 1 4 1 2 -
1 4 2 2 . — 

M ø l l e r , P . D . 1 9 7 3 . T h e i n f l u e n c e of d i f f e r e n t c a r b o h y d r a t e s o u r c e s 
o n t h e u t i l i z a t i o n of u r e a n i t r o g e n by l a c t a t i n g d a i r y c o w s . 
4 1 2 . R e p . N a t . I n s t . Ani m . S c i . , C o p e n h a g e n , 2 0 4 p p . 

N e a l , H . D . S t . C . 8 T h o r n l e y , J . H . M . 1 9 8 3 . T h e l a c t a t i o n c u r v e in 

c a t t l e : a m a t h e m a t i c a l m o d e l of the m a m m a r y g l a n d . J . a g r i c . 
S c i . , C C a m b . ) 1 0 1 , 3 8 9 - 4 0 0 . 

Nei m a n n - S ø r e n s e n , A . 1 9 8 3 . M a l k e k o e n s k a r a k t e r i s t i k a . C h a p . 2 i n : 
O p t i m u m F e e d i n g of the D a i r y C o w . Feed C o m p o s i t i o n , F e e d In-
t a k e , M e t a b o l i s m and P r o d u c t i o n ( e d . V . Ø s t e r g a a r d & A . 
N e i m a n n - S ø r e n s e n ) . 5 5 1 . R e p . N a t . I n s t . A n i m . S c i . , C o p e n h a -
g e n , 2 . 1 - 2 . 1 7 . 

N i e l s e n , M . 0 . 1 9 8 8 . E f f e c t of r e c o m b i n a n t l y d e r i v e d b o v i n e s o m a t o -
t r o p i n on m a m m a r y g l a n d s y n t h e t i c c a p a c i t y in l a c t a t i n g 
g o a t s . J . A n i m . P h y s i o l . A n i m . N u t r . 5 9 , 2 6 3 - 2 7 2 . 

N o l a n , J . V . 1 9 7 5 . Q u a n t i t a t i v e m o d e l s of n i t r o g e n m e t a b o l i s m in 

s h e e p . I n : D i g e s t i o n and M e t a b o l i s m in the R u m i n a n t ( e d . I . W . 
M c D o n a l d 8 A . C . I . W a r n e r ) . U n i v . of New E n g l a n d P u b l . U n i t , 
A rmi da I e , 4 1 6 - 4 3 1 . 

N ø r g a a r d , P . 1 9 8 1 . F o d e r s t r u k t u r e n s i n d f l y d e l s e p i l a k t e r e n d e 
k ø e r s t y g g e a k t i v i t e t og v o m m o t o r i k . L i c e n t i a t a f h . H u s d y r -
b r u g s i n s t i t u t t e t . Den k g l . V e t e r i n æ r - og L a n d b o h ø j s k o l e , 
K ø b e n h a v n , 161 p p . 

N ø r g a a r d , P . 1 9 8 4 . P e r s o n a l c o m m u n i c a t i o n . 

N ø r g a a r d , P . 1 9 8 7 . T h e i n f l u e n c e of l e v e l of f e e d i n g and p h y s i c a l 
form of the f e e d on the reti cuI o — rum e n f e r m e n t a t i o n in d a i r y 
c o w s fed 12 t i m e s d a i l y . A c t a A g r i c . S c a n d . 3 7 , 3 5 3 - 3 6 5 . 
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O k a m o t o , M . 8 H a y a s h i , K . 1 9 8 4 . H o m e o s t a t i c c a p a b i l i t y of 
r a t e - s e n s i t i v e f e e d b a c k s y s t e m : m a t h e m a t i c a l m o d e l . A m e r . J . 

P h y s i o l . 2 4 7 , R 9 2 7 - R 9 3 1 . 

O l d h a m , J . D . 1 9 7 8 . U t i l i s a t i o n of t h e e n d - p r o d u c t s of p r o t e i n 

d i g e s t i o n for l a c t a t i o n . I n : R u m i n a n t D i g e s t i o n a n d F e e d 

E v a l u a t i o n ( e d . D . F . O s b o u r n , D . E . B e e v e r & D . J . T h o m s o n ) . 

A R C , L o n d o n , 1 3 . 1 - 1 3 . 1 4 . 

O l d h a m , J . D . , B r u c k e n t a l , I . 8 N i s s e n b a u m , A . 1 9 8 0 a . O b s e r v a t i o n s 

o n r u m e n a m m o n i a m e t a b o l i s m in l a c t a t i n g d a i r y c o w s . J . 

a g r i c . S e i . , ( C a m b .) 9 5 , 2 3 5 - 2 3 8 . 

O l d h a m , J . D . , L o b l e y , G . E . , K ö n i g , B . A . , P a r k e r , D . S . 8 S m i t h , 
R . W . 1 9 8 0 b . A m i n o a c i d m e t a b o l i s m in l a c t a t i n g d a i r y c o w s 
e a r l y in l a c t a t i o n . I n : P r o t e i n M e t a b o l i s m a n d N u t r i t i o n ( e d . 
H . J . 0s l ä g e & K . R o h r ) . E A A P P u b l . N o . 2 7 . I n f o r m . C e n t r e of 
B u n d e s f o r s c h u n g s a n s t a l t f ü r L a n d w i r t s c h a f t , B r a u n s c h w e i g , 
4 5 8 - 4 6 4 . 

O l d h a m , J . D . , S u t t o n , J . D . & M c A l l a n , A . B . 1 9 7 9 . P r o t e i n d i g e s t i o n 

a n d u t i l i z a t i o n b y d a i r y c o w s . A n n . R e c h . V e t . 2 9 0 - 2 9 3 . 

0 it ne r , R . 8 Wi k t o r s s o n , H . 1 9 8 3 . U r e a c o n c e n t r a t i o n s in m i l k a n d 

b l o o d as i n f l u e n c e d by f e e d i n g v a r y i n g a m o u n t s of p r o t e i n and 

e n e r g y to d a i r y c o w s . L i v e s t . P r o d . S e i , 10/- 4 5 7 - 4 6 7 . 

O w e n s , F . N . 8 B e r g e n , W . G . 1 9 8 3 . N i t r o g e n m e t a b o l i s m of r u m i n a n t 

a n i m a l s : H i s t o r i c a l p e r s p e c t i v e , c u r r e n t u n d e r s t a n d i n g a n d 

f u t u r e i m p l i c a t i o n s . J . A n i m . S e i . 5 7 , S u p p l . 2 , 4 9 8 - 5 1 8 . 

O w e n s , F . N . 8 G o e t s c h , A . L . 1 9 8 6 . D i g e s t a p a s s a g e a n d m i c r o b i a l 

p r o t e i n s y n t h e s i s . C h a p . 11 i n : C o n t r o l of D i g e s t i o n a n d 

M e t a b o l i s m in R u m i n a n t s C e d . L . P . M i l l i g a n , W . L . G r o v u m « A . 

D o b s o n ) . P r e n t i c e - H a l l , N e w J e r s e y , 1 9 6 - 2 2 3 . 

P a I m q u i s t , D . L . 1 9 7 6 . A k i n e t i c c o n c e p t of l i p i d t r a n s p o r t in 

r u m i n a n t s . A r e v i e w . J . D a i r y S e i . 5 9 , 3 5 5 - 3 6 3 . 

P a I m q u i s t , D . L . & C o n r a d , H . R . 1 9 7 8 . H i g h fat r a t i o n s f o r d a i r y 

c o w s . E f f e c t s on feed i n t a k e , mi Ik a n d f a t p r o d u c t i o n , a n d 
p l a s m a m e t a b o l i t e s . J . D a i r y S e i . 61_, 8 9 0 - 9 0 1 . 

P e e l , C . J . , B a u m a n , D . E . , G o r e w i t , R . C . 8 S n i f f e n , C . J . 1 9 8 1 a . 
E f f e c t of e x o g e n o u s g r o w t h h o r m o n e on l a c t a t i o n a l p e r f o r m a n c e 
in h i g h y i e l d i n g d a i r y c o w s . J . N u t r . 11 1 , 1 6 6 2 - 1 6 7 1 . 

P e e l , C . J . , F r o n k , T . J . , B a u m a n , D . E . & G o r e w i t , R . C . 1 9 8 1 b . 

E f f e c t of g r o w t h h o r m o n e a d m i n i s t r a t i o n a n d a b o m a s a I i n f u s i o n 

of c a s e i n a n d g l u c o s e on l a c t a t i o n a l p e r f o r m a n c e in d a i r y 

c o w s . J . D a i r y S e i . 6 4 , S u p p l . 1 , 1 2 4 . 
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P e e l , C.J . , F r o n k , T . J . , B a u m a n , D . E . & G o r e w i t , R . C . 1 9 8 2 a . 

L a c t a t i o n a l r e s p o n s e to e x o g e n o u s g r o w t h h o r m o n e a n d a b o m a s a l 
i n f u s i o n of a g l u c o s e - s o d i u m c a s e i n a t e m i x t u r e in h i g h -
y i e l d i n g d a i r y c o w s , J . Nut r . 1 1 2 , 1 7 7 0 - 1 7 7 8 . 

P e e l , C . J . , f r o n k , T . J . , B a u m a n , D . E . 8 G o r e w i t , R . C . 1 9 8 3 . 
E f f e c t of e x o g e n o u s g r o w t h h o r m o n e in e a r l y and late 
l a c t a t i o n on l a c t a t i o n a l p e r f o r m a n c e of d a i r y c o w s J D a i r y 
Sci . 6 6 , 7 7 6 - 7 8 2 . 

P e e l , C . J . , S a n d l e s , L . D ., Q u e l c h , K . J . 8 Her i n g t o n , A.C . 1985 . 
T h e e f f e c t s of l o n g - t e r m a d m i n i s t r a t i o n of b o v i n e g r o w t h 
h o r m o n e on t h e l a c t a t i o n a l p e r f o r m a n c e of i d e n t i c a l - t w i n 
d a i r y c o w s . A n i m . P r o d . 4_1_, 1 3 5 - 1 4 2 . 

P e e l , C . J . , S t e i n h o u r , W . D . , B a u m a n , D .E . , T y r r e l l , H . F . , B r o w n , 
A . C . G . , R e y n o l d s , P . J . & H a a l a n d , G . L . 1 9 8 2 b . A d m i n i s t r a t i o n 
of b o v i n e g r o w t h h o r m o n e to h i g h y i e l d i n g H o l s t e i n c o w s . I I . 
I n f l u e n c e on i r r e v e r s i b l e loss and o x i d a t i o n r a t e of f r e e 
f a t t y a c i d s and g l u c o s e . J . D a i r y S c i . 6 5 , S u p p l . 1 , 1 7 0 - 1 7 1 . 

P e e t e r s , G ., H o u v e n a g h e l , A . , R o e t s , E . , M a s s a r t - L e e n , A . M . , V e r b e -
k e , R . , D h o n d t , G . & V e r s c h o o t e n , F . 1 9 7 9 . E l e c t r o m a g n e t i c 
b l o o d f l o w r e c o r d i n g and b a l a n c e of n u t r i e n t s in the u d d e r of 
l a c t a t i ng c o w s . J . A n i m . S c i . 4 8 , 1 1 4 3 - 1 1 5 3 . 

Peh r s o n , B . & K n u t s s o n , M . 1 9 8 0 . G l u c o s e and l a c t o s e a b s o r p t i o n 
from t h e s m a l l i n t e s t i n e of d a i r y c o w s . Z b l . V e t . M e d . A 27 
6 4 4 - 6 5 1 . . — ' 

Phi l l i p s o n , A . T . 1 9 7 0 . R u m i n a n t d i g e s t i o n . C h a p . 22 i n : D u k e ' s 
P h y s i o l o g y of D o m e s t i c A n i m a l s C e d . M . J . S w e n s o n ) . 8 . e d . 
C o r n e l l U n i v . P r e s s , I t h a c a , 4 2 4 - 4 8 3 . 

Phi l l i p s o n , P . E . 1 9 8 2 . A n a l y t i c a l s o l u t i o n of c o u p l e d n o n l i n e a r 

rate e q u a t i o n s . I . Mi c h a e I i s - N e n t e n k i n e t i c s . B i o p h y s . C h e m . 

P o t h o v e n , M.A. & B e i t z , D . C . 1 9 7 3 . E f f e c t of a d i p o s e t i s s u e s i t e , 
a n i m a l w e i g h t , a n d l o n g - t e r m f a s t i n g on l i p o g e n e s i s in the 
b o v i n e . J . N u t r . 1 0 3 , 4 6 8 - 4 7 5 . 

P r i o r , R . L . 8 S m i t h , S . B . 1 9 8 2 . H o r m o n a l e f f e c t s on p a r t i t i o n i n g 
of n u t r i e n t s for t i s s u e g r o w t h : role of i n s u l i n . F e d . P r o c 
4 0 , 2 5 4 5 - 2 5 4 9 . 

R a y , S . R . , C r o o m , W . J . , J r . , R a k e s , A . H . , L i n n e r u d , A . C . 8 B r i t t , 
J . H . 1 9 8 3 . E f f e c t s of m e t h i o n i n e h y d r o x y a n a l o g on m i l k 
s e c r e t i o n and r u m i n a l and b l o o d v a r i a b l e s of d a i r y c o w s fed a 
low f i b e r d i e t . J . D a i r y S c i . 66_, 2 0 8 4 - 2 0 9 2 . 

R e i c h , J . G . 8 S e l ' k o v , E . E . 1 9 8 1 . E n e r g y M e t a b o l i s m of t h e C e l l . A 
T h e o r e t i c a l T r e a t i s e . A c a d . P r e s s , L o n d o n , 3 4 5 p p . 
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R e i c h t , J . R . & B a l d w i n , R . L . 1 9 7 5 . R u m e n m o d e l i n g : R u m e n i n p u t -
o u t p u t b a l a n c e m o d e l s . J . D a i r y S c i . 5 8 , 8 7 9 - 8 9 0 . 

R e i c h l , J . R . 8 R e i s e r , W . 1 9 8 4 . C o m p u t e r s i m u l a t i o n von S t o f f w e c h -
se Ip r o z e s s e n im G e w e b e . I n : M e d i z i n i s c h e I n f o r m a t i k und S t a -
t i s t i k . S y s t e m a n a l y s e b i o l o g i s c h e r P r o z e s s e . S p r i n g e r - V e r l a g , 
B e r l i n , 1 0 9 - 1 1 4 . 

R e i d , I . M . 8 R o b e r t s , C . J . 1 9 8 3 . S u b c l i n i c a l f a t t y liver in d a i r y 
c o w s - C u r r e n t r e s e a r c h and f u t u r e p r o s p e c t s . Irish V e t . J . 
3 7 , 1 0 4 - 1 1 0 . 

R e i d , I . M . , R o b e r t s , C . J . & Bai r d , G . D . 1 9 8 0 . T h e e f f e c t s of 

u n d e r f e e d i n g d u r i n g p r e g n a n c y and l a c t a t i o n on s t r u c t u r e and 
c h e m i s t r y of b o v i n e liver and m u s c l e . J . a g r i c . S c i . , ( C a m b . ) 
9 4 , 2 3 9 - 2 4 5 . 

R e i d , I . M . 8 T r e a c h e r , R . J . 1 9 8 3 . N i a c i n in t h e d a i r y c o w . A n i m a l 
N u t r i t i o n E v e n t s , N o . 1 8 7 6 , 1 - 1 5 . 

R e i s e r , R . 1 9 7 5 . Fat has less c h o l e s t e r o l t h a n l e a n . J . N u t r . 1 0 5 , 
1 5 - 1 6 . 

R i c h , A . J . , C h a m b e r s , P . 8 J o h n s t o n , I . D . A . 1 9 8 8 . A r e k e t o n e 

b o d i e s an a p p e t i t e s u p p r e s s a n t ? A b s t r a c t s of C o m m u n i c a t i o n s 
f r o m the 4 5 9 . m e e t i n g of the N u t r i t i o n S o c i e t y ( u n c o r r e c t e d 
p r o o f . 

R i c k s , C . A . 8 C o o k , R . M . 1 9 8 1 . R e g u l a t i o n of v o l a t i l e f a t t y a c i d 

u p t a k e by m i t o c h o n d r i a l a c y l CoA s y n t h e t a s e s of b o v i n e l i v e r . 
J . D a i r y S c i . 6 4 , 2 3 2 4 - 2 3 3 5 . 

R i i s , P . M . 1 9 8 3 a . T h e p o o l s of c e l l u l a r n u t r i e n t s : A m i n o a c i d s . 
C h a p . 8 in: D y n a m i c B i o c h e m i s t r y of A n i m a l P r o d u c t i o n ( e d . 
P . M . R i i s ) . W o r l d An i m . S c i . , A 3 . E l s e v i e r , A m s t e r d a m , 1 5 1 -
1 7 2 . 

R i i s , P . M . 1 9 8 3 b . T h e p o o l s of t i s s u e c o n s t i t u e n t s and p r o d u c t s : 
P r o t e i n s . C h a p 5 in: D y n a m i c B i o c h e m i s t r y of A n i m a l P r o d u c -
t i o n ( e d . P . M . R i i s ) . W o r l d A n i m . S c i . , A 3 . E l s e v i e r , A m s t e r -
d a m , 7 5 - 1 0 8 . 

R o b i n s o n , P . H . , F a d e l , J . G . 8 T a m m i n g a , S . 1 9 8 6 . E v a l u a t i o n of 

m a t h e m a t i c a l m o d e l s to d e s c r i b e n e u t r a l d e t e r g e n t r e s i d u e in 
t e r m s of its s u s c e p t i b i l i t y to d e g r a d a t i o n in t h e r u m e n . 
A n i m . Feed S c i . T e c h n o l . 1 5 , 2 4 9 - 2 7 1 . 

R o b i n s o n , P . H . & Sni f f e n , C . J . 1 9 8 5 . F o r e s t o m a c h and w h o l e t r a c t 
d i g e s t i b i I i t y for L a c t a t i ng d a i r y c o w s a s i nf l u e n c e d by 
f e e d i n g f r e q u e n c y . J . D a i r y S c i . 6 8 , 85 7 - 8 6 7 . 
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R o t h s c h i l d , B . 8 R e i c h t , J . R . 1 9 8 3 . A u f n a h m e von A m i n o s ä u r e n in 
v i t r o in d a s D ü n n d a r m g e w e b e . 4» M i t t e i l u n g . U n t e r s u c h u n g e n an 
e r w a c h s e n e n R i n d e r n v e r s c h i e d e n e r H e r k u n f t . Z . T i e r p h y s i o l . , 
T i e r e r n ä h r g . u . F u t t e r m i t t e l k d e . 50 , 25 5 - 2 6 2 . 

R o y , J . H . B . , B a l c h , C . C . , M i l l e r , E . L ., » r s k o v , E . R . 8 S m i t h , R . H . 
1 9 7 ? . C a l c u l a t i o n of the N - r e q u i renient for r u m i n a n t s f r o m 
n i t r o g e n m e t a b o l i s m s t u d i e s . I n : P r o t e i n M e t a b o l i s m a n d 
N u t r i t i o n ( e d . S . T a m m i n g a ) . E A A P P u b l . N o . 2 2 . C e n t r e for 
A g r i c . P u b l , and D o c u m e n t . , W a g e n i n g e n , 1 2 6 - 1 2 9 . 

R uIqu i n , H . 1 9 8 1 . E t u d e m é t h o d o l o g i q u e sur la m e s u r e d e s d i f f é -
r e n c e s a r t é r i o - v e i n e u s e s m a m m a i r e s c h e z la v a c h e l a i t i è r e . 
R ep r o d . N ut r . D é v e l o p . 2 1 , 3 1 - 4 6 . 

R u I q u i n , H . 1 9 8 3 . E f f e t s sur la d i g e s t i o n et le m é t a b o l i s m e d e s 
v a c h e s l a i t i è r e s d ' i n f u s i o n s d ' a c i d e s g r a s v o l a t i l s d a n s le 
r u m e n et de c a s é i n a t e d a n s le d u o d é n u m . I I . - M é t a b o l i s m e 
g é n é r a l et m a m m a i r e . R ep r o d . N u t r . D é v e l o p . 2 3 , 1 0 2 9 - 1 0 4 2 . 

R u s s e l l , J . B . & H e s p e 1 1 , R . B . 1 9 8 1 . M i c r o b i a l rumen f e r m e n t a t i o n . 

J . D a i r y S c i . 6 4 , 1 1 5 3 - 1 1 6 9 . 

S A S U s e r ' s G u i d e 1 9 8 2 a . B a s i c s . SAS I n s t i t u t e I n c . , Ca r y , N C , 9 2 3 

p p . 

SAS U s e r ' s G u i d e 1 9 8 2 b . S t a t i s t i c s . S A S I n s t i t u t e I n c . , C a r y , N C , 

584 p p . 

S a t t e r , L . D . & R o f f l e r , R . E . 1 9 7 5 . N i t r o g e n r e q u i r e m e n t and 
u t i l i z a t i o n in d a i r y c a t t l e . J . D a i r y S c i . 5 8 , 1 2 1 9 - 1 2 3 7 . 

S c h a u e r , M . & H e i n r i c h , R . 1 9 8 3 . Q u a s i - s t e a d y - s t a t e a p p r o x i m a t i o n 
in t h e m a t h e m a t i c a l m o d e l l i n g of b i o c h e m i c a l r e a c t i o n n e t -
w o r k s . M a t h . B i o s c i . 6 5 , 1 5 5 - 1 7 0 . 

S c h i e m a n n , R . , N e h r i n g , K . , H o f f m a n n , L . , J e n t s c h , W . S C h u d y , A . 
1 9 7 2 . E n e r g e t i s c h e F u t t e r b e w e r t u n g und E n e r g i e n o r m e n . V E B 
D e u t s c h e r L a n d w i r t s c h a f t s v e r l a g , B e r l i n ( N a c h d r u c k ) , 3 4 4 p p . 

S c h u l t z , L . H . 1 9 7 4 . K e t o s i s . C h a p . 9 i n : L a c t a t i o n . A C o m p r e -
h e n s i v e T r e a t i s e , V o l . 11 ( e d . B . L . L a r s o n S V . R . S m i t h ) . 
A c a d . P r e s s , New Y o r k , 31 7 - 3 5 3 . 

S c h w a I m , J . W . , W a t e r m a n , R . , S h o o k , G . E . & S c h u l t z , L . H . 1 9 6 9 . 
B l o o d m e t a b o l i t e i n t e r r e l a t i o n s h i p s and m a m m a r y a r t e r i o v e n o u s 
d i f f e r e n c e s in t h e k e t o t i c c o w . J . D a i r y S c i . 5 2 , 9 1 5 . 

S e j r s e n , K . 1 9 8 7 . P e r s o n a l c o m m u n i c a t i o n . 
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S h a m a y , A . , C o h e n , N . , N i w a , M . 8 G e n t l e r , A . 1 9 8 8 . E f f e c t of 
i n s u l i n - l i k e g r o w t h f a c t o r I on d e o x y r i b o n u c l e i c a c i d 
s y n t h e s i s and ga I a c t o p o i e s i s in b o v i n e u n d i f f e r e n t i a t e d a n d 
l a c t a t i ng m a m m a r y t i s s u e in v i t r o . E n d o c ri no I . 1 2 3 , 8 0 4 - 8 0 9 . 

S h i r l e y , J . E . , E m e r y , R . S . , C o n v e y , E . M . 8 O x e n d e r , W . D . 1 9 7 3 . 
E n z y m i c c h a n g e s in b o v i n e a d i p o s e and m a m m a r y t i s s u e , s e r u m 

and m a m m a r y t i s s u e h o r m o n a l c h a n g e s w i t h i n i t i a t i o n of l a c t a -

t i o n J . D a i r y S c i . 5 6 , 5 6 9 - 5 7 4 . 

S h i r l e y , J . E . , E m e r y , R . S . & C u m m i n s , E . 1 9 7 2 . M a m m a r y a n d a d i p o s e 

l i p o p r o t e i n l i p a s e r e s p o n s e s to h o r m o n e s . J . D a i r y S c i . 5 5 , 

7 1 3 . 

S m i t h , G . H . 1 9 7 1 . G l u c o s e m e t a b o l i s m in the r u m i n a n t . P r o c . N u t r . 

S o c . 3 0 , 2 6 5 - 2 7 2 . 

S m i t h , G . H . , C r a b t r e e , B . 8 S m i t h , R . A . 1 9 8 3 . E n e r g y m e t a b o l i s m in 
t h e m a m m a r y g l a n d . C h a p . 4 i n : B i o c h e m i sty of L a c t a t i o n C e d . 
T . B . M e p h a m ) . E l s e v i e r , A m s t e r d a m , 1 2 1 - 1 4 0 . 

S m i t h , N . E . 8 B a l d w i n , R . L . 1 9 7 4 . E f f e c t s of b r e e d , p r e g n a n c y , and 
l a c t a t i o n on w e i g h t of o r g a n s and t i s s u e s in d a i r y c a t t l e . J . 

D a i r y Sci . 57_, 1 0 5 5 - 1 0 6 0 . 

S m i t h , R . H . 1 9 7 5 . N i t r o g e n m e t a b o l i s m in the r u m e n and t h e c o m p o -
s i t i o n a n d n u t r i t i v e v a l u e of n i t r o g e n c o m p o u n d s e n t e r i n g t h e 
d u o d e n u m . I n : D i g e s t i o n a n d M e t a b o l i s m in the R u m i n a n t ( e d . 
I . W . M c D o n a l d & A . C . I . W a r n e r ) . U n i v . of New E n g l a n d P u b l . 
U n i t . , A r m i d a l e , 3 9 9 - 4 1 5 . 

S m i t h , R . H . 1 9 7 9 . S y n t h e s i s of m i c r o b i a l n i t r o g e n c o m p o u n d s in the 

r u m e n and t h e i r s u b s e q u e n t d i g e s t i o n . J . A n i m . S c i . 4 9 , 1 6 0 4 -

1 6 1 4 . 

S m i t h , R . H . , M c A l l a n , A . B . , H e w i t t , D . & L e w i s , P . E . 1 9 7 8 . E s t i -
m a t i o n of a m o u n t s of m i c r o b i a l and d i e t a r y n i t r o g e n c o m p o u n d s 
e n t e r i n g t h e d u o d e n u m of c a t t l e . J . a g r i c . S c i . , ( C a m b . ) 9 0 , 
5 5 7 - 5 6 8 . 

S m i t h , R . H . , S a l t e r , D . N . , S u t t o n , J . D . & M c A l l a n , A . B . 1 9 7 5 . 
Synt-hesis a n d d i g e s t i o n of m i c r o b i a l n i t r o g e n c o m p o u n d s a n d 
V FA p r o d u c t i o n by the b o v i n e . I n : T r a c e r S t u d i e s on 
N o n - p r o t e i n N i t r o g e n for R u m i n a n t s I I . I A E A , V i e n n a , 8 1 - 9 3 . 

S m i t h , R . W . , K n i g h t , R . A . 8 W a l s h , A . 1 9 8 2 . A c t i v i t i e s of s o m e en-
z y m e s of g l u c o s e m e t a b o l i s m in b o v i n e l i v e r and k i d n e y c o r t e x 
at t h r e e s t a g e s of l a c t a t i o n . R e s . V e t . S c i . 3 3 , 2 8 7 - 2 8 9 . 

S m i t h , R . W . 8 W a l s h , A . 1 9 8 4 . E f f e c t of l a c t a t i o n on the m e t a -
b o l i s m of s h e e p a d i p o s e t i s s u e . R e s . V e t . S c i . 3 7 , 3 2 0 - 3 2 3 . 
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S m i t h , S . B . 8 P r i o r , R . L . 1 9 8 6 . C o m p a r i s o n s of t i p o g e n e s i s and 

g l u c o s e m e t a b o l i s m b e t w e e n o v i n e and b o v i n e a d i p o s e t i s s u e s . 
J . Nut r . 1 1 6 , 1 2 7 9 - 1 2 8 6 . 

S m i t h , W . R . 1 9 8 3 . Q u a l i t a t i v e m a t h e m a t i c a l m o d e l s of e n d o c r i n e 
s y s t e m s . A m e r . J . P h y s i o l . 2 4 5 , R 4 7 3 - R 4 7 7 . 

S o d e r h o l m , C . 6 . , O t t e r b y , D .E . , L i n n , J . G . , Eh l e , F.R . , W h e a t o n , 
J . E . , H a n s e n , W . P . 8 A n n e x s t a d , R . J . 1 9 8 8 . E f f e c t s of 
r e c o m b i n a n t b o v i n e s o m a t o t r o p i n on m i l k p r o d u c t i o n , b o d y 
com pos i t i o n , and p h y s i c log i caI p a r a m e t e r s . J . D a i r y S c i . 7 1 , 
3 5 5 - 3 6 5 . — 

S p e c k h a r t , F . H . 8 G r e e n , W . L . 1 9 7 6 . A g u i d e to u s i n g C S M P - the 
c o n t i n o u s s y s t e m m o d e l i n g p rog ram . P r e n t i c e - H a I I , New J e r s e y , 
325 p p . 

S t e r n , M . D . & H o o v e r , W . H . 1 9 7 9 . M e t h o d s for d e t e r m i n i n g and 
f a c t o r s a f f e c t i n g r u m e n m i c r o b i a l p r o t e i n s y n t h e s i s : A 
r e v i e w . J . An i m . S c i . 4 9 , 1 5 9 0 - 1 6 0 3 . 

S t r y e r , L . 1981 . B i o c h e m i s t r y . 2 . e d . W . H . F r e e m a n 8 C o m p . , San 
F r a n c i s c o , 949 p p . 

S u t t o n , J . D . 1 9 8 0 . D i g e s t i o n and e n d - p r o d u c t f o r m a t i o n in the 
r u m e n f r o m p r o d u c t i o n r a t i o n s . C h a p . 13 in: D i g e s t i v e 
P h y s i o l o g y and M e t a b o l i s m in R u m i n a n t s ( e d . Y . R u c k e b u s c h & 
P . Thi v e n d ) . MTP P r e s s L i m i t e d , L a n c a s t e r , 2 7 1 - 2 9 0 . 

S u t t o n , J . D . , H a r t , I . C . & B r o s t e r , W . H . 1 9 8 3 . The e f f e c t of 

f e e d i n g f r e q u e n c y on e n e r g y m e t a b o l i s m in m i l k i n g c o w s gi ven 
l o w - r o u g h a g e d i e t s . I n : E n e r g y M e t a b o l i s m of Farm A n i m a l s 
C e d . A . E k e r n & F. S u n d s t ø I). E A A P P u b I . N o . 2 9 . T h e A g r i c . 
U n i v . of N o r w a y , 2 6 - 2 9 . 

S w a i s g o o d , H . E . 1 9 8 2 . C h e m i s t r y of m i l k p r o t e i n . C h a p . 1 in: 

D e v e l o p m e n t s in D a i r y C hemi st ry-1 C e d . P . F . Fox ) . App I i ed 
S c i . P u b I . , L o n d o n , 1 - 5 9 . 

S w a n s o n , E . W . & P o f f e n b a r g e r , J . I . 1 9 7 9 . M a m m a r y g l a n d d e v e l o p m e n t 
of d a i r y h e i f e r s d u r i n g t h e i r f i r s t g e s t a t i o n . J . D a i r y S c i . 
6 2 , 7 0 2 - 7 1 4 . 

S y m o n d s , H . W . , M a t h e r , D . L . & C o 11 i s , K . A . 1 9 8 1 . The m a x i m u m c a p a -
city of the b o v i n e liver to m e t a b o l i ze a m m o n i a . P roc . Nut r . 
S o c . 4_0, 6 3 A . 

S ø r e n s e n , J . T . S K r i s t e n s e n , E . S . 1 9 8 8 . S y s t e m t æ n k n i n g . A n v e n d e l s e 
i j o r d b r u g s f o r s k n i n g e n . U g e s k r i f t for J o r d b r u g n r . 1 1 , 3 0 9 -
3 1 5 . 
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T a m m i n g a , S . 1 9 7 9 , P r o t e i n d e g r a d a t i o n in t h e f o r e s t o m a c h s of 
r u m i n a n t s . J . A n i m . S c i . 4 9 , 1 6 1 5 - 1 6 3 0 . 

T a n a k a , K . S Oh t a n i , S . 1 9 8 6 . E f f e c t s of d i e t on l i p o g e n e s i s and 
on l i p o p r o t e i n and h o r m o n e - s e n s i t i v e l i p a s e s in a d i p o s e and 
m a m m a r y t i s s u e s of l a c t a t i n g g o a t s . J p n . J . Z o o t e c h . S c i . 57 
7 4 7 - 7 5 7 . 

T e l l e r , E . , G o d e a u , J . - M . 8 De B a e r e , R . 1 9 7 9 . T h e f a t e of 
n i t r o g e n in t h e v a r i o u s s e g m e n t s of t h e d i g e s t i v e t r a c t of 
c o w s . Z . T i e r p h y s i o l . , T i e r e r n a h r g . u . F u t t e r m i t t e l k d e . 4 2 , 
2 6 3 - 2 7 0 . 

T e r n r u d , I . E . & N e e r g a a r d , L . 1 9 8 6 . I n f l u e n c e of s o d i u m h y d r o x i d e 
p r e t r e a t m e n t and s t a r c h c o n t e n t of a p p a r e n t d i g e s t i b i l i t i e s 
of sepa r a t e c e l l w a l l c a r b o h y d r a t e s fed to s h e e p . J . Ani m . 
P h y s i o l . Ani m . Nut r . 56_, 7 8 - 8 5 . 

T h i I s t e d , S . H . 1 9 8 0 . The r e l a t i o n s h i p b e t w e e n p l a s m a g l u c o s e 
c o n c e n t r a t i o n , g l u c o s e ut i l i za t i on r a t e and p a r t i t i o n of 
a b s o r b e d n u t r i e n t s in the d a i r y c o w . T h e s i s . Inst . An i m . Sci 
T h e R o y a l V e t . and A g r i c . U n i v . , C o p e n h a g e n , 107 p p . 

T h i I s t e d , S . H . 1 9 8 5 a , P l a s m a g l u c o s e c o n c e n t r a t i o n and g l u c o s e 
t u r n o v e r r a t e in the d a i r y cow in late p r e g n a n c y and e a r l y 
l a c t a t i o n . Z . T i e r p h y s i o l . , T i e r e r n a h r g . u . F u t t e r m i t t e l k d e . 
5 3 , 1 - 9 . 

T h i I s t e d , S . H . 1 9 8 5 b . R e g u l a t i o n of the p a r t i t i o n of n u t r i e n t s in 
the d a i r y cow in late p r e g n a n c y and e a r l y l a c t a t i o n . Z . T i e r 
p h y s i o l . , T i e r e r n a h r g . u . F u t t e r m i t t e l k d e . 5 3 , 1 0 - 1 8 . 

T h o m a s , P . C . 1 9 7 3 . M i c r o b i a l p r o t e i n s y n t h e s i s . P r o c . N u t r . S o c . 
3 2 , 8 5 - 9 1 . 

T h o m p s o n , J . R . , H e i s e r , G . , S e t o , K . 8 B l a c k , A . I . 1 9 7 5 . E f f e c t o 
g l u c o s e load on s y n t h e s i s of p l a s m a g l u c o s e in l a c t a t i n g 
c o w s . J . D a i r y S c i . 5 8 , 3 6 2 - 3 7 0 . 

T h o m s e n , K . V . 1 9 8 0 . The n u t r i t i o n a l i m p r o v e m e n t of low q u a l i t y 

f o r a g e s . I n : F o r a g e C o n s e rvat i on in t h e 80 ' s . O c c a s i o n a l S ym 
pos i u m No 11 . B r . G r a s s l a n d S o c . , 1 6 4 - 1 7 4 . 

T h o m s e n , K . V . 8 N ø r g a a r d , P . 1 9 8 3 . F o d e r m i d l e r n e s k a r a k t e r i s t i k a . 
C h a p . 3 i n : O p t i m u m F e e d i n g of the D a i r y C o w . Feed C o m p o s i -
t i o n , F e e d I n t a k e , M e t a b o l i s m and P r o d u c t i o n ( e d . V . Ø s t e r -
g a a r d 8 A . N e i m a n n - S ø r e n s e n ) . 5 5 1 . R e p . N a t . I n s t . An i m . 
S c i . , C o p e n h a g e n , 3 . 1 - 3 . 4 5 . 
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T h o r n L e y , J . H . M . 8 F r a n c e , J . 1 9 8 4 . R o l e of m o d e l i n g in a n i m a l 
p r o d u c t i o n r e s e a r c h a n d e x t e n s i o n w o r k . In: M o d e l i n g R u m i n a n t 
D i g e s t i o n and M e t a b o l i s m ( e d . R . L . B a l d w i n & A . C . B y w a t e r ) . 
P r o c . 2 n d I n t e r n a l . W o r k s h o p . U n i v . C a l i f o r n i a , D a v i s , 4 - 9 . 

T i bo r , N . 1 9 8 0 . T h e e f f e c t of f r e q u e n c y of f e e d i n g on e a t i n g and 
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h o r m o n e on u t i l i z a t i o n of e n e r g y by l a c t a t i n g H o l s t e i n c o w s . 
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4 6 - 4 9 . 

T y r r e l l , H . F . , B r o w n , A . C . G . , R e y n o l d s , P . J . , Haa l a n d , G . L . , 
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APPENDIX 1: The CSMP program 

//* MOO(DYN1) 
//* 06/15/84 , 10:09:08 (AR10018) 
//* WHOLE ANIMAL MODEL 
// EXEC CSMP3X 
//FT15F001 DD DSN=&&DATA,DISP=(,PASS), 
// UNIT=SYSDA,SPACE=(TRK,(50,10)), 
// DCB=(RECFM=VBS,LRECL=32756,BLKS1ZE=4000) 
//SYSIN DD * 

0000070 
0000080 
0000090 
0000100 
0000110 
0000120 
0000130 
0000140 

INITIAL 

PARAM K106I=2.50,K6I=.92361,K11I=.0632646,K20l=.00555038,K211=2.723,. 
KCA=3.8,KATP=.07,YATPM=28.0,... 

K121I=.62684,<1281=.000001,K130I=.78593,K27I=6.578,K28I=2.731,. 
K34I=6.578,K38l=.0515,K40l=4.9427,... 

K136I=.1610,K137I=.0463,K139I=.575,K142I=.2315,K143I=.1155,... 
K144I=.194,K48I=.024,RUN=1 

CONSTANT C11=261.08,SU2l=3.8468,ST2l=.43363,CE2I=29.994,... 
C3I=19.765,AC4I=10.491,PR4I=6.6841,BU4l=3.8374,CH4I=.93307,., 
C04l=2.0545,A1I=7.3081,A2l=2.1942,A3I = .001 ,A4I=11.252,... 
N1AI=.73488,N1BI=.11652,U1I=.21753,U4I=2.0479,... 

C7I=29.578,C8I=.0745155,C9l=.91318,C10BI=56.65,C11I=.0143,... 
C12I=.0255599,C23I=.91920,A6I=1.5305,A7I=.85684,A8I=3.8248,.. 
A10I=.077621,A11I=.28211,A12I=.9393,A13I=55.945,A16I=.50227,. 
N2AI=.0585037,N2BI=.26074,U2I=.039282,... 

C14I=.18457,C16I=1,1542,C17l=.11677,C18l=.09737,C19l=.1684,.. 
C201=15.04,C211=5.307,C22I=.03738,C241=3.2518,... 
C251=.25424,C261=1 .3553,C27l = .4959,C28l = .64867,... 
C38I=3.270,C41I=3.04,C44I=.046,... 
A14I=.19935,A151=19.819,A17I=.52259,A18I=.578,A20I=4.251,... 
A221=2.817,N3I=.0483836,U3I=.35090,... 

C29I=.1485,C30I=.1782,C31I=.123,C33I=1.01,C34I=55.866,... 
€351=1.55,C36I=1.860,C37l=.349,C39l=.221,C40I=.265,... 
C431=3030.0,C45I=.200,C46I=.240,C471=.045,... 
A19I=.232,A211=498.0,A23I=330.0 

0000150 
0000160 
0000170 
0000180 
0000190 
0000200 
0000210 
0000220 
0000230 
0000240 
0000250 
0000260 
0000270 
0000280 
0000290 
0000300 
0000310 
0000320 

0000330 
0000340 
0000350 
.0000360 
0000370 
0000380 

, 0000390 
0000400 
0000410 
0000420 
0000430 
0000440 
0000450 
0000460 
0000470 
0000480 
0000490 
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0000510 
INCON BW=600,FT=3.3,Lt79=.06863 0000520 

0000530 
K106=K106I 0000540 
K6=K6I 0000550 
Kl 1 =K111 0000560 
K20=K20I 0000570 
K21=K21I 0000580 

0000590 
C1=C1I 0000600 
SU2=SU2I 0000610 
ST2=ST2l 0000620 
CE2=CE2I 0000630 
C3=C3I 0000640 
AC4=AC4I 0000650 
PR4=PR4I 0000660 
BU4=BU4I 0000670 
CH4=CH4I 0000680 
C04=C04I 0000690 

0000700 
A1=A11 0000710 
A2=A2l 0000720 
A3=A3I 0000730 
A4=A4I ÛJJ0740 
N1A=N1AI 0000750 
N1B=N1BI 0000760 
U1=U1I 0000770 
U4=U4l 0000780 

0000790 
C2=SU2+ST2+CE2 0000800 
CA3=KCA*A3 0000810 
YATP=YATPM*A2*N1A/(KATP+A2*N1A) 0000820 
X1=SU2/(SU2+5T2) 0000830 
X2=ST2/(SU2+ST2) 0000840 
X3-CE2/CSU2+ST2) ÛU00850 

0000860 
K121=K1211 0000870 
K128=K128I 0000880 
K130=K130I 0000890 
K27-K27I 0000900 
K28=K28I 0000910 
K34=K34I 0000920 
K38=K38I 0000930 
K40=K40I 0000940 

0000950 
C7=C7I 0000960 
C8=C8I 0000970 
C9=C9I 0000980 
C10B=C10BI 0000990 
C11=C11I 0001000 
C 12=0121 0001010 
C23=C23l 0001020 

0001030 
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Aó=Aól 0001040 

A7=A?I 0001050 

A8=A8I 0001060 

A10=A10I 0001070 

A11 =A111 0001080 

A12=A12I 0001090 

A13=A13I 0001100 

A16=A16I 0001110 

N2A=N2AI 0001120 

N2B=N2BI 0001130 

U2=U21 0001140 
0001150 

K136=K1361 0001160 

K137=K137I 0001170 

K139=K139I 0001180 

K142=K142I 0001190 

K143=K143I 0001200 

K144=K144I 0001210 

K48=K48I 0001220 
0001230 

C14=C14I 0001240 

C16=C16I 0001250 

C17=C17I 0001260 

C18=C181 0001270 

C19=C19l 0001280 

C20=C20I 0001290 

C21 =€211 0001300 

C22=C22I 0001310 

C24=C24I 0001320 

C25=C25I 0001330 

C26=C26I 0001340 

C27=C27l 0001350 

C28=C28I 0001360 

C38=C38I 0001370 

C41=C41I 0001380 

C44=C44I 0001390 
0001400 

A14=A14I 0001410 

A15=A15I 0001420 

A17=A17I 0001430 

A18=A18I 0001440 

A20=A20I 0001450 

A22=A22I 0001460 

N3=N3l 0001470 

U3=U3I 0001480 
0001490 

C29=C29I 0001500 

C30=C30I 0001510 

C31=C31I 0001520 

C33=C33I 0001530 

C34=C34I 0001540 

C35=C35I 0001550 

C36=C36I 0001560 

25* 
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ijí-IJÍi 0001570 
C39=C39l 0001580 
C40=C40I 0001590 
C43=C43I 0001600 
C45=C45I 0001610 
C46=C46I 0001620 
C47=C47I 0001630 

S40 
A19=A19I 0001650 
A21=A21I 000 S 660 
A23=A23I 370 

>80 
CA20=KCA*A20 Í90 

0001700 
0001710 

DYNAMIC 0001720 
0001730 

* SUBROUTINE RATE1 CRIMEN COMP^RTHENT) 0001740 
0001750 

R100,RSU100,RST10C ... . . 100,R101,RSU101,RST101,RCE101,.. . 0001760 
RGL101,RII101,R102,RSU102,RST102,RCE102,RLI102,R103,RSU103,RST103,.. . 0001770 
RCE103,RGL103,RLI103,R105,RSU105,RST105,RCE105,RLI105,R106,RSU106,.. . 0001780 
RST106,RCE106,R107,RSU107,RST107,RCE107,R108,R109,R110,RST110,... 0001790 
RCE110,RLI110,RAC,RPR,RBU,RCH,RC0,R111,RAC111,RPR111,RBU111,RCH111,. -.0001800 
RCO111,R112,R113,R114,R115,R0,R1,R2,R3,R4,R5,R6,R7,R8,R9,Rl0,R11,... 0001810 
R12,R13,R14,R15,R16,R17,R18,R19,R20,R21,R55,RGE = RATEl(FT,K106,... 0001820 
K6,K11,K20,K21,KCA,X1,X2,X3,YATP,C1,C2,C3,CA3,... 0001830 
SU2,ST2,CE2,AC4,PR4,BU4,CH4,C04,A1,A2,A3,A4,N1A,N1B,U1,U4> 0001840 

0001850 
NOSORT 0001860 

0001870 
DC1=R101-R103 0001880 
C1 =C11+INTGRL(0.0,DC1 ) 0001890 
DSU2=RSU102-RSU105-RSU106-RSU107 0001900 
SU2=SU2I+INTGRL(0.0,DSU2) 0001910 
DST2=RST102-RST105-RST106-RST107 20 
ST2=ST2I+1NTGRL(0.0,DST2) 0001930 
DCE2=RCE102-RCE105-RCE106-RCE107 0001940 
CE2=CE2I+1NTGRL(0.0,DCE2) 50 
DC3=R105+R113-R109-R110 60 
C3=C3I+INTGRL(0.0,DC3) uuu'i v70 
DAC4=RAC-RAC111 0001980 
AC4=AC4I+INTGRL(0.0,DAC4) 0001990 
DPR4=RPR-RPR111 0002000 
PR4=PR4I+INTGRL(0.0,DPR4) 0002010 
DBU4=RBU-RBU111 0002020 
BU4=BU4l+INTGRL(0.0,DBU4) 0002030 
DCH4=RCH-RCH111 0002040 
CH4=CH4I+INTGRL(0.0,DCH4) 0002050 
DCO4=RC0-RC0111 0002060 
C04=C04I+INTGRL(0.0,DC04) 0002070 

0002080 
DA1=R1~R5 0002090 



421 

A1=A1I+INTGRL(0.0,DA1 ) 
DA2=R2+R8-R6-R7 
A2=A2I+INTGRL(0.0,DA2) 
DA3=R6+R12+R17-R8-R9-R10-R11 
A3=A3I+INTGRL(0.0,DA3) 
DA4=R9-R12-R13 
A4=A4I+INTGRL(0.0,DA4) 

DN1A=R3+R20+R21-R14-R15-R16 
N1A=N1AI+INTGRL(0.0,DN1A) 
DN1B=R11+R15-R17-R18-R20 
N1B=N1BI+INTGRL(0.0,DN1B) 
DU1=R4+R55-R21 

U1=U1I+INTGRL(0.0/DU1) 

SORT 

* SUBROÜI INE RAÏE2 (IMTESTIMAL COHPARTHENTS) 

K116,R117,R118,R119,R119F,R120,R120F,R121,R122,R123,R124,RAC124,. 
RPR124,RB|'J124,RCH124,RC0124,PRBC2,R125,R126,R127,R127A,R128,R129, 
R130,R131,R132,R155,R22,R23,R24,R25,R26,R27,R28,R29,R30,R31,R32,. 
R33,R34,R35,R36,R37,R38,R39,R40,R41,R42,R50,R56,RFE =... 
RATE2(RSU103,RST103,RCE103,RGL103,RLI103,... 
RSU107,RST107,RCE107,RST110,RCE110,RLI110,R5,R7,R10,R13,R14,R18,. 
<121,K128,K130,K27,K28,K34,K38,K40,YATPM,... 

C7,C8,C9,C10B,C11,C12,C23,A6,A7,A8,A10,A11,A12,A13,A16,N2A,N2B,U2 

NOSORT 

DC7=R116—R119 
C7=C7l+INTGRL(0.0,DC7) 
DC8=R117-R120-R121 
C8=C8I+INTGRL(0.0,DC8) 
DC9=R118-R122-R123 
C9=C9l+INTGRL(0.0,DC9) 
DC10B=R119+R120+R122+R127+PRBC2-R119F-R120F-R126-R127A 
C10B=C10BI+INTGRL(0.0,DC10B) 
DC11=R155—R128 
C11=C11I + INTGRL(0.0,DC11 ) 
DC12=R121-R129-R130-R131 
C12=C12I+INTGRL(0.0,DC12) 

DA6=R22-R25 
A6=A6I+INTGRL (0.0,DA6) 
DA7=R23-R26-R27 
A7=A7I+INTGRL(0.0,DA7) 
DA8=R25+R26+R32+R33+R36-R28-R29 
A8=A8I+INTGRL(0.0,DA8) 
DA10=R30-R32 
A10=A10I+INTGRL(0.0,DA10) 
DA11 =R31-R33-R34 
Al1=A11I + INTGRL(0.0,DA11 ) 

0002130 
0002140 
0002150 
0002160 
0002170 
0002180 
0002190 
0002200 
0002210 
0002220 
0002230 
0002240 
0002250 
0002260 
0002270 
0002280 
0002290 

,.. 0002300 
0002310 
0002320 
0002330 
0002340 
0002350 

,U4) 0002360 
0002370 
0002380 
0002390 
0002400 
0002410 
0002420 
0002430 
0002440 
0002450 
0002460 
0002470 
0002480 
0002490 
0002500 
0002510 
0002520 
0002530 
0002540 
0002550 
0002560 
0002570 
0002580 
0002590 
0002600 
0002610 
0002620 



DA12=R27+R34+R42+R50-R39-R40 
A12=A12I+INTGRL(0.0,DA 12) 
DA13=R39-R41-R42 
A13=A13I+INTGRL(0.0,DA13) 

DN2A=R24-R35 
N2A=N2AI+INTGRL(0.0,DN2A) 

N2B=N2BI+INTGRL(0.0,DN2B) 

U2=U2l+INTGRL(0.0,DU2) 

R133,R134,R135,R136,R137,R138,R139,R140,R141,R142,R143,R144,R145,.. 
R146,R147,R148,R149,R150,R151,R152,R153,R154,R156,R157,R158,... 
R159,R160,R161,R162,R163,R164,K165,R165,R166,R167,R168,R169,R170A,, 
R170B,R171A,R171B,R172A,R172B,R173A,R173B,R189,R194,R199,R43,R44,., 
R45,R46,R47,R48,R49,R51,R52,R53,R54,R57,R58,R61,R64,DAYS,GH,GLUCA,. 
INSUL,RATI0= RATE3(RAC111,RAC124,RPR111,RPR124,RBU111,RBU124,R132,. 
R40,K136,K137,K139,K142,K143,K144,K48,C14,C16,C17,... 
C18,C19,C20,C21,C22,C23,C24,C25,C26,C27,C28,C38,C41,C44,... 
A14,A15,A16,A17,A18,A20,A22,N3,U3,U4) 

N0S0RT 

DC14=R133-R136-R137 
C14=C14I+INTGRL(0.0,DC14) 
DC16=R136+R142+R144-R139 
C16=C16I+INTGRL(0.0,DC16) 
DC17=R140-R141-R142-R143 
C17=C17I+INTGRL(0.0,DC17) 
DC18=R151+R164+R168-R144-R145-R146 
C18=C18I+INTGRL(0.0,DC18) 
DC19=R152+R165+R169-R147-R148-R149-R150 
C19=C19I+INTGRL(0.0,DC19) 
D€20=R145+R147-R151-R152 
C20=C20I+INTGRL(0.0,DC20) 
DC21=R146+R148-R153 
C21=C21I+INTGRL(0.0,DC21) 
DC22=R149-R154 
C22=C22I+INTGRL(0.0,DC22) 

DC23=R135+R154-R155-R156-R157-R158-R159 
C23=C23I+INTGRL(0.0,DC23) 

DC24=R130+R139-R160-R161-R162-R163 
C24=C24I+INTGRL(0.0,DC24) 
DC25=R189+R199-R164 
C25=C25I+INTGRL(0.O,DC25) 
DC26=R194-R165-R166-R167 
C26=C26I+INTGRL(0.0,DC26) 

0002800 
-.0002810 
. 0002820 
..0002830 
..0002840 

0002850 
0002860 
0002870 
0002880 
0002890 
0002900 
0002910 
0002920 
0002930 
0002940 
0002950 
0002960 
0002970 
0002980 
0002990 
0003000 
0003010 
0003020 
0003030 
0003040 
0003050 
0003060 
0003070 
0003080 
0003090 
0003100 
0003110 
0003120 
0003130 
0003140 
0003150 
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DC27=R132-R168-R169-R170A-R170B 
C27=C27I+INTGRL(0.0,DC27) 
DC28=R153-R171A-R171B 
C28=C28l+INTGRL(0.0,DC28) 

DA14=R40+R46+R47+R54-R43-R44-R45 
A14=A14I+INTGRL(0.0,DA14) 

DA15=R43-R46 
A15=A15I+INTGRL(0.0,DA15) 

DA16=R44-R50-R51 -R52-R53 

A16=A1Ó1+1NTGRL(0.0,DA16) 
DA17=R58+R61 +R64-R54 
A17=A17I+INTGRL(0.0,DA 17) 

DN3=R16+R35+R37+R45-R47-R48 
N3=N3I+INTGRL(0.0,DN3) 
DU3=R48-R49 
U3=U3I+INTGRL(0.0,DU3) 
DU4=R49-R55-R56-R57 
U4=U4l+INTGRL(0.0,DU4) 

SORT 

* SU E4 (NAHHARY GLAND AND BODY TISSUE COMPARTMENTS) 

R174,R175,R176,R177,R178,R179,R180,R181,R182,R183,... 
R184,R185,R186,R187,R188,R190,R191,R192,R193,R195,R196,R197,R198,. 
R200,R201,R202,... 
R59,R60,R62,R63,R65,R66=... 
RATE4(R172B,L179,INSUL,C29,C30,C31,C33,C34,CA20,C35,C36,C37,... 
C39,C40,C41,C43,C45,C46,C47,... 
A18,A19,A20,A21,A22,A23) 

NOSORT 

DC29=R156-R174-R175 
C29=C29I+INTGRL(0.0,DC29) 
DC30=R160-R176-R177-R178 
C30=C30l+INTGRL(0.0,DC30) 
DC31=R172A+R174-R179-R180 
C31=C31I+INTGRL(0.0,DC31) 
DC33=R177-R182 
C33=C33I+INTGRL(0.0,DC33) 
DC34=R179+R181-R183 
C34=C34I+INTGRL(0.0,DC34) 

DA18=R51-R58-R59 
A18=A18I+INTGRL(0.0,DA18) 
DA19=R59-R60 

A19=A19I+INTGRL(O.0,DA19) 

DC35=R157+R184-R185 

0003160 
0003170 
0003180 
0003190 
0003200 
0003210 
0003220 
0003230 
0003240 
0003250 
0003260 
0003270 
0003280 
0003290 
0003300 
0003310 
0003320 
0003330 
0003340 
0003350 
0003360 
0003370 
0003380 
0003390 
0003400 
0003410 
0003420 
0003430 
0003440 
0003450 
0003460 
0003470 
0003480 
0003490 
0003500 
0003510 
0003520 
0003530 
0003540 
0003550 
0003560 
0003570 
0003580 
0003590 
0003600 
0003610 
0003620 
0003630 
0003640 
0003650 
0003660 
0003670 
0003680 
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C35=C35I+INTGRL(0.0,DC35) 0003690 
DC36=R161-R186-R18? 0003700 
C36=C36I+INTGRL(0.0,DC36) 0003710 
DC37=R166-R188 0003720 
C37=£37I+INTGRL(0.0,DC37) 0003730 
DC38=R186-R189 0003740 
C38=C38l+INTGRL(0.0,DC38) 0003750 

0003760 
DA20=R52+R63-R61 -R62 0003770 
A20=A20I+INTGRL(0.0,DA20) 0003780 
DA21=R62-R63 0003790 
A21=A211+INTGRL(0.0,DA21) 0003800 

0003810 
DC39=R158-R190-R191 nnn7»2Q 
C39=C391+INTGRL(0.0,DC39) 30 
DC40=R162-R192-R193 40 
C40=C40l+INTGRL(0.0,DC40) 50 
DC41=R173A+R190+R197-R194-R195 0003860 
C41=C41I+INTGRL(0.0,DC41) 0003870 
DC43=R195+R196-R197-R198 0003880 
C43=C43I+INTGRL(0.0,DC43) 0003890 
DC44=R173B+R198-R199 0003900 
C44=C44I+INTGRL(0.0,DC44) 0003910 

0003920 
DC45=R159-R200 0003930 
C45=C45I+INTGRL(0.0,DC45) 0003940 
DC46=R163-R201 0003950 
C46=C46I+INTGRL(0.0,DC46) 0003960 
DC47=R167-R202 0003970 
C47=C47I+INTGRL(0.0,DC47) 0003980 

0003990 
DA22=R53+R66-R64-R65 0004000 
A22=A22I+INTGRL(0.0,DA22) 0004010 
DA23=R65-R66 0004020 
A23=A23l+INTGRL(0.0,DA23) 0004030 

0004040 
0004050 
0004060 
0004070 

SORT 0004080 
0004090 
0004100 

F100=INTGRL(0.0,R100) 0004110 
F103=INTGRL(0.0,R103) 0004120 
F107=INTGRL(0.0,R107) 0004130 
F109=INTGRL(0.0,R109) 0004140 
F110=INTGRL(0.0,R110) 0004150 
F111=INTGRL(0.0,R111) 0004160 
F112=INTGRL(0.0,R112) 0004170 

F0=INTGRL(0.0,R0) 
0004180 

F0=INTGRL(0.0,R0) 0004190 
F5=INTGRL(0.0,R5) 0004200 
F6=INTGRL(0.0,R6) 0004210 
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F7=INTGRL(0.0,R7) 

F10=INTGRL(0.0,R10> 

F11=INTGRL(0.0 /R11) 
F13=INTGRL(0.0,R13) 
F14=INTGRL(0.0,R14) 
F15=INTGRL(0.0,R15) 
F16=1NTGRL(0.0,R16) 
F17=INTGRL(0.0,R17) 
F18=INTGRL(0.0,R18) 
F20=INTGRL(0.0,R20) 

F55=INTGRL(0.0,R55) 

DIF FC1=F100+ F112-F103-F107-F109-F110-F111 
DIFFA1=F0+F55-F5-F7-F10-F13-F14-F16-F18 

NOSORT 

CALL POOL1<C1,AC4,PR4,BU4,CH4,C04,... 
KATP,KCA,YATPM,... 
SU2,ST2,CE2,C3,A1,A2,A3,A4,N1A,N1B,U1.. 
C2,CA3,C4,UNFERM,X1,X2,X3,YATP) 

NIGHT=STEP(1.)-STEP (5 . ) 

CALL RE6UL1(C2,A2,A3,N1A,N1B,BW /NIGHT,UNFERM,... 
K106,K6,K11,K20,K21,FT) 

CALL POOL2CC8,C9,C11,C12,A6,A7,A8,A10,A11,A12,N2A,N2B,U2) 

CALL REGUL2(C8,C11,C12,A7,A8,A11,A12,N2B,... 
K121,K128,K130,K27,K28,K34,K38,K40) 

CALL POOL3(C14,C16,C17,C18,C19,C20,C21,C22,C23,C24,C25,C26,C27, 

C28,A14,A15,A16,A17,N3,U3,U4) 

CALL REGUL3(C14,C16,C17,C24,N3,... 
K136,K137,K139,K142,K143,K144,K48) 

CALL POOL4CC29,C30,C31,C33,C34 /C35,C36,C37,C38,... 
C39,C40,C41,C43,C44,C45,C46,C47,... 
A18,A19,A20,A21,A22,A23) 

TERMINAL 

RUN=RUN+1 
TIMER FINTIM=24.,PRDEL=24.,OUTDEL=.05,DELT=.05 
METHOD ADAMS 
IFCRUN.GT.35.) GO TO 50 

0004220 

0004230 
0004240 
0004250 
0004260 
0004270 

0004280 
0004290 
0004300 
0004310 
0004320 
0004330 
0004340 
0004350 

0004360 
0004370 
0004380 
0004390 
0004400 
0004410 
0004420 
0004430 
0004440 
0004450 
0004460 

0004470 
0004480 

0004490 
0004500 
0004510 
0004520 
0004530 
0004540 

0004550 
0004560 
0004570 
0004580 
0004590 
0004600 
0004610 
0004620 
0004630 
0004640 
0004650 
0004660 

0004670 
0004680 
0004690 
0004700 
0004710 
0004720 
0004730 
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CALL END1(C1,SU2,ST2,CE2,C3,AC4,PR4,BU4,CH4,C04,... 
A1,A2,A3,A4,N1A,N1B,U1,U4,... 
K106,K6,K11,K20,K21,... 

C1I,SU2l,ST2I,CE2l,C3I,AC4l,PR4I,BU4l,CH4I,C04l,... 
A1I,A2I,A3I,A4I,N1AI,N1BI,U1I,U4I,... 
K106l,K6l,K11I,K20l,K21I> 

CALL END2(C7,C8,C9,C10B,C11,C12,C23,... 

A6,A7,A8,A10,A11,A12,A13,A16,N2A,N2B,U2,... 
K121,K128,K130,K27,K28,K34,K38,K40,... 
C7I,C8I,C9I,C10BI,C11I,C12I,C23I,... 
A6l,A7l,A8l,A10l,Am,A12I,A13l,A16l,N2AI,N2BI,U2l,... 

21I,K128I,K130I,K27I,K28I,K34I,K38I,K40I) 

CAl- E.Nr tC14,C16,C17,C18,C19,C21 #C22 /C24,C25,C26,C27,C28 /... 
!8,C41,C44,... 

A14,A15,A17,A18,A20,A22,N3,U3,... 
K136,K137,K139,K142,K143,KU4,K48,... 
C14I,C16I,C17I,C18I,C19I,C21I,C22I,C24I,C25I,... 
C26I,C27I,C28I,C38I,C41I,C44I,... 
A14l,A15l,A17l,A18l,A20l,A22l,N3l,U3l,... 
K136I,K137I,K139I,K142I,K143I,K144I,K48I) 

CALL END4(C29,C30,C31,C33,C34,C35,C36,C37,... 
C39,C40,C45,C46,C47,... 
A19,... 

C29l,C30l,C31I,C33l,C34l,C35l,C36I,C37l,... 
C39l,C40l,C45I,C46l,C47l,... 

A19I) 

CALL RERUN 

50 CONTINUE 

PREPARE RUN,F10O,F103,F106,F1O7,F109,F110,F111,F112,F0,F5,F6,F7,... 
F10,F11,F13,F14,F15,F16,F17,F18,F20,F55,... 
DIFFC1,DIFFA1,... 

C1,SU2,ST2,CE2,C3,AC4,PR4,BU4,CH4,C04,... 
A1,A2,A3,A4,N1A,N1B,U1,N2A,N2B,U2,N3,U3,U4,... 
K106,K6,K11,K20,K21,K28 

RANGE RUN,C1,SU2,ST2 /CE2 /C3,AC4,PR4,BU4,CH4,C04,... 
A1,A2,A3,A4,N1A,N1B,U1,N2A,N2B,U2,N3,U3,U4,... 
K106,K6,K11,K20,K21,K28,K38,K48 

END 
STOP 

0004740 
0004750 

0004760 
0004770 
0004780 
0004790 
0004800 

0004810 
0004820 
0004830 
0004840 
0004850 
0004860 
0004870 
0004880 
0004890 
0004900 
0004910 
0004920 
0004930 
0004940 
0004950 
0004960 
0004970 
0004980 
0004990 
0005000 
0005010 
0005020 
0005030 
0005040 
0005050 
0005060 
0005070 
0005080 
0005090 
0005100 
0005110 
0005120 
0005130 
0005140 
0005150 
0005160 
0005170 
0005180 
0005190 
0005200 
0005210 
0005220 
0005230 
0005240 
0005250 
0005260 
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APPENDIX 2: The FORTRAN subroutines 

RUHEN COMPARTMENT 

SUBROUTINE RATE1(FT,K106,K6,K11,K20,K21, 
+ KCA,X1,X2,X3,YATP, 
+ C1,C2,C3,CA3,SU2,ST2,CE2,AC4,PR4,BU4,CH4,C04, 
+ A1,A2,A3,A4,N1A,N1B,U1,U4, 
+ R100,RSU100,RST100,RCE100,RGL100,RLI100, 
+ R101 /RSU101,RST101,RCE101,RGL101,RLI101, 
+ R102,RSU102,RST102,RCE102, RLI102, 
+ R103,RSU103,RST103,RCE103,RGL103,RLI103, 
+ R105,RSU105,RST105,RCE105, RLI105, 
+ R106,RSU106,RST106,RCE106, 
+ R107,RSU107,RST107,RCE107,R108,R109, 
+ R110, RST110,RCE110, RLI110, 
+ RAC,RPR,RBU,RCH,RCO, 
+ R111,RAC111,RPR111,RBU111,RCH111,RC0111, 
+ R 1 1 2 / R 1 1 3 , R 1 1 4 # R 1 1 5 , 
+ R0,R1,R2,R3,R4,R5,R6,R7,R8,R9,R10,R11,R12,R13, 
+ R14,R15,R16,R17,R18,R19,R20,R21,R55,RGE) 

REAL ksu,lsu,msu,kst,lst,mst,kce,lce,mce,kgl,lgl,kli,lli,mli 
REAL Kl03,K105,Kl06,L100,Kl07,KCA,t<110,Ll1Q,Ml10,N110 
REAL KAC111,KPR111,KBU111,KCH111,KC0111,K112,K 
REAL KC,LC,MC,KR,LR,MR,M3,M4,K5,K6,K7,K8,M9,K9,K10,K11,K12,K13 
REAL K14,K15,K16,K17,K18,K20,K21,K55 
REAL N1A,N1B 

DATA KSU,LSU,MSU,KST,LST,MST/.2235,35.087,.0,.0313,37.037,.0/ 

DATA KCE,LCE,MCE/.4268,37.037,.4/ 
DATA KGL,LGL,KLI,LLI,MLI/.0047,32.573,.04,62.402,.9/ 
DATA K103,K105,L106,K107/.025,.073,1 .0534,-043/ 
DATA K110,L110,M110,N110/.08,.08,.44,.48/ 
DATA KAC111,KPR111,KBU111/.4483,.4605,.4540/ 
DATA KCH111,KC0111,K112,K/1 .,1.187,-090,.75/ 
DATA KC,LC,MC,KR,LR,MR/.100,11.423,.2788,.0788,11.423,.1/ 
DATA M3,M4,K5,K7,K8,K9,M9/.0,.0,.043,.11005,.0415,.001,5.735E-3/ 
DATA K12,K15,K16,K17,K55,G/.02,.189,18.385,.0097,16.687,.0006/ 

DATA R112M,R6M,R8M,R11M,R15M/3.0,1.685,.157,1.737,.6/ 
DATA R17M,R20M,R21M/1.51,1.04,2.463/ 

DATA ACSU,PRSU,BUSU,CHSU,COSU/.36036,.13514,.21622,.1045,.18378/ 

DATA ATPSU/.76937/ 

DATA ACST,PRST,BUST,CHST,COST/.38667,.26833,.1000,.08667,.15833/ 

DATA ATPST/.75333/ 
DATA ACCE,PRCE,BUCE,CHCE,COCE/.36264,.36265,.06165,.0680,.14506/ 

0005270 
0005280 
0005290 
0005300 
0005310 
0005320 
0005330 
0005340 
0005350 

0005420 
0005430 
0005440 
0005450 
0005460 
0005470 
0005480 
0005490 
0005500 
0005510 
0005520 
0005530 
0005540 
0005550 
0005560 
0005570 
0005580 
0005590 
0005600 
0005610 
0005620 
0005630 
0005640 
0005650 
0005660 
0005670 
0005680 
0005690 
0005700 
0005710 
0005720 



4 2 8 

DATA ATPCE/.70354/ 
DATA AC,PR,BU,BC,CH,CO/.29749,.1373,.09153,.16476,.14874,.16018/ 
DATA ATPPR/.0/ 

DATA VI,¥4/74.,150./ 

DATA CSU,CST,CCE,CLI,CPR/16.6,17.6,18.8,39.75,23.93/ 

K10=K110 
K13=K110 
K14=K7 

RGL100=FT*KGL*LGL 
RLI100=FT*Kll*LLI 
R100=RSU100+RST100+RCE1Q0+RGL100+RLI1 00 
RSU101=MSU*RSU100 
RST101=MST*RST100 
RCE101=HCE*RCE100 
RGL101=HSU*RGL100 
RLI101=MLI*RLI100 

R1Q1=RSU101+RST101+RCE101+RGL1Û1+RLI101 
RSU102 = (1-MSU)*(RSU100+RGL100) 
RST102=(1~MST)*RST100 
RCE102=C1-HCE)*RCE100 
RL1102=(1-MLI)*RL11QQ 
R102=RSU102+RST102+RCE102+RLI102 
R103=K103*C1 

S=MSU*(KSU*LSU+KGL*LGL)+MST*KST*LST+MCE*KCE*LCE+MLI*KLI*LLI 
RSU103=R103*MSU*KSU*LSU/S 
RST103=R103*MST*KST*LST/S 
RCE103=R103*MCE*KCE*LCE/S 
RGL103=R103*MSU*KGL*LGL/S 
RtI103=R103*MLI*KLI*LLI/S 
RSU105=K105*SU2 
RST105=K105*ST2 
RCE105=K105*CE2 
RLI105=RLI102 

R105=RSU105+RST105+RCE105+RLI105 
R106M=L106*A4 
R106=R106M*C2/(K106+C2) 
RSU106=R106*X1*EXP(-G*X3) 
RST106=R106*X2*EXP(-G*X3) 
RCE106=R106*C1-EXP(-G*X3)) 

SUAC1=ACSU*RSU106 
SUPR1=PRSU*RSU106 
SUBU1=BUSU*RSU106 
SUCH1=CHSU*RSU106 
SUC01=C0SU*RSU106 



4 2 9 

SUATP1=ATPSU*RSU106 UU06260 

STAC1=ACST*RST106 uüuo¿r0 

STPR1=PRST*RST106 0006280 

STBU1=BUST*RST106 0006290 

STCH1=CHST*RST106 0006300 

STC01=C0ST*RST106 0006310 

STATP1=ATPST*RST106 0006320 

CEAC1=ACCE*RC E106 0006330 

CEPR1=PRCE*RCE106 0006340 

CEBU1=BUCE*RCE106 0006350 

CECH1=CHCE*RCE106 0006360 

CEC01=C0CE*RCE106 0006370 

CEATP1=ATPCE*RCE106 0006380 
0006390 

RSU107=K107*SU2 0006400 

RST107=K107*ST2 0006410 

RCE107=K107*CE2 0006420 

R107=RSU107+RST107+RCE107 0006430 

R108=SUATP1+STATP1+CEATP1 0006440 

R110=K110*C3 0006450 

RST110=L110*R110 0006460 

R C E110=M110*R110 0 0 0 6 4 7 0 

RLI110=N110*R110 0 0 0 6 4 8 0 

RAC111=KAC111*AC4 0 0 0 6 4 9 0 

RPR111=KPR111*PR4 0 0 0 6 5 0 0 

RBU111=KBU111*BU4 0006510 

R C H111=K C H111*CH4 0 0 0 6 5 2 0 

RC0111=KC0111*C04 0006530 

R111=RAC111+RPR111+RBU111+RCH111+RC0111 0006540 

R112=R112M*CA3/(K112+CA3) 0006550 
0006560 

PRAC1=AC*R112 0006570 

PRPR1=PR*R112 0006580 

PRBU1=BU*R112 0006590 

PRBC1=BC*R112 0006600 

PRCH1=CH*R112 0006610 

PRC01=C0*R112 0006620 

PRATP1=ATPPR*R112 0006630 

0006640 

RAC=SUAC1+STAC1+CEAC1+PRAC1 0006650 

RPR=SUPR1+STPR1+CEPR1+PRPR1 0006660 

RBU=SUBU1+STBU1+CEBU1+PRBU1 0006670 

RCH=K*(SUCH1+STCH1+CECH1+PRCH1) 0006680 

RC0=SUC01+STC01+CEC01+PRC01-RCH*(1-1/K) 0006690 
0006700 

R113=PRBC1 0006710 

R114=R112-R113 0006720 

R115=PRATP1 0006730 
0006740 

RC0=FT*KC*LC 0006750 

RR0=FT*KR*LR 0006760 

R0=RC0+RR0 0006770 

R1=MC*RC0+HR*RR0 0006780 



4 3 0 

R3=M3*R0 0006-
R4=M4*R0 0006? 
R2=R0-R1-R3-R4 0006? 
R5=K5*A1 0006Í 
R6=R6M*A2/(K6+A2) 0006Í 
R7=K7*A2 0 Q 0 6 i 

R8=R8M*A3/(K8+A3) 0006? 
R9M=YATP*M9*(R108+R115) Q006Í 
R9=R9M*A3/(K9+A3) 0006£ 
R10=K10*A3 00Q6Í 
R11=R11M*A3/(K11+A3) 0006£ 
R12=K12*A4 00069 
R13=K13*A4 00065 
R14=K14*N1A 00069 
R15=R15M*N1A/(K15+N1A) 00069 
R16=K16*CN1A/¥1) 00069 
R17=R17M*N1B/(K17+N18) 00069 

00069 
R109=R112-KCA*(R11-R17) 00069 

00069 
R18=K18*N1B 00069 
R19=R10+R13+R18 00070 
R20=R20M*N1B/(K20+N1B) 00070 
R21=R21M*U1/(K21+U1) 0007Q 
R55=K55*(U4/V4-U1/V1> 00070 

00070 
ESU100=(RSU100/LSU)*CSU 00070 
EST100=(RST100/LST)*CST 00070 
ECE100=(RCE100/LCE)*CCE 00070 
ELI100=(RGL100*(1/LGL-18.02/1000)+RLI100/LLI)*CLI 00070 
EPR0=C(R1+R2)/LC)*CPR 00070 

RGE=ESU100+EST1OO+ECE10O+ELI100+EPR0 00071 

00071 
RETURN 00071 
E N D 00071 

00071' 
00071 

INTESTINAL COHPARTHENTS 000711 

00071 
SUBROUTINE RATE2(RSU103,RST103,RCE103,RGL103,RLI103, 00071 i 

RSU107,RST107,RCE107,RST110,RCE110,RLI110, 00071» 
R5,R7,R10,R13,R14,R18, 00072I 
K121,K128,K130,K27,K28,K34,K38,K40,YATPM, 00072' 
C7,C8,C9,C10B,C11,C12,C23, 00072! 
A6,A7,A8,A10,A11,A12,A13,A16,N2A,N2B,U2,U4, 00072: 
R116,R117,R118,R119,R119F,R120,R120F,R121,R122, 00072-
R123,R124,RAC124,RPR124,RBU124,RCH124,RC0124, 00072' 
PRBC2,R125,R126,R127,R127A,R128,R129,R130,R131, 00072( 
R132,R155, 00072: 
R22,R23,R24,R25,R26,R27,R28,R29,R30,R31,R32,R33, 00072Í 
R34,R35,R36,R37,R38,R39,R40,R41 ,R42,R501„R56,RFE) 00072« 

00073I 
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REAL K116,K119,L119,K120,L120,K121,K122,K123,K126,K127A,K128,K129 

REAL K130,K131,K155,K,KCA,LCE,LC,M9 
REAL K23,L23,M23,N23,K25,K26,K27,K28,K29,K31,L31,K32,K33 
REAL K34,K35,K36,L36,K37,K38,K39,K40,K41,L41,K42,K50,K56 
REAL N2A,N2B 

DATA K116,K119,L119,L120,K123/.0833,.240,.220,1.00,2.1617/ 
DATA K126,K127A,K129,K131,K155/.115,.13692,.0677,-0625,110.55/ 
DATA K23,L23,M23,N23/.80,1.00,.70,1.00/ 
DATA K31,L31,K35,K36,K37/.97554,.97554,33.4009,.06371,18.495/ 
DATA K39,K41,L41,K42/.30691,26.330,.0380,.002282/ 
DATA K50,K56,K,KCA,M9/8.763,16.727,.75,3.8,5.735E-3/ 

DATA R121M,R128M,R129M,R130M/1.667,.7145,.0160,1.667/ 
DATA R27M,R28H,R34M,R38M/6.98,.630,6.98,.403/ 
DATA R39M,R40M,R50M/.676,6.98,6.98/ 

DATA ACST,PRST,BUST,CHST,COST/.38667,.26833,.1000,.08667,.15833/ 
DATA ATPST/.75333/ 
DATA ACCE,PRCE,BUCE,CHCE,C0CE/.36264,.36265,.06165,.0680,.14506/ 
DATA ATPCE/.70354/ 
DATA AC,PR,BU,BC,CH,CO/.29749,.1373,.09153,.16476,.14874,.16018/ 

DATA V2A,V2B,VD,V4/21.3,12.1,12.3,150./ 

DATA LCE,CCE,CFA,CGLU/37.037,18.8,10.027,2.805/ 
DATA CKA,CBC,CAA,LC/19.4,3.497,23.4,11.423/ 

K120=K119 
K122=K119 
K25=K119 
K26=K119 
K29=K126 
K32=K119 
K33=K119 

L36=YATPM*M9 

R116=RCE103+RCE107+RCE110+K116*(RLI103+RLI110*48/51 ) 
R117=RSU103+RST103+RGL103+RSU107+RST107+RST110+RLI110*3/51 
R118=(1-K116)*ÍRL1103+RLI110*48/51) 
R119=K119*C7 
R119 F =L 119 *R 119 
R120=K120*C8 
R120F=L120*R120 
R121 =R121M*C8/(K121+C8) 
R122=K122*C9 
R123=K123*C9 

STAC2=ACST*R120F 
STPR2=PRST*R120F 
STBU2=8UST*R120F 
STCH2=CHST*R120F 

0007310 
0007320 
0007330 
0007340 
0007350 
0007360 
0007370 
0007380 
0007390 
0007400 
0007410 
0007420 
0007430 
0007440 
0007450 
0007460 
UÜUC470 
U0UC480 
0007490 
0007500 
0007510 
0007520 

30 
40 
50 
60 
70 

0007580 
0007590 
0007600 
0UOCÓ10 
0007620 
0007630 
0007640 
0007650 
0007660 
0007670 
0007680 
0007690 
0007700 
0007710 
0007720 
0007730 
0007740 
0007750 
0007760 
0007770 
0007780 
0007790 
0007800 
0007810 
0007820 
0007830 
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STC02=COST*R120F 0007840 
STATP2=ATPST*R1 20 F 0007850 
CEAC2=ACCE*R119F 0007860 
CEPR2-PRCE*R119F 0007870 
CEBU2=BUCE*R119f 0007880 
CECH2=CHCE*R119F 0007890 
C E C 0 2 = C 0 C E * R 1 1 9 F 0007900 
CEATP2=ATPCE*R119F 0007910 

0007920 
R125=STATP2+CEATP2 0007930 
R126=K126*C10B 0007940 
R128=R128M*C11/(K128+C11) 0007950 
R129=R129M*C12/(K129+C12) 0007960 
R130=R130M*C12/(K130+C12) 0007970 
R131=K131*R123 0007980 
R132=R123+R131 0007990 
R155=K155*(C23/V4) 0008000 

0008010 
R22=(1-K23*L23)*(R5+R7)+(1-M23*N23)*(R10+R13) 0008020 
R23=K23*L23*(R5+R7)+M23*N23*(R10+R13) 0008030 
R24=R14+R18 0008040 
R25=K25*A6 0008050 
R26=K26*A7 0008060 
R27=R27M*A7/(K27+A7) 0008070 
R28=R28M*A8/(K28+A8) 0008080 
R29=K29*A8 0008090 
R32=K32*A10 0008100 
R33=K33*A11 0008110 
R34=R34M*A11/(K34+A11) 0008120 
R35=K35*(N2A/V2A) 0008130 
R36M=L36*R125 0008140 
R36=R36M*N2B/(K36+N2B) 0008150 

0008160 
R127=KCA*(R28-R36) 0008170 
R127A=K127A*R127 0008180 

0008190 
PRAC2=AC*R127A 0008200 
PRPR2=PR*R127A 0008210 
PRBU2=BU*R127A 0008220 
PRBC2=8C*R127A 0008230 
PRCH2=CH*R127A 0008240 
PRC02=C0*R127A 0008250 

0008260 
RAC124=STAC2+CEAC2+PRAC2 0008270 
RPR124=STPR2+CEPR2+PRPR2 0008280 
RBU124=STBU2+CEBU2+PRBL)2 0008290 
RCH124=K*(STCH2+CECH2+PRCH2) 0008300 
RC0124=STC02+CEC02+PRC02-RCH124*(1-1/K) 0008310 
R124=RAC124+RPR124+RBU124+RCH124+RC0124 0008320 

0008330 
R37=K37*(N2B/V2B) 0008340 
R38=R38M*U2/(K38+U2) 0008350 
R39=R39M*A12/(K39+A12) 0008360 



4 3 3 

R40=R40M*A12/(K40+A12) 
R41M=L41*(R116+R117+R118+KCA*(R22+R23)) 
R41=R41M*A13/(K41+A13) 
R30=(1-K31*L31)*R41 
R31=K31*L31*R41 
R42=K42*A13 
R50=R50M*A16/(K50+A16) 
R56=K56*(U4/V4-U2/V2B) 

CE=R119*((RCE103+RCE107+RCE110)/R116-L119) 
ECE126=(CE/LCE)*CCE 
ELI126=(R119*C1—L119)—CE+R122)*C FA/16 
ESU126=(R120*(1-L120))*CGLU/6 
EKA126=(R127*(1-K127A)/KCA)*CKA/LC 
EBC126=PRBC2*CBC/6 
EPR29=R29*CAA/LC 
R FE=ECE126+ELI126+ESU126+EKA126+EBC126+EPR29 

RETURN 
END 

LIVER AND EXTRACELLULAR FLUID COMPARTMENTS 

SUBROUTINE RATE3CRAC111,RAC124,RPR111,RPR124,RBU111,RBU124,R132, 
h R 4 0 , 
h K136,K137,K139,K142,K143,K144,K48, 
t- C14,C16,C17,C18,C19,C20,C21,C22,C23,C24, 
h C25,C26,C27,C28,C38,C41,C44, 
h A14,A15,A16,A17,A18,A20,A22,N3,U3,U4, 
h R133,R134,R135,R136,R137,R138,R139,R140,R141, 
I- R142,R143,R144,R145,R146,R147,R148,R149, 
n R150,R151,R152,R153,R154,R156,R157,R158,R159, 
(- R160,R161,R162,R163,R164,K165,R165,R166,R167, 
h R168,R169,R170A,R170B,R171A,R171B, 
h R172A,R172B,R173A,R173B, 
t- R189,R194,R199, 
F R43,R44,R45,R46,R47,R48,R49,R51,R52,R53, 
H R54,R57,R58,R61,R64,DAYS,GH,GLUCA,INSUL,RATIO) 

REAL K134,K136,L136,M136,K137,K139,K142,L142,M142 
REAL K143,K144,L144,M144,K145,K146,K147,K148,K149,L149,M149 
REAL K150,L150,M150,K151,K152,K153,K154,K156,L156,M156,K157 
REAL K158,L158,M158,K159,K160,L160,M160,K161,L161,M161 
REAL K162,L162,M162,K163,K164,K165,L165,M165,K166,K167,K168,K169 
REAL K170A,L170A,M170A,K170B,L170B,M170B,K171A,L171A,M171A 
REAL K171B,L171B,M171B,K172,K173,K189,K194,K199 
REAL K43,K44,K45,L45,M45,K46,L46,M46,K47,K48,K49 
REAL K51 ,L51,M51,K52,L52,M52,K53,K54,L54,M54,K57,K58,K61,K64 
REAL INSUL,KCA,M,N3 

DATA K134,L136,M136,L142,K142/.10,3.950,1.05,.15,1.505/ 
DATA L144,M144,K145,K147/. 15,1.107,.0625,1 .391 / 

0008370 
0008380 
0008390 
0008400 
0008410 
0008420 
0008430 
0008440 
0008450 
0008460 
0008470 
0008480 
0008490 
0008500 
0008510 
0008520 
0008530 
0008540 
0008550 
0008560 
0008570 
0008580 
0008590 
0008600 
0008610 
0008620 
0008630 
0008640 
0008650 
0008660 
0008670 
0008680 
0008690 
0008700 
0008710 
0008720 
0008730 
0008740 
0008750 
0008760 
0008770 
0008780 
0008790 
0008800 
0008810 
0008820 
0008830 
0008840 
0008850 
0008860 
0008870 
0008880 
0008890 

25 



4 3 4 

DATA K148,K149,I149,M149,K150/.03862,.513,1.200,1.025,.1430/ 
DATA L150,M150,K152,K153,K154/1.809,1.333,1.555,1.308,16.150/ 
DATA L156,M156,K157/-441.730,83.128,99.555/ 
DATA L158,M158,K159/.0,453.274,175.805/ 
DATA K160,L160,M160/1.153,-6.4605,.8491/ 
DATA K161,L161,M161/1.830,.0,1.3924/ 
DATA K162,L162,M162,Kl63/2.747,.0,.7331,1.4553/ 
DATA K164,L165,M165/.16665,149.5,67.75/ 
DATA K166,K167,K169/60.700,20.230,.1485/ 
DATA K170A,L170A,M170A/.1464,2.9865,2.2424/ 
DATA K1706,L170B,M170B/.4640,1.4913,1.210/ 
DATA K171A,L171A,M171A/.1980,1.7666,1.3273/ 
DATA K171B,L171B,M171B/.6040,.8826,.2028/ 
DATA K189,K194,K199/.1252,.5296,2.370/ 

DATA K43,K44,K45,L45,M45/.010558,.5975,.0655,.0,.3703/ 
DATA L46,M46,K47,K49/5.05E-4,2.245,.05755,16.788/ 
DATA K51,L51,M51/.30118,-1.4889,-1790/ 
DATA K52,L52,M52,K53/.4145,.0,-6524,.336/ 
DATA K54,L54,M54/5.5477,.0,3.85965/ 
DATA K57,K58,K61,K64/47.765,.0,2.834,1.878/ 
DATA B,D,M,KCA/561.,44.,29.7,3.80/ 

0008920 
0008930 
0008940 
0008950 
0008960 
0008970 
0008980 
0008990 
0009000 
0009010 
0009020 
0009030 
0009040 
0009050 
0009060 
0009070 
0009080 
0009090 
0009100 
0009110 

0009120 
DATA R137M,R139M,R143M,R147M,R148M/1.180,5.7113,.8912,.289,1.0834/0009130 
DATA R152M,R153M,R163M,R164M,R169M/.1285,1.1511,.1309,.8638,.6513/0009140 
DATA R43M,R44M,R47M,R48M/.1755,4.8887,.1050,1.4714/ 0009150 
DATA R53M,R58M,R61M,R64M/.3208,.0,-342,.339/ 0009160 

0009170 
0009180 
0009190 
0009200 
0009210 
0009220 
0009230 
0009240 
0009250 
0009260 
0009270 
0009280 

GH=16.7+.04607*M-.00964*B-.00567*D 0009290 

ALPHA=.793*R133/(2.2355+R133)+.45 0009300 

BETA=.86871*(R133+KCA*R40)/(15.+R133+KCA*R40)+.05*C24 0009310 
GLUCA=ALPHA+.00514*M-.00173*B+1,7E-6*B**2+6.6E-4*D-1.2E-6*D**20009320 

DATA V3,V4/6.0,150.0/ 

K146=K145 
K151=K145 
K168=K145 
K172=K145 
K173=K145 

R133=RPR111+RPR124 
DAYS=D 

INSUL=BETA-.01106*M+6.7E-4*B+-00134*D-3.E-6*D**2 
RATIO=GLUCA/INSUL 

R134=K134*(RBU111+RBU124) 
R135=(1-K134)*(RBU111+RBU124)+RACl11+RAC124 

R136M=L136+M136*RATI0 
R136=R136M*C14/(K136+C14) 
R137=R137M*C14/(K137+C14) 
R138=R134 
R139=R139M*C16/(K139+C16) 

0009330 
0009340 
0009350 
0009360 
0009370 
0009380 
0009390 
0009400 
0009410 
0009420 



4 3 5 

R142M=L142+M142*RÂTI0 
R142=R142M*C17/(K142+C17) 
R143=R143M*C17/(K143+C17) 
R144M=L144+M144*RATI0 
R144=R144M*C18/(K144+C18) 
R147=R147M*C19/(K147+C19) 
R148=R148M*C19/(K148+C19) 
R145=K145*R147 

R146=K146*R148 
R149M=L149+M149*RATIO 
R149=R149M*C19/(K149+C19) 
R150M=L150-M150*RATIO 
R150=R150M*C19/(K150+C19) 
R152=R152M*C20/(K152+C20) 
R151 =K151 *R152 
R153=R153M*C21 /(K153+C21 ) 
R154=K154*C22 
K156=L156+M156*GH 
R156=K156*(C23/V4) 
R157=K157*(C23/V4) 
K158=L158+H158*INSUL 
R158=K158*(C23/V4) 
R159=K159*(C23/V4) 
R160M=L160+M160*GH 
R160=R160M*C24/(K160+C24) 
R161M=L161+M161*INSUL 
R161=R161M*C24/(K161+C24) 
R162M=L162+M162*INSUL 
R162=R162M*C24/(K162+C24) 
R163=R163M*C24/(K163+C24) 
R164=R164M*C25/CK164+C25) 
K165=L165-M165*INSUL 
R165=K165*C26/V4 
R166=K166*C26/V4 
R167=K167*C26/V4 
R169=R169M*C27/(K169+C27) 
R168=K168*R169 
R170AM=L170A-M170A*INSUL 
R170A=R170AM*C27/(K170A+C27) 
R170BM=EXP(M17ÛB*INSUL)-L170B 
R170B=R170BM*C27/(K170B+C27) 
R171AM=L171A-M171A*INSUL 
R171A=R171AM*C28/(K171A+C28) 
R171BM=EXP(M171B*INSUL)-L171B 
R171B=R171BM*C28/(K171B+C28) 

R172=R170A+R171A 
R172A=R172/(1+K172) 
R172B=K172*R172A 
R173=R170B+R171B 
R173A=R173/C1+K173) 
R173B=K173*R173A 
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R189=K189*C38 
R194=K194*C41 
R199=K199*C44 

R43=R43M*A14/(K43+A14) 
R44=R44M*A14/(K44+A14) 
R45M=L45+M45*RATI0 
R45=R45M*A14/(K45+A14) 
K46=L46*EXP(M46*RATI0) 
R46=K46*A15 
R47=R47M*N3/(K4?+N3) 

R140=KCA*R45 
R141=KCA*R47 

R48=R48M*N3/(K48+N3) 
R49=K49*(U3/V3) 
R51M=L51+H51*GH 
R51=R51M*A16/(K51+A16) 
R52M=L52+M52*INSUL 
R52=R52M*A16/(K52+A16) 
R53=R53M*A16/(K53+A16) 
R54M=L54+M54*RATI0 
R54=R54M*A17/CK54+A17) 
R57=K57*U4/V4 
R58=R58M*A18/(K58+A18) 
R61=R6lH*A20/(K61+A20) 
R64=R64M*A22/(K64+A22) 

RETURN 
END 

C MAMMARY GLAND AND BODY TISSUE COMPARTMENTS 

SUBROUTINE RATE4ÍR172B,L179,INSUL,C29,C30,C31,C33,C34, 
+ CA20,C35,C36,C37,C39,C40,C41, 
+ €43,€45,€46,€47, 
+ A18,A19,A20,A21,A22,A23, 
+ R174,R175,R176,R177,R178,R179, 
+ R180,R181,R182,R183,R184,R185, 
+ R186,R187,R188,R190,R191,R192, 
+ R193,R195,R196,R197,R198, 
+ R200,R201,R202, 
+ R59,R60,R62,R63,R65,R66) 

REAL K174,K175,K177,K178,K179,L179,K180,K182,K183 
REAL K184,K185,K186,K187,K188 
REAL K190,L190,M190,K191,K193,K195,L195,M195,K196 
REAL K197,L197,M197,K198,K200,K201,K202 
REAL K59,K60,K62,L62,M62,K63,K65,K66 
REAL INSUL 
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DATA K174,K175,K177,K178/.0604,.0886,.308,.0953/ 
DATA K179,K180,K182,K183/.2273,4.385,2.084,.056/ 
DATA K184,K185,K186,K187,K188/1.984,4.089,5.582,.2232,14. 
DATA K190,L190,M190,K191,K193/.0376,.0,1.500,.2256,.1775/ 
DATA K195,L195,M195,K196/3.659,.0,3.383,.0625/ 
DATA Kl97,L197,M197/4292.0,9.454,11.375/ 
DATA K200,K201,K202/.1332,.0449,1.839/ 
DATA K59,K60,K62,L62,M62/.578,1.976,.4723,.0,.399/ 
DATA K63,K65,K66/4.1E-4,.313,6.2E-4/ 

259/ 

DATA R174M,R175M,R177M,R178M/1.550,3.704,5.732,1.040/ 
DATA R179M,R180M/8.407,6.843/ 
DATA R184M,R185M,R186M,R187M,R188M/.1594,2.616,1.639,.028 
DATA R191M,R193M/1.435,-235/ 
DATA R200M,R201M,R202M/1.699,.101,6.978/ 
DATA R59H,R65M/.917,.214/ 

DATA V5,V6,V7,V8/14.85,155.0,4.42,20.0/ 

K198=K196 

R174=R174M*C29/(K174+C29) 
R175=R175M*C29/(K175+C29) 
R177=R177M*C30/(K177+C30) 
R178=R178M*C30/(K178+C30) 
R179=R179M*C31/CK179+C31) 
R180=R180M*C31/(K180+C31) 
R181=L179*R179 
R176=R181-R172B 
R182=K182*C33 
R183=K183*C34 

R59=R59M*A18/(K59+A18) 
R60=K60*A19 

R184=R184M*CA20/(K184+CA20) 
R185=R185M*C35/(K185+C35) 
R186=R186M*C36/(K186+C36) 
R187=R187M*C36/(K187+C36) 
R188=R188M*€37/(K188+C37) 

R62M=L62+M62*INSUL 
R62=R62M*A20/(K62+A20) 
R63=K63*A21 

R190M=L190+M190*INSUL 
R190=R190M*C39/(K190+C39) 
R191=R191H*C39/(K191+C39) 
R193=R193M*C40/(K193+C40) 
R195M=L195+M195*INSUL 
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R195=R195M*C41/CK195+C41) 
R196=K196*R195 
R192=R196 
R197M=L197-M197*INSUL 
R197=R197M*C43/(K197+C43) 
R198=K198*R197 

R200=R200H*C45/(K200+C45) 
R201=R201M*C46/CK201+C46) 
R202=R202M*C47/CK202+C47) 

R65=R65M*A22/(K65+A22) 
R66=K66*A23 

RETURN 
END 

SUBROUTINE POOL1(C1,AC4,PR4,BU4,CH4,C04, 
+ KATP,KCA,YATPM, 
+ SU2,ST2 /CE2,C3, 
+ A1,A2,A3,A4,N1A,N1B,U1, 
+ C2,CA3,C4, 
+ UNFERM,X1,X2,X3,YATP) 

REAL KCA,KATP,N1A,N1B 

DATA A,C/.25,.30/ 

IFCSU2.LT.0.01) SU2=0.01 
IFCST2.LT.0.001) ST2=0.001 
IFCCE2.LT.0.1) CE2=0.1 
IFCC3.LT.0.1) €3=0.1 
IFCA1.LT.0.01) A1=0.01 
IFCA2.LT.0.01) A2=0.01 
IFCA3.LT.0.001) A3=0.001 
IFCA4.LT.0.1) A4=0.1 ' 
IFCN1A.LT.0.001) N1A=0.001 
IFCN1B.LT.0.0001) N1B=0.0001 
IFCU1.LT.0.001) U1=0.001 

C2=SU2+ST2+CE2 
C4=AC4+PR4+BU4+CH4+C04 
CA3=KCA*A3 
YATP=YATPM*A2*N1A/CKATP+A2*N1A) 
UNFERM=A1+A*A2+C1+C*C2 
X1=SU2/CSU2+ST2) 
X2=ST2/CSU2+ST2) 
X3=CE2/CSU2+ST2) 

RETURN 
END 
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SUBROUTINE REGULI(C2,A2,A3,N1A,N1B,BW,NIGHT,UNFERM, 
+ K106,K6,K11,K20,K21,FT) 

REAL K106,K6,K11,K20,K21 
REAL N1A,N1B,NIGHT 

REAL MAX,MIN,N1AMX,N1AMN,N1BMX,N1BMN 

DATA C2MX,C2MN/42.,30.25/ 

DATA A2MX,A2MN,A3MX,A3MN/2.65,1.45,.20,.05/ 
DATA N1AMX,N1AMN,NlBMX,NlBMN/2.37,.30,.05,.0175/ 
DATA Y1,Y2,Y3,Y4/198.,.15,178.,.15/ 

MAX=Y1+Y2*BW 
MIN=Y3+Y4*BW 

IFCC2.LT.C2MX) GO TO 1 
K106=K106-0.1 
GO TO 2 

1 1FCC2.GT.C2MN) GO TO 2 
K106=K106+0.1 
GO TO 2 

2 CONTINUE 
IfCA2.LT.A2MX) GO TO 3 

K6=K6-0.01 
GO TO 4 

3 IFCA2.GT.A2MN) GO TO 4 
K6=K6+0.01 
GO TO 4 

4 CONTINUE 
IFCA3.LT.A3MX) GO TO 5 

K11=K11-0.0001 
GO TO 6 

5 IFCA3.GT.A3MN) GO TO 6 
K11=K11+0.0001 
GO TO 6 

6 CONTINUE 
IFCN1B.LT.N1BMX) GO TO 7 

K20=K20-0.00001 
GO TO 8 

7 IFCN1B.GT.N1BMN) GO TO 8 
<20=K20+0.00001 
GO TO 8 

8 CONTINUE 
IFCN1A.LT.N1AMX) GO TO 9 

K21=K21+0.01 
GO TO 10 

9 IFCN1A.GT.N1AMN) GO TO 10 
K21=K21-0.01 
GO TO 10 

10 CONTINUE 
IFCNIGHT.EQ.O.) GO TO 11 
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FT=0.û 
GO TO 13 

11 IFCUNFERM.LT.MAX) GO TO 12 
FT=0.0 
GO TO 13 

12 IF(UNFERM.GT.MIN) 60 TO 13 
FT=3.3 
GO TO 13 

13 CONTINUE 

IFÍK106.LT.0.00001) K106=0.00001 
IFCK6.LT.0.000001) «6=0.000001 
IF(K11.LT.0.000001) K11=0.000001 
IF(K20.LT.0.000001) K20=0.000001 
IF(K21.LT.0.0000 I) «21=0.00001 

RETURN 
END 

SUBROUTINE POOL2(C8,C9,C11 ,C12, 

A6,A7,A8,A10,A11,A12,N2A,N2B,U2) 

REAL N2A,N2B 

IF(C8.LT.0.01) €8=0.01 
IFCC9.LT.0.01) C9=0.01 
IFCC11.LT.0.0001) C11=0.0001 
IFCC12.LT.0.001) C12=0.001 
IF(A6.LT.0.01) A6=0.01 
IF(A7.LT.0.01) A7=0.01 
IF(A8.LT.0.1) A8=0.1 
IF(A10.LT.0.01) A10=0.01 
IF(A11.LT.0.01) A11=0.01 
IF(A12.LT.0.01) A12=0.01 
IF(N2A.LT.0.001) N2A=0.001 
IF(N2B.LT.0.005) N2B=0.005 
IFCU2.LT.0.001) U2=0.001 

RETURN 
END 

SUBROUTINE REGUL2(C8,C11,C12,A7,A8,A11,A12,N2B, 
K121,K128,K130,K27,K28,K34,K38,K40) 

REAL K121,K128,K130,K27,K28,K34,K38,K40 
REAL N2B,N2BMX,N2BMN 

DATA C8MX,C8MN,C11MX,C11MN/.195,.064,.0286,.002/ 
DATA C12MX,C12MN/.136,.02/ 
DATA A7MX,A7MN,A8MX,A8MN/1.10,.63,4.0,3.5/ 
DATA A11MX,A11MN,A12MX,A12MN/.37,.21,1.0,.65/ 
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DATA N2BMX,N2BMN/.30,.20/ 

IFCC8.LT.C8MX) GO TO 14 
K121=K121-0.01 
GO TO 15 

14 IFÍC8.GT.C8MN) GO TO 15 
K121=K121+0.01 
GO TO 15 

15 CONTINUE 
IFCC11.LT.C11MX) GO TO 16 

K128=K128-0.00001 
GO TO 17 

16 IF(C11.GT.C11MN) GO TO 17 
K128=Kl28+0.00001 
GO TO 17 

17 CONTINUE 
IFCC12.LT.C12MX) GO TO 18 

K130=K130-0.001 
GO TO 19 

18 IFCC12.GT.C12MN) GO TO 19 
K130=K130+0.001 
GO TO 19 

19 CONTINUE 
IFCA7.LT.A7MX) GO TO 20 

K27=K27-0.1 
GO TO 21 

20 IFCA7.GT.A7MN) GO TO 21 
K27=K27+0.1 
GO TO 21 

21 CONTINUE 
IFCA8.LT.A8MX) GO TO 22 

K28=K28-0.01 
GO TO 23 

22 IFCA8.GT.A8MN) GO TO 23 
K28=K28+0.01 
GO TO 23 

23 CONTINUE 
IFCA11.LT.A11MX) GO TO 24 

K34=K34-0.1 
GO TO 25 

24 IFCA11.GT.A11MN) GO TO 25 
K34=K34+0.1 
GO TO 25 

25 CONTINUE 
IFCA12.LT.A12MX) GO TO 26 

K40=K40-0.01 
GO TO 27 

26 IF(A12.GT.A12MN) GO TO 27 
K40=K40+0.01 
GO TO 27 

27 CONTINUE 
IFCN2B.LT.N2BMX) GO TO 28 

K38=K38+0.001 
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GO TO 29 
28 IFCN2B.GT.N2BMN) GO TO 29 

K38=K38-0.001 
GO TO 29 

29 CONTINUE 

IFCK121.LT.O.OOOOl) K121=0.00001 
IFCK128.LT.0.000001) K128=0.000001 
1FCK130.LT.0.000001) K130=0.000001 
IFCK27.LT.0.0001) K27=0.0001 
IFCK28.LT.0.00001) K28=0.00001 
IFCK34.LT.0.0001) K34=0.0001 
IFCK38.LT.0.000001) K38 1 

IFCK40.LT.0.00001) K40= 

RETURN 
END 

SUBROUTINE POOL3(C14,C16,C17,C18,C19,C20,C21,C22,C23,C24, 
+ C25,C26,C27,C28, 
+ A14,A15,A16,A17,N3,U3,U4) 

REAL N3 

IFCC14.LT.0.0001) €14=0.0001 
IFCC16.LT.0.001) C16=0.001 
IFCC17.LT.0.0001) C17=0.0001 
IFCC18.LT.0.001) €18=0.001 
IFCC19.LT.0.0001) €19=0.0001 
IFCC20.LT.0.1) C20=0.1 
IFCC21.LT.0.01) €21=0.01 
IFCC22.LT.0.0001) C22=0.0001 
IFCC23.LT.0.01) €23=0.01 
IFCC24.LT.0.01) C24=0.01 
IFCC25.LT.0.001) C25=0.001 
IFCC26.LT.0.01) C26=0.01 
IFCC27.LT.0.001) C27=0.001 
IFCC28.LT.0.01) C28=0.01 
IFCA14.LT.0.001) A14=0.001 
IFCA15.LT.0.1) A15=0.1 
IFCA16.LT.0.001) A16=0.001 
IFCA17.LT.0.001) A17=0.001 
IFCN3.LT.0.00001) N3=0.00001 
IFCU3.LT.0.001) U3=0.001 
IFCU4.LT.0.01) U4=0.01 

RETURN 
END 
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SUBROUTINE REGUL3<C14,C16,C17,C24,N3, 
+ K136,K137,K139,K142,K143,K144,K48) 

REAL K136,K137,K139,K142,K143,K144,K48 
REAL N3,N3MX,N3MN 

DATA C14MX,C14MN,C16MX,C16MN/.1980,.0195,1.45,.25/ 
DATA C17MX,C17MN,C24MX,C24MN/.200,.02,6.50,.85/ 
DATA N3MX,N3MN/.175,.01/ 

IFCC14.LT.C14MX) GO TO 30 
K137=K137-0.0005 
GO TO 31 

30 1FCC14.GT.C14MN) GO TO 31 
K137=K137+0.0005 
GO TO 31 

31 CONTINUE 
IFCC16.LT.C16MX) GO TO 32 

K136=K136+0.0005 
K142=K142+0.001 
K144=K144+0.001 
GO TO 33 

32 IFCC16.GT.C16MN) GO TO 33 
K136=K136-0.0005 
K142=K142-0.001 
<144=K144-0.001 
GO TO 33 

33 CONTINUE 
IFCC17.LT.C17MX) GO TO 34 

K143=K143-0.0005 
GO TO 35 

34 IFCC17.GT.C17MN) GO TO 35 
K143=K143+0.0005 
GO TO 35 

35 CONTINUE 
IFCC24.LT.C24MX) GO TO 36 

K139=K139+0.005 
GO TO 37 

36 IF CC24.GT.C24MN) GO TO 37 
K139=K139-0.005 
GO TO 37 

37 CONTINUE 
IFCN3.LT.N3MX) GO TO 38 

K48=K48-0.0001 
GO TO 39 

38 IFCN3.GT.N3MN) GO TO 39 
K48=K48+0.0001 
GO TO 39 

39 CONTINUE 

IFCK136.LT.0.000001) K136=0.000001 
IFCK137.LT.0.000001) K137=0 000U01 
IFCK139.LT.0.0001) K139=0.0001 
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00014100 
00014110 
00014120 
00014130 
00014140 
00014150 
00014160 



4 4 4 

IF(K142.LT.0.000001) K142=Q 000001 
IFCK143.LT.0.000001) K143=0.000001 
IFCK144.LT.O.00001) K144=0 00001 
1FCK48.LT.0.0000001) K48=0.0000001 

00014170 

C39,C40 #C41,C43,C44,C45,C46,C47 J 

A18,A19,A20,A21,A22,A23) 

IFCC34. 
IFCC35. 
IFCC36. 
1FCC37. 
1FCC38. 
IFCC39. 
IFCC40. 
IFCC41. 
IFCC43. 
IF(€44. 
IF(€45. 
IFCC46. 
IFCC47. 
IFCA18. 
IF(A19. 
IF(A20. 
IF(A21. 
IF(A22. 
IF(A23. 

LT.O 
LT.O 
LT.O 
LT.O 
LT.O 
LT.O 
LT.O 
LT.O 
LT.O 
LT.O 
LT.O 
LT.O 
LT.1 
LT.O, 
LT.O, 
LT.O, 
LT.O 
LT.O 
LT.O 
LT.O 
LT.1 
LT.O 
LT.1 

€29=0.001 
,001) €30=0.001 

,001) €33=0.001 
,01) €34=0.01 
,001) €35=0.001 
,001) €36=0.001 
001) €37=0.001 
,001) €38=0.001 
0001) €39=0.0001 
0001) €40=0.0001 
001) €41=0.001 

0) €43=1.0 
0001) €44=0.0001 
0001) €45=0.0001 
0001) €46=0.0001 

.0001) €47=0.0001 
0001) A18=0.0001 
001) A19=0.001 
001) A20=0.001 
0) A21=1.0 
0001) A22=0.0001 
0) A23=1.0 

RETURN 
END 

SUBROUTINE END1(C1,SU2,ST2,CE2,C3 /AC4,PR4,BU4,CH4,C04, 
+ A1,A2,A3,A4,N1A,N1B,U1,U4, 

+ K106,K6,K11,K20,K21, 
+ C1I,SU2I,ST2I,CE2I,C3l,AC4I,PR4l,BU4l,CH4I,C04I, 
+ A1I,A2I,A3I,A4I,N1AI,N1BI,U1I,U4I, 
+ K1061,K6I,K111,K20l,K211) 

REAL K106,K6,K11,K20,K21 
REAL N1A,N1B 
REAL K106I,K6I,K11I,K20I,K21I 
REAL N1AI,N1BI 

00014340 
00014350 
00014360 
00014370 
00014380 
00014390 
00014400 
00014410 
00014420 
00014430 
00014440 
00014450 
00014460 
00014470 
00014480 
00014490 
00014500 
00014510 
00014520 
00014530 
00014540 
00014550 
00014560 
00014570 
00014580 
00014590 
00014600 
00014610 
00014620 
00014630 
00014640 
00014650 
00014660 
00014670 
00014680 
00014690 
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C1i=C1 
SU2I=SU2 
ST2I=ST2 
CE2I=CE2 
C3l=C3 
AC4I=AC4 
PR4I=PR4 
BU4I=BU4 
CH4I=CH4 
C04I=C04 

A1I=A1 
A2I=A2 
A3I=A3 
A4l=A4 
N1AI=N1A 
N1BI=N1B 
U1I=U1 
U4I=U4 

K106I=K106 
K6I=K6 
K11I=K11 
K20I=K20 
K21I=K21 

RETURN 
END 

SUBROUTINE £ND2(C7,C8,C9,C10B,C11,C12,C23, 
+ A6,A7,A8,A10,A11,A12,A13,A16,N2A,N2B,U2, 
+ K121,K128,K130,K27,K28,K34,K38,K40, 
+ C7I,C8I,C9I /C10BI,C11I /C12I /C23I, 
+ A6I,A7I,A8I,A10I,A11I,A12I,A13I,A16I, 
+ N2AI,N2BI,U2I, 
+ K121I,K128I,K130I,K27I,K28I,K34I,K38I,K40I) 

REAL K121,K128,K130,K27,K28,K34,K38,K40 
REAL N2A,N2B 
REAL K121I,K128I,K130I,K27I,K28I,K34I,K38I,K40I 
REAL N2AI,N2BI 

C7l=C7 
€8I=C8 
C9I=C9 
C10BI=C10B 
C11I=C11 
C12I=C12 
C23I=C23 

A6I=A6 
A7I=A7 

00014700 
00014710 
00014720 
00014730 
00014740 
00014750 
00014760 
00014770 
00014780 
00014790 
00014800 
00014810 
00014820 
00014830 
00014840 
00014850 
00014860 
00014870 
00014880 
00014890 
00014900 
00014910 
00014920 
00014930 
00014940 
00014950 
00014960 
00014970 
00014980 
00014990 
00015000 
00015010 
00015020 
00015030 
00015040 
00015050 
00015060 
00015070 
00015080 
00015090 
00015100 
00015110 
00015120 
00015130 
00015140 
00015150 
00015160 
00015170 
00015180 
00015190 
00015200 
00015210 
00015220 
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A8I=A8 
A10I=A10 
A11I=A11 
A12I=A12 
A13I=A13 
A16I=A16 
N2AI=N2A 
N2BI=N2B 
U2I=U2 

K121I=K121 
K128I=K128 
K130I=K130 
K271=K27 
K28I=K28 
K34l=K34 
K38l=K38 

K40I=K40 

RETURN 
END 

SUBROUTINE END3(C14,C16,C17,C18,C19,C21,C22,C24, 
+ C25,C26,C27,C28,C38,C41,C44, 

+ A14,A15,A17,A18,A20,A22,N3,U3, 
+ K136,K137,K139,K142,K143,K144,K48, 
+ C14l,C16l,C17I,C18l,C19l,C21I,C22l,C24I, 
+ C25I,C26l,C27l,C28l,C38I,C41I,C44l, 
+ A14l,A15I,A17I,A18l,A20l,A22l,N3I,U3I, 
+ K136I,K137I,K139I,K142I,K143I,K144I,K48I) 

REAL K136,K137,K139,K142,K143,K144,K48 
REAL N3 
REAL K1361,K1371,K1391,K1421,K1431,K144I,K48I 
REAL N3I 

C14I=C14 
C16I=C16 
C17I=C17 
C18I=C18 
C19I=C19 
€21I=C21 
C22I=C22 
C24I=C24 
C25I=C25 
C26I=C26 
C27I=C27 
C28I=C28 
C38I=C38 
C41I=C41 
C44I=C44 

00015230 
00015240 
00015250 
00015260 
00015270 
00015280 
00015290 
00015300 
00015310 
00015320 
00015330 
00015340 
00015350 
00015360 
00015370 
00015380 
00015390 
00015400 
00015410 
00015420 
00015430 
00015440 
00015450 
00015460 
00015470 
00015480 
00015490 
00015500 
00015510 
00015520 
00015530 
00015540 
00015550 
00015560 
00015570 
00015580 
00015590 
00015600 
00015610 
00015620 
00015630 
00015640 
00015650 
00015660 
00015670 
00015680 
00015690 
00015700 
00015710 
00015720 
00015730 
00015740 
00015750 
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A14I=A14 
A15I=A15 
A17I=A17 
A18I=A18 
A20I=A20 
A22I=A22 
N3I=N3 
U3J=U3 

K136I=K136 
K137I=K137 
K139I=K139 
K142I=K142 
K143I=K143 
K144I=K144 
K48l=K48 

RETURN 
END 

SUBROUTINE END*(C29,C30,C31,C33,C34,C35,C36,C37, 
+ C39,C40,045,C46,C47, 
+ A19, 
+ C291,C301,C311,C331,C341,C351,C361,C371, 
+ €391,€401,€451,€461,€471, 
+ A19I) 

C29I=C29 
C30I=C30 
C31I=C31 
C33I=C33 
C34I=C34 
C35I=C35 
C36I=C36 
€371=037 
C39I=C39 
€40I=C40 
C45I=€45 
C46I=C46 
€471=047 

A19I=A19 

RETURN 
END 

ENDJOB 

00015760 
00015770 
00015780 
00015790 
00015800 
00015810 
00015820 
00015830 
00015840 
00015850 
00015860 
00015870 
00015880 
00015890 
00015900 
00015910 
00015920 
00015930 
00015940 
00015950 
00015960 
00015970 

>980 
3990 
S000 

00016010 
00016020 
00016030 
00016040 
00016050 
00016060 
00016070 
00016080 
00016090 
00016100 
00016110 
00016120 
00016130 
00016140 
00016150 
00016160 
00016170 
00016180 
00016190 
00016200 
00016210 
00016220 
00016230 
00016240 
00016250 
00016260 
00016270 
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APPENDIX 3: The SftS prograa creating a data set 

// EXEC SAS 

//CSMP DD DSN=AR10018.CSMP.SAS,DISP=0LD 
//CSMPDATA DD DSN=8&DATA,DISP=(OLD,DELETE) 
//PROG DD UNIT=SYSDA,SPACE=(TRK,10),DCB=CARD 
//SYSIN DD * 

FILE PROG ; 
PUT 'INPUT 01 <' 
INPUT VAR 812. « 
DO WHILE(VAR>' 
PUT ') (RB4.); '; 
STOP; 

DATA CSMP.TEST; 
INFILE CSMPDATA; 
LENGTH DEFAULTS 

'); PUT VAR 89. 0; INPUT VAR 8 $: END; INPUT; 

IF _N_=1 THEN DO _I_=1 TO 9; INPUT; RERUN=1j 
INPUT X 84. 0; 
IF X ='ENDS ' THEN DO; RERUN+1; 
IF X='ENDJ" OR X='ENDF' THEN STOP; 
XINCLUDE PROG / SOURCE2 S2=80; 
OUTPUT; 

00016410 
00016420 
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APPENDIX 4: The SAS program performing statistical calculations 

//* J0BCSAS1) 00000060 

//* 04/26/85 , 10:44:56 (AR10018) UUU00070 

//* MEAN OF RUNS O0000U80 

// EXEC SAS 00000090 

//CSMP DD DSN=AR10018.CSMP.SAS,DISP=0LD 0 0 0 U 0 1 U 0 

//SYSIN DD * 00000110 

PROC PRINT DATA=CSMP.TEST; BY RERUN; 00000120 

DATA; SET CSMP.TEST; 00000130 

IF 26 <= RERUN <= 35; 00000140 

IF TIME = 24.; 00000150 

LACT=F182*28.525; 00000160 

MILK=LACT/48.0; 00000170 

FAT=F183*(16.174+L179*12.682)/(1+L179); 00000180 

C FAT=FAT/MILK; 00000190 

PR0=F60*89.384; 00000200 

C PRO=PRO/MILK; 00000210 

EBAL=(F147-F152+F195-F197)*10.027/16+ 00000220 

(F145-F151+F196-F198)*1.660/3+(F43-F46+F62-F63+F65-F66)*2.065; 00000230 

GAIN=E8AL/25.0; 00000240 

MAIN=.53*C.90*(BW+GAIN/2))**.67; 00000250 

MILKE=(LACT*16.527+FAT*38.116+PR0*24.518)/1000; 00000260 
00000270 

GE=FGE; 00000280 

FE=FFE; 00000290 

DE=GE-FE; 00000300 

ME=DE*.84; 00000310 

MEE=(FCH111+FCH124)*.89; 00000320 

UE=DE-ME-MEE; 00000330 

PRODE=MILKE+EBAL; 00000340 

HE=ME-PRODE; 00000350 

NE=MAIN+PRODE; 00000360 

SFU=NE/7.89; 00000370 
00000380 

FEPCT=100*FE/GE; 00000390 

DEPCT=100*DE/GE; 00000400 

MEEPCT=100*MEE/GE; 00000410 

UEPCT=100*UE/GE; 00000420 

MEPCT=100*ME/GE; 00000430 

HEPCT=100*HE/GE; 00000440 

PR0DEP=1QO*PRODE/GE; 00000450 

NEPCT=100*NE/GE; 00000460 
00000470 

PROC MEANS; 00000480 
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A P P E N D I X 5 : H u m e r i cal v a l u e s of s t a t e v a r i a b l e s a n d e q u a t i o n 

p a r a m e t e r s in t h e r u m e n c o a p a r t i e n t 

P a r a m e t e r or s t a t e N u m e r i c a l v a l u e 

v a r i a b l e S y m b o l " O r i g i n a l 1^ F i na 12 ) 

R a t e of feed i n t a k e FT kg D M / h 3 . 3 3 . 3 

S u g a r c o n t e n t in feed KSU k g / k g DM 0 . 2235 0 . 2 2 3 5 

C a r b o n c o n t e n t in sugar LSU m o l C/kg 3 5 . 087 35 . 0 8 7 

U n f e r m e n t a b le f r a c t i o n 
of s u g a r and g l y c e r o l MSU 0 . 0 0 . 0 

S t a r c h c o n t e n t in feed KST k g / k g DM 0 . 0 3 1 3 0 . 031 3 

C a r b o n c o n t e n t in s t a r c h LST mol C/kg 3 7 . 037 3 7 . 0 3 7 

U n f e r m e n t a b le f r a c t i o n 
of s t a r c h MST 0 . 0 0 . 0 

C e l l w a l l c a r b o h y d r a t e s 
in feed KC E k g / k g DM 0 . 4 2 6 8 0 . 4 2 6 8 

C a r b o n c o n t e n t in 
c e l l w a l l c a r b o h y d r a t e s LCE m o l C / k g 3 7 . 037 3 7 . 037 

U n f e r m e n t a b le f r a c t i o n 
of c e l l w a l l c a r b o h y d r a t e s M C E 0 . 40 0 . 40 

G l y c e r o l c o n t e n t in feed KGL k g / k g DM 0 . 0 0 4 7 0 . 0 0 4 7 

C a r b o n c o n t e n t in g l y c e r o l LGL m o l C/kg 3 2 . 573 3 2 . 573 

F a t t y acid c o n t e n t in feed KLI k g / k g DM 0 . 04 0 . 04 

C a r b o n c o n t e n t in 
f a t t y a c i d s LLI m o l C/kg 

CM
 402 6 2 . 402 

U n f e r m e n t a b l e f r a c t i o n 
of f a t t y acids MLI 0 . 90 0 . 90 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d after r e p e a t e d s i m u l a t i o n s 

(to be c o n t i n u e d ) 
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A p p e n d i x 5 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e N u m e r i c a l v a l u e 

v a r i ab le Syrrtbo I U n i t O r i g i n a l 1 ? f i n a l 2 ^ 

R a t e c o n s t a n t for 
u n f e r m e n t a b l e c a r b o h y d r a t e 
and lipid outf Low K 1 0 3 h" 1 0, .025 0 . 025 

U n f e r m e n t a b l e 
c a r b o h y d r a t e s and lipids C1 mo I C 255 , .6 261 . 0 8 * ) 

R a t e c o n s t a n t for m i c r o b i a l 
u p t a k e of c a r b o h y d r a t e s K 1 0 5 h~ 1 0, .070 0 . 0 7 3 

F e r m e n t a b l e s u g a r SU2 mo I C 2 .93 3 . 8 4 6 8 * : 

F e r m e n t a b l e s t a r c h ST 2 mo I C 0 .49 0 . 4 3 3 6 * : 

F e r m e n t a b l e cell w a l l 
c a r b o h y d r a t e s C E 2 mo I € 33 .66 2 9 . 9 9 4 * ) 

A f f i n i t y c o n s t a n t for 
c a r b o h y d r a t e f e r m e n t a t i o n K 1 0 6 mo I C 9 .270 2 . 5 0 * ) 

M a x i m a l f e r m e n t a t i o n 
r a t e f a c t o r L 1 0 6 mo I C / ( m o l N * h ) 1 .218 1 . 0 5 3 4 

C e l l w a l l c a r b o h y d r a t e 
f e r m e n t a t i o n rate f a c t o r G 0 .04 0 . 0 0 0 6 

A c e t a t e from s u g a r A C S U mo I C/mo I C 0 . 3 6 0 3 6 0 . 3 6 0 3 6 

P r o p i o n a t e from s u g a r P R S U mo I C/mo I C 0 .13514 0 . 1 3 5 1 4 

B u t y rate from sugar BSJSU mo I C /mo I C 0 . 2 1 6 2 2 0 . 2 1 6 2 2 

M e t h a n e from s u g a r CHSU mo I C /mo I c 0 .1045 0 . 1045 

C a r b o n d i o x i d e 
from s u g a r c o s u mo I C/mo I c 0 . 1 8 3 7 8 0 , ,18378 

A T P f r o m sugar A T P S U mo I A T P / m o I C 0 . 7 6 9 3 7 0 . ,76937 

1 ) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d after r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be cont i n u e d ) 

29* 
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A p p e n d i x 7 { c o n t i n u e d ) 

P a r a m e t e r or s t a t e N u m e r i c a l v a l u e 

v a r i a b l e _ S y m b o l U n i t O r i g i n a l 1 } F i n a l 2 ) 

A c e t a t e from s t a r c h ACST mo I C / m o I C 0 . 3 8 6 6 7 0 .38667 

P r o p i o n a t e from s t a r c h PRST mo I C /mo I C 0 . 2 6 8 3 3 0 .26833 

B u t y r a t e from s t a r c h B U S T mol C / m o I c 0 . 1 0 0 0 0 .1000 

M e t h a n e from s t a r c h CHST mo I C / m o I € 0 . 0 8 6 6 7 0 .08667 

C a r b o n d i o x i d e 
from s t a r c h COST mo I C / m o I C 0 . 1 5 8 3 3 0, .15833 

ATP from s t a r c h A T P S T mo I A T P / m o I C 0 . 7 5 3 3 3 0, ,75333 

A c e t a t e f rom 
cell w a l l c a r b o h y d r a t e s ACCE mo I C /mo I C 0 . 3 6 2 6 4 0, .36264 

P r o p i o n a t e from 
cell wall c a r b o h y d r a t e s PRCE mo 1 C /mo I c 0, .36265 0. .36265 

B u t y r a t e from 
cell w a l l c a r b o h y d r a t e s • BUCE mo I C / m o I C 0, .06165 0. ,06165 

M e t h a n e f rom 
cell wall c a r b o h y d r a t e s CHCE mo I C / m o I c 0, .0680 0 . ,0680 

C a r b o n d i o x i d e from 
cell w a l l c a r b o h y d r a t e s COCE mo 1 C / m o I c 0. ,1 4 5 0 6 0 . 14506 

ATP from 
cell wall c a r b o h y d r a t e s ATP C E mo I A T P / m o I C 0. .70354 0 . 70354 

R a t e c o n s t a n t for 
f e r m e n t a b l e c a r b o h y d r a t e 
o u t f l o w K1 07 h~ 1 0. ,041 0 . 043 

R a t e c o n s t a n t for 
m i c robi a I out f low 

K 1 1 0 , K1 0 
K1 3 , K1 8 h~ 1 0 . ,0828 0 . 08 

M i c r o b i a l c a r b o h y d r a t e s 
and lipids C 3 mo I C 1 7 . 59 1 9 . 7 6 5 * ) 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 

*) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be con ti n u e d ) 
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A p p e n d i x 6 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o I U n i t 

N u m e r i c a l v a l u e 

O r i g i n a 
L 1 ) F i n a l 2 ) 

F r a c t i o n of m i c r o b i a l 
s t a r c h L 1 1 0 

F r a c t i o n of m i c r o b i a l 
cell w a l l c a r b o h y d r a t e s M 1 1 0 

f r a c t i o n of m i c r o b i a l 
lipids N 1 1 0 

R a t e c o n s t a n t for 
a c e t a t e o u t f l o w K A C 1 1 1 

R a t e c o n s t a n t for 
p r o p i o n a t e o u t f l o w KPR111 

Rate c o n s t a n t for 
b u t y r a t e o u t f l o w K B U 1 1 1 

Rate c o n s t a n t for 
m e t h a n e o u t f l o w K C H 1 1 1 

Rate c o n s t a n t for 

c a r b o n d i o x i d e o u t f l o w K C 0 1 1 1 

R u m i n a l a c e t a t e A C 4 

R u m i n a l p r o p i o n a t e P R 4 

R u m i n a l b u t y r a t e BU4 

R u m i n a l m e t h a n e CH4 

R u m i n a l c a r b o n d i o x i d e C04 

A f f i n i t y c o n s t a n t for 
p r o t e i n f e r m e n t a t i o n K112 

h-1 

h-1 

h"1 

h-1 

h-1 

mol C 

m o l C 

mo I C 

m o l C 

m o l € 

mol € 

0.08 0.08 

0 . 4 4 0 . 4 4 

0 . 4 8 0 . 4 8 

0 . 4 5 0 4 0 . 4 4 8 3 

0 . 4 6 2 7 0 . 4 6 0 5 

0 . 4 5 6 1 0 . 4 5 4 0 

1.000 1.00 

1 . 2 6 3 1 . 1 8 7 

9 . 3 8 5 1 0 . 4 9 1 * ) 

5 . 4 0 1 6 . 6 8 4 1 * ) 

3 . 7 5 5 3 . 8 3 7 4 * ) 

0 . 9 1 7 0 . 9 3 3 1 * ) 

1 . 8 3 4 2 . 0 5 4 5 * ) 

0 . 0 9 3 9 0 . 0 9 0 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 
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A p p e n d i x 5 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e N u m e r i c a l v a l u e 

v a r i a b l e S y m b o l U n i t Original'' * F i n a l ^ 

M a x . rate of p r o t e i n 
f e r m e n t â t ion R 11 2 M mo I C / h 2 . 66 3 . 00 

C a r b o n ¡ n i t r o g e n 
ratio in p r o t e i n K C A mo I C /mo I N 3 . 8 3 . 8 

M i c r o b i a l a m i n o a c i d s 
and p e p t i d e s C A3 mo I C 0 . 532 0 . 0 0 3 8 * ) 

A c e t a t e from p r o t e i n AC mo I C /mo I C 0 . 2 9 7 4 9 0 . 2 9 7 4 9 

P r o p i o n a t e from p r o t e i n PR mo I C /mo I C 0 . 1 3 7 3 0 0 . 1 3 7 3 

B u t y r a t e from p r o t e i n BU mol C /mo I C 0 . 0 9 1 5 3 0 . 0 9 1 5 3 

B r a n c h e d chain f a t t y 
a c i d s from p r o t e i n BC mo I C /mo I c 0 . 1 6 4 7 6 0 . 1 6 4 7 6 

M e t h a n e from p r o t e i n CH mo I C / mo I c 0 . 1 4 8 7 4 0 . 1 4 8 7 4 

C a r b o n d i o x i d e 
f rom p r o t e i n CO mo I C/mo I c 0 . 1 6 0 1 8 0 . 1 6 0 1 8 

ATP from p r o t e i n ATPPR mo I ATP /mo I C 0 . 0 0 . 0 

R e d u c t i on f a c t o r 
for m e t h a n e K 0 . 75 0 . 75 

C o n c e n t r a t e p r o t e i n 
c o n t e n t in feed KC k g / k g DM 0 . 100 0 . 100 

N i t r o g e n c o n t e n t in 
c o n c e n t r a t e p r o t e i n LC mo I N/kg 1 1 . 423 1 1 . 423 

U n f e r m e n t a b l e f r a c t i o n 
of c o n c e n t r a t e p r o t e i n MC 0 . 2 7 8 8 0 . 2 7 8 8 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 



455 

A p p e n d i x 5 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o I Un i t 

N u m e r i ca I v a l u e 

0 r i g i n a I
1
> F i n a l

2 ) 

R o u g h a g e p r o t e i n 
c o n t e n t in feed KR 

N i t r o g e n c o n t e n t in 
r o u g h a g e p r o t e i n LR 

U n f e r m e n t a b le f r a c t i o n 
of r o u g h a g e p r o t e i n MR 

R a t e c o n s t a n t for 
u n f e r m e n t a b l e p r o t e i n 
out f Low K5 

U n f e r m e n t a b l e p r o t e i n A1 

A f f i n i t y c o n s t a n t for 
m i c r o b i a l u p t a k e of 
a m i n o a c i d s and p e p t i d e s K6 

M a x . rate of m i c r o b i a l 
a m i n o acid and 
p e p t i d e u p t a k e R6M 

F e r m e n t a b l e p r o t e i n , 
p e p t i d e s and a m i n o a c i d s A2 

R a t e c o n s t a n t for 
f e r m e n t a b l e p r o t e i n 
out flow K7 

A f f i n i t y c o n s t a n t for 
m i c r o b i a l e x c r e t i o n 
of a m i n o a c i d s K8 

M a x . rate of m i c r o b i a l 
a m i n o acid e x c r e t i o n R8M 

M i c r o b i a l a m i n o a c i d s 
and p e p t i d e s A3 

k g / k g DM 0 . 0 7 8 8 0 . 0 7 8 8 

mo I N / k g 11 .423 11 .423 

0.10 0.10 

h-1 

mo I N 

mo I N 

mo I N / h 

mo I N 

h"1 

mo I N 

mo I N / h 

mo I N 

0 . 0 4 3 

7.061 

1 ) A s s u m e d or e s t i m a t e d from the li t e r a t u r e 

2 ) F i n a l l y a d j u s t e d after r e p e a t e d s i m u l a t i o n s 
*) i n i t i a l v a l u e at the b e g i n n i n g of the run 

0 . 0 4 3 

7 . 3 0 8 1 * ) 

0 . 8 9 0 0 . 9 2 3 6 * ) 

1 . 5 7 2 1 . 6 8 5 

2 . 0 7 7 2 . 1 9 4 2 * ) 

0.11 0 . 1 1 0 1 

0 . 0 6 0 . 0 4 1 5 

0 . 1 5 7 0 . 1 5 7 

0 . 1 4 0 0 . 0 0 1 * ) 

(to be c o n t i n u e d ) 



4 5 6 

A p p e n d i x 7 { c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e 

A f f i n i t y c o n s t a n t 
for mi c robia I 
p r o t e i n s y n t h e s i s 

S y m b o I Unit 

N u m e r i c a l v a l u e 

O r i g i n a l 1 } P i n a l 2 ) 

N i t r o g e n c o n t e n t 
in die robes 

M a x . effi c iency of 
m i c r o b i a l g r o w t h 

A f f i n i t y c o n s t a n t 

A f f i n i t y c o n s t a n t for 
d e g r a d a t i o n of 
m i c r o b i a l a m i n o a c i d s 

M a x . rate of m i c r o b i a l 
a m i n o a c i d d e g r a d a t i o n 

R a t e c o n s t a n t for 
d e g r a d a t i o n of 
m i c r o b i a l p r o t e i n 

M i c r o b i a l p r o t e i n 
a n d n u c l e i c a c i d s 

R a t e c o n s t a n t for 
N H 3 / N H 4 4 " o u t f l o w 

R u m i n a t NH3/NH4 4" 

A f f i n i t y c o n s t a n t for 
m i c r o b i a l u p t a k e 
of N H 3 / N H 4 * 

M a x . rate of m i c r o b i a l 
N H 3 / N H 4 + u p t a k e 

K9 

K1 1 

R 11 M 

K1 2 

A4 

K 1 4 

N1 A 

K1 5 

mo I N 0 . 0 0 6 8 0.001 

M9 mol N/g DM 5 . 742*1 0 " 3 5 . 735 *1 0 " 3 

Y A T P M g D M / m o I ATP 2 8 . 0 2 8 . 0 

K ATP (mol N ) 2 0 . 1 4 8 3 0 . 0 7 

mol N 

mol N / h 

h-1 

mol N 

h-1 

mo I N 

mol N 

R15M mo I N / h 

0.06 

1 .432 

0 . 0 2 0 7 

1 0 . 0 4 

0.11 

0 . 9 2 8 

0.002 

0 . 4 9 3 

1 ) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

0 . 0 6 3 3 * ) 

1 .737 

0.02 

1 1 . 2 5 2 * ) 

0.1101 

0 . 7 3 4 9 * ) 

0 . 1 8 9 

0.6 

(to be con ti n u e d ) 



4 5 7 

A p p e n d i x 6 ( c o n t i n u e d ) 

p a r a m e t e r or s t a t e 

v a r i a o i e S y m b o I U n i t 

N u m e r i caI v a l u e 

O r i g i n a l ^ F i na l ^ 

R a t e c o n s t a n t for 
N H3/N H 4 + a b s o r p t i o n K16 

R u m e n f l u i d v o l u m e V1 

A f f i n i t y c o n s t a n t for 
m i c r o b i a l a m i n o acid 
synt h e s i s K1 7 

M a x . rate of m i c r o b i a l 

a m i n o a c i d s y n t h e s i s R17M 

M i c r o b i a l N H 3 / N H 4
+ N1B 

A f f i n i t y c o n s t a n t for 

m i c r o b i a l e x c r e t i o n 
of NH3/NH4 4" K20 

M a x . rate of m i c r o b i a l 
N H 3 / N H 4 + e x c r e t i o n R 20M 

A f f i n i t y c o n s t a n t for 
h y d r o l y s i s of urea K21 

M a x . rate of 

h y d r o l y s i s of urea R 21M 

R u m i n a l urea U1 

R a t e c o n s t a n t for 

urea u p t a k e K55 

B l o o d u r e a U4 

E x t r a c e l l u l a r fluid v o l u m e V4 

l/h 

I 

mo I N 

mo I N/h 

mo I N 

mo I N 

mo I N/h 

mo I N 

mo I N/h 

mo I N 

l/h 

mo I N 

I 

1 8 . 1 5 4 1 8 . 3 8 5 

7 4 . 0 7 4 . 0 

0 . 0 1 8 2 0 . 0 0 9 7 

1 . 4 5 4 1.51 

0 . 0 2 6 0 . 1 1 6 5 * ) 

0 . 0 0 4 6 0 . 0 0 5 6 * ) 

0 . 7 4 9 1 . 0 4 

2 . 7 4 3 

2 . 4 6 3 

0 . 2 2 2 

2 . 7 2 3 * ) 

2 . 4 6 3 

0 . 2 1 7 5 * ) 

1 6 . 7 6 5 1 6 . 6 8 7 

2.1 2 . 0 4 7 9 * ) 

1 5 0 . 0 1 5 0 . 0 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
*) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 



4 5 8 

A p p e n d i x 5 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o I Uni t 

E n e r g y c o n t e n t 
in s u g a r c SU 

E n e r g y c o n t e n t 
in s t a r c h cST 

E n e r g y c o n t e n t in 
c e l l w a l l c a r b o h y d r a t e s CCE 

E n e r g y c o n t e n t 
in l i p i d C LI 

E n e r g y c o n t e n t 

i n p r o t e i n ' CPR 

MJ /kg 

MJ /kg 

MJ /kg 

MJ /kg 

MJ /kg 

N u m e r i c a l v a l u e 

O r i g i n a l 1 } F i n a l 2 ) 

1 6 - 6 

1 7 . 6 

18.8 

3 9 . 7 5 

2 3 . 9 3 

16.6 

1 7 . 6 

18.8 

3 9 . 7 5 

2 3 . 9 3 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) f i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 



459 

A P P E N D I X 6 : N u m e r i c a l v a l u e s of s t a t e v a r i a b l e s a n d e q u a t i o n 

p a r a m e t e r s in t h e i n t e s t i n a l c o m p a r t m e n t s 

P a r a m e t e r or s t a t e 

v a r i a b l e S ymbo I U n i t 

N u m e r i c a l v a l u e 

O r i g i n a t1> F i n a l ? ) 

I n d i g e s t i b l e f r a c t i o n 
of f a t t y a c i d s K 1 1 6 

R a t e c o n s t a n t for d i g e s t a K 1 1 9 , K 1 2 0 , 
flow in s m a l l i n t e s t i n e K 1 2 2 

F e r m e n t e d f r a c t i o n of 
cell w a l l c a r b o h y d r a t e s L119 

I n d i g e s t i b l e 
c a r b o h y d r a t e s and l i p i d s 
in s n a i l i n t e s t i n e C7 

D i g e s t i b l e c a r b o h y d r a t e s 
and g l y c e r o l 
i n sma 11 i n t e s t i n e C8 

F e r m e n t e d f r a c t i o n 
of s t a r c h L120 

A f f i n i t y c o n s t a n t for 
g l u c o s e u p t a k e 
from the lumen K121 

M a x . rate of g l u c o s e 
u p t a k e from the lumen R 1 2 1 M 

D i g e s t i b l e fatty a c i d s 
in s m a 1 1 i n t e s t i n e C9 

R a t e c o n s t a n t for f a t t y 
acid u p t a k e from the l u m e n K123 

mo I C 

mo I C 

0 . 0 7 4 5 0 . 0 8 3 3 

h~1 0 . 2 4 0 . 2 4 0 

0.22 0.220 

2 8 . 8 0 2 9 . 5 7 8 * ^ 

0 . 1 2 3 0 . 0 7 4 5 * ^ 

1.00 1 .00 

m o l C 0 . 6 5 1 5 0 . 6 2 6 8 * ) 

mot C/h 1 . 6 6 7 1 . 6 6 7 

mol C 0 . 8 9 9 0 . 9 1 3 2 * ) 

h " 1 2 . 1 6 0 2 . 1 6 1 7 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 



4 6 0 

A p p e n d i x 6 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o l 

R e d u c ti on factor 
for m e t h a n e 

R a t e c o n s t a n t for 
f a e c a l e x c r e t i o n 

U n i t 

N u m e r i c a l v a l u e 

Original'' ̂  F i n a 1 2 ) 

0 . 7 5 0 . 7 5 

K 1 2 6 . K 2 9 h~1 

Und i g e s t e d 
c a r b o h y d r a t e s and l i p i d s 
in the hind gut c10B 

C a r b o n : n i t rogen r a t i o 
i n p r o t e i n KCA 

F e r m e n t ed fracti on of 
d e a m i n a t e d amino a c i d s K 1 2 7 A 

A f f i n i t y c o n s t a n t for 
a c e t a t e and k e t o n e b o d y 
o x i d a t i o n K 1 2 8 

M a x . rate of a c e t a t e and 
k e t o n e b o d y o x i d a t i o n R 1 2 8 H 

A c e t a t e and k e t o n e b o d i e s 
in i n t e s t i n a l wall c 11 

A f f i n i t y c o n s t a n t for 
g l u c o s e o x i d a t i o n K 1 2 9 

M a x . rate of 

g l u c o s e o x i d a t i o n R.129M 

G l u c o s e in 
i n t e s t i n a l wall C12 

mol C 

0 . 1 1 4 0 . 1 1 5 

5 5 . 7 5 6 5 6 . 6 5 * ) 

mol C/mol N 3 . 8 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

3.8 

0 . 1 3 6 1 0 . 1 3 6 9 2 

mol C 0 . 0 0 1 6 1 * 1 o ~ 6 * ) 

mol C/h 0 . 7 1 3 0 . 7 1 4 5 

mol C 0 . 0 1 4 0 . 0 1 4 3 * > 

mol C 0 . 0 8 6 0 . 0 6 7 7 

mol C/h 0 . 0 1 4 4 0 . 0 1 6 0 

mol C 0 . 0 8 6 0 . 0 2 5 6 * ^ 

(to be c o n t i n u e d ) 



461 

A p p e n d i x 6 ( c o n t i n u e d ) 

P a r a m e t e r or state 

vari a b l e S y m b o l 

A f f i n i t y c o n s t a n t for 
g l u c o s e a b s o r p t i o n K 1 3 0 

M a x . rate of 
g l u c o s e a b s o r p t i o n R 1 3 0 M 

G l y c e r o l e s t e r i f i c a t i o n 
of f a t t y a c i d s K131 

R a t e c o n s t a n t for u p t a k e 
of a c e t a t e and k e t o n e 
b o d i e s from the b l o o d K 1 5 5 

A c e t a t e and k e t o n e b o d i e s 

N u m e r i c a l v a l u e 

Un it P r i g i na l1> F i n a l
2
> 

mol C 0 . 9 6 6 5 0 . 7 8 5 9 * > 

mol C/h 1 . 6 6 7 1 . 6 6 7 

m o l C/mol C 0 . 0 6 2 5 0 . 0 6 2 5 

l/h 1 1 0 . 6 0 1 1 0 . 5 5 

in e x t r a c e l l u l a r f l u i d C23 mol C 0 . 8 7 0 . 9 1 9 2 

E x t r a c e l l u l a r 
f l u i d v o l u m e V4 l 1 5 0 . 0 1 5 0 . 0 

F r a c t i o n of a m i n o a c i d s 
in u n f e r m e n t e d 
feed p r o t e i n K23 0 . 8 0 0 . 8 0 

D i g e s t i b l e f r a c t i o n of 
a m i n o a c i d s in 

u n f e r m e n t e d feed p r o t e i n L23 1 . 0 0 1 . 0 0 

F r a c t i o n of a m i n o a c i d s in m i c r o b i a l p r o t e i n M23 0 . 7 0 0 . 7 0 

D i g e s t i b l e f r a c t i o n of 
a m i n o a c i d s in 
m i c r o b i a l p r o t e i n N23 1 . 0 0 1 . 0 0 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
*) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 



4 6 2 

A p p e n d i x 6 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o I U n i t 

N u i e r i c a l v a l u e 

O r i g i n a l 1 ) F i n a l 2 ) 

Rate c o n s t a n t for d i g e s t a K 2 5 , K 2 6 , 
flow in s m a l l i n t e s t i n e 0 2 , 0 3 h ~ 1 

I n d i g e s t i b l e p r o t e i n 
in small i n t e s t i n e A6 m o l N 

D i g e s t i b l e p r o t e i n 
in s m a l l i n t e s t i n e A? m o l N 

A f f i n i t y c o n s t a n t for 
a m i n o a c i d u p t a k e 

from the lumen «27 mol N 

M a x . rate of a m i n o a c i d u p t a k e from the lumen R27M mol N / h 

A f f i n i t y c o n s t a n t for 
hind gut 
p r o t e i n d e g r a d a t i o n «28 m o l N 

M a x . rate of p r o t e i n 
d e g r a d a t i o n 

in the hind gut R28M mol N / h 

U n d i g e s t e d p r o t e i n in the h i n d gut A8 m o l N 

F r a c t i o n of a m i n o a c i d s 
in e n d o g e n o u s p r o t e i n K31 

D i g e s t i b l e f r a c t i o n of 
a m i n o a c i d s in 

e n d o g e n o u s p r o t e i n L31 

I n d i g e s t i b l e e n d o g e n o u s p r o t e i n A 1 0 m o l N 

0 . 2 4 0 . 2 4 0 

1 . 5 0 0 1 . 5 3 0 5 * ) 

0 . 8 6 3 0 . 8 5 6 8 * > 

6 . 5 8 1 6 . 5 7 8 * ) 

6 . 9 8 6 . 9 8 

1 . 6 1 6 2 . 7 3 1 * ) 

0 . 5 2 0 5 0 . 6 3 0 

3 . 7 7 3 . 8 2 4 8 * } 

0 . 9 7 5 6 0 . 9 7 5 5 

0 . 9 7 5 6 0 . 9 7 5 5 

0 . 0 7 6 0 . 0 7 7 6 * ) 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 



4 6 3 

A p p e n d i x 6 ( c o n t i n u e d ) 

Pa r a m e t e r or s t a t e 

v a r i a b l e S y m b o l U n i t 

N u m e r i caI 

O r i g i n a l
1
 ) 

v a l u e 

F i n a l
2 ) 

D i g e s t i b l e 
e n d o g e n o u s p r o t e i n 

A f f i n i t y c o n s t a n t for 
e n d o g e n o u s a m i n o a c i d 
u p t a k e from the lumen 

M a x . rate of 
e n d o g e n o u s a m i n o acid 
u p t a k e from the lumen 

R a t e c o n s t a n t for 
N H 3 / N H 4 + a b s o r p t i o n 
f r o m s m a l l i n t e s t i n e 

N H 3/N H 4 + in 
s m a l l i n t e s t i n e 

S m a l l i n t e s t i n a l 
f l u i d v o l u m e 

A f f i n i t y c o n s t a n t for 
m i c r o b i a l a m i n o a c i d 
s y n t h e s i s 

N i t r o g e n c o n t e n t 
in m i c r o b e s 

M a x . effi c i e n c y of 
m i c r o b i a l g r o w t h 

N H3/N H 4
+
 in 

the hind gut 

A11 

K34 

R34M 

K35 

N2 A 

V2 A 

K36 

mol N 

mo I N 

mol N / h 

l/h 

mol N 

I 

mol N 

0 . 2 8 7 

6 . 5 8 1 

6 . 9 8 

3 3 . 1 4 2 

0 . 0 6 7 

21 .3 

0 . 0 6 2 1 

5 . 7 4 2 * 1 0 - 3 M9 mol N/g DM 

YATP M g D M / m o I ATP 28 .0 

N2B mo I N 0 . 2 6 2 

0 . 2 8 2 1 * } 

6 . 5 7 8 * ^ 

6 . 9 8 

3 3 . 4 0 0 9 

0 . 0 5 8 5 * ) 

21 .3 

0 . 0 6 3 7 

5 .735 *1 0 "
3 

2 8 . 0 

0 . 2 6 0 7 * ) 

1) A s s u m e d or e s t i m a t e d from the li t e r a t u r e 
2 ) F i n a l l y adj u s t e d a f t e r r e p e a t e d si m u l a t i o n s 
* ) i n i t i a l v a l u e at the begi nni ng of the run 

(to be conti nued ) 



A p p e n d i x 6 ( c o n t i n u e d ) 

4 64 

P a r a m e t e r or state 

v a r i a b l e S y m b o I U n i t 

N u m e r i c a l v a l u e 

O r i g i n a l 1 ) F i na 1 2 ) 

R a t e c o n s t a n t for 
N H 3 / N H 4 + a b s o r p t i o n 
from the hind gut 

H i n d gut f l u i d v o l u m e 

A f f i n i t y c o n s t a n t for 
h y d r o lysis of urea 

M a x . rate of 
h y d r o l y s i s of urea 

U r e a in the hind gut 

A f f i n i t y c o n s t a n t for 
i n t e s t i n a l p r o t e i n 
s y n t h e s i s 

M a x . rate of i n t e s t i n a l 
p r o t e i n s y n t h e s i s 

A m i n o a c i d s in 
i n t e s t i n a l t i s s u e 

A f f i n i t y c o n s t a n t for 
a m i n o a c i d a b s o r p t i o n 

M a x . rate of i n t e s t i n a l 
a m i n o a c i d a b s o r p t i o n 

A f f i n i t y c o n s t a n t for 
e n d o g e n o u s p r o t e i n 
s e c r e t i o n 

< 3 7 l/h 1 8 . 1 5 4 1 8 . 4 9 5 

V 2 B I 12.1 12.1 

K 3 8 mol N 0 . 0 6 2 9 0 . 0 5 1 5 * ) 

R38M mol N / h 0 . 4 0 3 0 . 4 0 3 

U2 mol N 0 . 0 4 6 2 0 . 0 3 9 3 * ) 

K39 mot N 0 . 3 0 7 6 0 . 3 0 6 9 

R39M mol N/h 0 . 6 7 6 0 . 6 7 6 

A12 mol N 0 . 9 3 0 0 . 9 3 9 3 * ) 

K40 mot N 4 . 9 6 6 6 4 . 9 4 2 7 * ) 

R40M mot N/h 6 . 9 8 6 . 9 8 

K41 mol N 2 6 . 6 2 2 2 6 . 3 3 0 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 



4 6 5 

A p p e n d i x 6 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o I U n i t 

N u m e r i c a l v a l u e 

O r i g i n a l
1
) F i n a 1 2 ) 

F a c t o r for e n d o g e n o u s 
p r o t e i n s e c r e t i o n 

P r o t e i n in 
i n t e s t i n a l t i s s u e 

R a t e c o n s t a n t for 
deg radat i on of 
i n t e s t i n a l p r o t e i n 

A f f i n i t y c o n s t a n t for 
ami no a c i d u p t a k e 
from the b l o o d 

M a x . rate of a m i n o acid 
u p t a k e f r o m the blood 

A m i n o a c i d s in 
e x t r a c e l l u l a r f l u i d 

R a t e c o n s t a n t for 
urea u p t a k e 

Urea in 
e x t r a c e l l u l a r fluid 

L41 mo I N / m o I C 

A13 

K50 

R50M 

A 1 6 

K56 

U4 

mo I N 

K42 h ~ 1 

mo I N 

mo I N / h 

mo I N 

l/h 

mo I N 

0 . 0 3 8 3 0 . 0 3 8 0 

5 6 . 0 5 5 . 9 4 5 * ) 

0 . 0 0 2 3 0 . 0 0 2 3 

8 . 7 8 3 2 8 . 7 6 3 

6 . 9 8 6 . 9 8 

0 . 5 0 4 0 . 5 0 2 3 * ) 

1 6 . 7 6 5 1 6 . 7 2 7 

2.1 2 . 0 4 7 9 * ) 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
*) I n i t i a l v a l u e a t the b e g i n n i n g of the run 

(to be conti nued ) 

30 



4 6 6 

A p p e n d i x 6 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e Sy m b o L 

N u m e r i c a l v a l u e 

U n i t O r i g i n a l ^ F i n a l 2 ) 

C a r b o n c o n t e n t of 
c e l l M a l l c a r b o h y d r a t e s LCE 

E n e r g y c o n t e n t of 
c e l l w a l l c a r b o h y d r a t e s CCE 

E n e r g y c o n t e n t 

o f f a t t y a c i d s CFA 

E n e r g y c o n t e n t o f g l u c o s e C G L U 

E n e r g y c o n t e n t of 
m e t a b o l i z e d p r o t e i n C KA 

N i t r o g e n c o n t e n t 
o f p r o t e i n LC 

E n e r g y c o n t e n t of 
b r a n c h e d f a t t y a c i d s CBC 

E n e r g y c o n t e n t of p r o t e i n CAA 

m o l C / k g 3 7 . 0 3 ? 3 7 . 0 3 7 

M J / k g 

MJ /mo I 

M J / m o I 

M J / k g 

18.8 18.8 

1 0 . 0 2 7 1 0 . 0 2 7 

2 . 8 0 5 2 . 8 0 5 

1 9 . 4 1 9 . 4 

m o l N / k g 1 1 . 4 2 3 1 1 . 4 2 3 

M J / m o l 3 . 4 9 7 3 . 4 9 7 

M J / k g 2 3 . 4 2 3 . 4 

1 ) A s s u m e d or e s t i m a t e d from t h e l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 



4 6 7 

P P E N D I X 7 : N u m e r i c a l v a l u e s o f s t a t e v a r i a b l e s a n d e q u a t i o n 

p a r a a e t e r s in t h e l i v e r a n d e x t r a c e l l u l a r f l u i d 

c o m p a r t m e n t s 

a r a m e t e r or s t a t e N u m e r i c al v a l u e 

ari ab le S y m b o l U n i t O r i g i n a l 1 ) F i na 12 ) 

a r b o n : n i t r o g e n r a t i o 
n p r o t e i n KCA m o l C / m o l N 3 . 8 3 . 8 

r a c t i o n of b u t y r a t e 
a k e n up by the l i v e r K 1 3 4 0 . 1 0 0 . 1 0 

f f i n i t y c o n s t a n t for 
l u c o s e s y n t h e s i s f r o m 
rop i o n a t e K 1 3 6 m o l C 0 . 0 3 2 0 . 1 6 1 0 * ) 

n d e p e n d e n t p a r t of m a x . 
ate of g l u c o s e s y n t h e s i s 
row p r o p i o n a t e L 1 3 6 m o l C/h 3 . 9 8 1 3 . 9 5 0 

e p e n d e n t p a r t of m a x . 
ate of g l u c o s e s y n t h e s i s 
rom p r o p i o n a t e M 1 3 6 m o l C / h 1 .356 1 .05 

r o p i o n a t e in liver 
i s s u e C 14 m o l C 0 . 0 2 1 0 . 1 8 4 6 * ) 

f f i n i t y c o n s t a n t for 
r o p i o n a t e o x i d a t i o n K 1 3 7 m o l C 0 . 0 0 8 0 . 0 4 6 3 * ) 

a x . r a t e of p r o p i o n a t e 
x i d a t i o n R 1 3 7 M m o l C/h 1 .133 1 . 1 8 0 

f f i n i t y c o n s t a n t for 
l u c o s e o u t f l o w K 1 3 9 m o l C 0 . 5 7 7 2 0 . 5 7 5 * ) 

a x . r a t e of g l u c o s e 
ut fIo w R 1 3 9 M m o l C/h 5 . 7 1 8 5 . 7 1 1 3 

) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
) I n i t i a l v a l u e at t h e b e g i n n i n g of t h e run 

(to be c o n t i n u e d ) 
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4 6 8 

A p p e n d i x 7 { c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o l Uni t 

N u m e r i c a l v a l u e 

O r i g i n a [1) F i n a l
2
 > 

G l u c o s e in liver t i s s u e C16 

A f f i n i t y c o n s t a n t for 
g l u c o s e s y n t h e s i s from 
keto a c i d s K 1 4 2 

I n d e p e n d e n t p a r t of m a x . 
rate of g l u c o s e s y n t h e s i s 
from keto a c i d s L 1 4 2 

D e p e n d e n t part of m a x . 
rate of g l u c o s e s y n t h e s i s 
from keto a c i d s M142 

K e t o a c i d s in liver 
t i s s u e C17 

A f f i n i t y c o n s t a n t for 
keto acid o x i d a t i o n K 1 4 3 

M a x . rate of k e t o acid 
o x i d a t i o n R 1 4 3 M 

A f f i n i t y c o n s t a n t for 
g l u c o s e s y n t h e s i s from 
g l y c e r o l and l a c t a t e K 1 4 4 

I n d e p e n d e n t p a r t of m a x . 
rate of g l u c o s e s y n t h e s i s 
from g l y c e r o l and l a c t a t e L144 

D e p e n d e n t p a r t of m a x . 
rate of g l u c o s e s y n t h e s i s 
from g l y c e r o l and l a c t a t e M 1 4 4 

G l y c e r o l and l a c t a t e in 
liver t i s s u e C18 

mo I € 

mol € 

mo I C / h 

mol C / h 

mo I C 

mo I C 

mo I C/h 

mo I C 

mol C/h 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

0 . 8 6 6 1 . 1 5 4 2 * ) 

0 . 0 4 6 7 0 . 2 3 1 5 * ) 

0 . 1 5 0 0.15 

1 .677 1 .505 

0 . 0 2 0 . 1 1 6 8 * ) 

0 . 0 2 0 . 1 1 5 5 * ) 

0 . 8 6 0 0 . 8 9 1 2 

0 . 2 0 6 0 . 1 9 4 

0 . 1 5 0.15 

* ) 

mo I C/h 1 .073 1 .107 

mol C 0 . 1 03 0 . 0 9 7 4 * ) 

(to be con ti n u e d ) 



4 6 9 

A p p e n d i x 7 { c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o l Un i t 

N u m e r i c a l v a l u e 

O r i g i n a l 1 ^ F i n a l 2 ) 

A f f i n i t y c o n s t a n t for 

liver fat s y n t h e s i s K 1 4 7 m o l C 

M a x . rate of liver fat 

s y n t h e s i s R 1 4 7 M m o l C / h 

Free f a t t y a c i d s in 

liver t i s s u e €19 m o l C 

A f f i n i t y c o n s t a n t for 

l i p o p r o t e i n s y n t h e s i s K 1 4 8 m o l C 

M a x . rate of l i p o p r o t e i n s y n t h e s i s R 1 4 8 M mol C/h 
G l y c e r o l 
e s t e r i f i c a t i o n 
of f a t t y a c i d s 

K 1 4 5 , K 1 4 6 , 
K151 , K 1 6 8 , 
K1 7 2 , K173 mol C/mo I 

0 . 2 7 0 1 .391 

0 . 2 8 9 0 . 2 8 9 

0 . 0 3 0 0 . 1 6 8 4 * ) 

0 . 0 0 7 5 0 . 0 3 8 6 

1 . 0 8 4 1 . 0 8 3 4 

C 0 . 0 6 2 5 0 . 0 6 2 5 

A f f i n i t y c o n s t a n t for 
a c e t a t e and k e t o n e b o d y 
s y n t h e s i s K 1 4 9 mo I € 

I n d e p e n d e n t part of m a x . 
rate of a c e t a t e and 
k e t o n e b o d y s y n t h e s i s L 1 4 9 mo I C/h 

D e p e n d e n t part of m a x . 
rate of a c e t a t e and 

k e t o n e b o d y s y n t h e s i s M 1 4 9 mo I C/h 

A f f i n i t y c o n s t a n t for fatty acid o x i d a t i o n K15 0 mo I C 

I n d e p e n d e n t part of m a x . 
rate of f a t t y acid 
o x i d a t i o n L15 0 mo I C/h 

0.10 

1 .234 

1 .0 

0.02 

1 .809 

0 . 5 1 3 

1 .200 

1 .025 

0 . 1 4 3 0 

1 .809 

1 ) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be con ti n u e d ) 



4 7 0 

A p p e n d i x 7 { c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o I U n i t 

N u m e r i c a l v a l u e 

Original'' ) F i n a l ? ) 

D e p e n d e n t part of m a x . 
rate of fatty acid 
o x i d a t i o n 

A f f i n i t y c o n s t a n t for 
liver fat b r e a k d o w n 

M a x . rate of liver fat 
b r e a k d o w n 

D e p o t fat in liver 
t i s s u e 

A f f i n i t y c o n s t a n t for 
l i p o p r o t e i n s e c r e t i o n 

M a x . rate of l i p o p r o t e i n 
s e c r e t i o n 

L i p o p r o t e i n s in liver 
t i s s u e 

R a t e c o n s t a n t for a c e t a t e 
and k e t o n e b o d y s e c r e t i o n 

A c e t a t e and k e t o n e b o d i e s 
in liver t i s s u e 

I n d e p e n d e n t part of rate 
c o n s t a n t for a c e t a t e and 
k e t o n e b o d y u p t a k e in the 
m a m m a r y g l a n d 

D e p e n d e n t part of rate 
c o n s t a n t for a c e t a t e and 
k e t o n e b o d y u p t a k e in the 
m a m m a r y g land 

mol C/h 

mo I C 

M 1 5 0 

K1 52 

R 1 5 2 M 

C 20 

K 1 5 3 

R 1 5 3 M 

C 21 mol C 

K 1 5 4 h~1 

€22 

L 1 5 6 

1 . 3 4 1 . 3 3 3 

1 , 6 5 9 1 . 5 5 5 

mol C/h 0 . 1 2 9 0 . 1 2 8 5 

mol C 1 4 . 8 0 1 5 . 0 4 * ) 

mol C 1 . 2 7 9 1 . 3 0 8 

mol C/h 1 . 1 5 2 1 . 1 5 1 1 

5 . 1 0 5 . 3 0 7 * ) 

1 5 . 9 7 1 6 . 1 5 0 

mol C 0 . 0 3 6 0 . 0 3 7 4 * ) 

l/h 0 . 0 - 4 4 1 . 7 3 0 

M 1 5 6 l 2 / ( h * u g ) 4 7 . 5 3 8 8 3 . 1 2 8 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be con ti n u e d ) 



471 

A p p e n d i x 7 { c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o t U n i t 

N ume rical v a l u e 

O r i g i n a l 1 ) F i n a l 2 ) 

A c e t a t e and k e t o n e b o d i e s 
in e x t r a c e l l u l a r fluid 

E x t r a c e l l u l a r f l u i d 
v o l u m e 

R a t e c o n s t a n t for a c e t a t e 
and k e t o n e b o d y u p t a k e 
in m u s c l e t i s s u e 

I n d e p e n d e n t p a r t of rate 
c o n s t a n t for a c e t a t e and 
k e t o n e b o d y u p t a k e in 
adi p o s e t i s s u e 

D e p e n d e n t p a r t of rate 
c o n s t a n t for a c e t a t e and 
k e t o n e b o d y u p t a k e in 
a d i p o s e t i s s u e 

R a t e c o n s t a n t for a c e t a t e 
and k e t o n e b o d y u p t a k e 
in o t h e r t i s s u e s 

A f f i n i t y c o n s t a n t for 
g l u c o s e u p t a k e in the 
m a m m a r y g land 

I n d e p e n d e n t p a r t of m a x . 
r a t e of g l u c o s e u p t a k e 
in the m a m m a r y g l a n d 

D e p e n d e n t p a r t of m a x . 
r a t e of g l u c o s e u p t a k e 
in the m a m m a r y g l a n d 

G l u c o s e in e x t r a c e l l u l a r 
f luid 

C 23 

V4 

K1 57 

11 58 

M 1 5 8 

K1 59 

K 1 6 0 

L 1 6 0 

mo I C 

l/h 

If h 

l/h 

mo I C 

mo I C / h 

0 . 8 7 

1 5.0.0 

9 9 . 4 8 

0.0 

0 . 9 1 9 2 * > 

1 5 0 . 0 

9 9 . 5 5 5 

0.0 

l 2 / ( h * u g ) 4 5 6 . 5 4 5 3 . 2 7 4 

1 7 5 . 7 

M 1 6 0 mo I C * I / ( h * u g ) 

C 24 mo I C 

1 . 1 5 6 7 

0.0 

0 . 3 2 8 8 

2 . 7 0 0 

1 75 .805 

1 .153 

- 6 . 4 6 0 5 

0 . 8 4 9 1 

3 . 2 5 1 8 * ) 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d after r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be con ti n u e d ) 



472 

A p p e n d i x 7 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o l U n i t 

N u m e r i c a l v a l u e 

O r i g i n a l 1 ) F i n a l Z ) 

A f f i n i t y c o n s t a n t for 
g l u c o s e u p t a k e i n m u s c l e 
t i s s u e 

I n d e p e n d e n t part of m a x . 
r a t e of g l u c o s e u p t a k e 
i n m u s e l e ti ssue 

D e p e n d e n t part of m a x . 
r a t e of g l u c o s e u p t a k e 
i n m u s e l e t i s s u e 

A f f i n i t y c o n s t a n t for 
g l u c o s e u p t a k e i n 
adi p o s e t i s s u e 

I n d e p e n d e n t part of m a x . 
rate of g l u c o s e u p t a k e 
in a d i p o s e t i s s u e 

D e p e n d e n t part of m a x . 
rate of g l u c o s e u p t a k e 
in a d i p o s e t i s s u e 

A f f i n i t y c o n s t a n t for 
g l u c o s e u p t a k e in o t h e r 
t i s s u e s 

M a x . rate of g l u c o s e 
u p t a k e in o t h e r t i s s u e s 

A f f i n i t y c o n s t a n t for 
g l y c e r o l and l a c t a t e 
u p t a k e in the liver 

M a x . rate of g l y c e r o l and 
l a c t a t e u p t a k e in the 
liver 

K161 mol C 1 . 7 9 9 1 . 8 3 0 

1161 mol C/h 0 . 0 

K 1 6 2 mol C 

L 1 6 2 mol C / h 0 . 0 

K 1 6 3 mol C 

K 1 6 4 mol C 

0.0 

M161 m o l C * l / ( h * u g ) 1 . 3 9 2 1 . 3 9 2 4 

2 . 7 0 2 . 7 4 7 

0.0 

M 1 6 2 mol C * l / ( h * u g ) 0 . 7 3 4 6 0 . 7 3 3 1 

1 . 4 4 4 1 . 4 5 5 3 

R 1 6 3 M mol C/h 0 . 1 3 2 0 . 1 3 0 9 

0 . 1 7 5 0 . 1 6 6 7 

R 1 6 4 M mol C/h 0 . 8 6 4 0 . 8 6 3 8 

1 ) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 

(to be c o n t i n u e d ) 



4 7 3 

A p p e n d i x ? ( c o n t i n u e d ) 

P a r a m e t e r or state 

v a r i a b l e S y m b o l U n i t 

N u m e r i caI v a l u e 

O r i g i n a l
1
) F i na I ̂  ) 

G l y c e r o l and l a c t a t e in 
e x t r a c e l l u l a r fluid C25 

I n d e p e n d e n t part of rate 
c o n s t a n t for free f a t t y 
a c i d u p t a k e in the liver L165 

D e p e n d e n t part of rate 
c o n s t a n t for free f a t t y 
a c i d u p t a k e in the liver M165 

Free f a t t y a c i d s in 
e x t r a c e l l u l a r f l u i d €26 

R a t e c o n s t a n t for free 
f a t t y acid u p t a k e in 
m u s c l e t i s s u e K1 66 

R a t e c o n s t a n t for free 
f a t t y a c i d u p t a k e in 
o t h e r t i s s u e s K 1 6 7 

A f f i n i t y c o n s t a n t for 
f a t t y a c i d u p t a k e in the 
liver f r o m c h y l o m i c r o n s K 1 6 9 

M a x . rate of fatty a c i d 
u p t a k e in the liver from 
c h y l o m i c r o n s R 1 6 9 M 

T r i g l y c e r i d e in 
c i r c u l a t i n g chy lomi c rons C 27 

mol C 0 . 2 6 3 0 . 2 5 4 2 * ) 

l/h 1 5 0 . 0 1 4 9 . 5 

l 2 / ( h * u g ) 69 .073 6 7 . 7 5 0 

m o l C 1 . 2 4 1 1 . 3 5 5 3 * ) 

l/h 

l/h 

mo I C 

6 0 . 4 5 9 6 0 . 7 0 0 

2 0 . 1 5 3 2 0 . 2 3 0 

0 . 1 2 3 0 . 1 4 8 5 

mol C/h 0 . 6 4 7 0 . 6 5 1 3 

mol C 0 . 3 6 7 0 . 4 9 5 9 * ) 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 



4 7 4 

A p p e n d i x 7 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e N u m e r i c a l v a l u e 

var i a b l e S y m b o l U n i t O r i g i n a l 1 } F i n a l ? ) 

A f f i n i t y c o n s t a n t for f a t t y 
acid and g l y c e r o l u p t a k e 
in the m a m m a r y g l a n d 
f rom c hy I om i c r o n s 

I n d e p e n d e n t part of m a x . 
rate of f a t t y acid and 
g l y c e r o l u p t a k e in the 
m a m m a r y g l a n d 
from c h y l o m i c r o n s 

D e p e n d e n t part of m a x . 
rate of f a t t y acid and 
g l y c e r o l u p t a k e in the 
m a m m a r y g l a n d 
f rom ch y I o m i c r o n s 

A f f i n i t y c o n s t a n t for 
f a t t y a c i d and g l y c e r o l 
u p t a k e in a d i p o s e t i s s u e 
from c h y l o m i c r o n s 

I n d e p e n d e n t part of m a x . 
rate of f a t t y acid and 
g l y c e r o l u p t a k e in a d i p o s e 
t i s s u e from c h y l o m i c r o n s L 1 7 0 B mo I C/h 1 .503 1 .4913 

D e p e n d e n t part of m a x . 
rate of f a t t y acid and 
g l y c e r o l u p t a k e in a d i p o s e 
t i s s u e from c h y l o m i c r o n s M 1 7 0 B m 1 /ng 1 .224 1 .210 

A f f i n i t y c o n s t a n t for f a t t y 
acid and g l y c e r o l u p t a k e 
in the m a m m a r y g l a n d 
from l i p o p r o t e i n s K 1 7 1 A mo I C 0 . 2 4 2 0 . 1 9 8 0 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 

K 1 7 0 A mo I C 0 . 122 0 . 1 4 6 4 

L170A mo I C/h 3 . 1 4 4 2 . 9 8 6 5 

M 1 7 0 A mo I C* 1/(h * ug) 2 . 51 8 2 . 2 4 2 4 

K 1 7 0 B mo I C 0 . 3 6 9 0 . 4 6 4 0 

(to be c o n t i n u e d ) 



475 

A p p e n d i x 7 (conti n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o l Un i t 

N u m e r i ca I v a l u e 

0 rig i na l1> F i n a l 2 5 

I n d e p e n d e n t part of m a x . 
rate of f a t t y acid and 
g l y c e r o l u p t a k e in the 
m a m m a ry g l a n d 

from L i p o p r o t e i n s L 1 7 1 A mo I C/h 

D e p e n d e n t p a r t of m a x . 
r a t e of f a t t y acid and 
g l y c e r o l u p t a k e in the 
m a m m a r y g l a n d 
from l i p o p r o t e i n s 

1 .880 

M 1 7 1 A mol C* 1/ ( h * u g ) 1 . 5 5 0 

T r i g l y c e r i d e in 
c i r c u l a t i n g l i p o p r o t e i n s C 28 mo I € 0 . 7 2 7 

A f f i n i t y c o n s t a n t for 
f a t t y acid and g l y c e r o l 
u p t a k e in a d i p o s e t i s s u e 

from l i p o p r o t e i n s < 1 7 1 B mo I C 0 . 7 2 7 

I n d e p e n d e n t p a r t of m a x . 
rate of f a t t y acid and 
g l y c e r o l u p t a k e in 
a d i p o s e t i s s u e from 

l i p o p r o t e i n s L 1 7 1 B mo I C/h 1 . 3 6 9 

D e p e n d e n t part of m a x . 
rate of f a t t y acid and 
g l y c e r o l u p t a k e in 
a d i p o s e t i s s u e from 
L i p o p r o t e i n s M 1 7 1 B m l / n g 0 . 9 0 3 

R a t e c o n s t a n t for o u t f l o w 
of l a c t a t e from m u s c l e 

t i s s u e K 1 8 9 h"1 0 . 1 2 5 2 

L a c t a t e in m u s c l e t i s s u e C38 mo L C 3 . 2 7 0 

1 . 7 6 6 6 

1 . 3 2 7 3 

0 . 6 4 8 7 * ) 

0 . 6 0 4 0 

0 . 8 8 2 6 

0 . 2 0 2 8 

.1252 

. 2 7 0 * ) 

1) A s s u m e d or e s t i m a t e d from li t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 



4 7 6 

A p p e n d i x 7 { c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o I Unit 

N u m e r i c a l v a l u e 

O r i g i n a l 1 } F i n a l 2 ) 

R a t e c o n s t a n t for o u t f l o w 
of f a t t y acids f r o m 

a d i p o s e t i s s u e K 1 9 4 h ~ 1 

f ree f a t t y a c i d s in a d i p o s e t i s s u e C41 mol C 

R a t e c o n s t a n t for o u t f l o w 
of g l y c e r o l from a d i p o s e 

t i s s u e K 1 9 9 h ~ 1 

G l y c e r o l in a d i p o s e t i s s u e C44 mol C 

A f f i n i t y c o n s t a n t for 

liver p r o t e i n s y n t h e s i s K 4 3 mol N 

M a x . rate of liver 

p r o t e i n s y n t h e s i s R43M mol N / h 

A m i n o a c i d s in liver 

t i s s u e A14 mol N 

A f f i n i t y c o n s t a n t for 

a m i n o a c i d o u t f l o w K44 mol N 

M a x . rate of a m i n o a c i d 

o u t f l o w R44M mol N / h 

A f f i n i t y c o n s t a n t for a m i n o acid d e a m i n a t i o n K45 mol N 
i n d e p e n d e n t part of m a x . 
rate of amino a c i d 
d e a m i n a t i o n L45 mol N / h 
D e p e n d e n t part of m a x . 
rate of amino a c i d 
d e a m i n a t i o n M45 mol N / h 

0 . 5 2 9 6 0 . 5 2 9 6 

3 . 0 4 3 . 0 4 * ) 

2 . 3 7 0 2 . 3 7 0 

0 . 0 4 6 0 . 0 4 6 * ) 

0 . 0 0 9 9 0 . 0 1 0 5 6 

0 . 1 7 2 0 . 1 7 5 5 

0 . 2 0 3 0 . 1 9 9 3 5 * ) 

0 . 6 0 9 0 . 5 9 7 5 

4 . 8 6 7 4 . 8 8 8 7 

0 . 0 2 0 2 0 . 0 6 5 5 

0.0 0.0 

0 . 3 0 0 0 . 3 7 0 3 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
*) I n i t i a l v a l u e at t h e b e g i n n i n g of the run 

(to be con ti n u e d ) 



4 7 7 

A p p e n d i x 7 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e Sy mbo I On i t 

N u m e r i c a l v a l u e 

O r i g i n a l
1
) F ina l^ ) 

I n d e p e n d e n t p a r t of rate 
c o n s t a n t for li ver 
p r o t e i n b r e a k d o w n L46 

D e p e n d e n t p a r t of rate 
c o n s t a n t for liver 
p r o t e i n b r e a k d o w n M 4 6 

L i v e r p r o t e i n A15 

A f f i n i t y c o n s t a n t for 
a m i n o a c i d s y n t h e s i s K47 

M a x . rate of a m i n o acid 
s y n t h e s i s R47M 

NH3/MH4 4" in liver t i s s u e N3 

A f f i n i t y c o n s t a n t for 
urea s y n t h e s i s K48 

M a x . rate of urea 
s y n t h e s i s R 48M 

R a t e c o n s t a n t for urea 
o u t f l o w K49 

Urea in liver t i s s u e U3 

V o l u m e of liver t i s s u e 
f l u i d V3 

R a t e c o n s t a n t for urea 
e x c r e t i o n in u r i n e K57 

U r e a in e x t r a c e l l u l a r 
f l u i d U4 

h-1 

m o l N 

mol N/h 

m o l N 

m o l N 

mol N/h 

l/h 

m o l N 

I 

l/h 

m o l N 

0 . 0 0 0 5 5 . 0 5 * 1 0 - 4 

2 . 2 3 3 2 . 2 4 5 

mol N 1 9 . 6 4 3 1 9 . 8 1 9 * ) 

0 . 0 0 0 3 2 0 . 0 5 7 5 5 

0 . 0 7 9 0 . 1 0 5 0 

0 . 0 0 0 6 0 . 0 4 8 3 8 * ) 

0 . 0 0 0 2 7 0 . 0 2 4 * ) 

1 . 4 7 6 1 . 4 7 1 4 

1 6 . 7 6 5 1 6 . 7 8 8 

0 . 3 6 4 0 . 3 5 0 9 * ) 

6.0 6.0 

4 7 . 2 5 6 4 7 . 7 6 5 

2.1 2 . 0 4 7 9 * ) 

1 ) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of t h e run 

(to be c o n t i n u e d ) 



4 7 8 

A p p e n d i x 7 { c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o l Unit 

N u m e r i caI v a l u e 

0 r i g i na F i na 
L 2 ) 

A f f i n i t y c o n s t a n t for 
a m i n o a c i d u p t a k e in 
t h e m a m m a r y g l a n d «51 

I n d e p e n d e n t part of m a x . 
rate of a m i n o acid u p t a k e 
in the m a m m a r y g l a n d L51 

D e p e n d e n t part of m a x . 
rate of a m i n o a c i d u p t a k e 
in the m a m m a r y g l a n d 

A m i n o a c i d s in 
e x t r a c e l l u l a r f l u i d 

A f f i n i t y c o n s t a n t for 
a m i n o a c i d upt a k e in 
m u s c l e t i s s u e K52 

I n d e p e n d e n t part of m a x . 
rate of a m i n o acid u p t a k e 
in m u s c l e t i s s u e 152 

D e p e n d e n t part of m a x . 
rate of a m i n o a c i d u p t a k e 
in m u s c l e t i s s u e 

A f f i n i t y c o n s t a n t for 
a m i n o a c i d u p t a k e in 
o t h e r t i s s u e s «53 

M a x . rate of a m i n o acid 
u p t a k e in o t h e r t i s s u e s 

A f f i n i t y c o n s t a n t for 
a m i n o a c i d u p t a k e i n 
t h e l i v e r K54 

mol N 0 . 2 9 5 4 0 . 3 0 1 1 8 

mol N / h 0 . 0 - 1 . 4 8 8 9 

M51 mol N* I / ( h * u g ) 0 . 0 5 9 0 . 1 7 9 0 

A16 m o l N 0 . 5 0 4 0 . 5 0 2 2 7 * } 

mol N 0 . 4 1 2 4 0 . 4 1 4 5 

m o l N / h 0 . 0 0 . 0 

M52 mol N* I /(h * u g ) 0 . 6 5 3 0 . 6 5 2 4 

mol N 0 . 3 3 6 0 . 3 3 6 

R53M mol N / h 0 . 3 2 1 0 . 3 2 0 8 

mo I N 5 . 5 0 3 5 . 5 4 7 7 

1 ) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 

*) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be con ti n u e d ) 



4 7 9 

A p p e n d i x 7 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o I U n i t 

N u m e r i caI v a l u e 

O r i g i n a l
1 )
 F i n a l ? ) 

I n d e p e n d e n t p a r t of m a x . 
rate of a m i n o acid u p t a k e 
in the liver L 54 

D e p e n d e n t part of m a x . 
rate of a m i n o acid u p t a k e 
in the liver M54 

A m i n o a c i d s in liver 
a r t e r y A 17 

A f f i n i t y c o n s t a n t for 
a m i n o a c i d o u t f l o w from 
m u s c l e t i ssue K61 

M a x . rate of a m i n o a c i d 
o u t f l o w from m u s c l e 
t i s s u e R 61 M 

A m i n o a c i d s in m u s c l e 
t i s s u e A 20 

A f f i n i t y c o n s t a n t for 
a m i n o a c i d o u t f l o w f r o m 
o t h e r ti s s u e s K64 

M a x . rate of a m i n o a c i d 
o u t f l o w from o t h e r 
t i s s u e s R64M 

A m i n o a c i d s in o t h e r 
t i s s u e s A22 

mo I N / h 0 . 0 0.0 

mo I N / h 3 . 8 6 9 3 . 8 5 9 7 

mo I N 0 . 5 0 4 0 . 5 2 2 5 9 * ) 

mo I N 

mo I N 

2 . 8 3 4 2 . 8 3 4 

mo I N / h 0 . 3 4 2 0 . 3 4 2 

mo I N 4 . 2 5 1 4.251 *) 

1 . 8 7 8 1 . 8 7 8 

mot N / h 0 . 3 3 9 0 . 3 3 9 

mo I N 2 . 8 1 7 2 . 8 1 7 * ) 

1 ) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
*) I n i t i a l v a l u e at the b e g i n n i n g of the run 



4 8 0 

n u m e r i c a l v a l u e s of s t a t e v a r i a b l e s a n d 

e q u a t i o n p a r a m e t e r s in t h e l a i a a r y g l a n d a n d 

b o d y t i s s u e c o m p a r t m e n t s 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o I U n i t 

N u m e r i C 9 l v a l u e 

O r i g i n a l 1 ) F i n a l 2 5 

V o l u m e of m a m m a r y 

t i s s u e fluid y5 i 

A f f i n i t y c o n s t a n t for f a t t y a c i d s y n t h e s i s K 1 7 4 mo I C 

M a x . rate of fatty a c i d 
s y n t h e s i s R 1 7 4 M 

A c e t a t e and k e t o n e b o d i e s 
in m a m m a r y t i s s u e C 2 9 

A f f i n i t y c o n s t a n t for 
a c e t a t e and k e t o n e b o d y 

o x i d a t i o n K 1 7 5 mol C 

M a x . rate of a c e t a t e and 

k e t o n e b o d y o x i d a t i o n R175M mol C/h 

A f f i n i t y c o n s t a n t for m i l k l a c t o s e s y n t h e s i s K 1 7 7 mol C 
M a x . rate of mi Ik 
l a c t o s e s y n t h e s i s R 1 77M 

G l u c o s e in m a m m a r y t i s s u e C30 

A f f i n i t y c o n s t a n t for 
g l u c o s e o x i d a t i o n K 1 7 8 mol C 

1 4 . 8 5 1 4 . 8 5 

0 . 0 6 0 4 0 . 0 6 0 4 

mol C/h 1 . 5 5 0 1 . 5 5 0 

mol C 0 . 1 4 8 5 0 . 1 4 8 5 * } 

0.0886 0.0886 

3 . 7 0 4 3 . 7 0 4 

0 . 3 0 7 4 0 . 3 0 8 

mol C/h 5 . 7 3 6 5 . 7 3 2 

mol C 0 . 1 7 8 2 0 . 1 7 8 2 * > 

0 . 0 9 5 3 0 . 0 9 5 3 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
*) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 



481 

A p p e n d i x 8 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o l U n i t 

N u m e r i c a l v a l u e 

O r i g i n a l
1
) fina 12) 

M a x . rate of g l u c o s e 
o x i d a t i o n R 1 7 8 M mol C/h 

A f f i n i t y c o n s t a n t for 
m i l k fat s y n t h e s i s K 1 7 9 mol C 

G l y c e r o l e s t e r i f i c a t i o n 
of f a t t y a c i d s L 1 7 9 mol C / m o l C 

M a x . rate of m i l k fat 

s y n t h e s i s R 1 7 9 M mo I C/h 

F ree fatty a c i d s in m a m m a r y t i s s u e C31 mo I C 

A f f i n i t y c o n s t a n t for 
f a t t y acid o x i d a t i o n K 1 8 0 mo I C 

M a x . rate of f a t t y acid 
o x i d a t i o n 

R a t e c o n s t a n t for m i l k 
l a c t o s e s e c r e t i o n 

R 180M mo I C/h 

K 1 8 2 h "
1 

M i l k l a c t o s e in 

m a m m a r y t i s s u e C33 mo I C 

R a t e c o n s t a n t for m i l k 

fat s e c r e t i o n K 1 8 3 h ~ 1 

M i l k fat in 

m a m m a r y t i s s u e C 34 mo I C 

A f f i n i t y c o n s t a n t for 

m i l k p r o t e i n s y n t h e s i s K59 mo I N 

M a x . rate of m i l k p r o t e i n s y n t h e s i s R59M mo I N / h 

1 .040 1 .040 

0 . 2 2 8 4 0 . 2 2 7 3 

0 . 0 6 8 6 3 0 . 0 6 8 6 3 

8 . 3 8 2 8 . 4 0 7 

0 . 1 2 3 0 . 1 2 3 * ) 

4 . 0 6 5 4 . 3 8 5 

6 . 8 4 3 6 . 8 4 3 

2 . 0 8 4 2 . 0 8 4 

1 .01 1 . 0 1 * ) 

0 . 0 5 6 0 . 0 5 6 

5 5 . 8 6 6 5 5 . 8 6 6 * ) 

0 . 5 7 8 0 . 5 7 8 

0 . 9 1 7 0 . 9 1 7 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
*) I n i t i a l v a l u e a t the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 

31 



4 8 2 

A p p e n d i x 8 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o I Un i t 

N u m e r i c a l v a l u e 

_0 r i g i na 1
1
 ) F i n a l

2
) 

A m i n o a c i d s in m a m m a r y 
t i s s u e A 1 8 

R a t e c o n s t a n t for m i l k 
p r o t e i n s e c r e t i o n K 6 0 

M i l k p r o t e i n in m a m m a r y 
t i s s u e A 19 

mol N 

h"1 

mol N 

0 . 5 7 8 0 . 5 7 8 * > 

1 . 9 7 6 1 . 9 7 6 

0 . 2 3 2 0 . 2 3 2 * ) 

M u s c l e t i s s u e 

V o l u m e of m u s c l e 
t i s s u e fluid V6 

A f f i n i t y c o n s t a n t for 
a m i n o acid d e a m i n a t i o n K 1 8 4 

M a x . rate of a m i n o acid 
d e a m i n a t i o n R 184M 

C a rbon : n i t rog en ratio 
in p r o t e i n KCA 

A f f i n i t y c o n s t a n t for 
a c e t a t e and k e t o n e b o d y 
o x i d a t i o n K 1 8 5 

M a x . rate of a c e t a t e and 
k e t o n e b o d y o x i d a t i o n R 185M 

A c e t a t e and k e t o n e 
bodi es in m u s c l e t i s s u e €35 

A f f i n i t y c o n s t a n t for 
l a c t a t e p r o d u c t i o n from 
g l u c o s e K1 86 

mo I C 

mo I C / h 

mo I C / m o I N 

mol C 

mol C/h 

mo I C 

mol C 

1 5 5 . 0 1 5 5 . 0 

1 .984 1 .984 

0 . 1 5 9 4 0 . 1 5 9 4 

3 . 8 3 . 8 

4 . 0 8 9 

2 . 6 1 6 

1 .55 

4 . 0 8 9 

2 . 6 1 6 

1 .55*) 

5 . 5 8 2 5 . 5 8 2 

1 ) A s s u m e d or e s t i m a t e d from the I 
2 ) F i n a l l y adj u s t e d a f t e r r e p e a t e d 
* } I n i t i a l v a l u e a t the beg i n n i n g 

i t e r a t u r e 
s i m u l a t i o n s 

of the run 

( to be c o n t i n u e d ) 



4 8 3 

A p p e n d i x 8 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o l U n i t 

N u m e r i cal va tue 

0 r i g i n a L 1 ) F i n a l
2 5 

M a x . r a t e of l a c t a t e 
p r o d u c t i o n from g l u c o s e 

G l u c o s e in m u s c l e t i s s u e 

A f f i n i t y c o n s t a n t for 
g l u c o s e o x i d a t i o n 

M a x . r a t e of g l u c o s e 
o x i d a t i o n 

A f f i n i t y c o n s t a n t for 
f a t t y a c i d o x i d a t i o n 

M a x . r a t e of fatty a c i d 
o x i d a t i o n 

Free f a t t y a c i d s in 
m u s c le t i s s u e 

R a t e c o n s t a n t for 
l a c t a t e o u t f tow 

L a c t a t e in m u s c l e t i s s u e 

A f f i n i t y c o n s t a n t for 
m u s c l e p r o t e i n s y n t h e s i s 
I n d e p e n d e n t part of m a x . 
rate of m u s c l e p r o t e i n 
s ynt h e s is 

D e p e n d e n t part of m a x . 
rate of musc le p r o t e i n 
s ynt h es is 

A m i n o a c i d s in m u s c l e 
t i s s u e 

R186M 

C 36 

K1 87 

R187M 

K188 

R188M 

€37 

K189 

€38 

K62 

L62 

m o l C/h 

m o l C 

mo I C 

mo I C/h 

mo I C 

m o t C/h 

mo I C 

h"1 

mo I C 

mo I N 

mo L N/h 

1 .639 1 .639 

1 .860 1 . 8 6 0 * 5 

0 . 2 2 3 2 0 . 2 2 3 2 

0 . 0 2 8 0 . 0 2 8 

1 4 . 2 5 9 1 4 . 2 5 9 

2 0 . 9 2 8 2 0 . 9 2 8 

0 . 3 4 9 0 . 3 4 9 * > 

0 . 1 2 5 2 0 . 1 2 5 2 

3 . 2 7 0 3 . 2 7 0 

0 . 4 7 2 3 0 . 4 7 2 3 

0 . 0 0.0 

M62 mo L N * l / ( h * u g ) 0 . 3 9 9 0 . 3 9 9 

A 2 0 m o l N 4 . 2 5 1 4 . 2 5 1 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y adj usted a f t e r r e p e a t e d s i m u l a t i o n s 
*) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be c o n t i n u e d ) 

31 



4 8 4 

A p p e n d i x 7 { c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S ymbo I 

R a t e c o n s t a n t for m u s c l e 
p r o t e i n b r e a k d o w n K63 

P r o t e i n in m u s c l e t i s s u e A21 

U n i t 

N u m e r i c a l v a l u e 

O r i g i n a l 1 ) F i n a I ^ ) 

h~1 4 . 1 * 1 4 . 1 * 1 0 ~ 4 

mo I N 4 9 8 . 0 4 9 8 . 0 * > 

A d i p o s e t i s s u e 

V o l u m e of a d i p o s e 
t i s s u e f l u i d V7 

A f f i n i t y c o n s t a n t for 
f a t t y acid s y n t h e s i s K 1 9 0 

I n d e p e n d e n t p a r t of m a x . 
rate of f a t t y acid 
s y n t h e s i s L 1 9 0 

D e p e n d e n t p a r t of m a x . 
rate of f a t t y acid 
s y n t h e s i s 

mo I C 

mo I C/h 

4 . 4 2 

0 . 0 

M1 9 0 mo I C*l/ ( h * u g ) 1 . 5 0 0 

A c e t a t e and k e t o n e b o d i e s 
in a d i p o s e t i s s u e C39 mo I C 0 . 2 2 1 

A f f i n i t y c o n s t a n t for 
a c e t a t e and k e t o n e b o d y 

o x i d a t i o n K191 mo I C 0 . 2 2 5 6 

M a x . rate of a c e t a t e and 

k e t o n e b o d y o x i d a t i o n R 191M mo I C/h 1 . 4 3 5 

A f f i n i t y c o n s t a n t for 

g l u c o s e o x i d a t i o n K193 mo I C 0 . 1 7 7 5 

M a x . rate of g l u c o s e o x i d a t i o n R 1 9 3 M mo I C/h 0 . 2 3 5 

4 . 4 2 

0 . 0 3 7 6 0 . 0 3 7 6 

0.0 

1 .500 

0 . 2 2 1 * ) 

0 . 2 2 5 6 

1 .435 

0 . 1 7 7 5 

0 . 2 3 5 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
*) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be con ti n u e d ) 



485 

A p p e n d i x 7 { c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o I U n i t 

N u m e r i c a l v a l u e 

O r i g i n a l 1 ) F i n a l ? ) 

G l u c o s e in a d i p o s e t i s s u e C40 

K1 94 

€41 

R a t e c o n s t a n t for free 
f a t t y acid o u t f l o w 

F r e e f a t t y a c i d s in 
a d i p o s e t i s s u e 

A f f i n i t y c o n s t a n t for 
b o d y fat synt hes i s 

I n d e p e n d e n t p a r t of m a x . 
rate of b o d y fat 
s y n t h e s i s 

D e p e n d e n t p a r t of m a x . 
r a t e of b o d y fat 
s y n t h e s i s 

G l y c e r o l e s t e r i f i c a t i o n 
of fatty a c i d s 

A f f i n i t y c o n s t a n t for 
b o d y fat b r e a k d o w n 

I n d e p e n d e n t p a r t of m a x . 
r a t e of b o d y fat 
b r e a k d o w n 

D e p e n d e n t part of m a x . 
rate of b o d y fat 
b r e a k d o w n 

D e p o t fat in a d i p o s e 
t i s s u e 

R a t e c o n s t a n t for 
g l y c e r o l o u t f l o w 

K1 95 

L 1 9 5 

M 1 9 5 

K 1 9 6 , 
K 1 9 8 

K1 97 

L 1 9 7 

mol C 0 . 2 6 5 0 . 2 6 5 * ) 

h-1 0 . 5 2 9 6 0 . 5 2 9 6 

mol C 3 . 0 4 3 . 0 4 * ) 

mol C 3 . 6 4 4 2 3 . 6 5 9 

mo I C/h 0.0 0.0 

mol C* I / ( h * u g ) 3 . 3 8 3 3 . 3 8 3 

mol C / m o l € 0 . 0 6 2 5 0 . 0 6 2 5 

mol C 4 3 4 9 . 6 4 2 9 2 . 0 

mo I C/h 9 . 4 5 4 9 . 4 5 4 

M 1 9 7 mol C * L / ( h * u g ) 1 1 .375 11 .375 

€43 mol C 3 0 3 0 . 0 3 0 3 0 . 0 * ) 

K 1 9 9 h-1 2 . 3 7 0 2 .37 

1 ) A ssumed or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be con ti n u e d ) 



4 8 6 

A p p e n d i x 8 (cont i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e S y m b o I 

N u m e r i caI v a l u e 

U n i t O r i g i n a l1> F i na 
L 2 ) 

G l y c e r o l in a d i p o s e 
t i s s u e C 44 mo I C 0 . 0 4 6 0 . 0 4 6 * ) 

O t h e r t i s s u e s 

V o l u m e of o t h e r 
t i s s u e fluid ¥8 

A f f i n i t y c o n s t a n t for 
a c e t a t e and k e t o n e b o d y 
o x i d a t i o n K 2 0 0 

M a x . rate of a c e t a t e and 
k e t o n e body o x i d a t i o n R200M 

A c e t a t e and k e t o n e b o d i e s 
in o t h e r t i s s u e s €45 

A f f i n i t y c o n s t a n t for 
g l u c o s e o x i d a t i o n K201 

M a x . rate of g l u c o s e 
o x i d a t i o n R 201M 

G l u c o s e in o t h e r t i s s u e s €46 

A f f i n i t y c o n s t a n t for 
f a t t y acid o x i d a t i o n K202 

M a x . rate of f a t t y a c i d 
o x i d a t i o n R202M 

F ree fatty a c i d s in 
o t h e r t i s s u e s €47 

A f f i n i t y c o n s t a n t for 
p r o t e i n s y n t h e s i s K65 

I 20.0 20.0 

mol C 0 . 1 3 3 2 0 . 1 3 3 2 

mol C/h 1 . 6 9 9 1 . 6 9 9 

mol C 0 . 2 0 0 0 . 2 0 0 * ) 

mol € 0 . 0 4 4 9 0 . 0 4 4 9 

mol C/h 0 . 1 0 1 0 . 1 0 1 

mol C 0 . 2 4 0 0 . 2 4 0 * } 

mol C 

mo l C 

mol N 

1 . 8 3 9 1 . 8 3 9 

m o l C / h 6 . 9 7 8 6 . 9 7 8 

0 . 0 4 5 0 . 0 4 5 * ) 

0 . 3 1 3 0 . 3 1 3 

1 ) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2 ) F i n a l l y a d j u s t e d a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e at the b e g i n n i n g of the run 

(to be cont i n u e d ) 



4 8 7 

A p p e n d i x 7 ( c o n t i n u e d ) 

P a r a m e t e r or s t a t e 

v a r i a b l e 

M a x . rate of p r o t e i n 
s y n t h e s i s 

A m i n o a c i d s in o t h e r 
t i s s u e s 

R a t e c o n s t a n t for 
p r o t e i n b r e a k d o w n 

P r o t e i n in o t h e r tis 

Symbo I U n i t 

R65M mo I N/h 

A22 mo I N 

K66 h"1 

A23 mo I N 

N u m e r i c a l v a l u e 

O r i g i n a l 1 5 F i n a l 2 5 

0 . 2 1 4 0 . 2 1 4 

2 . 8 1 7 2 . 8 1 7 * ) 

6 . 2 * 1 0 - 4 6 . 2 * 1 0 - 4 

3 3 0 . 0 3 3 0 . 0 * > 

1) A s s u m e d or e s t i m a t e d from the l i t e r a t u r e 
2) F i n a l l y ad j us t ed a f t e r r e p e a t e d s i m u l a t i o n s 
* ) I n i t i a l v a l u e a t the b e g i n n i n g of the run 



483 

A P P E N D I X 9 : L i s t of a l l n u t ri ent f l u x e s o b t a i n e d 

w i t h the s t a t i c a n d t h e d y n a m i c n o d e I 

S t a t i c D y n a m i c 
Ni , ' Syrobo I Unit tt m o d e I 

Humeri c o a p a r t a e n t 

I n t a k e of sugar F S U 1 0 0 mo I C/d 140 .35 141 .04 

I n t a k e of s t a r c h F S T 1 0 0 - 20 .741 20 .849 

I n t a k e of cell wall 
c a r b o h y d r a t e s F C E 1 0 0 - 282 .96 284 .29 

I n t a k e of g l y c e r o l F G L 1 0 0 - 2 .769 2 .753 

I n t a k e of f a t t y acids F L U 00 - 44 .617 44 .892 

I n t a k e of c a r b o h y d r a t e s 
and l i p i d s F1 00 - 491 .44 493 .83 

Flow of u n f e r m e n t a b I e s u g a r FSU101 - 0 .0 0 .0 

flow of u n f e r m e n t a b l e s t a r c h FST101 - 0 .0 0 .0 

Flow of u n f e r m e n t a b l e 
cell w a l l c a r b o h y d r a t e s FCE101 - 113 .19 113 .72 

Flow of u n f e r m e n t a b I e g l y c e r o l FGL101 - 0 .0 0 .0 

Flow of u n f e r m e n t a b l e 
f a t t y ac i ds FLI101 - 40 .155 40 .403 

Flow of u n f e r m e n t a b l e 
c a r b o h y d r a t e s and lipids F1 01 - 153 .34 154 .12 

Flow of f e r m e n t a b l e s u g a r 
and g l y c e r o l F S U 1 0 2 _ 143 .12 143 .79 

Flow of f e r m e n t a b l e s t a r c h FST102 _ 20 .741 20 .849 

Flow of f e r m e n t a b l e 
cell w a l l c a r b o h y d r a t e s FCE102 - 169 .78 170 .58 

(to be c o n t i n u e d ) 



4 8 9 

A p p e n d i x 9 ( c o n t i n u e d ) 

S t a t i c D y n a m i c 

N u t r i e n t or m e t a b o l i t e flux S y m b o l UflLj 

R u m e n c o m p a r t m e n t 

Flow of f e r m e n t a b l e 
f a t t y a c i d s Fill 02 mol C/d 4 . 462 4 . 4 8 9 

Flow of f e r m e n t a b l e 
c a r b o h y d r a t e s and l i p i d s f 102 3 3 8 . 10 3 3 9 . 71 

O u t f l o w of u n f e r m e n t a b l e sugar F S U 1 0 3 0 . 0 0 . 0 

O u t f l o w of u n f e r m e n t a b l e 

s t a r c h F ST 103 0 . 0 0 . 0 

O u t f l o w of u n f e r m e n t a b l e 
cell w a l l c a r b o h y d r a t e s F C E 1 0 3 1 1 3 . ,19 1 1 3 . 72 

O u t f l o w of u n f e r m e n t a b l e 
g l y c e r o l F G L 1 0 3 0 . ,0 0 . ,0 

O u t f l o w of u n f e r m e n t a b l e 
f a t t y a c i d s F L I 1 0 3 4 0 , ,155 4 0 . .400 

O u t f l o w of u n f e r m e n t a b l e 
c a r b o h y d r a t e s and l i p i d s F1 03 153, .34 1 5 4 . .12 

M i c r o b i a l u p t a k e of s u g a r F S U 1 0 5 4 .932 4 .862 

M i c r o b i a l u p t a k e of s t a r c h F S T 1 0 5 0 .825 0 .681 

M i c r o b i a l u p t a k e of 
cell w a l l c a r b o h y d r a t e s F C E 1 0 5 56 .656 56 .572 

Mi crobi a I u p t a k e of 
f a t t y a c i d s F L I 1 0 5 4 .462 4 .489 

M i c r o b i a l u p t a k e of 
c a r b o h y d r a t e s and l i p i d s F105 66 .875 66 .604 

(to be conti n u e d ) 



483 

A p p e n d i x 9 ( c o n t i n u e d ) 

N u t r i e n t or m e t a b o l i t e flux S y m b o l Urn" t 

S t a t i c 

m o d e l 

D y n a m i c 

m o d e l 

R u m e n c o i p a r t a e n t 

F e r m e n t a t i o n of sugar F S U 1 0 6 mo I C/d 135 .32 136 .06 

F e r m e n t a t i o n of s t a r c h F S T 1 0 6 - 19 .501 19 . 774 

F e r m e n t a t i o n of cell w a l l 
c a r b o h y d r a t e s F C E 1 0 6 _ 79 .968 80 .679 

F e r m e n t a t i o n of c a r b o h y d r a t e s 
and l i p i d s F1 06 - 234 . 79 236, .51 

O u t f l o w of f e r m e n t a b l e s u g a r F S U 1 0 7 - 2 .862 2, .864 

O u t f l o w of f e r m e n t a b l e s t a r c h F S T 1 0 7 - 0 .415 0, .401 

O u t f l o w of f e r m e n t a b l e 
cell w a l l c a r b o h y d r a t e s F C E 1 0 7 _ 33, .154 3 3 . ,323 

O u t f l o w of f e r m e n t a b l e 
c a r b o h y d r a t e s F107 - 36, .431 3 6 . ,588 

F o r m a t i o n of ATP from 
c a r b o h y d r a t e s F1 08 mo I A T P / d 175 . ,07 1 7 6 . 34 

Use of m i c r o b i a l c a r b o h y d r a t e s 
and l i p i d s for a m i n o a c i d - C F1 09 mot C/d 4 0 . ,864 3 9 . 0 2 2 

O u t f l o w of m i c r o b i a l s t a r c h F S T 1 1 0 - 2. ,796 3 . 3 0 4 

O u t f l o w of m i c r o b i a l 
cell w a l l c a r b o h y d r a t e s F C E 1 1 0 _ 1 5 , 3 8 0 1 5 . 965 

O u t f l o w of m i c r o b i a l lipids FLI1 10 - 1 6 . 7 7 9 1 7 . 4 1 6 

O u t f l o w of m i c r o b i a l 
c a r b o h y d r a t e s and lipids F110 - 3 4 . 955 3 6 . 284 

(to be c o n t i n u e d ) 



491 

A p p e n d i x 9 ( c o n t i n u e d ) 

S t a t i c D ynami c 

N u t r i e n t or m e t a b o l i t e flux S y m b o I U n i t m o d e l m o d e l 

R u m e n c o m p a r t m e n t 

O u t f l o w of a c e t a t e FAC111 mol C/d 101 . 45 101 . 60 

O u t f l o w of p r o p i o n a t e F PR 111 - 5 9 . 9 7 4 6 0 . 182 

O u t f l o w of b u t y rate FBU111 - 41 1 0 8 41 . 191 

O u t f l o w of CH4 FCH111 - 22 0 0 7 21 940 

O u t f l o w of €02 FC0111 - 55 5 8 8 5 5 . 589 

O u t f l o w of V F A , C H 4 and €02 F 11 1 - 2 8 0 . 13 2 8 0 . 51 

F e r m e n t a t i o n of p r o t e i n F11 2 - 54 2 8 2 5 2 . 667 

F o r m a t i o n of B C F A from p r o t e i n F11 3 - 8 9 4 4 8. 678 

F o r m a t i o n of V F A , C H 4 and CO2 
from p r o t e i n F11 4 - 45 3 3 8 43 989 

F o r m a t i o n of ATP from p r o t e i n F 11 5 mol A T P / d 0 0 0 0 

I n t a k e of c r u d e p r o t e i n in 
c o n c e n t rates F CO mol N/d 20 .448 20 543 

I n t a k e of c r u d e p r o t e i n in 
r o u g h a g e s FRO - 16 .112 1 6 .189 

I n t a k e of c r u d e p r o t e i n F0 - 36 .560 36 .732 

Flow of u n f e r m e n t a b l e p r o t e i n F 1 - 7 .312 7 .347 

Flow of f e r m e n t a b l e p r o t e i n F 2 - 29 .248 29 .385 

Flow of d i e t a r y a m m o n i u m F3 - 0 .0 0 .0 

Flow of d i e t a r y urea F4 - 0 .0 0 .0 

(to be conti n u e d ) 



492 

A p p e n d i x 9 ( c o n t i n u e d ) 

S t a t i c D y n a m i c 

M i r J j ? n t or m e t a b o l i t e flux S y m b o l U n i t m o d e l m o d e l 

R u m e n c o m p a r t m e n t 

O u t f l o w of u n f e r m e n t a b l e 
p rotei n F 5 mo I N/d 7 .31 2 7 .346 

Mi c robi a I u p t a k e of 
a m i n o a c i d s and p e p t i d e s F6 _ 26 .404 26 .333 

O u t f l o w of f e r m e n t a b l e p r o t e i n F 7 - 5 .484 5 .504 

M i c r o b i a l e x c r e t i o n of 
a m i n o a c i d s F8 - 2 .640 2, .452 

M i c r o b i a l p r o t e i n s y n t h e s i s F9 - 24, .933 25. ,055 

O u t f l o w of m i c r o b i a l 
a m i n o a c i d s and p e p t i d e s F1 0 _ 0, .278 0, ,246 

D e g r a d a t i o n of m i c r o b i a l 
a m i n o a c i d s F11 - 2 4 , ,065 2 4 . .218 

D e g r a d a t i o n of m i c r o b i a l 
p r o t e i n F 1 2 _ 4 . , 9 8 7 5 . ,011 

O u t f l o w of m i c r o b i a l p r o t e i n F1 3 - 1 9 . ,946 2 0 . ,044 

O u t f l o w of N H 3 / N H 4
+ 

F 14 - 2 . 4 5 0 2 . 438 

M i c r o b i a l u p t a k e of N H 3 / N H 4
+ 

F1 5 - 11 . 7 9 0 11 . 864 

A b s o r p t i o n of N H 3 / N H 4
+ 

F1 6 - 5 . 464 5 . 505 

M i c r o b i a l a m i n o acid s y n t h e s i s F 1 7 - 2 0 . 525 2 0 . 628 

O u t f l o w of m i c r o b i a l NH3/NH4" 1" F18 - 0 . 0 5 2 0 . 100 

O u t f l o w of m i c r o b i a l t o t a l N F1 9 _ 2 0 . 276 2 0 . 391 

(to be c o n t i n u e d ) 
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A p p e n d i x 9 ( c o n t i n u e d ) 

N u t r i e n t or m e t a b o l i t e flux S y m b o l U n i t 

S t a t i c 

m o d e I 

D y n a m i c 

m o d e I 

iunen compartment 

M i c r o b i a l e x c r e t i o n of N H 3 / N H 4
+ F20 

H y d r o l y s i s of urea F21 

m o l N/d 1 5 . 2 7 8 

4 . 4 2 6 

1 5 .390 

4 . 4 1 9 

I n t e s t i n a l l u m e n c o « p a r t « e n t 

E n t r a n c e of i n d i g e s t i b l e 
cell wall c a r b o h y d r a t e s 
a n d f a t t y a c i d s F116 

E n t r a n c e of d i g e s t i b l e s u g a r , 
s t a r c h and g l y c e r o l F117 

E n t r a n c e of d i g e s t i b l e 
f a t t y a c i d s F118 

Flow of i n d i g e s t i b l e cell w a l l 
c a r b o h y d r a t e s and fatty a c i d s F119 

H i n d gut f e r m e n t a t i o n of 
cell wall c a r b o h y d r a t e s 
and fatty a c i d s F119F 

Flow of d i g e s t i b l e s u g a r , 
s t a r c h and g l y c e r o l F120 

H i n d gut f e r m e n t a t i o n of 

s u g a r , s t a r c h and g l y c e r o l F120 F 

G l u c o s e u p t a k e from the lumen F121 

Flow of d i g e s t i b l e fatty a c i d s F122 

Fatty acid u p t a k e from the lumen F1 23 

I C/d 1 6 5 . 8 9 1 6 7 . 7 3 

7 . 0 6 0 

0 . 7 0 6 

0 . 7 0 6 

6 . 3 5 4 

5 . 1 7 8 

4 6 . 6 0 1 

7 . 5 9 3 

5 1 . 7 7 9 5 2 . 0 6 1 

1 6 5 . 8 9 1 6 7 . 7 4 

3 6 . 4 9 5 3 6 . 9 0 2 

0 . 7 2 3 

0 . 7 2 3 

6 . 4 6 9 

5 . 2 0 3 

4 6 . 8 5 9 

(to be c o n t i n u e d ) 
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A p p e n d i x 9 ( c o n t i n u e d ) 

S t a t i c D y n a m i c 

N u t r i e n t or met a bo li t e flux S y m b o l U n i t m o d e l m o d e l 

I n t e s t i n a l lunen c o m p a r t m e n t 

O u t f l o w of a c e t a t e FAC 124 mo I C/d 14 .329 1 4 . .489 

O u t f l o w of p r o p i o n a t e F PR 124 - 13 .803 1 3 . ,958 

O u t f l o w of b u t y r a t e F B U 1 2 4 - 2 .574 2 . ,602 

O u t f l o w of CH4 F C H 1 2 4 - 2 .215 2 . ,239 

O u t f l o w of CO2 F C 0 1 2 4 - 6, .586 6 . 659 

O u t f l o w of V F A , C H 4 and CO2 F1 24 - 39, .507 3 9 . 946 

F o r m a t i o n of ATP from s t a r c h 
and cell w a l l c a r b o h y d r a t e s F 1 25 mo I A T P / d 26, .208 2 6 . 506 

E x c r e t i o n of u n d i g e s t e d 
c a r b o h y d r a t e s and l i p i d s F1 26 mo I C/d 152. .55 1 5 4 . 02 

Net p r o t e i n d e g r a d a t i o n 
in the hind gut F 1 27 _ 20. ,284 2 0 . 302 

F e r m e n t a t i o n of p r o t e i n - C 
in the h i n d gut F1 27 A - 2. ,761 2 . 7 8 0 

E n t r a n c e of i n d i g e s t i b l e 
d i e t a r y and m i c r o b i a l p r o t e i n F22 mo I N/d 8. 6 2 6 8 . 6 5 7 

E n t r a n c e of d i g e s t i b l e 
d i e t a r y and m i c r o b i a l p r o t e i n F 23 2 4 . 394 2 4 . 483 

E n t r a n c e of N H 3 / N H 4
+ from 

r u m e n liquor and 
from r u m e n m i c r o b e s F 24 2 . 502 2 . 539 

Flow of i n d i g e s t i b l e 
d i e t a r y and m i c r o b i a l p r o t e i n F 25 8 . 626 8 . 6 5 7 

(to be conti n u e d ) 
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A p p e n d i x 9 ( c o n t i n u e d ) 

N u t r i e n t or m e t a b o l i t e flux S y m b o I U n i t 

S t a t i c 

m o d e l 

D ynam i c 

m o d e l 

I n t e s t i n a l l u m e n c o m p a r t m e n t 

Flow of d i g e s t i b l e 
d i e t a r y and m i c r o b i a l p r o t e i n F26 

D i e t a r y and m i c r o b i a l a m i n o 
a c i d u p t a k e f r o m the lumen F27 

mol N/d 4 . 9 7 3 4 . 9 9 2 

1 9 . 4 2 1 1 9 . 4 9 1 

P r o t e i n d e g r a d a t i o n 
in the hind gut 

E x c r e t i o n of u n d i g e s t e d 
p r o t e i n 

E n t r a n c e of i n d i g e s t i b l e 
e n d o g e n o u s p r o t e i n 

E n t r a n c e of d i g e s t i b l e 
e n d o g e n o u s p r o t e i n 

Flow of i n d i g e s t i b l e 
e n d o g e n o u s p r o t e i n 

F l o w of d i g e s t i b l e 
e n d o g e n o u s p r o t e i n 

E n d o g e n o u s a m i n o a c i d 
u p t a k e from the lumen 

F28 

F29 

F30 

F31 

F32 

F33 

F34 

8 . 7 4 4 8 . 7 6 7 

1 0 . 3 5 2 1 0 . 4 0 3 

0 . 4 3 8 0 . 4 4 0 

8 . 6 5 3 8 . 6 6 7 

0 . 4 3 8 0 . 4 4 0 

1 . 6 5 3 1 . 6 5 5 

7 . 0 0 0 7 . 0 1 2 

N H3/N H 4 + a b s o r p t i o n 

from the small i n t e s t i n e F35 

M i c r o b i a l a m i n o acid 

s y n t h e s i s in the hind gut F36 

N H 3 / N H 4
+ a b s o r p t i o n from the hind gut F37 

2 . 5 0 2 2 . 5 3 9 

3 . 4 0 6 3 . 4 2 4 

9 . 4 3 4 9 . 6 1 1 

(to be c o n t i n u e d ) 
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A p p e n d i x 7 ( c o n t i n u e d ) 

S t a t i c D ynam i c 

jx S y m b o l U n i t m o d e l m o d e l 

I n t e s t i n a l t u n e n c o m p a r t m e n t 

H y d r o l y s i s of urea 
in the hind gut F38 m o l N/d 4 . 096 4 .268 

I n t e s t i n a l M a l l c o m p a r t m e n t 

O x i d a t i o n of a c e t a t e 
and k e t o n e b o d i e s F1 28 mo I C/d 1 5 . 3 9 6 15 .410 

O x i d a t i o n of g l u c o s e F1 29 0 . 172 0 .178 

A b s o r p t i o n of g l u c o s e F1 30 3 . 2 6 9 3 .363 

S y n t h e s i s of g l y c e r o l F131 2 . 9 1 3 2 .929 

A b s o r p t i o n of t r i g l y c e r i d e s F132 4 9 . 514 49 .788 

I n t e s t i n a l p r o t e i n s y n t h e s i s F39 mol N/d 1 2 . 192 12 .157 

A b s o r p t i o n of a m i n o a c i d s F 40 2 6 . 421 26 .517 

S e c r e t i o n of e n d o g e n o u s 
p rote i n f 41 9 . 091 9 .107 

D e g r a d a t i o n of i n t e s t i n a l 
p r o t e i n F 42 3 . 1 01 3 .051 

(to be c o n t i n u e d ) 
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A p p e n d i x 9 ( c o n t i n u e d ) 

Stat i c D y n a m ic 

N u t r i e n t or m e t a b o l i t e flux S y m b o l U n i t m o d e l m o d e I 

L i v e r c o a p a r t a e n t 

A b s o r p t i o n of p r o p i o n a t e F1 33 mol C/d 73 .777 74 .141 

A b s o r p t i o n of but y rat e F1 34 - 4 .368 4 .379 

A b s o r p t i o n of a c e t a t e 
and 3 - O H - b u t y rate F1 35 - 155 .10 155 .51 

G l u c o n e o g e n e s i s from 
p r o p i o n a t e F1 36 _ 54 .081 54 .046 

O x i d a t i o n of p r o p i o n a t e F137 - 19 .696 20 .094 

O x i d a t i o n of b u t y r a t e F138 - 4 .368 4 .379 

O u t f l o w of g l u c o s e F139 - 82 .351 82 .312 

K e t o a c i d s p r o d u c e d by 
a m i n o acid deami n a t i o n F1 40 _ 31 .293 31 .710 

Keto a c i d s used i n 
a m i n o acid s y n t h e s i s F 1 41 - 4 .693 4 .763 

G l u c o n e o g e n e s i s from 
keto a c i d s F 1 42 _ 16 .270 16 .245 

O x i d a t i o n of keto a c i d s F 1 43 - 10 .330 10 .702 

G I u c o n e o g e n e s i s from 
g l y c e r o l and l a c t a t e F1 44 - 1 2 .000 1 2 .022 

E s t e r i f i c ati on of liver fat F 145 - 0 .043 0 .044 

E s t e r i f i c a t i o n of l i p o p r o t e i n s F 1 46 _ 1 .300 1 .300 

L i v e r fat s y n t h e s i s F1 47 - 0 .694 0 .696 

(to be c o n t i n u e d ) 

32 
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A p p e n d i x 9 ( c o n t i n u e d ) 

S t a t i c D y n a m i c 

Ni ~ or m e t a b o l i t e flux S y m b o I Unit m o d e I Model 

L i v e r c o a p a r t a e n t 

L i p o p r o t e i n s y n t h e s i s F148 mol C/d 2 0 . 8 0 0 2 0 . 8 0 3 

A c e t a t e and k e t o n e b o d y 
s y n t h e s i s Fl 49 - 1 3 . 8 0 0 1 3 . 8 3 0 

F a t t y acid o x i d a t i o n F1 50 - 1 .775 1 .765 

L i v e r fat b r e a k d o w n 
into g l y c e r o l F1 51 - 0 . 1 7 4 0 . 1 7 3 

L i v e r fat b r e a k d o w n 
into fatty a c i d s F1 5 2 - 2 . 7 7 6 2 . 7 7 4 

O u t f l o w of l i p o p r o t e i n s F1 53 - 2 2 . 1 0 0 2 2 . 1 0 5 

O u t f l o w of a c e t a t e 
and k e t o n e bodi es F1 54 - 1 3 . 8 0 0 1 3 . 8 3 0 

L i v e r p r o t e i n s y n t h e s i s F43 mol N/d 3 . 9 2 9 3 . 9 9 8 

O u t f l o w of a m i n o a c i d s F44 - 2 9 . 2 0 0 2 9 . 2 0 8 

D e a m i n a t i o n of amino a c i d s F45 - 8 . 2 3 5 8 . 3 4 5 

L i v e r p r o t e i n b r e a k d o w n F46 - 3 . 9 2 9 3 . 9 9 5 

A m i n o acid s y n t h e s i s F47 - 1 .235 1 .253 

U r e a s y n t h e s i s f 48 - 2 4 . 4 0 0 2 4 . 7 4 5 

O u t f l o w of urea F49 - 2 4 . 4 0 0 2 4 . 7 4 6 

(to be c o n t i n u e d ) 
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Appendix 9 ( cont i n u e d ) 

N u t r i e n t or m e t a b o l i t e flux S yfflbo I 

Ext r a c e I Lular f l u i d c o m p a r t m e n t 

Unit 

S t a t i c 

m o d e l 

U p t a k e 
b o d i e s 

of 
i n 

a c e t a t e and k e t o n e 
the i n t e s t i n a l w a l l F1 55 mol C/d 

U p t a k e 
bod ie s 

of 
i n 

a c e t a t e and k e t o n e 
the m a m m a r y g l a n d F 1 56 -

U p t a k e 
bod i e s 

of 
i n 

a c e t a t e and k e t o n e 
m u s c l e t i s s u e F1 57 -

U p t a k e 
b o d i e s 

of 
i n 

a c e t a t e and k e t o n e 
adi pose t i s s u e F 1 58 -

U p t a k e 
b o d i e s 

of 
i n 

a c e t a t e and k e t o n e 
o t h e r t i s s u e s F 1 59 -

U p t a k e 
in the 

o f g l u c o s e 
m a m m a r y g l a n d F1 60 -

U p t a k e of 
in musc le 

g l u c o s e 
t i s s u e F1 61 -

U p t a k e of g l u c o s e 
in a d i p o s e t i s s u e F1 62 -

U p t a k e of 
in o t h e r 

g lucose 
ti ssues F1 63 _ 

U p t a k e of g l y c e r o l and 
l a c t a t e in the liver 

U p t a k e of free fatty a c i d s 
in the liver 

U p t a k e of free f a t t y a c i d s 
i n m u s e l e t i s s u e 

F1 64 

F165 

F1 66 

1 5 . 3 9 6 

8 2 . 1 2 4 

1 3 . 8 5 8 

3 3 . 0 4 6 

24.472 

D y n a m i c 

m o d e I 

1 5 . 4 3 0 

8 2 . 3 4 2 

1 3 . 8 9 6 

3 3 . 1 3 0 

2 4 . 5 3 7 

6 8 . 5 6 8 6 8 . 5 9 3 

1 0 . 4 3 2 1 0 . 4 4 9 

4 . 5 7 8 4 . 5 8 7 

2 . 0 4 2 2 . 0 4 3 

1 2 . 4 4 1 1 2 . 4 6 1 

2 2 . 6 4 3 2 2 . 6 1 8 

12 .000 1 2.026 

(to be c o n t i n u e d ) 
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A p p e n d i x 9 ( cont i n u e d ) 

S t a t i c D y n a m i c 

N u t r i ent o r me t a b o l i te flux S y m b o l U n i t m o d e l m o d e l 

E x t r a c e l l u l a r f l u i d c o m p a r t m e n t 

U p t a k e of free fatty a c i d s 
in o t h e r t i s s u e s F167 m o l C/d 4 . 0 0 0 4 . 0 0 8 

U p t a k e in the liver of 
g l y c e r o l from c h y l o m i c r o n s F168 

U p t a k e in the liver of 
fatty a c i d s from c h y l o m i c r o n s F169 

U p t a k e in the m a m m a r y g l a n d 
of f a t t y a c i d s and g l y c e r o l 
from c h y l o m i c r o n s F170A 

U p t a k e in a d i p o s e t i s s u e 
of f a t t y a c i d s and g l y c e r o l 
from c h y l o m i c r o n s F1708 

U p t a k e in the m a m m a r y g l a n d 
of f a t t y a c i d s and g l y c e r o l 
from l i p o p r o t e i n s F171 A 

U p t a k e in a d i p o s e t i s s u e 
of fatty a c i d s and g l y c e r o l 
from l i p o p r o t e i n s F171B 

U p t a k e of f a t t y a c i d s and 
g l y c e r o l in the m a m m a r y g l a n d . F172 

U p t a k e of f a t t y a c i d s 

in the m a m m a r y g l a n d F172A 

U p t a k e of g l y c e r o l in the m a m m a r y g l a n d F172B 

U p t a k e of f a t t y a c i d s and 
g l y c e r o l in a d i p o s e t i s s u e F173 

0 . 7 2 8 0 . 7 3 1 

1 1 . 6 5 0 1 1 . 7 0 3 

3 2 . 4 9 4 3 2 . 7 0 7 

4 . 6 4 2 4 . 6 4 7 

1 9 . 3 3 7 1 9 . 3 6 0 

2 . 7 6 3 2 . 7 4 5 

5 1 . 8 3 1 5 2 . 0 6 7 

4 8 . 7 8 2 4 9 . 0 0 4 

3 . 0 4 9 3 . 0 6 3 

7 . 4 0 5 7 . 3 9 3 

(to be c o n t i n u e d ) 
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A p p e n d i x 9 ( c o n t i n u e d ) 

S t a t i c D y n a m i c 

N u t r i e n t or m e t a b o l i t e flux S y m b o I U n i t mode I m o d e l 

E x t r a c e l l u l a r f l u i d c o a p a r t a e n t 

U p t a k e of fatty a c i d s 
in a d i p o s e t i s s u e F1 73 A mo I C/d 6 . 9 6 9 6 . 9 5 8 

U p t a k e of g l y c e r o l 
in a d i p o s e t i s s u e F173B - 0 . 4 3 6 0 . 4 3 5 

U p t a k e of a m i n o a c i d s 
in the i n t e s t i n a l w a l l F50 mo I N/d 9.091 9 . 1 2 0 

U p t a k e of a m i n o a c i d s 
in the m a m m a r y g l a n d F 51 - 11 .000 1 0 . 9 9 5 

U p t a k e of a m i n o a c i d s 
in m u s c l e t i s s u e F52 _ 4.482 4 . 4 8 0 

U p t a k e of a m i n o a c i d s 
in o t h e r t i s s u e s F53 - 4 . 6 1 8 4 . 6 1 5 

U p t a k e of ami no a c i d s 
in the liver F54 - 9 . 8 0 0 9 . 7 8 6 

U p t a k e of urea in the rumen F 5 5 - 4 . 4 2 6 4 . 4 1 9 

U p t a k e of urea in the hind gut F 56 - 4 . 0 9 6 4 . 2 6 8 

E x c r e t i o n of urea in the u r i n e F 5 7 - 1 5 . 8 7 8 1 6 . 0 5 9 

N a a a a r y g l a n d c o a p a r t a e n t 

F a t t y acid s y n t h e s i s from 
a c e t a t e and k e t o n e b o d i e s F1 74 mo I C/d 2 6 . 4 4 0 2 6 . 4 7 3 

O x i d a t i o n of a c e t a t e 
and k e t o n e b o d i e s F1 75 - 5 5 . 6 8 4 5 5 . 8 6 8 

(to be c o n t i n u e d ) 
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A p p e n d i x 9 ( c o n t i n u e d ) 

S t a t i c D y n a m i c 

N u t r i e n t or m e t a b o l i t e flux S y » b o I Uni t m o d e l m o d e I 

Plaaaary g l a n d c o a p a r t a e n t 

G l y c e r o l s y n t h e s i s F1 76 mo I C/d 1 .783 1 .785 

M i l k l a c t o s e s y n t h e s i s F177 - 5 0 . 5 2 0 50.541 

O x i d a t i o n of g l u c o s e F1 78 - 1 6 . 2 6 5 1 6 . 2 6 7 

M i l k fat s y n t h e s i s F1 79 - 7 0 . 4 0 5 7 0 . 6 4 0 

O x i d a t i o n of f a t t y a c i d s f 180 - 4 . 8 1 7 4 . 8 3 7 

E s t e r i f i c a t i o n of milk fat F181 - 4 . 8 3 2 4 . 8 4 8 

M i l k l a c t o s e s e c r e t i o n F1 82 - 5 0 . 5 2 0 50.541 

M i l k fat s e c r e t i o n F183 - 7 5 . 2 3 7 7 5 . 4 9 3 

O u t f l o w of a m i n o acids F58 mo I N/d 0 . 0 0.0 

M i l k p r o t e i n s y n t h e s i s F59 - 1 1 . 0 0 0 1 0 . 9 9 5 

M i l k p r o t e i n s e c r e t i o n F60 - 1 1 . 0 0 0 1 0 . 9 9 5 

M u s c l e t i s s u e c o a p a r t a e n t 

K e t o n e s p r o d u c e d by 
a m i n o acid d e a m i n a t i o n F184 mo I C/d 3 . 4 0 8 3.401 

O x i d a t i o n of a c e t a t e 
and k e t o n e b o d i e s F1 85 - 1 7 . 2 6 6 1 7 . 2 9 7 

G l y c o l y s i s into l a c t a t e F1 86 - 9 . 8 2 5 9 . 8 4 8 

O x i d a t i o n of g l u c o s e F1 87 - 0 . 6 0 0 0 . 6 0 0 

O x i d a t i o n of f a t t y a c i d s F1 88 - 1 2 . 0 0 0 1 2 . 0 2 6 

O u t f l o w of l a c t a t e F1 89 - 9 . 8 2 5 9 . 8 4 7 

(to be c o n t i n u e d ) 



5 0 3 

A p p e n d i x 9 ( cont i n u e d ) 

N u t r i e n t or m e t a b o l i t e flux S y m b o I Unit 

S t a t i c 

mode I 

D ynam i c 

m o d e I 

M u s c l e ti s s u e c o a p a r t a e n t 

O u t f l o w of amino a c i d s F61 

M u s c l e p r o t e i n s y n t h e s i s F62 

M u s c l e p r o t e i n b r e a k d o w n F63 

mol N/d 4 . 9 0 3 4 . 8 8 9 

4 . 4 8 2 4 . 4 9 0 

4 . 9 0 3 4 . 8 9 8 

A d i p o s e t i s s u e c o i p a r t i e n t 

F a t t y acid s y n t h e s i s from 
a c e t a t e and k e t o n e b o d i e s F190 

O x i d a t i o n of a c e t a t e 

and k e t o n e bod i es F191 

G l y c e r o l s y n t h e s i s F192 

O x i d a t i o n of g l u c o s e F193 

O u t f l o w of fatty a c i d s F194 

B o d y fat s y n t h e s i s F195 

E s t e r i fi c a t i o n of b o d y fat F196 

B o d y fat b r e a k d o w n 

into f a t t y a c i d s F197 

B o d y fat b r e a k d o w n 

i nto g l y c e r o I F198 

O u t f l o w of g l y c e r o I F199 

mo I C/d 16.000 

1 7 . 0 4 6 

1 .200 

3 . 3 7 8 

3 8 . 6 4 3 

1 9 . 2 0 0 

1 .200 

2 . 1 8 0 

2.616 

1 6 . 0 2 5 

1 7 . 1 0 6 

1 .200 

3 . 3 8 6 

3 8 . 6 5 0 

1 9 . 2 0 7 

1 .200 

3 4 . 8 7 4 3 4 . 8 7 5 

2.180 

2 . 6 1 5 

(to be c o n t i n u e d ) 
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A p p e n d i x 9 ( c o n t i n u e d ) 

S t a t i c D y n a m i c 

N u t r i e n t or m e t a b o l i t e f l u x S y m b o I U n i t m o d e l m o d e l 

O t h e r t i s s u e c o n p a r t n e n t 

O x i d a t i o n of a c e t a t e 
and k e t o n e b o d i e s F200 m o l C/d 24 .472 2 4 . 5 3 8 

O x i d a t i o n of g l u c o s e F 201 - 2 » 0 4 2 2 . 0 4 3 

O x i d a t i o n of f a t t y a c i d s F202 - 4 . 0 0 0 4 . 0 0 8 

O u t f l o w of a m i n o a c i d s F64 mo I N/d 4 . 8 9 ? 4 . 8 9 7 

P r o t e i n s y n t h e s i s F65 - 4 . 6 1 8 4 . 6 2 6 

P r o t e i n b r e a k d o w n F66 - 4 . 8 9 7 4 . 9 0 8 
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A P P E N D I X 1 0 : L i s t of T a b l e s 

T a b l e P a g e 

2.1 S t a t e v a r i a b l e s in rumen c o m p a r t m e n t 57 

2 . 2 S t a t e v a r i a b l e s in i n t e s t i n a l lumen c o m p a r t m e n t 60 

2 . 3 S t a t e v a r i a b l e s in i n t e s t i n a l wall c o m p a r t m e n t 63 

2.4 S t a t e v a r i a b l e s in liver c o m p a r t m e n t 63 

2.5 S t a t e v a r i a b l e s in p e r i p h e r a l b l o o d c o m p a r t m e n t 65 

2 . 6 S t a t e v a r i a b l e s in m a m m a r y gland c o m p a r t m e n t 66 

2 . 7 S t a t e v a r i a b l e s in m u s c l e t i s s u e c o m p a r t m e n t 66 

2 . 8 S t a t e v a r i a b l e s in a d i p o s e t i s s u e c o m p a r t m e n t 68 

2 . 9 S t a t e v a r i a b l e s in o t h e r t i s s u e c o m p a r t m e n t 68 

4.1 D a i l y feed i n t a k e , m i l k p r o d u c t i o n , and 

live w e i g h t gain in a m o d e l cow s i m u l a t e d 

by the d y n a m i c and by the s t a t i c m o d e l 216 

4 . 2 E n e r g y b a l a n c e in a m o d e l cow s i m u l a t e d 

by the d y n a m i c and by the s t a t i c m o d e l 217 

(to be c o n t i n u e d ) 
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A p p e n d i x 1 0 ( c o n t i n u e d ) 

T a b l e P a g e 

4 . 3 A s p e c t s of rumen m e t a b o l i s m s i m u l a t e d 

by the d y n a m i c and by the s t a t i c m o d e l 219 

4 . 4 A s p e c t s of i n t e s t i n a l m e t a b o l i s m s i m u l a t e d 

by the d y n a m i c and by the s t a t i c m o d e l 222 

4.5 A s p e c t s of liver m e t a b o l i s m s i m u l a t e d 

by the d y n a m i c and by the s t a t i c m o d e l 230 

4 . 6 A s p e c t s of m a m m a r y g l a n d m e t a b o l i s m s i m u l a t e d 

by the d y n a m i c and by the s t a t i c m o d e l 235 

4 . 7 A s p e c t s of m u s c l e t i s s u e m e t a b o l i s m s i m u l a t e d 

by the d y n a m i c and by the s t a t i c m o d e l 238 

4 . 8 A s p e c t s of a d i p o s e t i s s u e m e t a b o l i s m s i m u l a t e d 

by the d y n a m i c and by the s t a t i c m o d e l 240 

4 . 9 A s p e c t s of o t h e r t i s s u e m e t a b o l i s m s i m u l a t e d 

by the d y n a m i c and by the s t a t i c m o d e l 242 

4 . 1 0 N u t r i e n t p a r t i t i o n i n g b e t w e e n c o m p a r t m e n t s 

of the m o d e l cow 244 

(to be c o n t i n u e d ) 
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A p p e n d i x 10 ( c o n t i n u e d ) 

T a b l e 
P a g e 

4 . 1 1 C r i t i c a l a d j u s t m e n t s of p a r a m e t e r v a l u e s 

in the d y n a m i c m o d e l 

4 . 1 2 S t a b i l i t y of o u t p u t v a r i a b l e s from the 

d y n a m i c m o d e l t h r o u g h 10 runs ( 2 6 - 3 5 ) 

5.3 O b s e r v e d and s i m u l a t e d r e s u l t s of a 

f e e d i n g e x p e r i m e n t 

5.4 C h e m i c a l c o m p o s i t i o n ( g / k g dry m a t t e r ) of 

d i e t s u s e d in a s i m u l a t e d e x p e r i m e n t on 

r e g u l a t i o n of g I u c o n e o g e n e s i s 

3 0 8 

4 . 1 3 S t a b i l i t y of feed i n t a k e , milk p r o d u c t i o n and 

live w e i g h t gain s i m u l a t e d by the d y n a m i c m o d e l 

t h r o u g h 500 runs 3 0 9 

5.1 C o m p o s i t i o n of an e x p e r i m e n t a l feed r a t i o n 

a s used in the si m u l a t i o n s 3 2 6 

5.2 A d j u s t m e n t s of p a r a m e t e r v a l u e s d u r i n g 

s i m u l a t i o n s of a f e e d i n g e x p e r i m e n t 3 2 7 

329 

332 

5.5 S i m u l a t e d e f f e c t s of d i e t c o m p o s i t i o n on 

a b s o r p t i o n , g I u c o n e o g e n e s i s and p r o d u c t i o n 
334 

in l a c t a t i n g cows 
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A P P E N D I X 1 1 : L i s t o f F i g u r e s 

Figure 

D i a g r a m of t h e r u m e n c o m p a r t m e n t 

D e t a i l s of t h e r u m e n c o m p a r t m e n t 

D i a g r a m of t h e i n t e s t i n a l c o m p a r t m e n t s 

D e t a i l s of t h e i n t e s t i n a l lumen c o m p a r t m e n t 

D i a g r a m of t h e l i v e r c o m p a r t m e n t 

D i a g r a m of t h e p e r i p h e r a l t i s s u e c o m p a r t m e n t s 

E n e r g y u t i l i z a t i o n of a l a c t a t i n g 6 0 0 kg cow 

c o n s u m i n g 1 7 . 9 kg d r y m a t t e r and p r o d u c i n g 30 

m i l k a c c o r d i n g to t h e s t a t i c m o d e l 

4 . 1 S i m u l a t e d r a t e of feed i n t a k e d u r i n g t h e d a y 

S i m u l a t e d d i u r n a l v a r i a t i o n s of p o o l s i z e s , 

a f f i n i t y f a c t o r s and r a t e s of t r a n s a c t i o n 

in the r u m e n c o m p a r t m e n t : 

4 . 2 - 4 . 6 

4 . 7 - 4 . 1 2 

4 . 1 3 - 4 . 1 9 

(to 
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A p p e n d i x 9 ( cont i n u e d ) 

F i g u r e P a 9 e 

S i m u l a t e d d i u r n a l v a r i a t i o n s of p o o l s i z e s , 

a f f i n i t y f a c t o r s and rates of t r a n s a c t i o n 

in the i n t e s t i n a l c o m p a r t m e n t s : 

4 . 2 0 - 4 . 2 5 2 7 5 - 2 8 0 

S i m u l a t e d d i u r n a l v a r i a t i o n s of p o o l s i z e s , 

a f f i n i t y f a c t o r s and r a t e s of t r a n s a c t i o n 

in the liver c o m p a r t m e n t : 

4.26-4.30 282-286 

S i m u l a t e d d i u r n a l v a r i a t i o n s of h o r m o n a l 

c o n c e n t r a t i o n s in b l o o d p l a s m a : 

4 . 3 1 - 4 . 3 2 2 8 8 - 2 8 9 

S i m u l a t e d d i u r n a l v a r i a t i o n s of p o o l sizes 

in and r a t e s of n u t r i e n t u p t a k e f r o m the 

e x t r a c e l l u l a r fluid c o m p a r t m e n t : 

4 . 3 3 - 4 . 3 5 2 9 0 - 2 9 2 

4 . 3 6 - 4 . 4 0 2 9 4 - 2 9 8 

4.41 S i m u l a t e d d i u r n a l v a r i a t i o n s of u r e a p r o d u c t i o n , 

t i s s u e u p t a k e and e x c r e t i o n 299 

S i m u l a t e d d i u r n a l v a r i a t i o n s of p o o l sizes 

and r a t e s of t r a n s a c t i o n in the m a m m a r y gland 

and b o d y t i s s u e c o m p a r t m e n t s : 

4 . 4 2 - 4 . 4 7 3 0 1 - 3 0 6 

(to be c o n t i n u e d ) 
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A p p e n d i x 10 ( c o n t i n u e d ) 

F i g u r e R a g e 

4 . 4 8 M e a n , m a x i m u m and m i n i m u m v a l u e s of dry 

m a t t e r i n t a k e , milk y i e l d and live w e i g h t gain 

of the m o d e l cow in e v e r y 50 runs of s i m u l a t i o n 311 

5.1 S i m u l a t e d l a c t a t i o n a l p e r f o r m a n c e of the 

m o d e l cow 
3 1 6 

5.2 S i m u l a t e d r e s p o n s e s in m i l k y i e l d to 

i n c r e a s i n g d o s e s of g r o w t h h o r m o n e t r e a t m e n t 

at 2 s t a g e s of l a c t a t i o n 321 

5 . 3 S i m u l a t e d e f f e c t s of i n c r e a s i n g d o s e s of 

g r o w t h h o r m o n e t r e a t m e n t on r e l a t i v e i n c r e a s e s 

in milk y i e l d at 2 s t a g e s of l a c t a t i o n 3 2 2 

5 . 4 S i m u l a t e d r e l a t i o n s h i p b e t w e e n the ratio of 

g r o w t h h o r m o n e to i n s u l i n p l a s m a c o n c e n t r a t i o n s 

and the e f f i c i e n c y of m i l k p r o d u c t i o n at 2 

s t a g e s of l a c t a t i o n 3 2 4 

5.5 S i m u l a t e d e f f e c t s of u n f e r m e n t a b I e s t a r c h on 

d r y m a t t e r i n t a k e , and a b s o r p t i o n of p r o p i o n a t e , 

a m i n o a c i d s and fatty a c i d s 3 4 0 

(to be c o n t i n u e d ) 
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A p p e n d i x 11 ( c o n t i n u e d ) 

F i g u r e P a g e 

5.6 S i m u l a t e d e f f e c t s of u n f e r m e n t a b le s t a r c h on 

g l u c o s e a b s o r p t i o n , g I u c o n e o g e n e s i s and 

g l u c o s e a v a i l a b i l i t y 341 

5.7 S i m u l a t e d e f f e c t s of u n f e r m e n t a b I e starch on 

net e n e r g y i n t a k e , m i l k y i e l d and live w e i g h t g a i n 342 

5.8 S i m u l a t e d e f f e c t s of u n f e r m e n t a b I e s t a r c h on 

e n e r g y c o n c e n t r a t i o n in milk and net e n e r g y 

c o n c e n t r a t i o n in the feed 343 

6.1 The m o d e l l i n g p r o c e s s 346 

T h e r e a d e r my e x p e c t a n t m i n d proj e c t e d 
w a s , g e n t l e r e a d e r , not a b i t like y o u . 
So if t h i s b o o k w a s less t h a n you e x p e c t e d , 
b e l i e v e a e , I ' v e b e e n d i s i l l u s i o n e d t o o . 

(Piet H e i n ) 




